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Abstract.

In emergency planning, routing decision to distribute the relief supply is an important decision.
Especially clean water supply during and after a flood disaster. That problem is formulated as a
vehicle routing problem with time windows. In this paper, the vehicle routing problem with time
windows is developed using parallel simulated annealing algorithm. The solution refined from this
research can help the decision maker to choose which route is better to reach the destination faster
and optimized the vehicle amount.
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1. INTRODUCTION

The increase of population growth and high level of urbanization have increased the impacts of disasters, whether
natural or man-made. Consequently, there is an increasing need for new methods to better prepare for and manage
emergencies. In general, a good emergency response plan (ERP) must yield an efficient and immediate emergency
response to locations that will be affected by the actual disasters. As a first stage of an ERP, in the preparation
stage, emergency facilities must be sited at optimal locations, and the emergency vehicles (i.e. Fire Trucks, First
Aid Vehicles etc.), that will be bringing relief material to emergency points from these facilities, be allocated to
the right facilities. Later, during the actual emergencies, within short decision times, optimal routes for emergency
vehicles must be found, and updated dynamically when new information about the emergencies becomes available
(Oran et al. [1]).

Water may not be safe to drink, cook or clean after an emergency such as a flood. When flood disaster
occurred, there often lack of clean water near the flooded area. Including the water in the Emergency Facility
provided for the refugee. According to an environmental quality research by US government [2], during and after
flooding, contaminated surface water may enter directly into the underground source of water. Water can become
contaminated with microorganisms such as bacteria, sewage, heating oil, agricultural or industrial waste,
chemicals and other substances that can cause serious illness. However, clean water is needed to supply to the

1



refugee in each emergency facility.

During the supply chain of the clean water, the emergency planner in the emergency point should make a
decision which route to take, in order to fulfill the delivery of the water to be on time and match the demands.
This problem is formulated as Vehicle Routing Problem with Time Windows. To refining the solution of VRPTW,
we present a fast and accurate metaheuristic that could update vehicle routes dynamically, and which could be
utilized in real life emergencies where computation time is critical.

To serve a clean water to the refugees at the emergency facility, not only a certain demand that need to be
fulfilled, but also the time windows has to be taken into consideration. Thus, a parallel simulated annealing
algorithm based on Czezh and Czarnas [3] is used to solve the VRPTW in this paper. The objective is to find the
best possible solutions to some well-known instances of the problem by using parallelism. The VRPTW
considered in this work consist of finding a set of routes originating and terminating at an emergency point which
serves a set of emergency facility where refugees is evacuate. For the purpose of delivery for clean water, there is
a fleet of vehicles, each vehicle of some capacity. The emergency facility has the given demand of clean water
and a vehicle on its route cannot serve more emergency facility that its capacity permit.

The organization of this paper is as follows. In section 2, the related work is presented. In section 3, the
problem formulation and model development is formulated. In section 4 a numerical experiment is investigated.
In section 5 conclusion and future research are given.

2. MOTIVATION AND RELATED WORK

According to Torre et al., disaster relief requires efforts on many fronts: providing rescue, health and medical
assistance, water, food, shelter and long term recovery efforts. Much of successful and rapid relief relies on the
logistical operations of supply delivery. In 2005, the United Nations established the Logistics Cluster as one of
nine inter-agency coordination efforts in humanitarian assistance, recognizing the key importance of logistics in
aid operations. The Pan American Health Organization (PAHO), a regional division of the World Health
Organization (WHO), states in its publication Humanitarian Supply Management and Logistics in the Health
Sector ([5]) that “countries and organizations must see [humanitarian supply logistics] as a cornerstone of
emergency planning and preparedness efforts”.

Recently, many metaheuristics algorithm are used to solving several problems in the field of disaster
management. Jahangiri et al. presented a model that determines optimum signal timing and increases the outbound
capacity of the network using the simulated annealing algorithm which is a meta-heuristic technique. Ma et al.
proposed the Genetic-Simulated Annealing Algorithm (GSAA) for solving location problem of emergency service
facilities, which enriches searching behavior in optimization process, and has strong abilities of exploration and
exploitation in large real search spaces. In this algorithm, genetic algorithm controls the search direction, and
simulated annealing algorithm plays an important role in local optimum convergence. However, to our knowledge,
there is no research work that solving vehicle routing problem using parallel simulated annealing in the field of
disaster management.



3. PROBLEM FORMULATION AND MODEL DEVELOPMENT

This routing problem is an extension of the VRPTW formulation of Desrosiers et al. that will solve using parallel
simulated annealing algorithms. In this paper, the parallel simulated annealing algorithm from Czezh and Czarnas
is adopted. We assume there is set of facilities /¥ < J that house type-k vehicles, is already found for all k € K.
Sets:

I®¥ 1 :the et of emergency points that demand type-k vehicles,

wk = {mm) € (IF UG ® (1" UY) [ 8wy <C, 8y <ChjES Kk €K

Parameters:

Bk : weight for serving type-k emergency ati € 1%,

A¥ : amount of clean water demanded from a type-k vehicle ati € I*,

D* : distance capacity of type-k vehicles,

C* : clean water capacity of type-k vehicles,

Omn - Minimum distance betweenm € (U J)andn € (1 U)),

[e;, ;] : the time window at i € I within which emergency facility must be responded,
tk . - travel time for a type-k vehicle on arc (m,n), m € JuJ)andn € (I U)),

sk : service time for a type-k vehicleat i € I, and s¥ = 0,v; € J,

k — +k k
th = thnt sk,

Decision variables:

jk _ {1 if the type-k vehicle housed at j € J* travels on arc (m,n) € AJk,
m L0 otherwise.

Tk = { Service start time at n if n € I¥, for type-k vehicle,
" Return time to facility n if n € J*, for type-k vehicle.

The formulation:

jk k Jk

k €K jejk (mn) € ATk

Subject to:

2 jegk Limn) € aik zhe <1, vk € K,vym € Ik, (11)
" " _

Z{n|(m,n)e,4j,k Z,],m = Z{m(m,n)eAj,k Z,]lm, Vk €K,vm € (1" U ]k),] € Jk (12)

Sinlgm eaik Zy =1, vk €K,vj € J¥, (13)
" _

Ximi(m ) € aik Zpy = 1, vk €K,vj € J¥, (14)

Zr]ricj (T + thn — T¥) <0, vk €K,Vj € J¥, V(m,n) € AV* m #j (15)

zy (th— TX) <0, vk €K,Vj € [, v(jn) € Ak (16)

em < T < Ly, vk € K,Vj € Jk, (17)



Ymm) e aik Omn Zimn < DK vk €K,vj € J¥, (18)
Yimmy e aik AKXz < CF vk €K,Vj € J¥, (19)

With that definition, the vehicles can only leave from and return to their own facilities. Also, they can only serve
emergency points falling under the coverage area (distance C) of their facilities. Constraint (11) imposes that every
emergency point can be assigned to at most one single route according to the type of emergency vehicle demanded
at that point. (12), (13), (14) describe the flow for the type-k vehicle from facility j. (15), (16), and (17) ensure
that vehicle routes stay feasible with the given time windows at each emergency facility. (18) guarantees feasibility
for the range capacity, and (19) guarantees feasibility for the emergency clean water capacity of a vehicle.

4. ARCHITECTURE AND IMPLEMENTATION

The objective function is solved using parallel simulated annealing algorithm. The objective of using this
metaheuristics algorithm is to achieve a high accuracy of solution to a problem. It is meant as its proximity to the
global optimum solution. In the following is the parallel simulated annealing algorithm to solve VRPTW:

PROCESS IF;:
1 Take the initial _solution as the best solution
to the problem known so far;

2 Send initial_solution to processes ;. j = 1.2, .., i
3 [final_solution = initial_solution;
4 equilibrium_counter = 0;
5 while equilibrium_counter < + do
6 Receve best Jocal_solution,; from processes I},
=12 . ..
7 Choose best_global_solufion among
best local_solution,. j = 1.2. ...
8 if cost{best_global_solution) <
cost(final_solution) then
9 [final_solution = best_global_solution;
10 equilibrium_counter = 0; { final solution
was updated}
11 else
12 equilibrium_counter = equilibrium_counter + 1;
13 end if:
14 go = (equilibrium_counter < v);
15 Send go to processes I',_j = 1.2, ... 1
16  end while:

17  Produce final_salution as the solution to the VRPTW:

PROCESSES I, j = 1.2, . .
18 Recemwve mmm_soma‘mn ﬁom Fy;
19 old_solution, mmal’_mhman_
20 bésf_mm.?_mh.'nan = initial _solution;
21 T =~=« msz‘(;.rmnm_,mnmm) [ initeal

temperature of annealmg |

22 loop
23 for iteration_counter, =1 ton" do
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24 annealing_step(old_solution; .
best_local _solution, ): {as i the sequential

algorithm}
25 if number of annealing steps executed so far
1s a multiplicity of 11 then {co-operate}
26 if ; = 1 then Send best Jocal_solution,
to process ]
27 else { j = 1}
28 receive best_Jocal_solution;
from process I, ;:
29 if cost(best local_solution; ;) <
cost{best local_solution;) then
30 best_ local solution; =
best_local_solution; ;:
31 end if:
32 if j < p then Send best local solution,
to process [”;. ; : end if;
33 end if;
34 end if:
35 end for:
36 Send best_local solution; to I

37 Recerve go from IP;

38 if go = false then stop: end if;

39 T := i = T {temperature reduction}
40 end loop;

Compared to the standard simulated annealing algorithm, this extended algorithm proved effective to solve the
delivery problem (Czech, 2001). Thus, we try to use this algorithm to our clean water supply vehicle routing
problem.

5. CASE STUDY

In this section, we treat some numerical examples and show the performance of the proposed algorithm. The
numerical case was conducted by applying parallel simulated annealing algorithm which was coded in Java
language programming. In the following is the example of the numerical data that we used:

Emergency | Position X Position Y Demand Start Time Due Date Service Time
Facility ID Window Time

1 40.00 50.00 0.00 0.00 1236.00 0.00

2 45.00 68.00 10.00 912.00 967.00 90.00

3 45.00 70.00 30.00 825.00 870.00 90.00

4 42.00 66.00 10.00 65.00 146.00 90.00

5 42.00 68.00 10.00 727.00 782.00 90.00

6 42.00 65.00 10.00 15.00 67.00 90.00




7 40.00 69.00 20.00 621.00 702.00 90.00
8 40.00 66.00 20.00 170.00 225.00 90.00
9 38.00 68.00 20.00 255.00 324.00 90.00
10 38.00 70.00 10.00 534.00 605.00 90.00

The data used in this paper is in total 101 data in the format as explained above. In the following is the result of
the developed program:

[ solution map '

Distanceehicles

Distance: 914.33
“ehicles 10

* INITIALIZE OPTIMIZATION *
Execution parameters: thread=8, non-improving=:20, sigma=1.0, gamms=1.0, beta=0.3Z, delta=0.5
Starting soclution: cost ©356.2Z89%182651073 (Distance = 3525_289182651073¢&, Total Vehicles = Z28)

Found best soclution cost ... 4236.084353148044 (Distance = ZT714.0843531480437, Vehicles = 15)
Found best soclution cost ... 4204_.1787325598B832 (Distance = Z6B2.17873253%8832, Vehicles = 15)
Found best soclution cost ... 4133.305151407€85% (Distance = Z&74.805151407883%3&, Vehicles = 15)
Found best soclution cost ... 35%21.05043488¢487 (Distance = Z3535.05043488¢6487, Vehicles = 15)

No improwvemsnt (1)
No improvemsnt (2)

No improvemsnt (3)

Found best solution cost ... 3B33.17553267259643 (Distance = 2412 _1755326T7259643, Vehicles = 14)

Found best soclution cost ... 3631.33053804&774& (Distance = 2Z210_3230538046774&, Vehicles
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Found best solution cost ... 3545 _455781815%768¢ (Distance = Z130_455781815%768¢, Vehicles = 14)
Found best sclutiom cost -.. 3314 _376222824574 (Distance = 1994 3762228245741, Vehicles = 13)
Found best soclution cost ... 32Z8_.5525015357284 (Distance = 1308.5525015357284, Vehicles = 13)

No improvement (0)
Found best soclution cost ... 3057_.8276233542865 (Distance = 173B_B276233542867, Vehicles = 13)
No improvement (0)

No improvement (1)

The iteration will continue until the 20 no improvement happened before terminating and provide best solution.

8. CONCLUSIONS AND FUTURE WORK
In this paper, the clean water supply vehicle routing problem with time windows is solved using parallel simulated
annealing algorithm. The solution refined from this research can help the decision maker to choose which route

is better to reach the destination faster and optimized the vehicle amount. The developed program is still having
several errors that might be need to be improved in the future.
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