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The Biobjective Shortest Path Problem (BSP) is the problem of finding (one-to-one) paths from a start node
to an end node, while simultaneously minimizing two (conflicting) objective functions. We present an exact
recursive method based onimplicit enumeration that aggressively prunes dominated solutions. Qur approach
compares favorably against a top-performer algorithm on two large testbeds from the literature and efficiently
solves the BSP on large-scale networks with up to 1.2 million nodes and 2.8 million arcs. Additionally, we
describe how the algorithm can be extended to handle more than two objectives and prove the concept on
networks with up to 10 objectives.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Consider a directed graph G = (N..A) where N = {v;.....
Visonvs v} is the set of nodes and A = {(i.j)|lv; € N, vj € NV} is the
set of arcs. For all arcs (i. j) € A let there be two nonnegative weights
denoted by ¢;; and ¢;;. Henceforth, and without loss of generality, we
refer to ¢; and t;; as the cost and time of traversing arc (i.j) € A, re-
spectively. The Biobjective Shortest Path Problem (BSP) is the problem
of finding paths 7 from the start node vs € V' to the end node v, ¢ V'
that minimize two different (often conflicting) objective functions.
The BSP can be formally defined as follows:

minz(x) = (c(x). t(x)) (1)
s.t.,
Xe X (2)

where X is a path P represented by a vector of (binary) arc flows Xy,
(i.J) € A; ¢(X) = ¥ jy 4 CigXij s the cost of path x; £(x) = 35, 4 lijXij
is the time of path x; and X’ is the set of all paths from vs to ve. In (1)
we (simultaneously) minimize the cost and time components of the
vector function z(x). Since the existence of a path that simultaneously
minimizes both objectives in (1) cannot be guaranteed, alternatively
we seek for a set of paths with an acceptable tradeoff between the

* Corresponding author: Universidad de los Andes, Cr 1E No. 19A-10, ML711,
Bogota, Colombia Tel.: +57 13394949, ext:2880. URL http://wwwprof.uniandes,
edu.co/~amedagli

E-mail address: amedagli@uniandes.edu.co, andres.medaglia@gmail.com
(A. L. Medaglia).
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0377-2217/© 2014 Elsevier B.V. All rights reserved.

two objectives. Henceforth, we use functions ¢(-) and t(-) to represent
the cost and time for complete solutions (i.e., a path P from v to
ve) or partial solutions (i.e., a path P from v to a certain node v;),
respectively.

This work aims to expand the body of knowledge of exact meth-
ods for the BSP. Our work shares its intuition with the pulse algorithm
proposed by Lozano and Medaglia (2013) for the Constrained Shortest
Path Problem (CSP), which has been successfully used as an algorith-
mic block for the multi-activity shift scheduling problem (Restrepo,
Lozano, & Medaglia, 2012) and has been extended to the weight con-
strained shortest path problem with replenishment (Bolivar, Lozano,
& Medaglia, 2014). To emphasize the fact that this work is an exten-
sion of a flexible solution framework, we purposely keep the pulse
name in this paper.

The rest of the paper is organized as follows. Section 2 introduces
relevant concepts for the BSP. Section 3 presents a literature review
of the main solution strategies for the BSP. Section 4 introduces the
pulse algorithm and the intuition behind it. Section 5 presents the
core components of the algorithm. Section 6 compares the proposed
algorithm against a top-performer algorithm by Raith (2010). Finally,
Section 7 concludes the paper and outlines future work.

2. Basic concepts

This section introduces relevant concepts related to the biobjective
shortest path problem. Let us recall that X’ is the set of all paths x from
vs to ve. The image of any solution x € X" on the objective space Z isa
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ABSTRACT

The increasing number of affected people due to disasters, the complexity and unpredictability of these
phenomena and the different problems encountered in the planning and response in different scenarios,
establish a need to find better measures and practices in order to reduce the human and economic loss in
this kind of events. However this is not an easy task considering the great uncertainty these phenomena
present including the multiple number of possible scenarios in terms of location, probability of occur-
rence and impact, the difficulty in estimating the demand and supply, the complexity of determining
the number and type of resources both available and needed and the intricacy to establish the exact loca-
tion of the demand, the supply and the possible damaged infrastructure, among many others. Disaster
Operations Management has become very popular and, considering the properties of disasters, the use
of tools and methodologies such as OR have been given a lot of attention in recent years. The present
work provides a literature review on the OR models with some stochastic component applied to Disaster
Operations Management (DOM), along with an analysis of these stochastic components and the tech-
niques used by different authors to cope with them as well as a detailed database on the consulted
papers, which differentiates this research from other reviews developed during the same period, in order
to give an insight on the state of the art in the topic and determine possible future research directions.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The International Federation of Red Cross and Red Crescent
Societies (IFRC) defines disaster as a sudden, calamitous event that
seriously disrupts the functioning of a community or society and
causes human, material, and economic or environmental losses
that exceed the community's or society's ability to cope with using
its own resources (IFRC, 2012). Since the beginning of the millen-
nium, almost 2.7 billion people have been affected, 1.1 million
killed and a damage of 1.3 trillion dollars has been reported world-
wide due only to natural disasters (United Nations Office for
Disaster Risk Reduction, 2012). The Indian Ocean Tsunami
(2004), caused by an in-depth ocean earthquake, the Chilean earth-
quake (2010) and Japan’s Earthquake (2011) are listed among the
10 largest earthquakes in the world since 1900 (USGS Earthquake
Hazard Program, 2012). The Indian Ocean Tsunami (2004) is also
considered as one of the deadliest disasters of the last century,
leaving 280,000 deaths and causing the evacuation of 1.7 million

“ This manuscript was processed by Area Editor Cheng-Hung Wu.,
# Corresponding author. Tel.: +57 1 3394949x3870.
E-mail address: r.akhavan@uniandes.edu.co (R. Akhavan-Tabatabaei).
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0360-8352/© 2014 Elsevier Ltd. All rights reserved.

people in 12 countries (BBC News, 2005). The Japan earthquake
and Tsunami (2011), considered the world's costliest disaster since
1965, accounts for an estimated economic loss of 240 billion
dollars, representing 4.1% of the country’s GDP of that year and
other disasters such as the European Heat Wave (2003) and
Cyclone Nargis (2008) have also accounted for over 70,000
casualties each (IFRC, 2010).

On the other hand, technological disasters, which are the result
of man-made product failures and are typically accidental, have
accounted for additional thousands of affected and dead people.
These can be categorized as transport system accidents (large-scale
road, air and maritime accidents), collapse of constructions, large
fires, and technological and toxic accidents (nuclear power plant
accidents, leakage of hazardous substances) (Weisath, Knudsen,
& Tennessen, 2002). Examples around the world include Japan’s
Fukushima nuclear power station failure after Japan's earthquake
in 2011, which is still producing leakages of highly toxic water
and whose total consequences cannot yet be known, the 2013
Savar building collapse in Bangladesh which accounted for 2500
injured people and 1129 deaths and Chernobyl nuclear disaster
on April 26, 1986 which is considered the deadliest accidental
structural failure in modern human history and probably the most
remembered one (Weis@th & Toennessen, 1995).



y

A case study analysis to
examine motorcycle
crashes in Bogota,
Colombia

5/01/2015

Adriana Jimenez
Juan Pablo Bocajero
Roberto Zarama
J&el Yerpez

DOI: 10.1016/j.jsr.2014.12.005

Scopus’

Safety, Risk, Reliability and Quality (1)

S| Web of Knowledge™

Journal Citation Reports®

Ergonomics ((22)
Public, Environmental & Occupational Health (Q2)
Social Sciences, Interdisciplinary (Q1)
Transportation (Q2)

Journal of Safety Research



http://www.sciencedirect.com/science/article/pii/S0022437514001157
http://www.sciencedirect.com/science/article/pii/S0022437514001157

Journal of Safety Research 52 (2015) 29-38

Contents lists available at ScienceDirect

Journal of Safety Research

journal homepage: www.elsevier.com/locate/jsr

www.nsc.org

A case study analysis to examine motorcycle crashes in Bogota, Colombia @mm

a, X

Adriana Jimenez **, Juan Pablo Bocarejo ?, Roberto Zarama ®, Joél Yerpez €

* Universidad de los Andes, Carrera 1 N° 18A- 12, Edificio Mario Laserna ML, Department of Civil and Environmental Engineering Bogota, Colombia

b Universidad de los Andes, Carrera 1 N° 18A- 12, Edificio Mario Laserna ML, Department of Industrial Engineering. Bogota, Colombia

© Institut Frangais des Sciences et Technologies des Transports, de 'Aménagement et des Réseaux IFSTTAR. Laboratoire Mécanismes d “accidents, Chemin de la Croix Blanche, 13300,
Salon-de-Provence, France

ARTICLE INFO ABSTRACT
Article history: Introduction: Contributory factors to motorcycle crashes vary among populations depending on several aspects
Received 26 May 2014 such as the users' profiles, the composition and density of traffic, and the infrastructure features. A better under-

Received in revised form 27 September 2014
Accepted 10 December 2014
Available online 5 January 2015

standing of local motorcycle crashes can be reached in those places where a comprehensive analysis is per-
formed. This paper presents the results obtained from a case study analysis of 400 police records of accidents
involving motorcycles in Bogota. Method: To achieve a deeper level of understanding of how these accidents
occur, we propose a systemic approach that uses available crash data. The methodology is inspired by accident
prototypical scenarios, a tool for analysis developed in France. Results: When grouping cases we identified
three categories: solo motorcycle accidents, motorcyclist and pedestrian accidents, and accidents involving a mo-
torcycle and another vehicle. Within these categories we undertook in-depth analyses of 32 groups of accidents
obtaining valuable information to better comprehend motorcyclists' road crashes in a local context. Recurrent
contributory factors in the groups of accidents include: inexperienced motorcyclists, wide urban roads that incite
speeding and risky overtaking maneuvers, flowing urban roads that encourage high speed and increased inter-
action between vehicles, and lack of infrastructure maintenance. Practical Applications: The results obtained are
a valuable asset to define measures that will be conveniently adapted to the group of accident on which we
want to act. The methodology exposed in this paper is applicable to the study of road crashes that involve all

Keywords:
Motorcyclist
Accident factor
Systems theory
Crash data
Road safety

types of actors, not only the motorcyclists, and in contexts different than those presented in Bogota.

© 2014 National Safety Council and Elsevier Ltd. All rights reserved.

1. Introduction
1.1. Motorcycles: use and accident rate

In Colombia, the representation of motorcycles in the total number
of vehicles increased from 29.1% in 2003 to 49.6% in 2012 (RUNT,
2013). Some of the reasons that led to its growth are accessible prices,
financing options, simple registration processes, work tools, the possi-
bility of maneuvering in traffic jams, an alternative option to public
transport in areas where coverage and frequency are deficient, and an
alternative option in cities with circulation restrictions for private cars.

In 2010, motorcyclists represented 39% of the deaths from road
crashes in Colombia, and in 2012 this percentage rose to 42% (INMLCF,
2013). On average, six motorcyclists died every day in Colombia. In
2011, fatalities collided mainly with a fixed object or the pavement
(33.7%), car freight (18.2%), or a private vehicle (17.5%). The majority
of motorcyclist fatalities (55%) occurred in urban areas (Universidad
de los Andes y Corporaciéon Fondo de Prevencion Vial - CFPV, 2012).

* Corresponding author.
E-mail addresses: ajimenez243@uniandes.edu.co (A. Jimenez),
jbocarej@uniandes.edu.co (J.P. Bocarejo), rzarama@uniandes.edu.co (R. Zarama),
joelyerpez@ifsttar.fr (). Yerpez).

http://dx.doi.org/10.1016/),j5r.2014,12.005
0022-4375/© 2014 National Safety Council and Elsevier Ltd. All rights reserved.

The institutions that set road safety standards at rural and urban
levels are municipal and urban offices, as well as the Ministry of Trans-
portation. In Colombia, the National Transit Code (Ley 769 de, 2002),
contains the regulations that motorcyclists must follow; and there are
no specific differences regarding the cylinder capacity. There are two
types of license: type A1 for driving motorcycles with a cylinder capacity
of up to 125 c.c. or B1 for driving motorcycles, motorized bicycles and
motorized tricycles with a cylinder capacity of more than 125 c.c. The av-
erage cylinder capacity in Colombia is comparatively minor than the ca-
pacity of the motorcycles circulating Spain or France. This aspect means
that the types of hits that the motorcyclist receives, in case of accident or
control loss, differ according to the context where they are studied.

According to official data of the motorcycles registered in Bogota,
the number of motorcycles has a general growth trend; between
2002 and 2011 the number of motorcycles was multiplied by 20. Mo-
torcycles currently represent 21% of the total number of motor vehi-
cles in the capital city, while in 2003 motorcycles did not reach 3% of
the total. There are 27 people per motorcycle in Bogota. Motorcycles
in Bogota are relatively recent: 9.3% are before 2002, 20.8% are
models from 2003 to 2007, and 69.8% are models from 2008 to
2013. In Bogota, 95.30% of the motorcycles have less than or equal
to 250 c.c. cylinder capacity (Alcaldia Mayor de Bogota, 2012). This
is defined by its use as an everyday means of transportation and
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Abstract. Statistical properties, Huctuations and probabilistic arguments are shown to explain the robust
dynamics of the Schelling’s social segregation model. With the aid of probability density functions we
characterize the attractors for multiple external parameters and conditions. We discuss the role of the
initial states and we show that, indeed, the system evolves towards well defined attractors. Finally, we
provide probabilistic arguments to explain quantitatively the observed behavior.

1 Introduction

In the early seventies Schelling considered the problem
of social segregation as a consequence of a natural evo-
lution of elementary local rules [1-3]. Perhaps the most
striking feature of the model is that, despite the simplic-
ity and the locality of the rules, there exists an emergence
of a large scale pattern of segregation. A simplified ver-
sion of Schelling’s original model possesses two distinet
kinds of individuals and it describes the willingness of an
individual to stay or to move from his/her place of resi-
dence. The basic rules are: if an individual is surrounded
by a majority of individuals of the opposite kind, then we
say, that the individual is "unhappy” in his/her residence,
hence he/she is willing to change with an individual of the
opposite kind which must be also “unhappy”.

Schelling’s model and its variations have been studied
extensively since the 7V0s in the context of many disci-
plines. More recently, a renewed interest in the Schelling
segregation problem has arisen in the field of statistical
physics and complexity, mainly, becanse of the similari-
ties of social segregation with phase separation [4], the
Ising model [5-8|, and physics of interfaces [9]. In the
same spirit, Grauwin et al. [10], used thermodynamical ar-
omments to explain segregation transitions. From a more
economic point of view, Pancs and Vriend [11], consider a
utility function implying that despite the preference for a
perfect  integration of the individuals, segregation is the
robust behavior of the system.

Two of us have, recently, re-examined the Schelling
segregation model in the specific case of a square periodic
regular lattice, with no empty sites [8]. The lattice sites

' e-mail: sergio.rica@gmail.com
§ . - . & s .
"' On leave from: Institut Non Linéaire de Nice. UMR

G618 CNRS-UNSA, 1361 Route des Lucioles, 06560 Valbonne,
France.

may have a +1 if an individual, say +, lives in the site,
or a —1, if the site is occupied by an individual of the
opposite kind, —1. In reference [8] we have generalized
the majority rule, originally considered by Schelling, by a
threshold criteria: we say that an individual is unstable
or unhappy if it is surrounded by # or more individuals
of the opposite state in its neighborhood. Though, the
happiness criteria is completely deterministic, the swap
among individuals of opposite state is a random process.
That is, at a given time, we choose randomly two unhappy
individuals of opposite states and we exchange them.

In reference [8], we have introduced a global quantity,
namely an energy (see Eq. (2)), which, we think, quan-
titatively describes the segrecation. We showed that this
energy decreases strictly if 8 > |V|/2, where |V| is the
number of individual in the neighborhood. For instance,
in the case of Moore’s neighborhood, used in reference [8]
and in the present paper, each individual has eight neigh-
bors, i.e. |V| = 8. Moreover, for # > |V|/2, and because
of the finiteness of the system, one has that the dynamic
evolution of Schelling’s algorithm stops in finite time.

Accordingly, we identihed a phase diagram in terms
of @, and the further behavior of the energy in time. In
particular we noticed that for a large #, the energy of the
final state is quite large, indicating only a slight segrega-
tion. On the other hand. as one gets closer to # = 5, the
energy of the final state becomes smaller. Although, the
statement indicates that the energy strictly decreases only
if ! > 4, we have observed as a general rule, for the cases
# =4 and & = 3, that the energy tends to decrease as time
passes. Moreover, the lowest energy is not really observed
for # = 5, but for @ = 4. For @ = 3 the energy is signif-
icantly smaller than the energy for the case # = 5, but
slightly higher than the case of @ = 4 and it fluctuates in
time forever. For # = 2 the energy is significantly greater
than the one of the cases # =4 and # = 3.
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he elementary shortest path problem with resource constraints (ESPPRC) is an NP-hard problem that often
arises in the context of column generation for vehicle routing problems. We propose an exact solution
method that relies on implicit enumeration with a novel bounding scheme that dramatically narrows the search
space. We embedded our algorithm within a column generation to solve the linear relaxation (root node) of the
vehicle routing problem with time windows (VRPTW) and found that the proposed algorithm performs well
when compared against state-of-the-art algorithms for the ESPPRC on the well-known Solomon’s test bed for

the VRPTW.
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1. Introduction

The elementary shortest path problem with resource
constraints (ESPPRC) (Feillet et al. 2004, Irnich and
Desaulniers 2005) arises as the backbone of branch-
and-price procedures for several variants of the vehi-
cle routing problem (VRP). One of the most widely
known VREP wvariants closely tied to the ESPPRC
is the vehicle routing problem with time windows
(VRPTW) (Toth and Vigo 2002). The VRPTW con-
sists of finding a set of routes of minimal total cost
such that each customer in N ={v, ..., 0, ..., 9, 15
served (exactly once) within its time window [a,, b;].
The vehicles in the VRPTW begin and end their routes
at the depot and are part of an unlimited homoge-
neous capacitated fleet. Under a column generation
framework, it is common practice to use a set cov-
ering formulation, where () is the set of all feasible
routes for the VRPTW and «;; is a binary indicator
that takes the value of 1 if route k € {1 visits cus-
tomer v, € N and takes the value of 0 otherwise. Let
¢; denote the cost of route k € () and let x, be a binary
variable that takes the value of 1 if route k € €} is used
and 0 otherwise. The VRPTW can be formulated as
follows:

minimize Y c.x, (1)
kell

subject to Y ayx, =1 Yo, e, (2)
kell
x.e{0,1} vkell (3)

The objective function (1) minimizes the total cost,
the set covering constraints (2) ensure that each cus-
tomer is visited by a route, and constraints (3) ensure
that the decision variables are binary. Under a column
generation scheme (Desrosiers and Liibbecke 2005), a
restricted master problem solves the linear relaxation
of the model considering a small subset of its vari-
ables. The ESPPRC arises as the subproblem of find-
ing feasible routes (columns) with negative reduced
cost that are iteratively added to the restricted master
problem,

For the ESPPRC subproblem, consider a directed
graph % = (V U {v,, v.}, o), where v, and v, repre-
sent the depot and & = {(v;, v)) | v; € NV U {uj, v; €
N U{o.l, v; # v;} denotes the set of arcs. Each node
v; € N represents a customer with demand g;, service
time s, and a dual multiplier A;, associated with the
corresponding set covering constraint (2) in the mas-
ter problem. Each arc (v;, v;) € & has a distance d;,
a time t; that includes the service time s; of node v,
and a reduced cost contribution r; = d; — A,. We
assume that the arc time and distance satisty the tri-
angle inequality, thus the set of arcs can be reduced
using the time windows (Desrochers, Desrosiers, and
Solomon 1992). Note that a path from start node
v, € N to end node v, € V' corresponds to a column
(variable) in the restricted master problem, represent-
ing route k € ) with reduced cost r, =3, ;e 1ij- The
ESPPRC consists of finding an elementary path & (i.e,,
ordered sequence of nonrepeating nodes) from start
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& Abstract

This paper examines the use of qualitative information i the construcion of an ageni- based model in erder to study the growth of near-2edo Energy Bukdings (nZER's) in the Netherlands. through the inndvation
syslems perspectioe. Draedng on deskiop research and semi-sinectured intendirws, ths paper offers two malor indings, First, we obsansed thal the Elficulies 1o the development of nZEB's have been shaped by
inberacton and insShbional bamers: he inter complaxity of the buikding secior hus decisively impacted on the growth of nZEE's, Second, exploding inlendewess’ understinding of e System via an ageni-based
model has browght resh nsights abowl e probdem., Crerall, this B acall i an inlerdisciplinary approach o undersiand the changes required or nZEES in their path fod 8 successiul adopBon, Agent-based
compulabonal modelling, complamanbed with kndcwisdge thal was ebcfed from several slakehokders within th buikiing secien, has helped to inspect the implication of common beleds in the course of shaping
possible fulures toward & Fansiton o nZEB's.

Hayavonds:
Agent-Based Medel, Near-Zero Energy Buidings, Innavation Systems, Knowledge Elciliton, Systemigrans

& Introduction

1.1 Tha EU (Ewopean Linion) has developed the "Eurcpe H20" growth stmtegy, inwhich “climabe changs and ensdgy sustanability™ plays 8 chucial rode s one of the fiae imasn Lanpets (Evropean Commession 2013}, Tha
EU has stated in “Eurcps 2020° the llowing ambilious goals: i) GHG (Greenhouss gas) embssiors 20% bewer in 2020 than in 1990; i) 20% of entrgy rom rendwabls resourcds; and i) 20% noreaks in anergy
effickncy. From Shasd objectvis, both tha sl and he second onés hawr bécoms a poiicy maasurs in he Nalthédands Vedagion 2012), The bullding seclor actounts ior 20% of the lotal endrjy consumplion in thi
Methertands (Menkveld & Beurskens 2000) . Congidenng near-Zero Energy Buildings (nZEE's) As hose wilh exiremely low anedgy neads thal lagely depend on renewabie resources, Direcive 201031/EU Artacle
requests “Member Stales shall ensure thal by 31 December 2020 2 new bauilcings are neady 2eno-energy bulldings; and afler 31 December 2018, new buikdings cccupted and owned by public authorilies are nearly
zero-eneigy buiklings® (Eurcpean Pariament 2010). Althcugh the mporance of snengy-neciral housing is recognized by the Dulch govemment, in practics the consinection of n2EE's has nol become a reality (Faber &
Hope 2013).

1.2 The transibon from builkding bradibonal housing towards building nZEE's, howenver, i3 & difficul! and complax process that goes bevond technological challenges, Furthemnons, e is known aboul how this issue can be
approached. Therefode, tha challenges of nZEB developmant am numenous, inchuding nderstanding the interests of the several aclors thal am pat of the syslem. Noel all aclors inobed 0 this Fansiion dscem
ok in B Sarmd way (Newell 1990; Joma 2006: Rosales-Carmpdn 201 2}, Consequently, the perciplion of bamiers thal impede the iransion iowards mone endrgy alficient bulidings may differ significantty rom
Orid S 10F 10 Snd T,

13 Cai of tha challenges Bes in undersianding the knowledge thal aclons possess and share, which has smportant mpleabons on alher eiilaing of endenng s randibon fowands he consinuchon of nZE&'s, Ths
paper examines, fis, the way different aclos parcee bamiers thal hamper the ransiion lowasds construction of n2E8's in the Naetherlands. Second, i provides insighis on how this knovwledps & dsssminated within
the system. Given e plumisiic nalure of e problem, wa have approached the shudy from an inlerdisciplinary perspective. Inlerdgsciplnary resaeanch inlegrales perspectives from hwo or mone bodies of spacialised
kngvadiedge 10 Sobne probdems whiose solubons ang bénnond the Scopd of a Sing bl discipling (School-Uikskamp & Viek 2007), Tharaione, Bhis paper ams al inlegrating several pirspeciogs (knowledge management,
SyShems innovabon, endigy aiiclency, and agent-based modelling (AEM)), From infermation gathered from differant acions in B constructon Sechor, wi buill a simpde compatatonal model thal sensed as & wshich o
explore dillerenl acenanos fof nZEE ailugion. The naxt section sxpaing the proposed approach, which ulimately aimed at fomulating & modal that represants how relnant sctors invohed in nZER constuction
indaract,

& Approach

#1  This paper considers A syalemasc way of incorporating knowledge from several 2cors inde an agent-based (AR) modsl fal helps fo expboe possible scenanos fof the diffusion of nZEES in the Netedands. The
purposs of B model s nol o Gbithiully caphere all aspects and delails of the Duich buiding syslsm. Rathar, the porpose of il ks o enkch cur understanding of e key inowledge-nekaled procosses thal ang presen
wilhén the syslem. W propcse o stecturs the dewrlopmaent of an agenl-based (AB) mods arcund six steps. First, i system and s bowndades must be cleary defined, Second, knowledge reganding how different
actorg represent th bulding syatem his to be elicited, The third shep consists in idenStying the barens Sal impede the progeess towends the edification of nZER's, Fourth, afer discussing the qualiathee findings
Mmong axpes (8., researchers), the model i fomuated. The model &= then shared and discussed with some stakeholders. The fiih slep conaisis in camying oul different ssmulations once e model has been
(nbarmally) validated. Finally, the resulls aoe disciussed inorder bo dischosa imporiant implications for the deployment of the inncvation sysham. Figure 1 depicts the sleps neaded o build an AB model based on aliciled
kravadidge.

hitp:/jasss.soc.surrey.ac.uk/18M1/10.html
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