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Abstract. Research in the field of disaster management is done by utilizing in-
formation and communication technology. Where disaster management is dis-
cussed is about evacuation planning issues. The evacuation stage is a very crucial
stage in the disaster evacuation process. There have been many methods and al-
gorithms submitted for the evacuation planning process, but no one has directly
addressed evacuation planning on dynamic issues concerning time-varying and
volume-dependent. This research will use the Relaxation-Based Algorithm com-
bined with the Route Choice Model to produce evacuation models that can be
applied to dynamic issues related to time-varying and volume-dependent because
some types of disaster will result in damage as time and evacuation paths are
volume-dependent so as to adjust to the change in the number of people evacu-
ated. Disaster data that will be used in this research is sourced from Disaster In-
formation Management System sourced from DeslInventar. The results of this
study are expected to produce an evacuation planning model that can be applied
to dynamic problems that take into account the time-varying and volume-depend-
ent aspects.

Keywords: Disaster Management, Evacuation Planning, Time-Varying, Vol-
ume-Dependent.

1 Introduction

In real life situations, disasters such as floods, earthquakes, hurricanes and terrorist at-
tacks can occur to threaten human life. The evacuation problem has attracted much
attention from various researchers. The current modeling approach for evacuation plan-
ning can be divided into two categories, namely analytical approach and simulation
based approach [1].

An analytical approach has been widely used to generate an optimal evacuation plan
for disaster response. The research conducted by [2] illustrates a model to minimize the
evacuation path time for emergency evacuation. [3] presented a Two Network Flow
method using Dijkstra's algorithm to generate an evacuation plan through minimizing


mailto:dedyhartama@amiktunasbangsa.ac.id

139

the total distance traveled. [4] produced several models that can be applied to evacua-
tion problems in multi-story buildings with an approach that uses the dynamic network
flow model. The network flow model was then refined by [5] to identify the optimal
evacuation route plan for complicated evacuation route situations. Furthermore, [6] de-
veloped the Integrated Lagrangian Relaxation and Tabu Search approach to the prob-
lem of optimizing the evacuation routes on land. [7] has conducted research to over-
come capacity constraint problem by using heuristic algorithm.

[8] proposed an optimal dynamic traffic assignment formulation system to minimize
total evacuation time. [9] has proposed frame work to obtain an optimal route. [10, 11]
have proposed stochastic system method-optimal dynamic traffic assignment formula-
tion to improve evacuation model using probabilistic demand constraints. [12] uses a
noisy genetic algorithm to design an evacuation path that can save more and more peo-
ple within a specified time limit. [13] used a heuristic algorithm to optimize the evacu-
ation path associated with the process of endogenous risk minimization in the evacua-
tion process. Research conducted by Li and Ozbay [13] has been able to overcome the
problem of uncertainty (uncertainty) in the evacuation process.

Research that has been done by some researchers, have not pay attention to side
constraint aspects such as distance and cost. [1] has developed [13] research and incor-
porated it with the Lagrangian Relaxation-Based approach to address side constraint
issues in the evacuation process. However, the weakness of [1] is not yet applicable to
dynamic issues such as time-varying and volume-dependent. Some types of disasters
will result in damage as time increases and evacuation routes are volume-dependent.
Research conducted by [1] overrides the time as well as the volumes acceptable to an
evacuation route by assuming the number of persons to be evacuated is known.

Reference [9] has resulted in research in selecting routes that are best adapted to the
volume or capacity of a route. The results of research from a number of researchers can
be summarized in Table 1.

In Table 1, it can be seen that there are 2 (two) objective functions used by a number
of researchers, namely: Minimizing the Total Evacuation Time (MTET) and Minimiz-
ing the Total Evacuation Distance (MTED) and there are also a number of algorithms
used. While the application of the network used also there are 2 (two) forms: Transpor-
tation Network and Building Network.

Researchers in this study will use the Relaxation-Based Algorithm combined with
the Route Choice Model to produce an evacuation model that minimizes the evacuation
time that can be applied to dynamic issues related to time-varying and volume-depend-
ent because some types of disaster will result in damage as time increases and the evac-
uation route is volume-dependent in order to adapt to changes in the number of people
evacuated.

2 Evacuation Model With Relaxation-Based Algorithm and
Route-Choice Model

Research that has been done by some researchers, have not pay attention to side con-
straint aspects such as distance and cost. [1] has developed [13] research and incorpo-
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rated it with the Lagrangian Relaxation-Based approach to address side constraint is-
sues in the evacuation process. However, the weakness of [1] is not yet applicable to
dynamic issues such as time-varying and volume-dependent. Some types of disasters
will result in damage as time increases and evacuation routes are volume-dependent.
Research conducted by [1] overrides the time as well as the volumes acceptable to an
evacuation route by assuming the number of persons to be evacuated is known.

Researchers in this study will use the Relaxation-Based Algorithm combined with
the Route Choice Model to produce an evacuation model that can be applied to dynamic
issues related to time-varying and volume-dependent because some types of disaster
will result in damage as time and evacuation paths are volume-dependent so that it can
adapt to changes in the number of people being evacuated.

Table 1. Comparative Research Table

Objective  Algorithm Application-  Side Uncer- Publication

Function Network Costraint  tainty

MTET NETVACI T No No Sheffi et al. (1982)

MTED Dijkstra's T No No Yamada (1996)
Algorithm

MTED CPLEX T No No Cova and Johnson
Solver (2003)

MTET Heuristic B No No Lu et al. (2003,
Algorithm 2005)

MTET Heuristic T No No Sbayti and Mah-
Algorithm massani (2006)

MTET DYNASMART- T No No Han et al. (2006)
P

MTET LIPSOL Solver T No No Chiu and Zheng

(2007)

MTET P-Level T No Yes Yazici and Ozbay
Efficient Points (2007)

MDEF Noisy  Genetic B No Yes Miller-Hooks and
Algorithm Sorrel (2008)

MTET GAMS Slover T No Yes Ng and Waller

(2010)

MTET Heuristic T No Yes Li and Ozbay
Algorithm (2014)

MTET Relaxation-Based T Yes Yes Wang et al. (2016)
Algorithm

2.1 Heuristic Algorithm

The heuristic algorithm for the evacuation planning process was first introduced by [13]
and this algorithm is a type of algorithm that uses the objective function of MTET with
its ability to handle uncertainties in the evacuation process. The stages of the Heuristic
Algorithm in the disaster evacuation process can be seen in Fig. 1.
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Fig. 1. Flowchart Stages of Heuristic Algorithm

2.2 System Constraint on Evacuation Process

There are a number of constraints that are considered in the evacuation process, as fol-
lows [1]. The mathematical parameters used for constraints can be seen in Table 2.

Flow Balance Constraint. Flow Balance Constraint is a constraint related to the
origin region (Origin Oy) and Destination Region (Destination D). Flow Balance Con-
straints are used to generate paths using Eq. 1

1, i =0,
Yipeaxls = Tgpeaxf =1 ~Li=Dx ,k=12,...,K,s=12,..,5 (1)
0, otherwise

Capacity Constraint. Capacity Constraint will be applied to a number of agents
through a link in a scenario with the aim of ensuring travel efficiency and avoiding
congestion. The Capacity Constraint can be seen in Eq. 2.
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K

Zx!‘f <u,v(@i,j) € As=12,..,8 @)
k=1

Side Constraint. Side Constraint is used to ensure the total load required for an

agent K does not exceed the upper limit of the required resources. This can be seen in
Eq. 3.

xFowll < whs=12,..,5,  k=12,...,Kl=12,.,L(3)

(i.)eA
Table 2. Subscript and Mathematical Parameters Used
Symbol Definition
N The Set of Nodes
A The Set of Links
ij The Index of Nodes, i, j € N
@i.J) The Index of Directed Links, i, j € A
s The Index of Scenario
S The Number of Scenarios
k The Index of Agent
K The Total Number of Agents
| The Index of Side Constraint
L The Total Number of Side Constraints
uf}- The Capacity of link (i, j) in Scenario s
tllfjs The Travel Time of Agent k on link (i,j) in scenario s
Ds The Probability in Scenario s
ngjl The I-th Resource Weight of Agent k on link (ij)
wht The Upper Limit of the I-th Resource for agent k

2.3 Lagrangian Relaxation

The Lagrangian Relaxation model is used to overcome side constraint problems in the
evacuation process. Lagrangian Relaxation is used to correct the gap between the lower
bound and upper bound of the relaxation model. The lower bound will be applied to the
objective value generated from the relaxation model and the upper bound will be used
for the objective value generated from the original model.

The objective value of the original model can be calculated using eq. 4
K

E (X,s) = Z z t.xf,s=12,..,8 (4)
k=1 (i,j)€A

The objective function used is the time-based objective function so that the maxi-
mum time for the entire scenario can be calculated using Eq. 5.

Enax(X) = maxE(X, s) Q)
1ss<S§



143

Since there are several applicable scenarios, the final objective value of the original
model can be formulated using Eq. 6.

minZ = Y3_; X5_1 Vi jjeals -t x5 (6)
In the relaxation model there are some additional constraints that can be given that

can be symbolized by o, B, v so that the objective value of the relaxation model can be
calculated using Eq. 7.

) min R(q,B,y)
Relaxed Model : {s.t. Constraints (1)and (5)
Where
K S
R@BY =D D > poth x +Z D (Zxﬁs-ua‘}>
k=1s=1 (ij)EA s=1 (i,j)eA
) +ZZZ Z xikjs.wl-’j-l — whkt (7
=15=11=1 (L.)EA
K -_—
+z Z ZY ks ks+1)+y (X
=1 (i,j)EA \s=1

2.4  Relaxation-Based Algorithm

Relation-Based Algorithm was proposed by [1] and is the result of integration between

Heuristic Algorithm with Lagrangian Relaxation. A small gap between the lower bound

and the optimal objective value of the original model will result in a high quality solu-

tion. The stages of the Relaxation-Based Algorithm are as follows.

Step 1: Initialization. Let iteration number p = 1. Initialize the Lagrangian Multi-
plier Vectors (a, 8,v)
Step 2: Solve the relaxed model.

Step 2.1: Compute the optimal solution X of SP1 by the label-correcting al-
gorithm; calculate the objective value of relaxed model, denoted by Lower
Bound (LB).
Step 2.2: Evaluate whether the solution X achieved by Step 2.1 is feasible for
the original model. If the solution is feasible, go to Step 4; otherwise go to
Step 3.

Step 3: Implement Adjustment Heuristic. Execute the adjustment heuristic to deal
with the infeasibility until a feasible solution X" is obtained

Step 4: Update relative gap.
Step 4.1: Compute the objective value of the original model, which is denoted
as the Upper Bound (UB).
Step 4.2: Compute the relative gap between the Upper and Lower Bounds,
which is calculated by RG=(UB-LB)/UB
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Step 5: Update Lagrangian Multipliers. Update Lagrangian Multipliers
af, BV V@) EAs=1,2,..,Sk=12,..K, | =
1,2, ..., L by using the sub — gradients below:
Ry = Doy el

VRBlkS:Z(i,j)EAxg(js-wg(jl_wkl

VRyikjs:xl[?s_xl{cjs+1
VRyl]jS — ikjS _ xikjl
Step 6: Termination condition test. If the relative gap RG is less than the predeter-
mined value or u > .. (a predetermined maximum iteration number), stop;

otherwise, let 4 < u + 1, go to Step 2

,$=1,2,...,5-1

2.5 Route Choice Model

Route Choice Model (RCM) proposed by [9] by incorporating an approach in choosing
the route best adapted to the volume or capacity of a route. The RCM approach is based
on the Available Evacuation Route Set (AERS). The basic idea is that when a scenario
is selected for a criterion it must first be calculated the capacity of a route. The stages
in the Route Choice Model process are as follows.

1. Take all possible routes on AERS.

2. Determine the parameters to consider in the AERS, including: radius between
evacuees, mass M of evacuees, and velocity.

3. Select 5 (five) best route from AERS to make the route set (route set)

2.6 Integration between Relaxation Based Algorithm with Route Choice
Model

The basic idea of integration of the Relaxation Baed Model with the Route Choice
Model is to select all available routes on AERS that meet the requirements and also
include additional parameters used in the Route Choice Model as the new hard con-
straint for the Relaxation Based Algorithm.

3 Research Methodology

The stages of research conducted by researchers from this study can be seen as a whole
in Fig. 2.

4 Result and Discussion

Researchers in this study used the Relaxation-Based Algorithm combined with the
Route Choice Model to produce an evacuation model that minimizes evacuation time
that can be applied to dynamic issues related to time-varying and volume-dependent
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because some types of disaster will result in damage as time increases and the evacua-
tion route is volume-dependent in order to adapt to changes in the number of people
evacuated.

Our paper has not provided relevant terms such as strategy, measure, situation and
the interconnections of these terms in the implementation of this model. The importance
of this research for future studies is that the results indicate that the evacuation process
much consider about distance and cost and can be applied in dynamic issues involving

time-varying and volume-dependent
Disaster Datasat

r

Lagrangian Multiplisr Vactors Initialization

r

Take a PossibleFoute on Availsble Evacustion Foute Sst
(AERS)

v
Diefine All Constraints for Relaxation Based Algorithm

Implementation of Hauristic Alzorithm and Lagrangian

Fazlaxation

r

Updats Lagrangian Multipliar

l

Finish

Fig. 2. Research Methodology

5 Conclusion

The conclusion of this research are as follows. First, In the evacuation process, it is
necessary to consider a number of side constraints such as distance and cost and also
produce evacuation models that minimize evacuation time that can be applied to dy-
namic issues involving time-varying and volume-dependent. Second, it is confirmed
that the resulting model using the Relaxation-Based Algorithm combined with the
Route Choice Model have produced an evacuation model that can be applied to dy-
namic issues related to time-varying and volume-dependent because some types of dis-
asters will result in damage as time increases and the evacuation path is volume -de-
pendent so that it can adjust to changes in the number of people being evacuated.
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