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Abstract 

 

This paper models a humanitarian aid distribution problem, which aims to satisfy 

the basic needs of a population in the aftermath of a natural or man-made disaster. 

The model considers dispatching goods from local distribution centers to distribu- 
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tion points during a given time horizon covering several periods (days).  It takes 

into account practical constraints related to site’s storage capacity, truck’s 

capacity, and restrictions on the drivers’ maximum working time. To tackle this 

difficult problem, a hybrid optimization algorithm combining integer lineal 

programming and a simulated annealing heuristic is proposed. Numerical results 

produced for a set of academic instances show that the hybrid optimization 

algorithm is very efficient, providing excellent results in short computational time. 

 

Keywords: Humanitarian logistics, hybrid optimization, routing and distribution, 

transportation 

 

 

3.1 1 Introduction 

 

   Improvements on the state of the art and practice of humanitarian logistics 

have significant economic and social implications. The human and economic 

impacts of natural disasters are increasing (Centre of Research for the 

Epidemiology of Disasters, 2009). According to the Office of U.S. Foreign 

Disaster Assistance and the Center for Research on the Epidemiology of Disasters, 

more than 297,000 people were killed and over 217 million were affected by 

natural disasters during 2010, and the economic damage has been estimated at 

over US$123.9 billion (Guha-Sapir et al., 2011 [12]). However, as several authors 

state, research on humanitarian logistics is not commensurate with its crucial role.  

 

In a natural disaster situation, infrastructures have been partially or totally 

destroyed and supply chains are inoperative [16]. Humanitarian aid distribution 

(HAD) is the activity related with transportation of resources and items that 

provide humanitarian aid from the Local Distribution Centers (LDC) to the 

Distribution Points (DP), through a fleet of heterogeneous vehicles. From the 

distribution points, humanitarian aid is delivered to the affected population. Balcik 

et al. [3] establish that a poor HAD performance produces suffering to the affected 

population due to privation of their basic needs. Kovacs and Spens [15] indicate 

that the delay in supplying humanitarian aid may result in casualties. As a 

consequence, a good HAD plan is absolutely necessary in order to optimally 

distribute the available humanitarian aid; this is called the Humanitarian Aid 

Distribution Problem (HADP).  

 

Huang et al. [13] and Perez et al. [18] point out that the HAD plan is 

frequently made in an ad-hoc manner, leading to an inefficient resource usage, a 

slow response and an unequal aid distribution. Similarly, Ergun et al. [11] affirm 

that people responsible for the administration of the supply chain and 

humanitarian logistics in most of the organizations generally, are not specialists 

and do not have adequate expertise to solve the problems related to the HAD. 

Since a successful response to a disaster is not improvised, Van Wassenhove [25] 
recommends being prepared to establish the most effective response. But the fulfill- 
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ment of the HAD plan in an optimal way is a very difficult task, so operations 

research techniques may be of great help to decision makers [3, 11].  

 

Humanitarian aid distribution is different from commercial distribution since 

its objective is to provide humanitarian assistance subject to resource limitation, 

represented by the available human aid and transportation capacity [3, 11, 15, 23]. 

On the other hand, the main objective of commercial logistics is to minimize 

(maximize) the costs (profit) involved in the process [19, 22]. The operations, 

features and dynamics of commercial logistics are well known, such that 

researchers have been able to develop highly sophisticated analytical models to 

optimize the various components of modern supply chains. On the contrary, the 

characteristics, dynamics, and features of HAD are significantly different from 

commercial logistics.  

 

This paper presents a research that seeks an adequate distribution of goods to 

population affected by a disaster, represented as a HADP. To this end, this paper 

presents a mathematical formulation to model the HADP considering all of the 

routing and allocation decisions to send humanitarian aid from LDCs to affected 

people through delivery of goods to DPs. The model is formulated in multiple 

periods in order to be able to consider adequately a balanced distribution, the 

satisfaction of demand with delays and the inventory in the DPs. We also propose 

a hybrid optimization metaheuristic algorithm to solve the HADP. The algorithm 

is based on a simulated annealing algorithm that includes the resolution of integer 

programming subproblems to efficiently explore a vast neighborhood. The 

algorithm’s performance is validated on academic instances and the results 

produced encourage application to bigger and more complex problems. 

 

 The paper is organized as follows. Section 2 outlines an exhaustive revision 

of the related literature. Section 3 presents the optimization model, as well as the 

hybrid optimization algorithm, including the simulated annealing metaheuristic 

with a sophisticated perturbation function that requires the solution of an integer 

programming subproblem. Section 4 outlines the implementation of the algorithm 

and details experimental results on a group of academic instances. Conclusions 

are presented in Section 5. 

 

2 State of the Art 
 

   Commercial logistics are primarily concerned with the optimization of 

different stages of manufacturing, distribution and waste retrieval. They 

encompass a wide range of activities which require specific analytical models. 

Van Wassenhove [25] states that commercial logistics possess the following 

characteristics: (1) the main objective is to either minimize the cost of 

transportation or logistics (i.e., the summation of inventory and transportation 

costs); (2) the goods to be transported originate from the company’s suppliers and 

flows to the company’s customers; (3) not only are the origin and destination of  
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the freight known, but so is the demand, enabling the company to optimize its 

actions; (4) there are established decision-making procedures, involving a 

relatively small set of decision makers; (5) the logistic system transports large 

volumes of freight on a routine basis, which enables it to optimize operations; (6) 

the social networks in charge of logistical operations are intact and able to 

function at their maximum capacity; and (7) all these activities take place in 

conditions in which the supporting systems, e.g., transportation, are relatively 

stable and functional. 

 

On the contrary, humanitarian logistics cover a wide range of activities that occur 

at any one of the phases of emergency management, i.e., mitigation, preparedness, 

response and recovery (National Governors' Association Center for Policy 

Research, 1979; FEMA IS-1, 2010). Mitigation and preparedness activities are 

performed before the disaster to enhance safety and reduce the potential impact on 

people and infrastructure. Response-related humanitarian logistic activities 

include the transportation of supplies and equipment for search and rescue, and of 

equipment and material for emergency repairs to the infrastructure (FEMA IS-1, 

2010). Finally, the recovery process is characterized by two sub-phases (Natural 

Hazards Research and Applications Information Center, 2005, Section 2-4). 

Short-term recovery is the transitional stage between response and long-term 

recovery, where activities such as managing donations and volunteers, conducting 

damage assessments, securing temporary housing, restoring lifelines and clearing 

debris take place. The work of Altay and Green [1] provides an important review 

of the literature in humanitarian logistics management. They conclude that very 

little information about transport planning and human aid distribution exists. 

However, more recent revues devoted to the logistics in the humanitarian context 

(Caunhye et al. [7]; de la Torre et al. [9]; Anaya-Arenas et al. [2]) show the rapid 

and unstoppable development of this research field.  

 

Disasters can be localized (a small tornado) or widespread (floods that impact a 

large portion of a country). The magnitude of the logistical challenge in terms of 

the volume of help to be transported after a disaster is significant. Also, 

humanitarian logistics imply an inbound flow of relief towards the affected 

population, but also an outbound flow aimed at evacuating people or materials 

towards safer areas located either inside or outside the affected zone. Despite the 

importance of such outbound flows, this work focuses on the inbound part. In 

addition to supplies for survivors, humanitarian logistics must deliver supplies to 

meet the needs of the response process. These include: (1) food and water for the 

responders; (2) equipment and supplies for medical teams, search and rescue, 

security forces; and (3) transportation, construction equipment and fuel. All of 

these conditions create a vast difference between the decision-making process 

involved in commercial logistics and the variants of humanitarian logistics. 

Commercial logistics are managed by a small number of decision makers using 

formal decision-making structures and standard procedures, with clearly defined 

roles and responsibilities for all players. Each participant knows what they are sup- 
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posed to do and how to interact with others. Established protocols enforce 

compliance with rules and regulations. It is a mature and highly structured market, 

with common information systems, standardization, transparency and visibility, 

accountability, clear objectives and well aligned incentives. 

 

In the particular case of the HADP, its resolution through exact methods can only 

be made for small instances in a reasonable timeframe [3, 26]. De Angelis et al. [8] 

formulate the HADP as a Mixed Integer Linear Programming model and solve it 

by traditional operations research techniques. Due to the complexity of the 

problem, several researches have proposed to solve the problem in two stages [3, 

4, 16, 26], however it is possible to find works that solve the problem in one stage 

[8, 17].  Barbarosoglu et al. [4] present a heuristic interactive method for the 

coordination of both subproblems with a hierarchical system of multiple criteria. 

Yi and Ozdamar [26] and Perez et al. [18] use a method with two stages: The first 

one defines a network flow problem, in which the vehicles are represented as 

products, being their flow an integer variable. The second stage defines the routes 

and the cargo for each vehicle. Balcik et al. [3] present a system with two phases, 

the first one generates all the non-dominated routes and the second one, through 

mixed integer linear programming, assigns routes to the vehicles, determines their 

loads and the quantities to be distributed to the DPs. Lin et al. [16] present two 

heuristics. The first one reduces the number of routes when considering a 

sub-group; the routes are then filtered through a genetic algorithm, the second one 

separates the initial problem into several subproblems, which contain a partial 

number of vehicles and DPs.  

 

Nolz et al. [17] present a mathematical, non-linear formulation based on the 

Non-dominated Sorted Genetic Algorithm (NSGA-II). Berkoune et al. [5] also 

propose a Genetic Algorithm based algorithm to solve a relief distribution 

situation which is modeled as a transportation problem. Yi and Ozdamar [26] aim 

at minimizing the unsatisfied demand for relief, and Pérez et al. [18] use the 

concept of “social cost”, establishing the objective as minimizing the sum of the 

operational costs and social costs. Huang et al. [13] present a model of the HAD 

for one single period without limitations, in which the objective is the 

minimization of the balance in the distribution time to the DPs.  

 

3 Problem description and model formulation 
 
   The HADP may be formally defined as follows: let 𝑮 = (𝑽, 𝑨) a directed 

graph, 𝑽 = {𝟎, . . . , 𝒏}  a group of nodes and 𝑨 = {(𝒊, 𝒋): 𝒊, 𝒋 ∈ 𝑽, 𝒊 ≠ 𝒋}  the 

group of arcs. Node 𝟎 corresponds to the LDC and the rest of the nodes 

{𝟏, . . . , 𝒏} represent the DPs. A non-negative travel time 𝒄𝒊𝒋 is associated to each 

arc (𝒊, 𝒋) ∈ 𝑨 and represents the required time to travel from node 𝒊 to node 𝒋. 

In this work, it is considered that travel times are symmetrical, in other words, 

𝒄𝒊𝒋  =  𝒄𝒋𝒊  for every arc (𝒊, 𝒋) ∈ 𝑨 . A heterogeneous fleet is available, each 

vehicle represented by 𝒌, and its load capacity by 𝑪𝒌. The maximum work time  
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available for each vehicle is denoted by 𝝉. Each 𝑫𝑷𝒊 (𝒊 = 𝟏, . . . , 𝒏) is associated 

to a known non-negative demand 𝒅𝒕 for each period 𝒕 of the planning’s horizon, 

the LDC is assigned with demand equal to zero. The available aid in the LDC is 

known and non-negative for each period 𝒕 of the planning’s horizon and inferior 

to the total demand in each period.  

 

The model also considers: i) the capacity of humanitarian aid storage in the DPs to 

satisfy the next period’s demand, ii) vehicles are able to travel through several 

routes in each period, iii) various vehicles can visit the same DP within a single 

period, iv) it is possible to partially satisfy the DP’s demands and v) vehicles are 

able to complete different routes without surpassing the maximum work time.  

 

The HADP’s main objective is to minimize penalties due to delivery delay and 

therefore non-satisfied demand. The penalty factors are based on the number of 

periods of delay: i) if the demand is satisfied in the same period, there is no 

penalization, ii) if the demand is satisfied with a delay of 1 or 2 periods, the 

penalization factors  𝜷𝟏 and 𝜷𝟐 (𝜷𝟏<<𝜷𝟐) are defined, iii) if the demand is not 

satisfied, it is associated to a 𝜷𝟑 (𝜷𝟏<<𝜷𝟐 << 𝜷𝟑) factor. The objective function 

includes a term which represents the distribution balance between the DPs to 

achieve equity in the service received by the DPs. Needless to say, complete 

equity would imply that everyone gets the exact same service, which cannot be 

achieved due to the restrictions on the available resources.  

 

The service received by each DP is measured by calculating the demand that is 

not satisfied as a percentage. The service’s balance is incorporated to the objective 

at the moment the percentage of the unsatisfied demand for each DP is included 

through a convex, piecewise linear function, that relates the percentage of the 

unsatisfied demand with a particular weight value. This approach was proposed 

by Huang et al. [13], who declare that this form of establishing the balance has 

two advantages ahead of minimizing the maximum difference of the service 

received by the DPs: the first one is that the model maintains itself as linear. The 

second one is that better results are obtained in the other objectives.  

 

The solution to the HADP establishes: The DPs that receive humanitarian aid in 

each period, the amount of humanitarian aid each DP receives during each period, 

the routes of the vehicles and the assignation of the routes to the vehicles. 

 

 

3.2 Formulation of the problem 

 
The following nomenclature is used to formulate the HADP: 

𝑰, 𝑱: Group of nodes 

𝑻: Group of time periods, size of the planning horizon 

𝑲: Group of vehicles 

𝑹: Group of routes 
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𝑩: Segments of the convex linear function 

𝑪𝒌: Capacity of vehicle 𝒌 (product units) 

𝝉: Maximum work time of vehicle 𝒌 

𝜷𝟏, 𝜷𝟐 𝒂𝒏𝒅 𝜷𝟑: penalty factors due to delays 

𝒅𝒊𝒕: DP’s demand within the 𝒕 period 

𝑯𝒕: Total available aid to be split in the 𝒕 period  

𝒄𝒊𝒋: Travel time from node 𝒊 to node 𝒋 

𝑴: A very big value 

𝒙𝒗𝒂𝒍𝒃 , 𝒚𝒗𝒂𝒍𝒃 : values of the intersections in the convex linear function by 

segments, 𝒇(𝒙𝒗𝒂𝒍𝒃) =  𝒚𝒗𝒂𝒍𝒃 

𝒙𝒊𝒋𝒓𝒌𝒕: 1 if vehicle 𝒌 travels from node 𝒊 to node 𝒋 in the 𝒕 period in the 𝒓 

route, otherwise 0. 

𝒚𝒋𝒓𝒌𝒕: 1 if vehicle 𝒌 visits the DP 𝒋 in the 𝒕 period in the 𝒓 route, otherwise 0. 

𝒒𝒊𝒌𝒓𝒕: Quantity of aid to be given by vehicle 𝒌 in the route 𝒓 in the 𝒕 period in 

the DP 𝒊 for 𝒕’s demand. 

𝒔𝒌𝒓𝒕: Quantity of aid that vehicle 𝒌 will give in the route 𝒓 in the 𝒕 + 𝟏 period. 

𝒗𝒊𝒓𝒌𝒕
𝟏 : Amount of aid that vehicle 𝒌 will give in the route 𝒓 in the 𝒕 period to 

the DP 𝒊 for the demand of the 𝒕 − 𝟏 period. 

𝒗𝒊𝒓𝒌𝒕
𝟐 : Amount provided by vehicle 𝒌 on route 𝒓 for period 𝒕 to PD 𝒊 for 

demand of 𝒕 − 𝟐 period. 

𝒍𝒊𝒕: Amount of unsatisfied demand of the DP 𝒊 in the 𝒕 period. 

𝒑𝒊: Percentage of the unsatisfied demand of the DP 𝒊. 

𝒘𝒊: Weight of the DP 𝒊’s unsatisfied demand. 

𝒎𝒊𝒃: Variable used to establish the relationship between 𝒑𝒊 and 𝒘𝒊 with the 

convex linear function by segments. 

 

The HADP model:  
 

𝑀𝑖𝑛 ∑ ∑ (∑ ∑ 𝛽1𝑣𝑖𝑟𝑘𝑡
1 + 𝛽2𝑣𝑖𝑟𝑘𝑡

2

𝑟∈𝑅𝑘∈𝐾

) + 𝛽3𝑙𝑖𝑡

𝑡∈𝑇

+

𝑖∈𝑉′

∑ 𝑤𝑖

𝑖∈𝑉′

  (1) 

Subject to: 

 

∑ 𝑥𝑖𝑗𝑟𝑘𝑡

𝑗∈𝑉

= ∑ 𝑥𝑗𝑖𝑟𝑘𝑡

𝑗∈𝑉

=  𝑦𝑖𝑟𝑘𝑡 ∀ 𝑖, 𝑟, 𝑘, 𝑡 (2) 

∑ ∑ ∑ 𝑐𝑖𝑗

𝑟∈𝑅

 

𝑗∈𝑉𝑖∈𝑉

𝑥𝑗𝑖𝑟𝑘𝑡  ≤  𝜏 ∀ 𝑘, 𝑡 (3) 
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∑ 𝑣𝑖𝑟𝑘𝑡
2

𝑖∈𝑉

+ 𝑣𝑖𝑟𝑘𝑡
1 + 𝑞𝑖𝑟𝑘𝑡 + 𝑠𝑖𝑟𝑘𝑡  ≤  𝐶𝑘 

∀ 𝑟, 𝑘, 𝑡         (4) 

 

 

∑ ∑ ∑ 𝑣𝑖𝑟𝑘𝑡
2 + 𝑣𝑖𝑟𝑘𝑡

1 + 𝑞𝑖𝑟𝑘𝑡 + 𝑠𝑖𝑟𝑘𝑡 

𝑘∈𝐾𝑟∈𝑅𝑖∈𝑉

 ≤  𝐻𝑡  ∀ 𝑡 (5) 

𝑣𝑖𝑟𝑘𝑡
2 + 𝑣𝑖𝑟𝑘𝑡

1 + 𝑞𝑖𝑟𝑘𝑡 + 𝑠𝑖𝑟𝑘𝑡  ≤ 𝑀 𝑦𝑖𝑟𝑘𝑡  ∀ 𝑖, 𝑟, 𝑘, 𝑡 (6) 

∑ ∑ 𝑠𝑖𝑟𝑘𝑡 

𝑟∈𝑅𝑘∈𝐾

≤  𝑑𝑖,𝑡+1  ∀𝑖;  𝑡 = 1, … , 𝑇 − 1 (7) 

𝑠𝑖𝑟𝑘𝑡 = 0 ∀ 𝑖, 𝑟, 𝑘;  𝑡 = 𝑇 (8) 

𝑑𝑖𝑡 ≤ ∑ ∑ 𝑞𝑖𝑟𝑘𝑡 + 𝑣𝑖𝑟𝑘,𝑡+1
1 + 𝑣𝑖𝑟𝑘,𝑡+2

2 + 𝑙𝑖𝑡

𝑟∈𝑅𝑘∈𝐾

 ∀𝑖;  𝑡 = 1 (9) 

𝑑𝑖𝑡 ≤ ∑ ∑ 𝑠𝑖𝑟𝑘,𝑡−1 + 𝑞𝑖𝑟𝑘𝑡 + 𝑣𝑖𝑟𝑘,𝑡+1
1 + 𝑣𝑖𝑟𝑘,𝑡+2

2 + 𝑙𝑖𝑡

𝑟∈𝑅𝑘∈𝐾

 ∀𝑖; 𝑡 = 2, . . , 𝑇 − 2 (10) 

𝑑𝑖𝑡  ≤  ∑ ∑ 𝑠𝑖𝑟𝑘,𝑡−1 + 𝑞𝑖𝑟𝑘𝑡 + 𝑣𝑖𝑟𝑘,𝑡+1
2 + 𝑙𝑖𝑡

𝑟∈𝑅𝑘∈𝐾

 ∀𝑖;  𝑡 = 𝑇 − 1 (11) 

𝑑𝑖𝑡  ≤  ∑ ∑ 𝑠𝑖𝑟𝑘,𝑡−1 + 𝑞𝑖𝑟𝑘𝑡 + 𝑙𝑖𝑡

𝑟∈𝑅𝑘∈𝐾

 ∀𝑖;  𝑡 = 𝑇 (12) 

𝑢𝑖𝑘𝑟𝑡 −  𝑢𝑗𝑘𝑟𝑡 + 𝐶𝑘 𝑥𝑖𝑗𝑟𝑘𝑡  ≤ 𝐶𝑘 −  𝑑𝑗𝑡 ∀ 𝑖, 𝑗, 𝑘, 𝑟, 𝑡 (13) 

𝑑𝑖𝑡 ≤  𝑢𝑖𝑟𝑘𝑡  ≤ 𝐶𝑘 ∀ 𝑖, 𝑟, 𝑘, 𝑡 (14) 

𝑝𝑖 =
∑ 𝑙𝑖𝑡𝑡∈𝑇

∑ 𝑑𝑖𝑡𝑡∈𝑇
 ∀ 𝑖 (15) 

𝑝𝑖 =  ∑ 𝑚𝑖𝑏 𝑥𝑣𝑎𝑙𝑏

𝑏∈𝐵

 ∀ 𝑖 (16) 

𝑤𝑖 =  ∑ 𝑚𝑖𝑏 𝑦𝑣𝑎𝑙𝑏

𝑏∈𝐵

 ∀ 𝑖 (17) 
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∑ 𝑚𝑖𝑏

𝑏∈𝐵

= 1 ∀ 𝑖 (18) 

𝑠𝑖𝑟𝑘𝑡, 𝑢𝑖𝑘𝑟𝑡, 𝑣𝑖𝑟𝑘𝑡
1 , 𝑣𝑖𝑟𝑘𝑡

2 , 𝑠𝑖𝑟𝑘𝑡 ≥ 0  ∀ 𝑖, 𝑟, 𝑘, 𝑡 
(19) 

 

𝑙𝑖𝑡 ≥ 0 ∀ 𝑖, 𝑡 (20) 

𝑝𝑖, 𝑤𝑖  ∈ [0,1] ∀ 𝑖 (21) 

 

The objective function (1) seeks to minimize the penalty due to delays and at the 

same time the minimization of unbalanced distribution. Equation (2) establishes 

flow conservation and the relationship vehicle – DP – period – route. Equation (3) 

imposes a restriction on the maximum working time. In a similar fashion, the 

restriction (4) considers the vehicle’s load capacity. Equation (5) considers the 

available humanitarian aid. Equation (6) evaluates the amounts that are delivered 

if the DP is visited. Equations (7 and 8) limit the inventory’s maximum values. 

Equations (9, 10, 11, and 12) relate the demand with the delivered humanitarian 

aid and the unsatisfied demand. Equations (13 and 14) allow eliminating sub-tours. 

Equation (15) calculates the value of the percentage of unsatisfied demand. 

Equation (16) relates the percentage of the unsatisfied demand through the convex 

linear function by segments to establish the value of 𝒑𝒊 . Restriction (17) 

calculates the service’s weight by unsatisfied demand 𝒘𝒊  through the linear 

convex function by segments and the value of 𝒎𝒊𝒃. Restriction (18) establishes 

that 𝒎𝒊𝒃 has a value of 1, in order to adequately establish the value of 𝒘𝒊 from 

𝒑𝒊. Equations (19 – 21) limit the variables in a general way. Analyzing the 

HADP’s formulation it is observed that it is the union of two problems: the 

humanitarian aid allocation problem and the routing problem. 

 

Unfortunately, the HADP formulation can’t be solved efficiently by commercial 

branch-and-bound software. Therefore we turned to metaheuristics methods, 

which have been proven their ability to solve difficult combinatorial problems, to 

tackle the HADP instances. We designed a simulated annealing (SA) 

metaheuristic aimed at solving the HADP. However, since preliminary results 

were not very promising, we decided to use the natural decomposition of the 

HADP’s to conceive a hybrid solving algorithm.   

 

3.3 Hybrid optimization algorithm 
 

Raidl and Puchinger [21] recognize the strengths and the advantages of hybrid 

methods. Since exact methods have their own advantages and disadvantages, it  
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seems natural to combine the ideas of both methods. Hybrid algorithms are the 

combination of exact algorithms and metaheuristics. In the scientific community, 

the term “metaheuristic” refer to general purpose approximated optimization 

methods, such as tabu search, evolutionary computation, and simulated annealing, 

among others. Puchinger and Raidl [20] present a general classification of 

metaheuristic algorithms grouped into two categories: 

 

 

 Collaborative combinations: In an environment of collaboration, the 

algorithms exchange information, but are independent. The exact and 

metaheuristic algorithms may be executed sequentially, in parallel or intertwined. 
 

 

 Integrated combinations: In integrated methods, an algorithm is a 

subordinated component of another algorithm. 
 

In the integrated combinations category, Caserta and Vob [6] and Raidl and 

Puchinger [21] identify two subcategories (i) the metaheuristic algorithm is the 

master and controls the calls to the exact algorithm and (ii) the exact algorithm is 

the master and calls the metaheuristic algorithm.  

 

 

This paper presents a hybrid optimization algorithm merging a simulated 

annealing metaheuristic with a sophisticated perturbation function around an 

integer programming subproblem. The pseudocode of the hybrid optimization 

algorithm is shown in Fig 2. The algorithm starts with the definition of the 

algorithm’s parameters. An initial solution is generated randomly. Step 2 

initializes the simulated annealing algorithm. Step 3 generates a new solution 

from the current solution. To this end, it executes the following stages: i) the 

current solution (s) is split in two parts, the partial-solution-routes (sproutes) and the 

partial-solution-assignation (spasig). ii) the partial-solution-routes (sproutes) are 

modified when the vehicle’s route change is applied several times, defining the 

new partial- solution-routes (spnewroutes). iii) a humanitarian aid allocation problem 

is defined. This problem is related to the new partial solution routes (P(spnewroutes)). 

iv) the problem is solved to optimality, generating the new partial solution 

assignation (spnewasig). v) in this stage, the two new partial solutions are joined, 

forming a new solution (snew). vi) the new solution (snew) is generated, eliminating 

the DPs that don’t receive humanitarian aid from the routes. Objective values of 

new solution (snew) and the current solution (s) are compared. snew becomes the 

current solution if its objective value is greater than the one of solution s or if it is 

within a random distance related to the algorithm evolution (the temperature). The 

algorithm ends when the temperature reaches the stop criteria. 
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Fig. 2. Pseudocode for hybrid optimization algorithm 

 

3.4 Hybrid algorithm, solution codification structure 
 

An important element for the use of any metaheuristic algorithm is the structure 

that represents the solutions to the problem, normally using matrices or vectors, 

where each element represents a component of the solution. This structure or 

codification has to be able to represent any solution of the problem and, 

simultaneously, must be suitable to efficiently apply the algorithm. Because the 

HADP is the combination of a routing problem and an allocation problem, the 

structure of the solution is formed by two parts. Figure 1 shows an example of the 

structure of the solution defined for the HADP. The first part, route group, defines 

the routes followed by the vehicles. Each element of the route group is the route 

taken by a vehicle (𝒌), in a period (𝒕) and in a route (𝒓). The first value indicates 

the total number of DPs to be visited, the rest indicates the DPs to visit and their 

order indicates the order in which they will be visited. The LDC is not included 

(node 0) because the route starts and ends in the LDC. The second part is the 

allocation matrix that establishes the amount of humanitarian aid delivered to each 

DP. Each row of the assignation matrix is related to a route and each column 

represents a DP, the value of the matrix indicates the amount of humanitarian aid 

to be delivered in the DP.  
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Fig. 1. Structure of the solution for the HADP 

 

 

4 Implementation and experiment results 
 

   A set of academic instances were generated and split into two categories, 

namely small and large instances, containing 10 and 20 DPs, respectively. DPs’ 

locations were randomly generated from a uniform distribution within 100 X 100 

distance units square. LDC is always located in the square’s center with 

coordinates [50, 50]. The travel times between nodes are computed as the 

downward rounded Euclidean distance in units of time. The demand of each DP in 

each period was generated from a uniform distribution (U [1000, 6000]). After 

defining the demand of each DP for each period, the available supply for each 

period was set using a random uniform distribution to satisfy between 80 and 95% 

of the period’s demand. It is indicated that the transportation capacity is defined 

by four elements: number of vehicles, load capacity, maximum working time 

(MWT) and the number of routes. Small instances have 2 vehicles and a load 

capacity of 8000 and 6000 units. In the case of large instances, 2 vehicles with 

load capacity of 16000 and 12000 units were allowed. The maximum number of 

routes that a vehicle can do by period is limited to 2. Consequently, four types of 

problems were defined according to the number of DPs and the number of 

vehicles. For each type of problem, 6 instances were generated based on their 

location data, travel times, demand and supply. The total number of instances is 

24. 

 

The weights of the objective function were set a priori and kept unchanged for all 

the instances. Their values are: P3: 100, P2: 40 and P1: 10. The penalty convex 

piecewise linear function used for the objective of balance in the unsatisfied 

demand is presented in figure 3 and contains 10 segments.  

 

 

 



A hybrid optimization model: an approach for the humanitarian aid       6341 

 

 

 
 

 

Fig. 3. Penalty convex piecewise linear function of the unsatisfied demand 

 

 

In order to solve the proposed instances, two methods were used. The first method 

solves the mathematical formulation with the branch-and-bound algorithm of 

Cplex 11.0 software. A limit of 7 200 seconds (2hrs) computation time was 

imposed. The second method is the hydrid optimization method. It was 

implemented in Python 2.7.2 and the integer programming problem is solved 

using the software Gurobi 4.6. The algorithm’s parameters were set, after a run of 

preliminary experiments, to: Tini= 10000, Tfin= 1000, α factor= 0.95 and iter= 20. 

Experiments were run on a computer with a 1.80 GHz AMD Athlon 64 processor 

with 2.00 GB of RAM. Process times are reported in seconds. 

 

 

Numerical results are shown in Table 1. The left part of Table 1 identifies the 

instance according to the number of DPs (column DP) and Working time (column 

MWT). For the exact method, column Value Obj Funct reports the best solution 

produced within the time limit, the best lower bound (column Lower Bound), the 

optimality gap in percentage (column GAP), and the computational time in 

seconds. Gap (in percentage) is computed as the difference between the best value 

produced by the concerned method and the best lower-bound produced by Cplex, 

divided by the lower bound. Since the hybrid method is affected by randomness, 

we executed the algorithm four times per instance and the average results were 

computed. Hence, each line under header Value Obj Funct reports the average 

objective value produced by 4 executions of the hybrid algorithm. Column GAP 

gives the average over the four executions with respect to the best lower bound 

produced by the exact method. The bottom line in Table 1 reports the total 

average over the 24 instances.  
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Table 1. Numerical results 

 

The results show that, unlike the exact method, the hybrid optimization algorithm 

has a remarkable performance. In all the cases the hybrid method is able to 

produce better, or at least the same results than the exact method. Moreover, it 

produces an average gap of only 0.35%, while the exact method’s one raises up to 

208%. Finally, the hybrid optimization only requires an average execution time of 

194 seconds, which is negligible when compared to the 6747 seconds allotted to 

the exact method.  

 

5 Conclusions 
 

This work proposes a mathematical formulation and an efficient hybrid 

heuristic solving approach for a Humanitarian Aid Distribution Problem (HADP). 

The problem seeks to make all the routing and allocation decisions to send 

humanitarian aid from Local Distribution Centers to the affected people through 

delivery points called DPs. It considers multiple which capture the dynamics of 

demand as well as partial satisfaction of the demand at some DPs due to the 

resources’ limitation. The model also considers delays in demand satisfaction and 

the creation of multiple distribution routes. The objective of the model is to mini- 

Value Lower Value

Instance PD MWT Obj Funct Bound GAP Time Obj Funct GAP Time

1 10 300 5,121,408 1,916,588 167.2% 7,200 1,918,003 0.07% 129

2 10 300 11,226,810 3,820,891 193.8% 7,200 3,828,887 0.21% 121

3 10 300 5,981,182 3,032,790 97.2% 7,200 3,036,039 0.11% 127

4 10 300 11,034,009 2,743,189 302.2% 7,200 2,876,119 4.85% 116

5 10 300 14,372,314 3,197,490 349.5% 7,200 3,200,647 0.10% 127

6 10 300 3,985,805 3,013,989 32.2% 7,200 3,022,965 0.30% 128

7 10 400 1,924,504 1,916,588 0.4% 3,250 1,916,588 0.00% 149

8 10 400 4,797,129 3,820,891 25.6% 7,200 3,820,891 0.00% 135

9 10 400 3,032,796 3,032,790 0.0% 6,990 3,032,790 0.00% 140

10 10 400 2,760,085 2,743,189 0.6% 7,200 2,743,189 0.00% 139

11 10 400 3,213,624 3,197,490 0.5% 476 3,197,490 0.00% 147

12 10 400 5,467,352 3,013,989 81.4% 7,200 3,013,989 0.00% 139

13 20 400 32,096,500 5,275,081 508.5% 7,200 5,350,924 1.44% 240

14 20 400 No Sol 8,529,787 7,200 8,529,965 0.00% 249

15 20 400 23,507,754 3,482,580 575.0% 7,200 3,486,212 0.10% 245

16 20 400 13,747,862 6,158,087 123.2% 7,200 6,168,677 0.17% 254

17 20 400 31,779,275 4,217,081 653.6% 7,200 4,253,217 0.86% 252

18 20 400 37,145,737 9,390,788 295.6% 7,200 9,390,790 0.00% 269

19 20 600 25,400,108 5,275,081 381.5% 7,200 5,275,082 0.00% 259

20 20 600 10,145,539 8,529,787 18.9% 7,200 8,529,787 0.00% 261

21 20 600 26,715,600 3,482,580 667.1% 7,200 3,482,581 0.00% 252

22 20 600 6,248,632 6,158,087 1.5% 7,200 6,160,792 0.04% 260

23 20 600 4,289,479 4,217,081 1.7% 7,200 4,222,815 0.14% 256

24 20 600 37,391,000 9,390,788 298.2% 7,200 9,390,788 0.00% 264

208% 6,747 0.35% 194

Exact Metaheuristic

Average :
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mize penalties caused by unsatisfied demand or satisfying the demand out of 

schedule. It also includes a secondary objective, which is the distribution balance 

between the DPs. The balance’s goal aims to achieve a degree of equity in the 

service received by the DPs. The service received by each DP is measured by 

calculating the demand that is not satisfied as a percentage.  

 

A hybrid optimization algorithm is also proposed to solve such a difficult problem. 

The hybrid algorithm’s performance, both in terms of objective value and 

computational time, is remarkable, and clearly outperforms the results produced 

by the exact method on a random generated set of 24 academic instances. 

 

The insights provided by the model allow was to consider the representation of 

un-satisfied demand in a quantitative decision support system. The model 

represents quasi-real-live conditions and the efficiency of the hybrid algorithm 

lets us be confident with respect to its implementation within a decision support 

system covering a wide range of applications within several decision levels 

(operational, tactical and strategic) and it can be used for all stakeholders 

perspective based upon de crisis characteristic.  

Nonetheless, further research is required to adequately support decision makers 

facing humanitarian crisis. In particular, aid distribution models should be linked 

to early-warning systems, or advanced prediction models (i.e. ground movements 

prediction models or whether forecasting systems) to better plan response to a 

larger and more likely set of disaster scenarios. Also, although this work concerns 

exclusively the transportation of relief to affected people, it might be easily 

adapted to tackle situations where a large part of the affected population has been 

evacuated to shelters. As a matter of fact, shelters would be required to be 

supplied within a variety of relief operations, becoming the HADP’s PODs.  

 

Acknowledgements. This research was partially supported by grants [OPG 

0293307 and OPG 0177174] from the Canadian Natural Sciences and Engineering 

Research Council (NSERC). This support is gratefully acknowledged. 
 

 

References 
 

[1] N. Altay, W.G. Green III, OR/MS research in disaster operations managem- 

    ent, European Journal of Operational Research, 175 (2006), 475-493. 

 http://dx.doi.org/10.1016/j.ejor.2005.05.016  

 

[2] A.M. Anaya-Arenas, J. Renaud, A. Ruiz, Relief Distributions Networks: A               

Systematic Review, Annals of Operations, 223 (2014), 53-79. 

 http://dx.doi.org/10.1007/s10479-014-1581-y  

 

[3]  B. Balcik, B.M. Beamon, K. Smilowitz, Last Mile Distribution in 

Humanitarian Relief, Journal of Intelligent Transportation Systems, 12  

http://dx.doi.org/10.1016/j.ejor.2005.05.016
http://dx.doi.org/10.1007/s10479-014-1581-y


6344                                  Ivo Erasmo Buzón-Cantera et al. 

 

 

(2008), no. 2, 51-63. http://dx.doi.org/10.1080/15472450802023329  

 

[4] G. Barbarosoglu, L. Ozdamar, A. Cevik, An interactive approach for 

hierarchical analisys of helicopter logistics in disater relief operations, 

European Journal of Operational Research, 140 (2002), 118-133. 

 http://dx.doi.org/10.1016/s0377-2217(01)00222-3  

 

[5] D. Berkoune, J. Renaud, M. Rekik, A. Ruiz,Transportation in Disaster 

Response Operations, Socio-Economic Planning Sciences, 46 (2012), no. 1, 

23-32. http://dx.doi.org/10.1016/j.seps.2011.05.002  

 

[6] M. Caserta, S. Voss, Metaheuristics: Intelligent Problem Solving, Annals of 

information Systems, V. Maniezzo, T. Stutzle, S. Voss, (eds.) 10 (2009), 1-38.  

 http://dx.doi.org/10.1007/978-1-4419-1306-7_1  

 

[7]  A.M. Caunhye, X. Nie, S. Pokharel, Optimization models in emergency 

logistics: A literature review, Socio-Economic Planning Sciences, 46 (2012), 

no. 1, 4–13. http://dx.doi.org/10.1016/j.seps.2011.04.004  

 

[8] V. De Angelis, M. Mecoli, C. Nikoi, G. Storchi, Multiperiod integrated 

routing and scheduling of World Food Programme cargo planes in Angola, 

Computers Operations Research, 34 (2007), 1601-1615. 

 http://dx.doi.org/10.1016/j.cor.2005.07.012  

 

[9]  L.E. De la Torre, I.S. Dolinskaya, K.R. Smilowitz, Disaster relief routing: 

Integrating research and practice, Socio-Economic Planning Sciences, 46 

(2012), no. 1, 88–97. http://dx.doi.org/10.1016/j.seps.2011.06.001  

 

[10] K. Dowsland, B. Díaz, Diseño de heurísticas y fundamentos del recocido 

simulado, Revista Iberoamericana de Inteligencia Artificial, 20 (2001), 

34-52.  

 

[11] O. Ergun, G. Karakus, P. Keskinocak, J. Swann, M. Villarreal, Operations 

Research to Improve Disaster Supply Chain Management, Wiley 

Encyclopedia of Operations Research and Management Science, John Wiley 

& Sons, Hoboken (NJ), USA, 2010.  

http://dx.doi.org/10.1002/9780470400531.eorms0604  

 

[12] D. Guha-Sapir, , F. Vos, R. Below, S. Ponserre, Annual Disaster Statistical 

Review 2010, Centre for Research on the Epidemiology of Disasters (CRED). 

  

[13] M. Huang, B. Balcik, K. Smilowitz, Models for relief routing: Equity, 

efficiency and efficacy. Transportation Research Part E, 48 (2012), no. 1, 

2-18. http://dx.doi.org/10.1016/j.tre.2011.05.004  

 

http://dx.doi.org/10.1080/15472450802023329
http://dx.doi.org/10.1016/s0377-2217%2801%2900222-3
http://dx.doi.org/10.1016/j.seps.2011.05.002
http://dx.doi.org/10.1007/978-1-4419-1306-7_1
http://dx.doi.org/10.1016/j.seps.2011.04.004
http://dx.doi.org/10.1016/j.cor.2005.07.012
http://dx.doi.org/10.1016/j.seps.2011.06.001
http://dx.doi.org/10.1002/9780470400531.eorms0604
http://dx.doi.org/10.1016/j.tre.2011.05.004


A hybrid optimization model: an approach for the humanitarian aid       6345 

 

 

[14] Kirkpatrick S., Gelatt C.D., Vecchi M.P., Optimization by Simulated 

Annealing. Science, 220(4598): 671-680, 1983. 

 

[15] G. Kovacs, K.M. Spens, Humanitarian logistics in disaster relief operations, 

International Journal of Physical Distribution & Logistics Management, 37 

(2007), no. 2, 99-114, http://dx.doi.org/10.1108/09600030710734820  

 

[16] Y. Lin, R. Batta, P.A. Rogerson, A. Blatt, M. Flanigan, A logistics model for 

delivery of critical items in a disaster relief operation: heuristic approaches, 

    preprint submitted to: Transportation Research Part E, 2009. 

http://www.acsu.buffalo.edu/~batta/tre.pdf 

 

[17] P.C. Nolz, K.F. Doerner, W.J. Gutjahr, R.F. Hartl, A Bi-Objective 

Metaheuristic for Disaster Relief Operation Planning, Advances in 

Multi-Objective Nature Inspired Computing, of the series Studies in 

Computational Intelligence, C. Coello Coello, C. Dhaenens, L. Jourdan (eds.) 

272 (2010), 167-187. http://dx.doi.org/10.1007/978-3-642-11218-8_8  

 

[18] N. Perez, J. Holguin-Veras, J.E. Mitchell, T.C. Sharkey, Integrated vehicle 

routing problem with explicit consideration of social costs in humanitarian 

logistics, 2010. http://transp.rpi.edu/~HUM-LOG/Doc/Vault/IRP.pdf 

 

[19] A. Pratiwi, H. Sarjono, Proposed Improvement of Performance Calculation of 

Supply Chain Management, Applied Mathematical Sciences, 8 (2014), no. 97, 

4831-4846. http://dx.doi.org/10.12988/ams.2014.46430 

 

[20] J. Puchinger, G.R. Raidl, Combining metaheuristics and exact algorithms in 

combinatorial optimization: A survey and classification, Lecture Notes in 

Computer Science, 3562 (2005), 41-53. 

 

[21] G.R. Raidl, J. Puchinger, Combining (Integer) Linear Programming 

Techniques and Metaheuristics for Combinatorial Optimization, Studies in 

Computational Intelligence, 114 (2008), 31-62. 

http://dx.doi.org/10.1007/978-3-540-78295-7_2  

 

[22] H. Sarjono, Determination of Best Route to Minimize Transportation Costs 

Using Nearest Neighbor Procedure, Applied Mathematical Sciences, 8 

(2014), no. 62, 3063-3074. http://dx.doi.org/10.12988/ams.2014.43225 

 

[23] J. Sheu, An emergency logistics distribution approach for quick response to 

urgent relief demand in disasters, Transportation Research Part E, 43 (2007), 

687-709. http://dx.doi.org/10.1016/j.tre.2006.04.004  

 

[24] P. Toth, D. Vigo, The Vehicle Routing Problem, Society for industrial and 

applied mathematics, Philadelphia (PA), 2002. 
 

http://dx.doi.org/10.1108/09600030710734820
http://www.acsu.buffalo.edu/~batta/tre.pdf
http://dx.doi.org/10.1007/978-3-642-11218-8_8
http://transp.rpi.edu/~HUM-LOG/Doc/Vault/IRP.pdf
http://dx.doi.org/10.12988/ams.2014.46430
http://dx.doi.org/10.1007/978-3-540-78295-7_2
http://dx.doi.org/10.12988/ams.2014.43225
http://dx.doi.org/10.1016/j.tre.2006.04.004


6346                                   Ivo Erasmo Buzón-Cantera et al. 

 

 

http://dx.doi.org/10.1137/1.9780898718515  

 

[25] L.N. Van Wassenhove, Humanitarian aid logistics: supply chain management 

in high gear, Journal of the Operational Research Society, 57 (2006), no. 5, 

475-489. http://dx.doi.org/10.1057/palgrave.jors.2602125  

 

[26] W. Yi and  L. Ozdamar, A dynamic logistics coordination model for 

evacuation and support in disaster response activities, European Journal of 

Operational Research, 179 (2007),1177-1193.  

http://dx.doi.org/10.1016/j.ejor.2005.03.077  
 

 

Received: July 31, 2015; Published: October 17, 2015 

http://dx.doi.org/10.1137/1.9780898718515
http://dx.doi.org/10.1057/palgrave.jors.2602125
http://dx.doi.org/10.1016/j.ejor.2005.03.077

