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Abstract— Slums represent major national challenges in third world countries. Selecting the most suitable intervention strategies for each 
slum area and determining the priorities of these intervention strategies are important goals in the development process. This paper 
presents novel and comprehensive models that are capable of supporting planning authorities in identifying (1) the needed intervention 
strategies for the slums area and (2) the optimal priorities among these intervention projects. Two techniques are used which are: (1) 
Classical Optimization and (2) Meta-heuristic optimization, in meta- heuristic techniques two methods are used which are Artificial Bee 
Colony (ABC) and Particle Swarm Optimization (PSO). In the proposed models, decision is made taking into consideration two main 
factors; namely (1) the priority package within which an intervention project can be classified and (2) the construction sequence within the 
same area. In lieu of this analysis, classical optimization and meta- heuristic optimization identify the optimal priorities among intervention 
projects by accelerating the benefits achieved to residents by maximizing the benefits through optimizing area of benefit with respect to 
annual budget constraints. In classical method exhaustive or systematic enumeration solution is used versus stochastic and random 
solution is used in meta- heuristic method to find optimum or near optimum solution. Two case studies are used to demonstrate the 
potentials of the proposed models. Based on the results of the studies, it is evident that ABC model is the best with respect to efficiency 
and effectiveness compared with other models. It is the best compared to classical model and PSO, it reaches to the optimum solution the 
same as classical optimization in time less than it with 170 times and although the running time of it is the same as PSO but The 
effectiveness of the solution of PSO compared to the optimum is 99.57 % with deviation of 0.43 %. ABC takes into consideration not only 
the priorities of intervention projects but also the starting of these projects by maximizing the benefit reached to residents by accelerating 
this benefit which is an important issue. 

Index Terms— Artificial Bee Colony, Intervention Project, Meta-heuristic, Model, Optimization, Particle Swarm Optimization, Slums. 

——————————      —————————— 

1 INTRODUCTION                                                                     

lums are areas of population concentrations that are 
illegally developed on property of the State in the absence 
of planning and lack access to basic services and life 
essentials. Slums represent serious national challenges in 
countries where they exist, especially third world 

countries. Selecting intervention strategies for each slum zone 
and determining their priorities is an important issue in the 
development process. 
This paper supports decision makers in prioritizing slums 
intervention projects by proposing models that adopts an 
objective and systematic procedure. The objective of this 
research is to present novel models for slums intervention 
projects, which is capable of (1) assessing the slum’s 
conditions and identifying the needed intervention strategies, 
and (2) prioritizing the identified intervention projects taking 
into account practical budgetary constraints and construction 
sequencing. The following sections briefly highlight slums and 

optimization. 

2 SLUMS 

Large parts of cities in all developing countries are formed of 
slums. The growth of substandard, illegal or informal housing 
is understood by experts as a normal phenomenon 
accompanying quick urbanization, where housing markets 
cannot face the excessive demand and urgent need for shelter 
by the poor people [1]. Informal areas occur when planning, 

land administration and housing policies fail to address the 
needs of the whole society [2]. A slum is a heavily populated 
urban informal settlement marked by inadequate housing and 
unsuitable living conditions and lack of basic services. Slums 
differ in size, shape and characteristics from place to place. 
Slum households suffer from one or more of the following 
conditions: (1) lack of access to clean water; (2) lack of access 
to improved sanitation facilities; (3) insufficient and 
overcrowded living area; (4) inadequate structural quality or 
durability of dwellings; and (5) lack of tenure security [3]. 
Slums form and grow in different parts of the world for various 
reasons, including the quick rural-to-urban migration, 
recession, poverty, informal economy, high jobless rates, bad 
planning, natural catastrophes, and social conflicts [4]. 
Slums are heavily populated urban informal settlements 
characterized by substandard housing and inadequate living 
conditions [5]. Slums are a significant problem to several 
countries especially the developing countries since they house 
the poorest groups in conditions that threaten human 
development. About 30 % of the world’s population lives in 
slums and 40 % of residents in third world countries are slum 
inhabitants [2-3] 
The following section introduces a brief description on slum 
upgrading policies and previous studies in slum intervention 
prioritization. 
 

2.1 Slum Upgrading Policies  

A review of several countries' experiences with upgrading of 
informal settlements and identifying their priorities show that 
governments have moved away from negligence policy that 
deny the reality of slums and the rights of its residents to 
eradication and eviction policies that advocated the bulldoze of 
these settlements then to the provision, enabling, and 
participatory policies [6]. Participatory upgrading is a more 
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effective strategy used in the upgrading process and in 
determining intervention priorities, where the slum dwellers 
and the development partners are involved in re-planning and 
upgrading of the area and participate in the decision making. it 
is understood as a "process in which people, and specially 
disadvantaged people, influence resource allocation and the 
planning and implementation of policies and programs, and 
are involved at different levels and degrees of intensity in the 
identification, timing, planning, design, implementation, 
evaluation, and post-implementation stage of development 
projects" [7]. 
The success of this strategy depends on engaging all 
stakeholders in the processes of determining their priority 
needs and problems, deciding on interventions, implementing 
the upgrading measures agreed upon, and co-managing the 
improved community facilities [4]. It is important that all 
stakeholders agree on the upgrading objectives and on the 
respective interventions before starting any upgrading 
scheme. Upgrading also balances between priority needs of 
local residents of the informal areas (as determined through 
the participatory process) and the strategic vision of the 
government for the development of the city as a whole [3]. 
Participatory upgrading is the current method used for slum 

intervention prioritization. 
 

2.2 Previous studies in slums and slum intervention 
prioritization  

Several studies have been dedicated to investigate slums from 
many aspects, including the social, environmental, urban, 
health, political, and economic aspects, as well as the 
construction costs of slums upgrading projects [8-9-10-11-12-
13-14-15-16-17-18-19-20-21]. In spite of the important 
contributions of these researches, there is little research on 
prioritizing slum intervention projects and strategies. 
For instance, one study presented a framework using an 
expert system to identify the best intervention strategies, such 
as demolition, upgrading, or conservation by calculating area 
an informality degree. This approach is applicable to cases 
when it is needed to prioritize interventions at the strategy 
level (e.g. upgrading utilities first), but is limited in its ability to 
prioritize intervention projects (e.g. which utilities upgrading 
project should receive a higher priority; water supply, sewage, 
or electricity upgrading?) [22]. Another study presented a 
framework that integrates urban and construction planning in 
an effort to determine the optimum slums upgrading plans by 
maximizing benefits to households and minimizing 
construction costs and the socioeconomic disruptions [23-24-
25].  This study focuses on the computational implementation 
of the proposed integration, but still needs to be 
complemented with a methodology to identify the optimal 
intervention projects. Another study presented a Framework 
for Prioritizing Intervention Projects in Slums using Benefit/ 
Cost Analysis model which determines upgrading project 
priorities in terms of project orders not determining the starting 
of these projects neglecting annual budgetary constraints 
which is an important issue in slum development [26].  
 

3 OPTIMIZATION  

Optimization refers to choosing the best selection from a set of 
available options. Optimization problems focus on finding the 
values for one or more decision variables that achieves the 
assigned objectives without violating the constraints [27-28-
29]. 
Classical Optimization Technique based on exhaustive search 
or complete enumeration where all the available candidate 
solutions are tested [30]. Classical optimization is based on 
the following ideas: (1) the problem solution is obtained by 
enumeration or differential calculus; (2) a unique solution 
exists for the given problem; and (3) it converge to the solution 
of the corresponding first-order conditions. However, classical 
optimization becomes difficult when the given problems do not 
fulfill the requirements of these methods, or when problem 
sizes are large leading to intensive calculations. 
Meta-heuristic optimization techniques incorporate stochastic 
elements. The optimization mechanism drives the search 
towards promising locations in the search space. They aim to 
converge to the optimum in course of iterated search; they are 
very flexible and therefore are less restricted to certain forms 
of constraints. Meta-heuristic methods intend to compute 
efficiently, good solutions to a problem with no guarantee of 
optimality. Examples of meta-heuristics include tabu search, 
evolutionary algorithms, simulated annealing, artificial bee 
colony and particle swarm optimization. 
  

3.1 Artificial Bee Colony 

Artificial Bee Colony (ABC) is a recent algorithm implemented 
by Dervis Karaboga in 2005 [31], inspired by the intelligent 
behavior of honey bees. ABC is an optimization algorithm that 
provides a population-based search steps in which individuals 
called foods locations are changed by the artificial bees with 
time and the aim of the bee is to discover the places that are 
rich in their nectar amount and finally the place with the 
highest nectar. In ABC system, artificial bees are classified into 
three categories: employed, onlooker and scout bees. Half of 
the colony are employed bees and the rest are onlooker bees. 
The duty of employed bees is to search for food sources, 
which are the candidate solutions. Later, the nectars amount is 
calculated. Then, the obtained information is shared with the 
waiting onlooker bees in the hive. The onlooker bees exploit a 
nectar source depending on the shared information by the 
employed bees. The onlooker bees also determine the source 
to be ignored and allocate its employed bee as scout bees. 
While the task of the scout bees is to search for new food 
sources locations. 
 

3.2 Particle Swarm Optimization 

Particle Swarm Optimization (PSO) is a stochastic meta- 
heuristic optimization algorithm based on the movement and 
intelligence of swarms, motivated by the social behavior, and 
originally designed and developed by Eberhart and Kennedy 
[32-33-34]. The population of PSO is called a swarm and each 
candidate solution is called a particle [35]. PSO simulates the 
behaviors of a flock of birds. In such a flock a group of birds 
are randomly searching for food in a certain area. There is 
only one piece of food in that area. Not all the birds know 
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where the food is, but they know how far they are away from 
the food in each iteration. So the effective strategy is to follow 
the bird which is nearest to the food.  PSO learned from this 
flock scenario and used it to solve the optimization problem. In 
PSO, each single particle is a "bird" in the search space. All 
particles have fitness values which are determined by the 
fitness function to be optimized, and have velocities which is 
used to update the particles positions. The particles explore 
the problem space by following the current optimum particles. 
PSO is initialized with a number of random candidate solutions 
and then searches for optimum ones by updating generations. 
In every iteration, the position of each particle is updated by 
following two "best" values. The first one is the best solution it 
has achieved so far. This value is called pbest. Another "best" 
value that is tracked is the best solution obtained so far by any 
particle in the swarm. This best value is a global best and 
called gbest.  

4 METHODOLOGY  

A hierarchical scaling system which is proposed by [26] and is 

designed according to the Egyptian Informal Settlement 

Development Fund (ISDF) classifications to slum areas which 

classifies slums into unplanned areas and unsafe areas [36].is 

used in models formulation. The proposed scaling system is 

classified hierarchically into three levels; namely priority 

packages, categories, and subcategories, there are five main 

priority packages in the proposed framework covering 

intervention projects addressing life safety, health, 

utilities/services, tenure, and convenience/aesthetics. 

The priority packages are used to guarantee that any 

intervention strategy complies with all safety, health, and urban 

constraints. They are used to define high-level priorities 

among the proposed intervention projects. While in case of 

projects within the same priority package, an urgency factor is 

computed for each project. These urgency factors are 

computed based on a number of criteria including the project 

category and subcategory. The scaling system is summarized 

in Table 1 
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Table 1. Components of the Proposed Framework Hierarchical Scaling System (Source: [26]) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Priority Package Categories Sub-categories 
Range 

from to 

Life Safety   50 100 

 

Life Threats  75 100 

 

Area subjected to collapse - falling rocks - 

landslides 
90 100 

Area subjected to flooding 83 90 

Area located near railway campus (prone to 

train accidents) 
78 83 

Others 

(for any characteristics not stated in the 

above sub categories) 

75 78 

Property Threats  50 75 

 

Deteriorated buildings area (cracks- 

concrete steel corrosion, etc.) 
65 75 

Buildings of low resistance to natural 

disaster (earth quakes) 
55 65 

Others 50 55 

Health   30 50 

 

Health Threats  30 50 

 

Area characterized by lack of clean water 

or improved sewage 
42 50 

Area located near electrical power lines 37 42 

Area located near industrial pollution 32 37 

Others 30 32 

Utilities/ Services   5 30 

 

Infrastructure – Facilities  15 30 

 

Inadequate water supply 26 30 

Inadequate sewage system 22 26 

Poor road conditions 19 22 

Lack of electricity 16 19 

Lack of waste collection 15.5 16 

Others 15 15.5 

Basic Services In need of: 5 15 

 

Hospitals, clinics (Medical) 13 15 

Schools (Educational) 11 13 

Mosques (Religious) 9 11 

Markets (Commercial) 8 9 

Police Station (Governmental) 7 8 

Public parks 6 7 

Others 5 6 

Tenure Lack of Tenure  4 5 

Convenience/ 

Aesthetic 
  1 4 

 

Non Structural Building 

issues 
 1 4 

 

Overcrowding and high density 3 4 

Unfinished buildings 2 3 

Improper building proportions (height, size) 1 2 

Others 0 1 
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4.1 Optimization Model 

This section introduces the following: (1) The proposed 
optimization model design presenting optimization objective, 
decision variables, constraints variables and implementation of 
this optimization mode and (2) The models validation including 
the structured interviews with experts in slums upgrading 
projects and the results of these interviews. 
 

4.1.1 Optimization Model Objective 

The objective of this model is the same as the objective of 
benefit/ cost analysis model discussed in the previous chapter 
which is identifying the optimal priorities among slums 
intervention projects that achieve the main objective which is 
maximizing the benefits of upgrading projects to slum dwellers 
by accelerating the delivery of the urgent projects. To achieve 
this objective, this model is designed to utilize single objective 
optimization algorithms. The following section briefly describe 
the proposed model design presenting optimization objective, 
decision variables, constraints variables and implementation 
design of this optimization model 
 

4.1.2 Optimization Model Design 

There is a single optimization objective in the present model 
which is maximizing the benefits to residents of slums 
upgrading projects which is expressed by maximizing the area 
of benefit index inside the curve which is the same as 
minimizing the area of benefit index outside the curve which is 
taken in the optimization model as shown in Figure 1. There is 
a separate benefit index curve for projects in the same priority 
package. Amin is calculated for the projects in the same 
priority package. Benefits of projects in different priority 
packages are not added together but a vector of benefits is 
used. 
 

Fig.1. Benefit Index Curve 

 
This optimization objective is formulated as shown in 

Equation 1. 

Minimize     )..*(
1

zz

z

z

z

z BATSIBBAA 


                 (1)                                           

 

Where, A is area of benefit index outside curve; Z is the total 

number of slums intervention projects; B.Iz is the benefit index 
of upgrading project z; BAz is the percentage of benefits 
achieved to residents of upgrading project z; BAT z is the time 
required for achieving benefits to residents of upgrading 
project z and S z is the shifting of upgrading project z. 
While the constraints of this model are as follows: (1) priority 
package: Projects of a lower package should be upgraded 
after any projects in a higher package.; (2) construction 
sequence: Poor construction sequencing can result in rework, 
which wastes the limited upgrading budgets. For example, if a 
road pavement project is completed before a sewage-
upgrading project in the same area, then the road will be 
affected by the excavation works during the sewage-upgrading 
project. This will require repaving the road. and (3) budgetary 
constraints which is annual budget constraints: summation of 
project cost in a year should be equal or less than annual 
budget cost of projects upgrading plan as shown in Equation 2 
 





z

z

z BCPC
1

                                                                  (2) 

                                                                                                                        

Where, PCz is project cost of upgrading project z in a year and 
BC is annual budget cost of projects upgrading plan.  
Project cost in a year is calculated due to a uniform distributed 
cost as the cost of the project per month is the total project 
cost divided by project duration, so Project cost in a year equal 
to cost of the project per month multiply by number of months 
for this project in a year as shown in Equation 3 and 4. 
 

DTCC /                                                                           (3) 
                                                                                                   

nCPCz *                                                                         (4)                                                                                                                                                                                                             
 

Where, C is project cost per month; TC is project total cost; D 
is project duration and n is number of months for this project in 
a year.  
There are five cases to calculate PCz which are as follows: 
 

`1tDS  and 2tDS     , so  0zPC  
 

Where t1 and t2 are the boundaries of the year which PCz is 
calculated in and shown in Equation 5 and 6 
 

12*)1(1  yt                                                                     (5)                                                                                          
 

12*2 yt                                                                              (6)                                                                                                                                                                                                                                
 

Where y is a number of year in which PCz is calculated in. 
 

`1tS   and  2tDS    , so  CPCz   
 

`1tS  and 2tDS    , so    CDtDSPCz */)( 1  
 

`1tS   and  2tDS    , so    CDStPCz */)( 2   
 

`1tS   and  2tDS    , so    CDPCz */12  
 

While the model decision variable is S z where S z = 
(0,………,m) and m is shown in Equation 7. 
 

dPTm                                                                             (7) 
                                                                                                                                                                                                                                                             

Where T is projects upgrading plan duration in months and Pd 
is the shortest duration of upgrading projects durations in 
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months. 
The input data for the optimization module are: (1) projects 
upgrading plan duration (T); (2) annual budget cost (BC); (3) 
benefit index (B.I); (4) percentage of benefits achieved to 
residents (BA); (5) time required for achieving benefits to 
residents(BAT); (6) project total cost (TC) and (7) project 
duration (D), while the output data from the optimization 
module are: (1) area of benefit index (Amin); (2) project 
shifting (S) and project start (Sp) where Sp = S+1 as shown in 
Table 2. 
 

Table 2. Data input and output of the optimization module 

 
The proposed implementation of the optimization module 
utilizes classical optimization technique and meta-heuristic 
optimization techniques which are; Artificial Bee colony (ABC) 
and Particle Swarm Optimization (PSO).  
The effort that is needed to solve an optimization problem of 
size n is identified by its space and time complexity. Space 
complexity shows the amount of space that is needed to solve 
a problem (memory on a computer). Higher space complexity 
increases problem difficulty. Time complexity shows the 
number of iterations or search steps which are needed to 
solve a problem. As for space complexity, Problems are 
considered as hard problems if more time is needed. The 
computer characteristics such as operating systems, language 
and the hardware (e.g., processor, memories: RAM and 
cache) is used to determine the computational time. In 
generally space and time complexity depend on the input size 
n. 
The model is implemented using classical optimization 
because of its optimum solution, solution of classical 
optimization problems is mainly depended on the type of 
problem objective and variables. The solution efficiency 
depends on the following: (1) space complexity ;(2) time 
complexity; (3) decision variables and constraints numbers 
and (4) search space structure.  
MATLAB is proposed for implementing this optimization 
problem because of its important advantages which are: (1) 
accurately problems result; (2) easily graphics production and 
(3) efficiently code production. "MATLAB (matrix laboratory) is 
a multi-paradigm numerical computing environment and 
fourth-generation programming language. A proprietary 
programming language developed by MathWorks, MATLAB 

allows matrix manipulations, plotting of functions and data, 
implementation of algorithms, creation of user interfaces, and 
interfacing with programs written in other languages, including 
C, C++, Java and Fortran”.  
Using stated input and output values, PSO and ABC models 
were coded with MATLAB 2013 and run on i3, 1.33 GHz, 4 GB 
RAM notebook computer. C1 and C2 values are taken equal to 
2; W is started with 1 and decreased per iteration for PSO 
algorithm. Limit value is used equal to 10 in ABC algorithm. 
Particle and bee population are set to 30 and the two models 
are run until 100 iteration ends for both algorithm then 
optimum values are considered. 

 

4.1.3 Model Validation 

Structured interviews with seven experts in slums upgrading 
and development projects is used to validate the following: (1) 
The development of the proposed scale with its three 
hierarchical level; (2) benefit/cost analysis model; (3) classical 
optimization model; (4) artificial bee colony (ABC) model and 
(5) Particle swarm optimization (PSO) model. The 
interviewees included one of the directors in ISDF, one of the 
directors in Cairo Governorate, four scholars of slums 
upgrading and urban planning, and a project manager 
responsible for the construction supervision of a number of 
slums upgrading projects in Cairo, Egypt. Interviews were 
carried out separately and were conducted as guided 
conversations. The main objectives of the interviews were to 
explore experts’ opinions in the proposed models. They 
agreed that optimization models are better than benefit/cost 
analysis model because they take into account maximizing the 
benefits to slum residents which is an important issue in slums 
upgrading. Their comments about the proposed models that 
benefit/cost analysis model implementation is simpler than 
optimization models but optimization models are effective 
because they take into consideration annual and total 
budgetary constraints of upgrading plan. They commented 
also that optimization models are not only introducing projects 
priorities but they also present when the upgrading projects 
start by identifying project starts which is important to planners. 
After presenting the designed models interfaces and their 
results, they agreed that classical optimization is better than 
ABC and PSO for short term plan and for small number of 
projects that takes running time within 8 hours which is 
equivalent to working day hours (i.e. maximum three years 
plan and 20 upgrading projects which is divided equally on the 
five priority packages which take running time about one and 
half hours) because it presents an optimal solution. While ABC 
and PSO are better than classical optimization for long term 
plan and large number of projects especially in the same 
priority package (i.e. huge number of iteration) because their 
fast solution which help decision makers to take the action in 
few seconds. They agreed that ABC is better than PSO and 
classical optimization as it presents an optimum solution as 
classical but in few seconds, while the running time of PSO is 
nearly the same as ABC but PSO presents a near optimum 
solution. They also agreed with the projects orders which were 
generated from the frameworks and they commented that 
these orders are practical and similar to other traditional 
methods which depend on a participatory process. Finally, the 

Data Input Data Output 

T 
Projects upgrading plan 
duration 

Amin 
Area of benefit 
index 

BC Annual budget cost S Project shifting 

B.I Benefit index SP 
Project start  
( Sp = S+1) 

BA 
Percentage of benefits 
achieved to residents 

  

BAT 
Time required for 
achieving benefits to 
residents 

  

TC Project total cost   
D Project duration   
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interviewers approved the designed four models interfaces as 
they help the users to apply the models without using complex 
calculations. The following section presents the illustrative 
example used for testing the proposed models.  
 

4.1.4 Illustrative Example  

The objective of this illustrative example is to demonstrate the 
potentials of implementing the proposed models in two areas 
which are Ezbet Bekhit a part of Manshiet Nasser district and 
Ezbet El-Nasr a part of Basateen district. 
Ezbet Bekhit is a part of Manshiet Nasser, Manshiet Nasser is 
a squatter settlement entirely built on government owned land 
in Cairo, Egypt, with a population of about 300,000. Ezbet 
Bekhit area is estimated at 42 feddans. It has a population of 
37,000 residents [37-38]. It is strategically located in a 
crossroad. On its northwest side lies the highway connecting 
Cairo downtown to Nasr City and its northeast border is 
Tayaran Street terminating at a security forces camp. It is 
surrounded from the east and south sides by other areas 
within Manshiet Nasser. The main topographic features of the 
area are characterized by sharp edges and mountain cliffs. 
Ezbet Bekhit has no access from the south and west sides 
and the sharp cliffs constitute a potential risk from falling 
stones [38]. 
Ezbet El-Nasr is an informal settlement situated in the 
Basateen District, in the South Zone of Cairo Governorate. 
Located 4 km east of the Nile River and 8 km south of Cairo’s 
historic centre, the site was planned as an industrial area in 
Cairo’s outskirts. As Cairo expanded, the settlement became 
increasingly integrated into the city and today it is in a strategic 
position adjacent to several new formal housing 
developments. Estimated population residing in the 55 
hectares of Ezbet El-Nasr total area is about 72,000 
inhabitants [37]. The residents occupy 30 hectares while 
another 25 hectares are dedicated to the Jewish cemetery. 
The main population was generated from the migration of 
people from all over Egypt. It was a strategic location, near the 
Autostrade and the Ring-Road, with factories nearby and on 
the periphery of the area to provide jobs. The settlement is 
bounded by a slaughterhouse in the North, commercial 
developments in the East and dense residential areas in the 
south and west. 
A Literature reviews, site visits, meetings and interviews with 
residents and relevant authorities are used in studying these 
two areas. In Ezbet Bekhit, the area needs five projects which 
are: (1) new buildings project to relocate slum residents; (2) 
water supply project; (3) sewage upgrading project; (4) 
electricity project and (5) roads pavement project. While Ezbet 
El-Nasr area needs three projects which are: (1) hospital 
project: (2) police station project and (3) improving sewage 
network project. The following sections present briefly the 
implementation of the three proposed optimization models. 

 

4.2 Enumeration- Based Optimization Model 
Implementation 

The optimization module is implemented using Enumeration- 
Based Optimization technique. In Ezbet Bekhit area, based on 
scaling system [26]. there are 5 upgrading projects under two 
priority packages which are: (1) 1 project under priority 

package #1 and (2) 4 projects under priority package # 3.  
A calculation to the number of iterations of the two packages 

by  applying the equation  
NmI  on the two priority 

packages is implemented  knowing that T = 36 months and for 
package # 1 (pd = 18 months) so m = 18 months , while for 
package # 2 (pd = 5 months) so m = 31 months  then the 
number of iterations for the two priority packages are : I1 = 
181  = 18 and I3 =  314  = 923,521  so the total iteration is 
923,539 , then The computational time is estimated roughly on  
i3, 1.33 GHz, 4 GB RAM notebook computer that is equal to 
10.73 minutes which is applicable to be calculated as shown in 
Figure 2. 

Fig. 2. Classical Optimization Estimated Computational Time 
for Ezbet Bekhit 

The optimization model is applied with the manual shifting to 
upgrading projects starts by trial and error as shown in Figure 
3 taking into account upgrading project plan duration = 3 years 
, annual budgetary constraints equals to 14 million LE which is 
greater than the total project cost in a year for the three years 
which are (14 , 12.8 , 8 million) ,  the output data are as 
follows: (1)Amin for the two priority packages are (6,327,000 – 
21,178,245) and (2) Sp for the five projects are (1,13,7,11,24) 
respectively as shown in Table 3 .the manual shifting using 
trial and error is applicable when dealing with problem with 
reasonable number of iteration (i.e. small project number, 
small project shifting) as this optimization problem . For hard 
problem, it is recommended not to use trial and error. 
 

 

Fig.3. Classical Optimization Calculation for Ezbet Bekhit 
using Manual Shifting to Projects Starts by Trial and Error 
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The results of priorities of intervention projects are 
summarized in Table 3. 
 
Table 3. Enumeration- Based Optimization Model Calculations 

of Ezbet Bekhit 

 
The optimization model is implemented using MATLAP 2013 
taking into account all conditions discussed above by scanning 
all solutions which is equal to 923,539. The result is the same 
as the result gained from manual shifting to upgrading projects 
starts by trial and error. output data which presents upgrading 
projects priority is as follows in Figure 4. 

Fig.4. Data Output of Classical Optimization Model for Ezbet 
Bekhit 

The results are typical to the results of trial and error shown in 
Table 3.  The actual computational time on i3, 1.33 GHz, 4 GB 
RAM notebook computer is 11.3 minutes which is very close to 
the estimated time computed before applying the optimization 
model. 
The proposed model can be extended to prioritize upgrading 
projects spread among the two slums areas. To demonstrate 
this capability, the proposed model is applied to an extended 
set of projects, as follows: (1) The first group of projects 
represent the five upgrading projects of Ezbet Bekhit and (2) 
the second group represents the three upgrading projects of 
Ezbet El- Nasr. 
The optimization module is implemented using classical 
optimization model. In Extended Set of Intervention Projects,  
there are 8 upgrading projects in two areas under three priority 
packages which are: (1) 1 project under priority package #1; 
(2) 1 project under priority package #2 and (3) 6 projects under 
priority package # 3.  

 
 
 
 
 

 
 
 
By calculating the number of iterations of the three packages 
by  applying the equation   on the three priority packages 
knowing that T = 36 months and for package # 1 (pd = 18  
months) so m = 18 months , for package # 2 (pd = 9 months) 
so m = 21 months and for package # 3 (pd = 5 months) so m = 
31 months  then the number of iterations for the three priority 
packages are : I1 = 181  = 18, : I2 = 211 = 21 and I3 = 316 = 
887503681 so the total iteration 887503720 , then The 
computational time is estimated roughly on  i3, 1.33 GHz, 4 
GB RAM notebook computer was 8 days which is not 
applicable to be calculated  as shown in Figure 5  

Fig.5. Classical Optimization Estimated Computational Time 
for Extended Set of Upgrading Projects 

4.3 ABC Model and PSO Model Implementation 

The optimization module is implemented using both ABC and 
PSO. ABC and PSO models are coded with MATLAB 2013 
and run on i3, 1.33 GHz, 4 GB RAM notebook computer. C1 
and C2 values are taken equal to 2; W is started with 1 and 
decreased per iteration for PSO algorithm. Limit value is used 
equal to 10 in ABC algorithm. Particle and bee population are 
set to 30 and the two models are run until 100 iteration ends 

for both algorithm then optimum values are considered. Output 
data which presents upgrading projects priority is as follows in 
Figure 6 and Figure 7. 

No. Project description 
Duration 
(month) 

Cost 
(million LE) 

B.I. 
= U.F *N  

Priority 
package 

Amin SP Priority 

1 
New buildings project 

(Relocate slum residents) 
18 18 351,500 1 6,327,000 1 1 

2 Water supply project 6 3.6 300,440 3 

21,178,245 

13 4 

3 Sewage upgrading project 9 2.7 195,360 3 7 2 

4 Electricity project 5 0.5 6,475 3 11 3 

5 Roads pavement project 5 10 455,100 3 24 5 
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Fig. 6.  Data Output of ABC Model for Ezbet Bekhit 

 

Fig. 7. Data Output of PSO Model for Ezbet Bekhit 

The results of ABC model are the same to the optimum 
solution presented by enumeration- based optimization model 
(i.e. Amin, project start and upgrading projects priorities), while 
results of PSO is not an optimum solution but it is a near 
optimum as shown in Table 4 and Figure 6 and 7. The actual 
computational time for both ABC and PSO on i3, 1.33 GHz, 4 
GB RAM notebook computer is 4 seconds which is less than 
about 170 times 

Table 4. Enumeration- Based Optimization, ABC and PSO 

Results of Ezbet Bekhit 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

No. Project description 

Amin SP Priority 

Classical 
(optimum) 

ABC PSO 
Classical 

(optimum) 
ABC PSO 

Classical 
(optimum) 

ABC PSO 

1 New buildings project 6,327,000 6,327,000 6,327,000 1 1 1 1 1 1 

2 Water supply project 

21,178,245 21,178,245 21,268,525 

13 13 12 4 4 4 

3 
Sewage upgrading 

project 
7 7 9 2 2 2 

4 Electricity project 11 11 11 3 3 3 

5 
Roads pavement 

project 
24 24 24 5 5 5 
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The optimization module is implemented on projects of the two 
areas using both ABC and PSO with annual budgetary cost 
constraints equal (20 millions). A model interface is designed 
using MATLAP 2013 to facilitate the optimization process to 
users. Output data which presents upgrading projects priority 
is as follows in Figure 8 and Figure 9. 

Fig. 8.  Data Output of ABC Model for Extended Set of 
Upgrading Projects 

Fig. 9. Data Output of PSO Model for Extended Set of 
Upgrading Projects 

The results of ABC model are the near optimum compared to 
results of PSO as shown in Table 5. The actual computational 
time for both ABC and PSO on i3, 1.33 GHz, 4 GB RAM 
notebook computer is 11 seconds. 
 

Table 5. ABC and PSO Models Results for Extended Set of 
Upgrading Projects 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

No. Project description 
Amin SP Priority 

ABC PSO ABC PSO ABC PSO 

1 New buildings project 6,327,000 6,327,000 1 1 1 1 

2 Water supply project 

80,253,520 81,461,045 

13 13 5 5 

3 Sewage upgrading project 1 1 3 3 

4 Electricity project 24 31 7 8 

5 Roads pavement project 25 27 8 7 

6 Hospital Project 9 13 4 6 

7 Police station project 15 8 6 4 

8 Improving sewage network project 12,420,000 12,420,000 1 1 2 2 
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5 ANALYSIS AND DISCUSSION 

The priorities of the five upgrading projects (new buildings, 
water, sewage, roads, and electricity projects) after applying 
the proposed models with their computational time are as 
shown in Table 6: 

 

Table 6.  Models Results of Ezbet Bekhit 

 
There are a number of noteworthy observations based on the 
results reported in Table 6: 

 The priorities of upgrading projects for the three models 
are calculated according to same two criteria which are: 
(1) priority package and (2) construction sequencing. New 
buildings project to relocate residents in hazard prone 
areas which falls under the first priority package is the first 
priority project for the three models, while road pavement 
project lies after Water supply project and Sewage 
upgrading project for the three models taking into account 
construction sequencing. 

 Projects in the same priority package are prioritized 
according to the result of the optimization objective 
function by determining projects starts that gives Amin. 

 The projects priorities of the three optimization models are 
the same, their orders are: (1) New buildings project; (2) 
Sewage upgrading project; (3) Electricity project; (4) 
Water supply project and (5) Road pavement project.  

 While the priorities of the eight upgrading projects after 
applying the proposed models with their computational time 
are as shown in Table 7: 
 
Table 7. Models Results of Extended Set of Upgrading 
Projects 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. Project description 

Priority Computational time (sec.) 

Classical 
optimization 

ABC PSO 
Classical 

optimization 
ABC PSO 

1 New buildings project 1 1 1 

678 4 4 

2 Water supply project 4 4 4 

3 Sewage upgrading project 2 2 2 

4 Electricity project 3 3 3 

5 Road pavement project 5 5 5 

No. 
 

Project description 

Priority Computational time (sec.) 

Classical 
optimization 

ABC PSO 
Classical 

optimization 
ABC PSO 

1 New buildings project 

Not Applicable 

1 1 

Not Applicable 
(8 days) 

11 11 

2 Water supply project 5 5 

3 Sewage upgrading project 3 3 

4 Electricity project 7 8 

5 Roads pavement project 8 7 

6 Hospital Project 4 6 

7 Police station project 6 4 

8 Improving sewage network project 2 2 
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There are a number of noteworthy observations based on the 
results reported in Table 7: 

 The priorities of upgrading projects for classical 
optimization model is not applicable to be calculated due 
to a roughly estimation to the computational time on i3, 
1.33 GHz, 4 GB RAM notebook computer which is 8 days. 

 The priorities of upgrading projects for the other models 
are calculated according to same two criteria which are: 
(1) priority package and (2) construction sequencing. New 
buildings project to relocate residents in hazard prone 
areas which falls under the first priority package is the first 
priority project for the two models, improving sewage 
network project which falls under second priority package 
lies in the second order for the two models. While road 
pavement project of Ezbet Bekhit lies after Water supply 
project and Sewage upgrading project for the same area 
for the two models taking into account construction 
sequencing. 

 Projects in the same priority are prioritized according to 
the result of the optimization objective function by 
determining projects starts that gives Amin.  

The comparison between the models is tested using four 
criteria which are: (1) Quality of solutions; (2) Computational 
Effort (Running time and (3) Simplicity. These criteria are 
discussed briefly in the following section. 
(1) Quality of solutions: Comparing the three optimization 
models in Ezbet Bekhit , ABC obtained an optimum solution 
the same as enumeration- based optimization model solutions 
which is better than solution of PSO. While in Extended Set of 
Upgrading Projects ABC solutions (P.I = 0 %) is better than 
solution of PSO (P.I = 1.5 %). 
Quality of Solutions is defined according to Performance 
indicators which based on measuring the distance or the 
deviation from the optimum solution where 0 % performance 
means that the solution could achieve the optimum value.  P.I 
(%) = |(s) − (s∗)| / (s∗), where s is the obtained solution and s∗ 
is the optimum solution.  
The solution of optimization models is better than cost/ benefit 
model proposed by (Fawzy et al., 2015) because they 
prioritize the projects by identifying projects starts not only with 
the projects orders as benefit/ cost model, they also take into 
account budgetary constraints which is an important issue in 
solution quality.  
Best solutions of optimization models with performance 
indicators are listed in Table 8 and 9 as follows: 

 
Table 8. ABC and PSO Optimal Solution with Performance 
Indicators of Ezbet Bekhit 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

No. Project description 
Optimum Solution 

( S∗) 

ABC PSO 

S P.I (%) S P.I (%) 

1 New buildings project 6,327,000 6,327,000 0 6,327,000 0 

2 Water supply project 

21,178,245 21,178,245 0 21,268,525 0.43 
3 Sewage upgrading project 

4 Electricity project 

5 Roads pavement project 
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Table 9. ABC and PSO Optimal Solution with Performance 
Indicators of Extended Set of Upgrading Projects 

 

(2) Computational effort (Running time): Besides the quality 
of solution which is the most important factor for evaluation of 
a model, running time only has meaning if the solution quality 
is good enough. The results in Table 8 show that running time 
of both ABC and PSO for Ezbet Bekhit is faster than that of 
enumeration- based optimization by 170 times. While The 
results in Table 9 show that running time of both ABC and PSO 
is faster than that of classical optimization by 62836 times.  
(3) Simplicity: ABC has 3 controlling parameters while PSO 
has 4 parameters. For method complexity, there are about 132 
code lines for ABC and 156 code lines for PSO.  

6 CONCLUSIONS AND FUTURE WORK 

This paper presented comprehensive models for the selection 
of slum intervention strategies and their priorities which are: 
(1) enumeration- based optimization model; (2) Artificial bee 
colony (ABC) model and (3) Particle swarm optimization 
(PSO) model. The main objectives of these models are to 
identify (1) the needed intervention strategies for the slums 
area and (2) the optimal priorities among these intervention 
projects. The model consists of two main phases, including (1) 
model structuring (generating input data) and (2) model 
implementation (optimizing intervention priorities). The models 
identified the priorities of the proposed intervention projects 
according to two main criteria which are: (1) the priority 
package and (2) construction sequencing considerations. The 
optimization models identify projects priorities according to the 
result of the optimization objective function by determining 
projects starts that gives minimum area of benefit curve in 
addition to the two previous criteria. Two case studies are 
presented to demonstrate the potentials of the proposed 
frameworks. 
This research illustrates successful implementation of two 
algorithms, namely- Artificial Bee Colony (ABC) and Particle 
Swarm Optimization (PSO), to optimize priorities among the 
intervention projects, minimum area of benefit curve and 
projects starts using all two algorithms have been compared. 
The results obtained show that ABC algorithm converges to 
optimal solution in Ezbet Bekhit case study while PSO 
algorithm reaches to near optimum solution in the Ezbet 
Bekhit case study with quality of solution equal to 99.57 % 
(deviation of 0.43 %) with the same computational time to ABC 
when compared to PSO (4 seconds and 11 second).  Both  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ABC and PSO are simpler algorithms due to employing fewer 
control parameters. 
Enumeration-based optimization model is used, it is more 
effective than other optimization models in case of simple 
problems (small number of iteration) that is due to its guaranty 
to find the optimum solution, while it is not efficient in case of 
complex optimization problem as presented in the extended 
set of upgrading projects which adds the projects of the two 
case studies together, the computational time is about 8 days 
which is not applicable. A model interface is designed using 
MATLAP 2013 to the three models due to its efficiency and 
simplicity to facilitate the prioritization process to usersIn 
generally the results illustrate the effectiveness (quality of 
generated solutions) and efficiency (running time) of ABC 
compared with other prioritization models.  
Future work will include developing the proposed models and 
applying it to different case studies representing upgrading 
projects as to account for uncertainties associated with these 
projects so as to result in more accurate solutions. Future 
studies will include also investigating the time and cost 
dimensions in more detail. Testing the algorithm further on 
other case studies with more complex optimization problems 
and looking for algorithmic improvements remains as future 
work. 
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