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RESUMO

E notdvel o crescimento da atencdo dada pelos grandes centros urbanos as acdes de mobilizacdo
publica em situacdes imprevistas como em casos de crises e desastres naturais. Nesse sentido, o
gerenciamento de desastres (GD) se torna uma dimensado de extrema importancia, exigindo uma forga-
tarefa na tentativa de prever, mitigar ou resolver emergéncias. Os esforcos envolvidos correspondem
a uma gestdo e integracao de esferas publicas e privadas, envolvendo autoridades, prestadores de
servicos, cidadaos, voluntarios e sistemas de apoio. A fim de permitir o adequado intercambio de
informacgdes e coordenacdo das entidades envolvidas em cenario de crise - complexo nas esferas de
integracao, coordenacao e colaborac¢do, o cumprimento dos requisitos de interoperabilidade torna-se
um fator critico de sucesso. Um elevado nivel de interoperac¢do pode levar a um melhor desempenho
das agbes empreendidas. Neste sentido, com base na literatura e iniciativas mundiais relacionadas a
temadtica, as principais preocupacdes e elementos (atributos) do GD sdo identificados a partir da
perspectiva da interoperabilidade. Baseado neste conhecimento, propGe-se um framework de suporte
ao ciclo de desenvolvimento de um Sistema de apoio ao Gerenciamento de Desastres (SGD) que
envolve duas dire¢des de pesquisa em desenvolvimento tratadas em escopos de mestrado distintos.
Neste trabalho, o foco é dado ao componente de avaliagdo da interoperabilidade organizacional que
caracteriza uma etapa diagndstica baseada em métodos multicritério de apoio a tomada de decisdo e
analise (do inglés MCDA - Multicriteria Decision Making/Analysis). O diagndstico suportado por tais
métodos infere sobre a avaliacdo do potencial de interoperabilidade de uma entidade publica ou
localidade, fornecendo uma andlise mais ampla de suas capacidades (estratégia, processos,
informacdo e base tecnoldgica) voltadas ao GD. Em acréscimo, a abordagem MCDA proposta facilita a
especificacdo de solucdes integradas interoperdveis para o setor publico, através do componente
diagndstico que permite a adequacdo do SGD ao ambiente de sua atuacdo. Tal abordagem prevé a
modelagem e aplicacdo dos métodos AHP (Analytic Hierarchy Process) e ANP (Analytic Network
Process) voltados a avaliacdo da entidade em seu potencial de interoperagdo no GD, e o PROMETHEE
Il (Preference Ranking Organization METHod for Enrichment of Evaluations), voltado a uma anélise
granular dos atributos e requisitos do GD, permitindo uma revisdo e adequagdo da arquitetura SGD.
Mecanismos de analise relacional, apoiado nos métodos QFD (Quality Function Deployment) e
Dematel (Decision making trial and evaluation laboratory), permitem um conhecimento mais
detalhado das influéncias existentes entre os requisitos envolvidos (GD e Interoperabilidade). O espaco
de avaliacdo proporcionado pelos métodos MCDA e mecanismos relacionais constitui o DIAM (Disaster
Interoperability Assessment Model). Um estudo de aplicacdo do DIAM é realizado em uma empresa
responsavel por definir e identificar todas as necessidades de Tecnologia de Informacdo e
Comunicacgdo (TIC) municipal, entregando e mantendo os servigos para todos os departamentos da
prefeitura. Os resultados diagndsticos mostram as principais lacunas da entidade sob a perspectiva de
interoperabilidade, permitindo a identificacdo de areas-chave para a melhoria de seu desempenho no
GD na esfera municipal, assim como orientando a adocdo da arquitetura referencial mais coerente
com as capacidades organizacionais e conduzindo a evolugdo em seu nivel de maturidade.

Palavras-chave: gerenciamento de desastres, avaliacdo de interoperabilidade, métodos multicritério
de apoio a decisdo.



ABSTRACT

It is noticeable the growing of the attention given by the large centers to the actions of public
mobilization in unforeseen situations as in cases of crises and natural disasters. In this sense, disaster
management (DM) becomes a dimension of extreme importance, requiring a task force in the attempt
to predict, mitigate or solve emergencies. The efforts involved correspond to the management and
integration of public and private spheres, involving authorities, service providers, citizens, volunteers
and support systems. In order to allow the appropriate exchange of information and coordination of
the entities involved in a crisis scenario - complex in the areas of integration, coordination and
collaboration, meeting the requirements for interoperability becomes a critical success factor. A high
level of interoperation can lead to better performance of the actions undertaken. In this sense, based
on the literature and global initiatives related to the issue, the main concerns and elements (attributes)
of the DM are identified from the perspective of interoperability. Based on this knowledge, it is
proposed a support framework for the development cycle of a Disaster Management to support
System (DMS) involving two directions of research in development in different masters scopes. In this
work, the focus is given to the component of evaluation of organizational interoperability that
characterizes a diagnostic step based on multicriteria methods to support decision making and analysis
(MCDA - Multicriteria Decision Making/Analysis). The diagnosis supported by such methods infers on
the evaluation of the interoperability potential of a public entity or locality, providing a broader
analysis of its capabilities (strategy, processes, information and technological base) directed to DM. In
addition, the proposed MCDA approach facilitates the specification of integrated interoperable
solutions for the public sector, through the diagnostic component that allows the adequacy of the DMS
to the environment of its performance. This approach provides for the modeling and application of
AHP (Analytic Hierarchy Process) and ANP (Analytic Network Process) methods for the evaluation of
the entity in its potential for interoperation in DM, and the PROMETHEE Il (Preference Ranking
Organization METHod for Enrichment of Evaluations) oriented to a granular analysis of the attributes
and requirements of the DM, allowing a revision and adequacy of the DMS architecture. Relational
analysis mechanisms, supported by the QFD (Quality Function Deployment) and Dematel (Decision
making trial and evaluation laboratory) methods, allow a more detailed knowledge of the influences
between the requirements involved (DM and Interoperability). The evaluation space provided by the
MCDA methods and relational mechanisms constitutes the DIAM (Disaster Interoperability
Assessment Model). A DIAM application study is carried out in a company responsible for defining and
identifying all the needs of the Municipal Information and Communication Technology (ICT), delivering
and maintaining services to all departments of the city hall. The diagnostic results show the main
shortcomings of the entity from the perspective of interoperability, allowing the identification of key
areas for the improvement of its performance in the DM in the municipal sphere, as well as guiding
the adoption of the referential architecture more coherent with the organizational capacities and
conducting the evolution in their level of maturity.

Key-words: disaster management, interoperability assessment, multi criteria decision analysis.
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1 INTRODUCAO

1.1 CONTEXTUALIZACAO

Independentemente da sua natureza, o desastre! é considerado uma situagéo
anormal, geralmente resultante de uma instabilidade que impacta uma parte da sociedade
com fortes consequéncias. Essa situacdo pode surgir em diferentes contextos - politico,
militar, econdmico, humanitério, social, tecnoldgico, ambiental ou de saude. Ultimamente é
notério que as autoridades buscam cada vez mais solugbes para melhorar a gestdo dos
desastres, sendo parte desse crescimento caracterizado ao aumento da participagdo do
cidaddo. Através do uso da tecnologia, as pessoas sao mais colaborativas nesses cenarios e
exigem mais transparéncia, monitorando de perto as medidas tomadas pelos responsaveis
(Barthe-Delanoé et al., 2012; Yang et al., 2015).

Assim, o0 gerenciamento de desastres esta se tornando cada vez mais relevante,
envolvendo a participacdo de varias entidades que trabalham em conjunto num ciclo de agéo
baseado em quatro fases principais: mitigagéo, preparacao, resposta e recuperagao (Atlay e
Green, 2006). Dentre as fases mencionadas — detalhadas posteriormente, a etapa de resposta
tem um leve destaque no presente trabalho, uma vez que representa o periodo de ocorréncia
do desastre. Assim, muitos estudos focam no planejamento de a¢des a serem tomadas nessa
fase, que melhoram o desempenho das ac¢des tomadas no referido momento. A eficiéncia na
gestdo de um desastre é medida pela rapidez e precisdo com que as informagcfes sao
gerenciadas e trocadas entre parceiros, que sédo as organizacles, pessoas e dispositivos
envolvidos na colaboracdo. Dessa forma, segundo Barthe-Delanoé et al. (2012), o
gerenciamento de desastres bem-sucedido exige a plena integracéo de todos os envolvidos,
essencialmente nas agdes de resposta.

Ainda de acordo com Barthe-Delanoé et al. (2012), a comunicac¢ao colabora para que
todos os envolvidos trabalhem juntos e em sincronia, melhorando o desempenho da area de
atuacdo. No intuito de permitir a troca de informacdes e acdes conjuntas dos envolvidos, 0s
conceitos de interoperabilidade e 0 atendimento de seus requisitos melhoram o desempenho
das acdes tomadas em um meio de atuacdo, em especial no cenério de gerenciamento de
desastres.

A interoperabilidade é definida por EIF (2006) como um conceito amplo que abrange
a capacidade das organizacfes para trabalhar em conjunto em busca de objetivos comuns e

mutuamente benéficos. Tal conceito permite uma avaliagdo dos principais atributos das

1 Taxonomia associada - Emergéncia € uma situacdo (geralmente de pequena escala) que requer atencéo
imediata. Desastre € como uma emergéncia, s6 que de maior amplitude; € um grande evento que causa grande
danos para uma empresa, uma cidade, ou mesmo uma grande regido. Crise € um evento pode levar a uma situacao
perigosa, independente do grau de abrangéncia.



entidades participantes em um mesmo dominio, resultando na real capacidade de
comunicacgao entre elas. Estes atributos — também definidos como requisitos do dominio, sé&o
caracteristicas que representam um determinado contexto e implicam na qualificacdo da
capacidade de interoperacdo da estrutura avaliada. Em uma perspectiva contraria ao
potencial de interoperabilidade caracterizam-se as suas barreiras, classificadas em:
conceituais, tecnoldgicas e organizacionais (Guédria et al., 2011).

Com base na literatura e iniciativas (principais acoes e projetos encontrados em
execucdo pelo mundo), é possivel levantar aspectos no gerenciamento de desastres que
devem ser avaliados através de métodos especificos sob a 6ética da interoperabilidade. O
mapeamento dos requisitos em gerenciamento de desastres, perante 0s conceitos da
interoperabilidade, possibilita atingir resultados que corroboram com a melhoria do setor uma
vez que as avaliagbes propostas podem melhor contribuir com a identificacdo e mitigagéo de

lacunas que venham a interferir no gerenciamento de desastres.

1.2 PROBLEMATIZACAO

Grande parte das entidades que atuam em problemas causados por desastres tem
seus esforcos realizados com uma visdo isolada. Seus processos criados nao consideram 0s
demais participantes do mesmo dominio de atuagdo, baseados apenas em fundamentos
genéricos para atribuir tarefas que sdo de sua responsabilidade. Esse pensamento individual
traz complicagdes no controle de desastres, principalmente na sobrecarga de atividades nas
entidades que séo especialistas em certos tipos de problemas (Barthe-Delanoé et al., 2012;
Yang et al., 2015).

O comportamento sob uma visao isolada pode ser percebido, por exemplo, nas
atividades de duas entidades primordiais em nosso sistema de prevencdo e recuperagao:
policia e bombeiros. Nesse caso, as atribuicbes podem sobrecarregar uma certa entidade de
acordo com o problema encontrado, atribuindo tarefas apenas para uma delas. O cenario
ideal seria atribuir tarefas a todos os envolvidos, com o gerenciamento integrado dos
participantes. Dessa forma surge a necessidade de identificar as lacunas presentes em cada
entidade para uma contribuicdo mais eficiente em uma situacédo de desastre. A necessidade
de avaliar e posicionar as entidades dentro de um ambiente com varios participantes se torna
uma tarefa com grande relevancia.

Apesar de muitas entidades atuantes no setor de gerenciamento de desastres
apresentarem seus processos bem definidos, muitas delas nao contribuem no mesmo nivel
gque consideram sua capacidade de atuacdo. Isso porque em uma situacdo de desastre, ndo
€ 0 bastante uma entidade realizar perfeitamente suas funcées apenas com acdes individuais,

mas necessita também atuar com pensamento colaborativo. Em um ambiente em que o
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principal objetivo € executar planos para controle de desastres, todos os envolvidos devem
estar cientes sobre as acdes e participacdes dos colaboradores.

Somente com elevado nivel de comunicagéo entre os participantes é possivel atingir
um alto nivel de eficiéncia quando se trata de varios atuantes em um objetivo comum. A maior
dificuldade dessa atuagd@o conjunta estd na identificagdo dos principais pontos que podem
contribuir com a comunicagé&o entre os envolvidos, e consequentemente, com 0 aumento da
eficiéncia na solucdo dos problemas.

Além das questbes humanas, outras dimensfes também devem ser consideradas para
promover a interoperabilidade. Os fatores que envolvem os sistemas de informacéo,
colaboram significativamente para integrar as entidades, principalmente na conciliacdo de
processos e provimento de uma base de conhecimento Unica para os envolvidos. Quando tais
processos, tecnologias e conhecimentos ndo sao integrados, a coordenacdo em solugdes de

desastres — ou qualquer outro dominio, se torna impraticavel.

1.3 ESCOPO DO PROJETO

A presente pesquisa faz parte do projeto estabelecido na parceria entre a Pontificia
Universidade Catolica do Parana — PUCPR, e o Instituto das Cidades Inteligentes — ICI?, por
meio do Programa de Pés-Graduacdo em Engenharia de Producédo e Sistemas — PPGEPS.
A parceria visa a criacdo de um ambiente colaborativo em Pesquisa e Desenvolvimento,
caracterizada por um enfoque multidisciplinar em tematicas de grande relevancia cientifica e
de amplitude mundial, apoiado em um forte interesse da esfera publica e privada da Capital
do Estado do Parana. A Figura 1 mostra um resumo com as propostas e integracdo das
pesquisas envolvidas no projeto.

O projeto consiste em dois escopos em pesquisa em mestrado (A e B) diretamente
ligadas ao Instituto, somados & participacdo de um terceiro mestrando (Pesquisa C). A
pesquisa “A” esta voltada para a especificagdo de uma arquitetura referencial no dominio de
DMS, podendo assim fornecer subsidios para o diagndstico proposto na presente pesquisa
(B). A pesquisa “B”, referente ao presente documento, tem como designio base a criacédo de
um modelo diagndstico no ambito de gerenciamento de desastres, possibilitando a avaliacdo
de entidades ou localidades atuantes no dominio, além de contribuir com o0 aprimoramento da
arquitetura referencial. Vale ressaltar a participacdo de um projeto de iniciacdo cientifica
(PIBIC)® atuante na identificacdo de bases instrumentais pertinentes aos objetivos de

avaliagdo e diagnéstico defendidos na pesquisa “B”. A pesquisa “C”, colabora com os

2 Instituto das Cidades Inteligentes — é uma organizagdo com atuagdo em todo o territério nacional, referéncia em
pesquisa, integracao, desenvolvimento e implementagdo de solugdes completas para a gestdo publica.

3 Investigagdo de Métodos MCDA para Avaliagdo de Interoperabilidade na Gestdo de Resposta a Desastres.
Vanessa Aline dos Santos, Engenharia de Produgéo, 2016-2017.
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aspectos de mobilidade utilizados no diagnostico, sendo uma dimenséo de grande relevancia
no gerenciamento de desastres.

Figura 1 — Projeto ICI
PESQUISAS DO PROJETO
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Projem [
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DMS Cientifica | , mobilidade
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El]
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diagndstico de
arquitetura

MCDA Jik
4. Diagnéstico de ' DA . Diagnostico de

arquitetura para
DMS - ICI ‘ mobilidade
MCDA
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!
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7. Especificagao

6. Especificagao de indicadores

de arquitetura
P

para DMMS

8. Especificacao e
DMS - ICI

PSM

e or oo

Pesquisa A Pesquisa B 3 Pesquisa C
CIM - Computation Independent Model SysML - Systems Modeling Language
RSL - Revisao Sistematica da Literatura PIM - Platform Independent Model
MCDA - Multi Criteria Decision Analysis PSM - Platform Specific Model

PAPM - Process-aware Project Management  DMS - Disaster Management System

Fonte: O Autor
1.4 OBJETIVOS

A pesquisa visa proporcionar as organizagfes a oportunidade de descobrir e avaliar
seus pontos fortes e fracos, facilitando a priorizacédo de a¢des para melhorar seu desempenho
e maturidade no gerenciamento de desastres, além de revisar a arquitetura referencial criada.
Isso ocorre através da criagdo de um Modelo de Avaliacdo de Interoperabilidade em Desastres
(do inglés DIAM - Disaster Interoperability Assessment Model). O modelo apoia a identificacdo
dos potenciais de atuacdo da entidade/localidade avaliada de acordo com os aspectos de
interoperabilidade. Em cada aplicagdo do modelo € possivel (com os resultados de
diagnostico) melhorar a arquitetura DMS de referéncia.

A obtenc¢é&o do diagndstico promovido pelo DIAM permite uma avaliagcdo granular das
capacidades das entidades publicas ou privadas envolvidas em DM. Esta analise de
capacidade permite a execug¢do de uma revisdo relacional mais profunda dos requisitos
funcionais e técnicos da arquitetura de referéncia em DM. De acordo com o conceito de EIA
(Enterprise Interoperability Assessment) defendidos por Guédria et al. (2009) e Cestari et al.
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(2013), a avaliacéo das organizacdes torna perceptivel os pontos fracos e fortes, favorecendo
a priorizagcédo de acdes que buscam evoluir o desempenho e maturidade. Tal definicdo condiz
perfeitamente com o principal objetivo da pesquisa, que esta voltado no contexto de ponderar
0 grau de interoperabilidade entre entidades auxiliando a especificacdo de solugbes
integradas para o setor publico no gerenciamento de desastres.

Para isso, é necessario identificar e mapear atributos do dominio de gerenciamento de
desastres, criar uma arquitetura de referéncia, e com as atividades de avaliacédo e diagnéstico
reavaliar tal arquitetura. Este trabalho fornece, através de framework proposto, base
metodoldgica fortemente embasada em conhecimento especialista, literatura e iniciativas, no
suporte ao desenvolvimento de modelo que permita avaliar e diagnosticar entidades
envolvidas no gerenciamento de desastres em coeréncia a arquitetura adotada. Considerando
todos os aspectos almejados na pesquisa, o Quadro 1 descreve de forma Unica a questdo e
0s objetivos a serem atingidos com trabalho.

Quadro 1 - Questéao e Objetivo Principal e Secundarios de Pesquisa

Questao de Pesquisa

Como avaliar o potencial que entidades (instituicbes/localidades) apresentam ao gerenciamento de
desastres sob a 6tica da interoperabilidade?

Objetivo Principal

Propor um modelo de avaliagéo para diagnéstico do potencial de gerenciamento de desastres sob a
Otica da interoperabilidade baseado em métodos multicritério e suportado por framework conceitual
de desenvolvimento permitindo também a revisdo da arquitetura referencial criada.

Objetivos Secundérios

1. Identificar as principais iniciativas relevantes ao gerenciamento de desastres;

2. ldentificar o conhecimento relativo ao gerenciamento de desastres, com base nos atributos
extraidos da literatura e principais iniciativas encontradas;

3. Identificar os conceitos e principais frameworks de interoperabilidade estruturando os atributos
em suas perspectivas;

4. Avaliar métodos multicritérios pertinentes & avaliacéo diagnéstica proposta;

Propor um modelo de avaliacdo do potencial de gerenciamento de desastres de uma entidade
sob a Gtica da interoperabilidade;

6. Aplicar o modelo em contexto real (entidade/localidade) para estabelecimento de andlise
diagnostica e revisao da arquitetura referencial.
Fonte: O Autor

1.5 ESTRUTURA DO DOCUMENTO

A estrutura deste documento de dissertacdo compde-se de quatro Capitulos, quatro
Apéndices e um Anexo. Tais apéndices possuem a maior parte do desenvolvimento da
pesquisa, uma vez que foi adotado o modelo com base em artigos. O Capitulo 1 expde a
tematica de pesquisa, como contextualiza¢ao, problematiza¢éo, escopo do projeto e objetivos.

A estratégia de pesquisa, definidas em diferentes etapas, sdo apresentados no Capitulo 2. O
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Capitulo 3 apresenta a base instrumental da pesquisa, possibilitando um embasamento
tedrico para a pesquisa. O ultimo Capitulo (4) de Concluséo da pesquisa, traz as licbes
aprendidas e perspectivas futuras, assim como o posicionamento do trabalho frente as
projecdes estipuladas.

O presente documento possui Apéndices com producbes de artigos que
complementam o desenvolvimento do mesmo. O primeiro (A), artigo intitulado “Proposal of a
Framework for a Disaster Management System”, traz as informagdes iniciais da pesquisa
relatando as propostas das Pesquisas A e B, mostradas na Figura 1. E realizado a proposta
de desenvolvimento do grupo no qual o presente autor esta inserido, voltando os estudos
principalmente na identificacdo das iniciativas relacionadas. O Apéndice B contém o artigo “A
framework for interoperability assessment in crisis management” diretamente vinculado a
presente pesquisa, jA com caracteristicas voltadas para o tema principal e alguns resultados
parciais. Este traz a proposta de um modelo de avaliagéo de entidades/localidades no dominio
de gerenciamento de desastres frente as perspectivas da interoperabilidade, assim como a
aplicacdo do mesmo em uma entidade e os principais resultados obtidos.

O terceiro Apéndice (C), artigo intitulado “A Disaster Response Management System
Framework based on interoperability requirements assessment approach”, além de
complementar o processo diagnostico ja desenvolvido nos trabalhos anteriores, visa rever a
arquitetura através do uso dos artefatos gerados. Em relacdo a etapa diagndstica, os
resultados obtidos anteriormente podem ser confrontados através dos novos métodos. O
diagndstico final resultante da integracéo de diferentes métodos serve como base de entrada
para a etapa final de revisao de arquitetura, que visa priorizar as tecnologias necessarias para
melhorar o diagndstico obtido.

O Apéndice D é composto por tabelas contendo todos os atributos utilizados na modelo
proposto, classificados como Requisito Funcional (FR, Functional Requirements), Requisito
ndo Funcional (NFR, Non Functional Requirements) e Solu¢do Técnica (TS, Technical
Solution). Também apresenta a classificacdo obtida através do Dematel, assim como as
solucdes técnicas atingiveis (filtradas) pela instituigcdo (TS-F, Filtered Technical Solution).

O Anexo A, relatério final de PIBIC, relata o positivo e enriquecedor processo de
colaboracao na orientacéo de um projeto de inicia¢ao cientifica (PIBIC) desenvolvido durante
0 curso de Engenharia de Producéo sob coordenacdo do professor orientador. Diferentes
dimensdes instrumentais, interface com especialistas da entidade atuante em gestdo de
desastres e evolugédo dos mecanismos de avaliagdo foram consolidados neste trabalho. Os
métodos AHP, ANP, Dematel e PROMETHEE sé&o devidamente aplicados, possibilitando a
identificacdo e confirmacdo de seus objetivos frente as necessidades de avaliacdo no cenario
de DM.
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2 ESTRATEGIA DA PESQUISA

Em busca de alcancar uma fundamentacao teérica plausivel considerando o dominio
em estudo e a proposta do trabalho, é necessario abordar diferentes conceitos de pesquisa.
A construcdo do framework tem sua base metodolédgica voltada para revisdo de literatura,
consulta a especialistas e casos de aplicacéo (Iniciativas). Os diferentes métodos envolvidos
visam atender as necessidades apresentadas no Quadro 1, que devem ocorrer
preferencialmente de acordo com a ordem cronolégica apresentada.

Os objetivos apresentados a seguir sao reagrupados para as definicdes de marcos da
pesquisa. Cada marco € definido através da conclusdo de fases de trabalho, permitindo o
avango para as atividades subsequentes. Tal divisdo pode ser melhor entendida nas
definicbes da Figura 2, que representa as fases de identificacdo, organizacdo e
desenvolvimento e aplicagdo do modelo, visualizadas por escalas de coloracdo que
representam a escala temporal.

Figura 2 — Etapas do Processo com base nos objetivos
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Fonte: O Autor

A primeira fase consiste basicamente na identificacdo e levantamento das informacdes
sobre o dominio de Gerenciamento de Desastres (Apéndice A), permitindo assim a construgéo
de uma base séblida e consistente dos requisitos necessarios para a proposta. Tais
informagfes sdo extraidas de diferentes fontes, como processo de revisédo de literatura,
principais iniciativas encontradas, autores de referéncia e especialistas.

Na segunda fase o processo € iniciado através da organizagdo dos atributos
identificados, classificando-os de acordo com exigéncias do modelo proposto, podendo ser
melhor compreendido no Apéndice B. Também levantadas nessa fase as definicbes de
interoperabilidade, identificando métodos e processos que melhor se adaptam com o0s
requisitos do dominio. Fazem parte desses aspectos os Frameworks de Interoperabilidade (IF
— Interoperability Framework), que sdo modelos definidos para diferentes tipos de abordagem
ou atuacdo (Chen, 2006). As atividades desenvolvidas nessa etapa da pesquisa visam
permitir o desenvolvimento de um mecanismo de avaliagdo proprio para o setor, alimentando
a fase posterior.

Na fase trés, devido ao maior nivel de aderéncia, os métodos QFD, AHP/ANP, Dematel

e PROMETHEE foram selecionados para realizar os processos de avaliagdo multicritério
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proposto na pesquisa. O QFD é voltado as dimensdes de analise de influéncia entre os
requisitos envolvidos (DM e Interoperabilidade) através de estruturas relacionais que
amparam o modelo de andlise diagnéstica das capabilidades e maturidade organizacional,
resultado em uma matriz base de interoperabilidade relacional (IRM - Interoperability
Relational Matrix). O Dematel apesar de possibilitar anélises diagndésticas, também tem como
funcao apoiar a estruturagdo do modelo diagnostico atraves do mapeamento de influéncia dos
atributos. O AHP/ANP amparam uma perspectiva de avaliagdo em um nivel mais tacito na
avaliacdo de entidades/localidades. J& o ultimo (PROMETHEE) visa contribuir com outro
objetivo da pesquisa, voltado para a revisdo da arquitetura referencial — Apéndice C.

A utilizacdo dos métodos torna possivel a aplicacdo das avaliagdes, que possibilita
diagnosticar entidades atuantes no dominio de gerenciamento de desastres e também
melhorar o proprio modelo, através da realimentagdo da arquitetura referencial. Visando
consolidar o entendimento das atividades, a Figura 3 representa um esquema simplificado
com as principais tarefas executadas na pesquisa.

Figura 3 — Esquematizacéo das atividades

Identificagao do Organizagao do i e 3. PROMETHEE
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| (avaliar)
i ; ; i i DIAM |
¥ ¥ ¥ i ; ;
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Fonte: O Autor

Para a devida documentacao, controle e acompanhamento das atividades descritas
anteriormente, foi utilizado um modelo IDEF (NIST, 1993). A notacéo utilizada do modelo é o
IDEFO, que basicamente auxilia na modelagem de decisdes, acbes e atividades. Tal
especificacdo foi derivada de uma linguagem gréfica (Structured Analysis and Design
Technique - SADT), que tem como objetivo ajudar a organizar a analise de um sistema e
promover uma boa comunicacdo entre os stakeholders. Apresentado como uma andlise
funcional, o IDEFO aumenta a participacdo de especialistas de dominio na tomada de
decisdes através de dispositivos graficos simplificados. Como uma ferramenta de analise,
auxilia o modelador na identificagéo das fungbes a serem executadas, 0s requisitos para sua
execucao, e o resultado de sua devida utilizagdo (NIST, 1993).

A pesquisa utiliza a notagdo para estruturar as atividades necessarias, definindo cada
etapa com suas entradas, processos e saidas, conforme mostra a Figura 4, modelo adotado

para estratégia de pesquisa.



Figura 4 — Estratégia da Pesquisa
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Fonte: O Autor

4

A J

Na estrutura IDEFO apresentada é possivel notar, a luz da Figura 2, a separagao por

fases de desenvolvimento, facilitando a identificacdo das atividades desenvolvidas e

permitindo maior entendimento do escopo de tratativa metodolégica. Tal separa¢do também

permite ter uma visdo analoga com o0s objetivos almejados na concep¢do do trabalho,
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garantindo que nenhuma atividade fique desconecta da proposta. Esta base metodologica é
associada, nas publicactes realizadas, ao framework de suporte ao ciclo de desenvolvimento
do DRMS (Disaster Response Management System) onde sdo identificadas as fases: (i)
identificacdo do conhecimento, (ii) organizacdo do conhecimento, (iii) espaco de avaliagdo
DIAM — método AHP, (iv) espaco de avaliagdo DIAM — Dematel & ANP, (v) espaco de
avaliagdo DIAM PROMETHEE e (vi) revisdo arquitetura. Estas fases sdo detalhadas a seguir.

2.1 FASE DE IDENTIFICACAO

A Figura 5 representa as atividades do processo de identificacdo do conhecimento
composto pelas ac¢des de: (i) identificar iniciativas em gestdo de desastres (Al) — visa levantar
as principais solugdes de sucesso e identificar arquiteturas e componentes considerados; (ii)
revisao sistematica da literatura (A2) — processo de construcdo da base tedrica com base nos
trabalhos cientificos existentes; (iii) identificacdo e validacdo de atributos (A3) — objetiva
identificar as caracteristicas mais encontradas nas bases de conhecimento exploradas; e (iv)
organizar atributos — para eliminar as caracteristicas redundantes principalmente quanto a
semantica dos atributos (A4). Em resumo, a fase representa a obtencdo da base de
conhecimento fortemente amparada pelas caracteristicas e requisitos do dominio, item
primordial para atender os objetivos propostos na pesquisa.

Nesta fase é importante destacar o conceito de atributo, considerado aquilo que é
proprio de algo, como caracteristicas, classes e variaveis. Os atributos fornecem informacdes,
comportamentos e caracteristicas especificas sobre os dominios estudados com a finalidade
de estabelecer um plano, uma acao que torne mais compreensivel este contexto de aplicacdo
(Bordini, 2015).

Figura 5 — Fase de Identificacdo
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Fonte: O Autor

A etapa denominada identificacdo, tem uma grande participagdo de outras pesquisas
envolvidas no projeto, identificadas na Figura 1 como Pesquisa A e Pesquisa C. A primeira
citada realiza um processo similar ao presente trabalho para a obtencdo dos atributos, uma
vez que tem como objetivo de trabalho criar uma arquitetura de referéncia para o dominio de
gerenciamento de desastres. Tal etapa foi desenvolvida em conjunto com a Pesquisa A,

garantindo maior aderéncia dos atributos para o contexto. A Pesquisa C também tem sua
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contribuicdo com foco nos requisitos de mobilidade, j& que o objetivo principal do referido
trabalho est& na construgédo de um Sistema de Medi¢do de Desempenho (SMD) para o setor
(mobilidade). As atividades seréao detalhadas na sequéncia.

2.1.1 Identificar Iniciativas em Gestdo de Desastre

A atividade aqui representada (Figura 6), tem como objetivo identificar as principais
iniciativas encontradas em todo o mundo. A importancia de tal levantamento surge devido a
possibilidade de identificacdo de casos reais em andamento ou finalizados, permitindo assim
analisar e mensurar seus resultados. Tais iniciativas colaboram para confrontar as

informagodes futuramente identificadas na Reviséo de Literatura.

Figura 6 — IDEFO (A1): Identificar Iniciativas em GD

Revisdo das Iniciativas
Existentes

_(Questdo de | Tdentificar [—caract.—
F'esqmsa iri i

Iniciativas

o em Gestdo de

—Objetivos® pesastres 1

FMetadados

Mapa
conceitual

Fortal de
Referéncia

|
Fonte: O Autor

O levantamento das iniciativas permitiu identificar que os conceitos aplicados no
gerenciamento de desastres podem abranger diversos aspectos. Dentre eles ha
caracteristicas que podem determinar seu poder de atua¢do, como seguranca, baixo custo e
mobilidade. Este ultimo — mobilidade — é considerado primordial nas principais iniciativas
atuantes em gerenciamento de desastres. Umas das fontes de identificagdo foi o Transport
Research & Innovation Portal (TRIP, 2015), que é considerado um dos principais portais sobre
pesquisas que envolvem transportes e inovagdo a nivel europeu. Os paises participantes
fornecem um resumo sobre a organizagdo dos transportes que praticam em seus territorios,
além de disponibilizar filtros para verificagcdo de iniciativas relacionadas a desastres.

Outra importante fonte de identificag&o € a literatura, que possibilita a investigagéo por
padrdes e definicbes através de buscas por palavra-chave em base de dados, sendo uma das
principais referéncias para o tema o “Handbook of Emergency Response” (Badiru e Racz,
2013).

2.1.2 Processo de RSL (Reviséo Sistematica da Literatura)
A presente atividade, mostrada na Figura 7, € necessaria para levantar os requisitos
iniciais do tema abordado, o Gerenciamento de Desastres. A utilizagdo do processo visa obter

um grupo de documentos que possam servir de base para a construcdo de um conjunto de
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requisitos. Apés o trabalho de RSL, os documentos resultantes serdo analisados para
levantamento manual das principais caracteristicas que compfe um ambiente de
gerenciamento de desastres. O processo descrito servira apenas para uma base inicial dos
requisitos necessarios, que poderéao ser acrescidos, melhorados ou ajustados de acordo com
as etapas seguintes da pesquisa.

Figura 7 — IDEFO (A2): Reviséo Sistematica da Literatura
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2.1.3 Validagéao de atributos

A atividade mostrada no IDEFO da Figura 8 tem como objetivo identificar e validar os
atributos identificados no dominio de gerenciamento de desastres com pessoas atuantes na
area. Tal etapa garante que as informacdes retiradas da literatura e iniciativas existentes

sejam pertinentes com o cenario de GD.

Figura 8 — IDEFO (A3): Validar Atributos
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A atividade permite também — através de um brainstorm - que novas informacfes
sejam acrescentadas ou adaptadas. Isso porque o local de atuacdo dos especialistas pode
ter caracteristicas peculiares nao identificadas nos trabalhos identificados. Dessa forma, a
validagdo dos especialistas locais traz mais robustez das informagdes, fornecendo base
consensual sobre os atributos que caracterizam o DM e inferindo maior confiabilidade para o

desenvolvimento das acdes propostas na pesquisa.
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2.1.4 Definicdo da base de atributos

A atividade representada no IDEFO da Figura 9, representa o processo de
padronizacdo e organizacdo dos atributos garantindo o perfeito entendimento dos mesmos
nas fases seguintes que os relaciona com requisitos funcionais, ndo funcionais e solucéo
tecnoldgica. Tal processo é realizado através de atividades como: remocao de duplicidades;

unificacdo de caracteristicas ambiguas; e redefinicdo de caracteristicas.

Figura 9 — IDEFO (A4): Organizar Atributos
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Fonte: O Autor

2.2 FASE DE ORGANIZACAO

7

Apés a devida identificagdo do cenéario abordado € necessario organizar as
informacdes obtidas visando a criagdo do modelo na fase subsequente. E importante na fase
de organizacdo a adog&do de um framework de interoperabilidade que apoie a classificagéo e
posicionamento de tais atributos em diferentes dimensdes que a interoperabilidade preconiza.
Sao dimensbes que envolvem perspectivas de negdécio, processos, dados e servigos sob otica
semantica, tecnoldgica e estratégia organizacional (que incidem sobre as perspectivas -
barreiras). Esta abordagem estende a visdo de andlise e tratativa das propostas encontradas
na literatura que focam apenas nas dimensdes de informacao e tecnoldgica. As perspectivas
e Oticas citadas s@o elementos indissociaveis e que devem ser considerados para adequada
avaliacdo do desempenho necessario inerente ao gerenciamento de desastres. A Figura 10
representa as principais atividades desenvolvidas na presente etapa da pesquisa.

Figura 10 — IDEFO: Organizacao
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Fonte: O Autor
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Com a base de atributos resultantes da etapa anterior, 0s participantes do projeto
realizam, cooptando especialistas do dominio DM e Sistemas, uma classificacéo dos atributos
em trés conjunto de dados: Requisitos Funcionais (FR — Functional Requirements), Requisitos
N&o Funcionais (NFR — Non functional Requirements) e Solu¢do Técnica (TS — Technical
Solution) — todos listados no Apéndice D. A atividade de classificar atributos (Figura 11) com
base nos conceitos de Engenharia de Software permite uma adequada estruturagdo do
modelo proposto de forma a atender requisitos de arquitetura coerentes com o potencial de
interoperacao da entidade.

Figura 11 — IDEFO (A5): Classificar Atributos
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Na sequéncia (Figura 12) é aplicado um QFD (Quality Function Deployment) para
validar os FRs frente aos NFRs, obtendo assim o Resultado de Requisitos Funcionais (FR-R,
Functional Requirements Result). Tal estrutura € montada para atender 0s requisitos
propostos no modelo de forma que seja desconsiderado 0s requisitos que nao tem uma
representatividade para atuacéo no cenario de DM. O resultado da atividade € utilizado tanto
na criacdo da arquitetura referencial (Pesquisa A) quanto no processo de avaliagéo
diagnostica sob a 6tica da interoperabilidade. A estrutura de sele¢cdo com o apoio do QFD é
apresentado no artigo do Apéndice B.

Figura 12 — IDEFO (A6): Aplicar QFD
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Nesse grupo de atividades também estéo relacionados a identificagdo e estudo dos
conceitos e frameworks de interoperabilidade que mais se aderem ao dominio estudado. A
finalidade da atividade representada na Figura 13 é definir um framework que possa apoiar
com propriedade o cendrio em questdo. O principal critério utilizado para selecdo foram
aplicacdes existentes em ambientes similares possibilitando maior aderéncia dos conceitos

envolvidos.
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Figura 13 — IDEFO (A7): Definir Framework de Interoperabilidade
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O poder de analise relacional do QFD no dominio de engenharia de sistemas e o
trabalho de Cestari (2015), inspiraram a criacdo de uma Matriz de Interoperabilidade
Relacional (IRM - Interoperability Relational Matrix). O IRM resulta na identificagdo de
requisitos funcionais (FR-R) fortemente correlacionados com a perspectiva de
Interoperabilidade (I - Interoperability). A Figura 14 representa o IDEFO responséavel pela IRM
definida no Apéndice B.

Figura 14 — IDEFO (A8): Construir IRM
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Fonte: O Autor

A matriz obtida nesta etapa é a principal base para o desenvolvimento das atividades
subsequentes, fortemente apoiadas por métodos MCDM/A. Tal importancia desta concepc¢éo
€ que seu resultado permite alimentar tais métodos com a perspectiva de interoperabilidade
jaincorporados no cenario de DM. Os modelos AHP e ANP, por exemplo, consomem de forma
direta a informacdo relacional sugerida pelo IRM identificando: niveis superiores da estrutura
AHP/ANP que envolvem as perspectivas da interoperabilidade (critérios), que por sua vez
aglutinam, em nivel inferior, diferentes atributos de DM mais associados a cada perspectiva

(subcritérios).

2.3 FASE DE CONCEPCAO DO MODELO E APLICACAO

Com os dados de entrada definidos através do IRM é possivel realizar a estruturagcao
e aplicacdo do DIAM de acordo com os diferentes espagos de avaliacdo que 0 mesmo
engloba. O modelo ir4 fornecer subsidios para um diagndstico dos pontos fortes e fracos

identificados pés aplicagdo na entidade sob andlise, além de permitir através do método de
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priorizacdo quais caracteristicas da arquitetura podem ser consideradas mais relevantes de
acordo com as propriedades mais atenuantes obtidas no diagnadstico.

Os primeiros passos do DIAM, em seu escopo de avaliacdo, estdo centrados na
modelagem e execucédo das avaliacdes do AHP (A9-A10) e Dematel (A12-A13), que podem
ocorrer de forma paralela. As demais atividades (espagos de avaliacdo ANP, A14-Al5 e
PROMETHEE, A17-A18) dependem que estes métodos iniciais ja estejam executados, pois
tem como parte dos dados de entrada a saida destes citados.

A Figura 15 mostra as atividades de estruturacdo, concepcéo do modelo e aplicacao
de parte do DIAM com base no método AHP, que consistem em atividades como estruturar o
modelo de avaliacdo e inserir/parametrizar na ferramenta Super Decisions® (Saaty, 2003). E
necessario que um especialista forneca a relevancia entre os atributos, possibilitando entéo a
aplicacdo de avaliagdo. Com base em trabalhos anélogos na avaliagédo de interoperabilidade
através de métodos multicritério (Bordini, 2015; Cestari, 2015) foram estipulados trés niveis
de classificagdo: béasico, intermediario e avancado.

Figura 15 — IDEFO: DIAM AHP
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Fonte: O Autor

Com base nos estudos de Cestari (2015) e Salmon (2011) foi definido que o nivel
bésico indica que ha uma grande variacdo nos processos e praticas adotadas. Estes
geralmente apresentam fortes dependéncias de sistemas manuais, resultando em processos
complexos e demorados. A classificagdo intermediaria representa instituicdbes que buscam
alcancar uma gama variada de objetivos organizacionais, incluindo redugéo da variabilidade
de processos e maior integracdo dos departamentos. No geral, caracterizadas por sistemas e
processos complexos, porém coordenados por um érgao ou conselho central. Ja o nivel
avancado € obtido em avaliacdes de instituicbes com uma estrutura completamente
desenvolvida, com politicas e recursos estrategicamente definidas para o alcance dos
objetivos organizacionais. Estas sdo instituicbes fortemente aptas para atuar no contexto
avaliado. Estas definicbes foram instanciadas para os diferentes atributos (critérios) através
dos métodos MCDM e séo utilizadas para posicionamento da entidade pos avaliagao.

O espaco de avaliacdo proporcionado pelo DIAM ANP (atividades A14-A15) utiliza a

mesma estrutura do AHP (A9), com uma especificacdo mais detalhada quanto as
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comparagdes entre diferentes atributos de grupos (clusters) diferentes, definidos estas de
acordo com o resultado do Dematel (rela¢des de influéncia, Apéndice D) (A13).

O Dematel fornece uma investigacao mais robusta das relacdes de influéncia entre os
atributos de DM, suprindo uma fragilidade do método QFD (teto da estrutura apresentada no
IRM do Apéndice B) que fornece apenas informacéo de relacdo sem uma andlise bidirecional
da natureza de influéncia. Como mostra a Figura 16, a principal base da modelagem do DIAM
Dematel esta nos atributos relacionados com as perspectivas de interoperabilidade
resultantes do IRM.

Figura 16 — IDEFO: DIAM Dematel
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Um recurso de analise interessante do Dematel € a possibilidade de gerar grafos que
mapeiam a influéncia entre os atributos permitindo uma andlise visual do cenario implicado
no DM. Esta andlise, além do teor diagnéstico intrinseco fornecido*, sugere uma revisdo da
estrutura puramente hierarquica do modelo AHP (A9) ampliando o espectro de relacdes
pairwise intergrupos (clusters), caracterizando um modelo ANP. Esta estrutura € mostrada na
Figura 17 que, portanto, consume as informacdes de influéncia sinalizadas pelo Dematel para
determinagéo das relagfes entre atributos (critérios) de clusters distintos, o que néo era feito
no AHP com estrutura puramente hierarquica. Isso torna a modelagem estrutural do AHP mais
afinada com o ANP em seu espaco de observacao e avaliacdo. O resultado diagndéstico obtido
com o espaco de avaliagdo DIAM AHP pode ser confrontado com o resultado do DIAM ANP
(atividade A16).

4 Identificam-se com o Dematel atributos que mais influenciam, assim como atributos mais influenciados no
universo do espaco do GD.
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Figura 17 — IDEFO: DIAM ANP
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Dessa forma é possivel realizar uma andlise dos diagnosticos obtidos com o DIAM
AHP/Dematel/ANP (Figura 18) em um processo de conciliagdo e corroboracédo diagnostica.
Tais diagndsticos apresentam o posicionamento da instituicdo avaliada perante o cenério de
DM, assim como permite identificar os pontos fracos e fortes de sua atuacao sob a 6tica do
potencial de interoperacdo existente. Através da ferramenta Super Decisions® uma série de
analises para simulagfes de alteracdo do cenario (andlise de sensibilidade com base nos
critérios envolvidos), favorece a identificacdo de quais ajustes na instituicdo podem ter um
efeito mais positivo sobre seu potencial de interoperabilidade e desempenho no DM.

Figura 18 — IDEFO: Diagnéstico
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Com os diagnoésticos obtidos é possivel aplicar o Ultimo método previsto no DIAM, o
PROMETHEE. Seu espaco de avaliagdo visa priorizar as solu¢des tecnoldgicas de acordo
com as caracteristicas mais falhas identificadas na entidade analisada, através das
ponderacdes obtidas pelos vetores de priorizagdo ANP em seus diferentes niveis
(perspectivas da interoperabilidade e atributos de DM). Ou seja, os elementos diagnosticados
como fragilidades ou barreiras na organizacdo (pelo ANP), sdo colocados em matriz de
avaliacio PROMETHEE como critérios sob ponderacdo reversa (mais acentuada). Isso
polariza a priorizacédo de alternativas (tecnologias) que impactam na melhoria da capacidade
de interoperacédo da entidade sob o espectro da arquitetura referencial.

A Ultima etapa (Figura 19) do DIAM objetiva uma avaliacdo da arquitetura referencial
através da priorizacdo dos atributos de TS de acordo com o diagnéstico obtido na fase
anterior, que devera ser executada através de uma andlise mais granular com apoio do
método PROMETHEE. A utilizacdo da ferramenta Visual Promethee (VP Solutions, 2013)

facilita a execucdo dos passos previsto no método. A estruturagcdo do cenario a ser avaliado
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consiste na sele¢cdo dos atributos mais fracos (FR-RW) obtidos na fase diagnoéstica
juntamente com os atributos de TS filtrados (TS-F, Filtered Techinical Solutions), que
representa a arquitetura de referéncia. O filtro é utilizado para permitir que a priorizagéo seja
aplicada em uma arquitetura alcancavel pela instituicao, adequando o atendimento dos pontos
fracos identificados dentro das TS aplicaveis para a organizagdo em questao.

Figura 19 — DIAM PROMETHEE
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Fonte: O Autor

Apés as principais parametrizacdes do método (funcédo, indice de preferéncia e peso
— esse calculado através do diagndstico), o especialista realiza a avaliacao dos atributos
inseridos anotando o grau de importancia de cada relacdo. Dentre as diversas analises e
simulac¢des possibilitada pelo método, o principal resultado € a priorizagcdo de importancia da
dimenséo arquitetura (TS-P, Prioritized Techinical Solution). Tal classificacdo pode ser
analisada e reposicionar a arquitetura de referéncia visando sua melhoria. Como pode ser
visto na Figura 20, a Ultima atividade visa, a partir de seus resultados, realimentar outra
pesquisa do Projeto (A) envolvida diretamente com a arquitetura referencial.

Figura 20 — Validar Arquitetura
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Fonte: O Autor
2.4 POSICIONAMENTO DA ESTRATEGIA DE PESQUISA COM ARTIGOS
GERADOS

Conforme a Figura 21, o desenvolvimento dos artigos esta fortemente fundamentado
na estratégia de pesquisa apresentada. Dessa forma, a produgdo dos mesmos visa
contemplar o escopo descrito conforme atividades mostradas na Figura 4. Em relacdo a
proposta de trabalho, as atividades relacionadas a identificacdo do cenario em DM estédo
contempladas no artigo do Apéndice A. O artigo do Apéndice B contempla toda as atividades

de organizacédo do atributo até a concepc¢éao do IRM, além da implementacéo da primeira fase
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do DIAM através do diagnostico obtido no AHP. O Apéndice C traz o artigo que fecha o ciclo
proposto no framework. Nele foi realizado uma melhoria no diagndstico através do Dematel,
que possibilitou a especificacdo AHP em comparagcbes de diferentes clusters (ANP)
permitindo assim resultados mais precisos. No mesmo documento foram implementadas as
atividades de revisao da arquitetura referencial realizado através do DIAM PROMETHEE, que
possibilitou a priorizacdo dos atributos de solugbes técnicas (TS-P) de acordo com o
diagndstico obtido.

Figura 21 — Posicionamento
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Fonte: O Autor
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3 BASE INSTRUMENTAL

3.1 REVISAO SISTEMATICA DA LITERATURA

A forma de pesquisa que utiliza como fonte de dados a literatura sobre um determinado
assunto é conhecida como revisdo sistematica. No processo estdo centradas atividades de
coleta, conhecimento, compreensdao, analise, sintetizagcéo e avaliagdo dos dados de um certo
conjunto de trabalhos cientificos (Cook et al., 1997). Como o presente trabalho aborda
diferentes temas de estudo, a revisdo sisteméatica de literatura ndo sera aplicada em todo o
processo que envolve a pesquisa, focando na identificacdo de pesquisas atuantes no dominio
de GD.

Em uma primeira andlise quantitativa dos trabalhos, foi utilizado uma String de busca
em duas bases (Science Direct e Scopus) de alto prestigio no meio académico. O texto de
busca foi realizado de acordo com dois grupos basicos de termos: “disaster management
system(s)” ou “crisis management system(s)”. Com o objetivo de identificar um filtro inicial,
foram realizados alguns testes com a base Scopus. O termo de busca inicial escolhido esta
em destaque no Quadro 2.

Quadro 2 — Testes para identificacdo de consulta Inicial

String de Busca Total
(TITLE-ABS-KEY(disaster OR crisis) AND TITLE-ABS-KEY(management)AND TITLE-ABS-KEY(system*)) | 23509
(TITLE-ABS-KEY(disaster management system*) OR TITLE-ABS-KEY(crisis management system*)) 23509
(TITLE-ABS-KEY(disaster OR crisis) AND TITLE-ABS-KEY(management)AND TITLE-ABS-KEY(system
OR systems)) 22133
(TITLE-ABS-KEY(disaster management system) OR TITLE-ABS-KEY(crisis management system)) 22133
(TITLE-ABS-KEY(disaster W/3 management system*) OR TITLE-ABS-KEY(crisis W/3 management
system*)) 8250
(TITLE-ABS-KEY(disaster PRE/3 management system*) OR TITLE-ABS-KEY(crisis PRE/3 management
system*)) 7608
(TITLE-ABS-KEY(disaster W/1 management system*) OR TITLE-ABS-KEY(crisis W/1 management
system*)) 7415
(TITLE-ABS-KEY(disaster PRE/1 management system*) OR TITLE-ABS-KEY(crisis PRE/1 management
system*)) 7170
(TITLE-ABS-KEY(disaster W/0 management system*) OR TITLE-ABS-KEY(crisis W/0 management
system*)) 6825
(TITLE-ABS-KEY(disaster PRE/O management system*) OR TITLE-ABS-KEY(crisis PRE/O management
system*)) 6754
((TITLE-ABS-KEY(disaster W/3 management) OR TITLE-ABS-KEY(crisis W/3 management*)) AND
TITLE-ABS-KEY(management W/6 system*)) 2242
((TITLE-ABS-KEY(disaster W/3 management) OR TITLE-ABS-KEY(crisis W/3 management*)) AND
TITLE-ABS-KEY(management W/3 system*)) 1752
(TITLE-ABS-KEY(disaster W/3 management W/6 system*) OR TITLE-ABS-KEY(crisis W/3
management W/6 system*)) 1246
((TITLE-ABS-KEY(disaster W/0 management) OR TITLE-ABS-KEY(crisis W/0 management*)) AND
TITLE-ABS-KEY(management W/0 system*)) 824
(TITLE-ABS-KEY(disaster PRE/3 management PRE/6 system*) OR TITLE-ABS-KEY(crisis PRE/3
management PRE/6 system*)) 806
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((TITLE-ABS-KEY(disaster PRE/O management) OR TITLE-ABS-KEY(crisis PRE/O management*)) AND
TITLE-ABS-KEY(management PRE/O system*)) 798

Fonte: O Autor.
As palavras que formam cada termo foram unidas por conectores de proximidade (/W
— within). Os termos foram ligados por conector booleano de opcao (OR). O plural da palavra

I3

“system” que compde o termo é representado através do caractere “*”. Tendo o termo de inicio
identificado, foi possivel analisar alguns numeros nas diferentes bases, como os totais
apresentados no Quadro 3.

Quadro 3 — String abrangente de busca (Scopus e Science Direct)

Base String de Busca Total
Scopus ((TITLE-ABS-KEY(disaster W/3 management) OR TITLE-ABS-KEY(crisis 1752
W/3 management*)) AND TITLE-ABS-KEY(management W/3 system*))
Science Direct ((disaster W/3 management W/6 system*) OR (crisis W/3 9054
management AND system*))

Fonte: O Autor.

Apesar dos numeros serem distantes, ndo é possivel realizar uma comparacéo direta
entre as bases, ja que cada portal possui seus préprios mecanismos de buscas e filtros. De
acordo com andlise superficial, a base de dados da Scopus mostrou mais proximidade
proporcional em relagédo a area de envolvimento dos trabalhos, tendo mais vinculos com o
dominio de sistemas e engenharia. Nos proximos paragrafos serdo apresentados alguns
nameros que refletem os trabalhos sobre o tema de acordo com a base encontrada.

Na Figura 22 é possivel identificar o crescimento dos nimeros de trabalhos publicados
principalmente nos ultimos 12 anos, mostrando também que o interesse nas pesquisas nhao
teve queda ap6ds o significado aumento, sugerindo que o tema ainda esta em destaque. E
possivel notar também que alguns trabalhos ja contemplavam tal assunto desde os anos 70,

mostrando que o tema ja era percebido, mesmo que timidamente, ha algumas décadas.
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Figura 22 — Trabalhos por classificacdo temporal
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Fonte: O autor.

As principais instituicbes nas quais os trabalhos estédo vinculados sdo mostradas na
Figura 23. Os numeros sugerem as entidades que possuem mais participantes atuando no
mesmo tema de pesquisa, dando maior credibilidade para a organizacdo no assunto
abordado. O gréfico também pode vir a mostrar que o alto nimero de publicacdes seja
originado por autores especificos, e ndo por equipes especificas dedicadas.

Figura 23 — Trabalhos por classificacdo de Afiliacdo
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Fonte: O autor.

A quantidade de trabalhos por autores ajuda a identificar os principais contribuintes
para o levantamento de informacdes sobre o tema abordado, mostrado na Figura 24. Com o0s
nameros é possivel também relacionar os autores com as instituices nas quais o trabalhos
estao relacionados, obtendo assim as principais referéncias sobre o tema de Gerenciamento
de Desastres.
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Figura 24 — Trabalhos por classificagdo de Autores
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Fonte: O autor.

Outra informagé@o considerada importante para a andlise inicial esta centrada no
namero de publicagdes por regido. Tal informacdo mostra as localidades que tem maior
interesse no desenvolvimento do tema de gerenciamento de desastres, e consequentemente
podem ter as melhores praticas e solu¢des aplicadas. Os niumeros sdo mostrados na Figura
25.

Figura 25 — Trabalhos por classificacdo de Paises
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Fonte: O autor.

Outra analise interessante para documentacdo € a identificagdo dos trabalhos em
relacdo ao vinculo de area de atuacéo e o tipo de publicacéo. Tais caracteristicas contribuem
para identificar as principais areas de interesse em relacdo ao tema abordado. Na figura 26,
€ possivel notar que o gerenciamento de desastres esta diretamente ligado aos aspectos de

sistemas, engenharia, geociéncias e ciéncias sociais. E possivel também identificar setores
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gue tratam algumas atividades em relacdo ao gerenciamento de desastres. Tais areas com
numeros reduzidos, na maioria das vezes, ndo trazem informagdes relevantes para o tema da

pesquisa, como nas areas de medicina e matematica.

Figura 26 — Trabalhos por classificacéo de Area e Tipo de Publicac&o
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m Revisdo (Conferéncia) = Artigo na Imprensa = Ciéncias Sociais Ciéncias Planetarias
m Livro = Breve Survey = Ciéncia ambiental = Negdcios e Gestdo
= Nota = Editorial = Medicina = Matematica

= Paper (Conferéncia) = Artigo

Fonte: O autor.

A analise quantitativa de documentos apresentada € de fundamental importancia para
a compreensdo da abordagem do tema em todo o planeta. A identificacdo de tempo, autores,
localidades, tipo de documentos e area de atuacgao, contribui fortemente para a construcédo da
base de conhecimento. No presente trabalho a revisdo de literatura empregada tem como
objetivo atender apenas parte da pesquisa, principalmente na identificacdo de requisitos
iniciais. Dessa forma surge a necessidade de reduzir a quantidade de documentos
encontrados, resultando somente nos trabalhos diretamente relacionadas com o tema
estudado.

O processo para atingir o resultado estipulado é realizado através da aplicacdo de
filtros, que por meio de métricas e caracteristicas pertinentes ao tema pesquisado permitem
resultar em um grupo reduzido de trabalhos, facilitando assim a andlise e extracdo do
conhecimento necessério. Os filtros séo trabalhados diretamente no afinamento do termo de
busca apresentado inicialmente, nos quais os passos aplicados sdo mostrados no Quadro 4.



Quadro 4 — Filtros aplicados nos termos de busca.
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Identificacao

Descricéo

String de Busca

Tot.

INICIAL

Texto de busca ainda
genérico, objetivando
retornar todos os
trabalhos relacionados
diretamente ao tema

((TITLE-ABS-KEY(disaster W/3 management) OR
TITLE-ABS-KEY(crisis W/3 management*)) AND
TITLE-ABS-KEY(management W/3 system*))

1752

RESTRICAO
DE BUSCA

O primeira restricdo foi
realizado na exclusdo
de busca por Abstract,

juntamente com a
reducdo do campo de
proximidade Within

((TITLE ( disaster W/0 management) OR TITLE (
crisis W/0 management* )) AND TITLE ( manage
ment W/0 system*)) OR ( ( KEY ( disaster W/0
management ) OR KEY ( crisis W/0 management
*)) AND KEY ( management W/0 system*))

329

IDIOMA

Restricdo de lingua
inglesa

( (TITLE ( disaster W/0 management ) OR TITLE (

crisis W/0 management* )) AND TITLE ( manage

ment W/0 system*)) OR ( ( KEY ( disaster W/0

management ) OR KEY ( crisis W/0 management

*)) AND KEY ( management W/0 system*)) AN
D (LIMIT-TO ( LANGUAGE , "English"))

314

AREA
(INCLUSAO)

Restricdo para
trabalhos com
participagOes nas area
de engenharia e
computagao

( (TITLE ( disaster W/0 management ) OR TITLE (
crisis W/0 management*)) AND TITLE ( manage
ment W/0 system*)) OR ( ( KEY ( disaster W/0
management ) OR KEY ( crisis W/0 management
*)) AND KEY ( management W/0 system*)) AN
D (LIMIT-
TO (LANGUAGE , "English")) AND ( LIMIT-
TO ( SUBJAREA, "COMP") OR LIMIT-
TO ( SUBJAREA, "ENGI"))

243

suB AREA
(EXCLUSAO)

Exclusdo dos trabalhos
com participagdes em
algumas areas.
Exemplos como
biologia, medicina e
psicologia.

( (TITLE ( disaster W/0 management ) OR TITLE (
crisis W/0 management*)) AND TITLE ( manage
ment W/0 system*)) OR ( ( KEY ( disaster W/0
management ) OR KEY ( crisis W/0 management
*)) AND KEY ( management W/0 system*)) AN
D (LIMIT-
TO (LANGUAGE , "English")) AND ( LIMIT-
TO ( SUBJAREA, "COMP") OR LIMIT-

TO ( SUBJAREA, "ENGI")) AND ( EXCLUDE ( SUBJ
AREA, "MATH") OR EXCLUDE ( SUBJAREA, "SOC
I") OR EXCLUDE ( SUBJAREA, "BUSI") OR EXCLU
DE ( SUBJAREA, "CENG") OR EXCLUDE ( SUBJARE
A, "ARTS") OR EXCLUDE ( SUBJAREA, "HEAL")
OR EXCLUDE ( SUBJAREA, "BIOC") OR EXCLUDE (
SUBJAREA, "MEDI") OR EXCLUDE ( SUBJAREA,

"PHAR" ) OR EXCLUDE ( SUBJAREA, "PHYS"))

167

Fonte: O Autor.

Apds todo o processo descrito, os trabalhos resultantes foram adicionados no

gerenciador de referéncias Mendeley (www.mendeley.com). A ferramenta foi escolhida

principalmente por fornecer diversos recursos que apoiam a pesquisa, como: facil visualizacao

dos principais campos que identificam o trabalho; classificacdo e organizagdo em diretorios;

sincronizacdo e compartilhamento; e banco de dados com SQL, permitindo integracbes

externas caso necessario.


http://www.mendeley.com/
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O processo seguinte, com apoio da ferramenta, foi analisar cada documento de acordo
com o titulo, palavras chave, autores de referéncia e resumo. A andlise dos metadados visa
correlacionar os trabalhos com o cenério de GD e Interoperabilidade, facilitando o descarte
dos documentos ndo aderentes ao tema. A analise resultou na aprovacdo de
aproximadamente metade dos trabalhos diretamente relacionados com o tema, com 81

documentos aprovados e 86 reprovados, como mostra o percentual na Figura 27.
Figura 27 — Percentual de Aprovacdo/Reprovacgéo

Selecao de Trabalhos

= Aprovados

= Reprovados

Fonte: O autor.

E importante ressaltar que a selecdo manual considerou a pertinéncia do tema com os
fatores adicionais a serem tratados no trabalho, como aspectos relacionados a
interoperabilidade e avaliagdo de praticas e sistemas. Os artigos aprovados seréo utilizados
como base de conhecimento para estruturar o presente trabalho. O principal objetivo da
obtencdo da biblioteca é ter parametros para identificar os principais requisitos utilizados no
gerenciamento de desastres. Do grupo final, também é possivel identificar os principais
autores com maior quantidade de publicagdo, como mostra o Quadro 5.

Quadro 5 — Principais autores selecionados.

Autor Trabalhos

frédérick bénaben

marina tropmann-frick
anne marie barthe-delanoé
christian neuhaus

hervé pingaud
sakkaravarthi ramanathan
bernhard thalheim
sébastien truptil
mohmmad b. Abdljabar
zubaida alazawi

Fonte: O autor.
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Todo o processo realizado nessa etapa do trabalho ndo garante que todo o material
necessario esteja contemplado nos documentos selecionados. Dessa forma, a presente
revisdo de literatura serve como base para constru¢do do conjunto de requisitos sobre o tema
gerenciamento de desastres. Os dados obtidos poderdo ser modificados de acordo com as
demais etapas da pesquisa, e estes apresentados ao decorrer do trabalho.

Além dos documentos obtidos através da RSL, outros poderdo ser acrescidos em
nossa base ao decorrer da pesquisa. Estes novos sdo na maioria das vezes trabalhos
considerados pertinentes devido as nhecessidades encontradas, obtidos através de
indicacOes, especialistas participantes, autores sugeridos ou temas apoiadores utilizados ao

decorrer da pesquisa.
3.2 BASE CONCEITUAL

3.2.1 Desastre

Um desastre é um evento destrutivo que possui vitimas como resultado (De Boer,
1995; Rutherford e De Boer, 1983). Seu impacto geralmente é classificado em dois modos:
direto e indireto. O impacto direto dos desastres inclui ferimentos humanos, danos as
instalagdes e perdas de equipamentos (Asgary et al., 2012; Rose, 2009). Ja o impacto indireto
esta voltado para as operacdes negociais, como redugcbes do valor de propriedades,
flutuagbes do mercado de acdes e possiveis efeitos sociais e ambientais (Rose, 2009). Os
desastres podem ocorrer como resultado de condi¢des imprevisiveis ou riscos subestimados,
sendo proveniente de causa natural, acidente técnico ou falha de sistema (Anthopoulos et al.,
2013).

A capacidade de prevencdo em desastres ainda € um ideal distante devido a
diversidade de fatores e inconstancias. Assim, a capacidade de uma organizacdo de se
recuperar de um desastre € muito critica (Yang et al., 2015). Neste cenéario o fator
“‘comunicacéo” é amplamente considerado como a principal tratativa para minimizar as
dificuldades em todas as etapas do DM. A comunicacdo é a base comum para executar a
resposta de emergéncia, sendo melhor abordada a partir de uma perspectiva sistémica,
considerando todos os fluxos direcionais de informacg@es, instru¢cdes e anuncios (Badiru e
Racz, 2013).

Existem protocolos que definem uma estrutura sistematica para comunicacao,
cooperagdo e coordenacdo no DM. Na maioria objetivam a melhora da comunicacao
principalmente na mitigacdo de problemas logisticos posteriores a desastres ou eventos
extremos, considerando também os fatores humanos. Tais protocolos descrevem quando algo
deve ser realizado, assim como mapeiam 0S recursos necessarios para cada situacdo. A

comunicacgdo estd ligada em diversas acdes do DM, como na divulgacdo de um plano de
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evacuacdo, captacdo de informacBes de sensores e previsdo de fluxo de rios (em cenério
especifico de inundacfes). De maneira geral o DM engloba uma infinidade de fatores
amplamente conhecidos e consequentemente com ac¢des predefinidas. O problema € que se
todos os atuantes (humanos ou sistemas) nédo tiverem uma integracdo adequada, as chances
de sucesso sao drasticamente reduzidas.

Tufekci e Wallace (1998) afirmam que a resposta a desastres tem suas atividades
separadas por fases. Inicialmente séo classificados dois estados de atuagéo: pré evento e
pds evento. O primeiro inclui a previsdo e analise de perigos potenciais e o desenvolvimento
de planos de acBes necessarios para a mitigagdo. Ja o pOs evento é iniciado enquanto o
desastre ainda estd em andamento, onde o desafio é localizar, alocar, coordenar e gerenciar
os recursos disponiveis. Um plano eficaz de resposta a emergéncias deve integrar ambas as
etapas dentro de seu objetivo, pois separar 0os objetivos pré e pos pode levar a solucdes
abaixo do ideal para o problema geral.

Para permitir que as etapas descritas possam ser integradas, Atlay e Green (2006)
descrevem um ciclo com quatro passos para interligar as fases. O ciclo abrange todas as
acoes descritas na classificacdo de Tufekci e Wallace (1998), a0 mesmo tempo em que
fornece uma visdo mais focada das acfes de gerenciamento de desastre — ndo apenas na
resposta (Waugh, 2000). A mitigacdo (1) é a aplicacdo de medidas que irdo prevenir o
aparecimento de um desastre ou reduzir os impactos na ocorréncia de um. As atividades de
preparacdo (2) organizam a comunidade para responder a um desastre. A resposta (3) é o
emprego de recursos e procedimentos de emergéncia, orientados por planos para preservar
a vida, a propriedade, o meio ambiente e a estrutura social, econdmica e politica da
comunidade. A recuperacdo (4) envolve as acdes tomadas a longo prazo ap6s o impacto
imediato do desastre ter passado para estabilizar a comunidade e restaurar alguma aparéncia
de normalidade. O Quadro 6 mostra as atividades tipicas de cada etapa do GD.

Quadro 6 — Ciclo de Gerenciamento de Desastres

Etapa Atividades tipicas do gerenciamento de operacdes de desastres

controle de zoneamento e uso da terra para evitar a ocupagao de areas de alto risco;
padrdes de construcéo para melhorar a resisténcia das estruturas; realizacdo de
seguros para reduzir o impacto financeiro; incentivos fiscais; e constantes analises
Mitigagéo para medir o potencial de risco.

recrutamento de pessoal; planejamento de emergéncia; desenvolvimento de
acordos de ajuda mutua e memorandos de protocolos; treinamentos para envolvidos
e interessados; educagdo publica; manutencdo de suprimentos de emergéncia;
desenvolvimento de sistemas de comunicacdo; e simulacdes de situacbes de
Preparacdo | emergéncias.

ativacdo plano de emergéncia; ativacdo do centro de operacdes; evacuacdo de
Resposta areas de risco; abertura de abrigos e prestacéo de cuidados em massa; atendimento
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médico; buscas e salvamento de pessoas em risco; recuperacdo de servigos
essenciais; e gestédo de fatalidades.

assisténcia financeira a individuos e governos; reconstrucdo de estradas e pontes

e principais instalacdes; cuidados sustentados para populacdes deslocadas;
Recuperacgéo | limpeza de detritos de desastre; e restauracao total dos servigos;

Fonte: Atlay e Green (2006).

3.2.2MCDM

A presente secdo visa identificar os principais métodos multicritério para apoio a
tomada de decisédo e andlise (MCDM/A Multi Criteria Decision Making/Analysis), que seréo
adotados na pesquisa para apoiar as avaliacdes e diagnosticos. O MCDM ¢é utilizado desde
0s anos 60 para auxiliar a tomada de decisdo nos mais diferentes setores, como educagéo,
construcao e transporte. As atividades de classificacdo, selecdo e avaliagdo podem ser muito
bem desempenhadas com a utilizacdo desse tipo de método (Alias et al., 2008). Na Figura
28, Cestari (2015) apresenta o processo base de tomada de deciséo.

Figura 28 — Processo de tomada de deciséo

]
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i Definir o Coletar by Identificar
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R problema requisitos . o alternativas
T metas de analise
[ E s |
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% & Defini Verifi
Lo Etinir o Definir o Aplicar o erficar 0s
a critério de = — AP resultados por .
= . MCDM meétodo : AL
o avaliagao inconsisténcias

Fonte: Adaptado de Cestari, 2015.

Existem diversos meétodos para apoiar a execugdo do processo, muitos com
ferramentas que facilitam ainda mais sua implementacdo. Os métodos AHP/ANP e
PROMETHEE foram selecionados na pesquisa por apresentar a proposta mais aderente com

0 objetivo. Estes sdo apresentados a seguir.

3.2.2.1 AHP

O método AHP (Analytic Hierarchy Process) foi desenvolvido por Thomas L. Saaty
(Saaty, 2003). Caracterizado como um dos principais métodos do tipo MCDM, basicamente
permite estruturar o contexto a ser aplicado em forma de hierarquia através da inser¢cao do
objetivo, critérios, sub critérios e alternativas. A comparacgéo € realizada em pares atraves de
uma escala fixa que leva o0 nome de seu autor (Saaty).

Constitui um método que visa estruturar hierarquicamente os problemas em: objetivo,
critérios, sub critérios e alternativas. Neste modelo, os critérios e subcritérios sdo comparados
aos pares em uma escala que varia de 1 a 9 (escala Saaty). Ap6és as comparacdes €

executado uma sequéncia de cdlculos que irdo permitir identificar os pesos relativos
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previamente configurados. E possivel identificar também importantes valores, como o fator de
inconsisténcia, que mostra o grau de conformidade das decisdes tomada. Esse tipo de
validacdo impede que os critérios utilizados sejam pertinentes durante a avaliagdo, dando
mais credibilidade para o processo (Saaty, 2003).

Com o método devidamente estruturado é possivel realizar a avaliacdo, resultando em
um ranking de acordo com os critérios utilizados, além de possibilitar a visualizacdo dos
percentuais para cada uma das alternativas consideradas. A ferramenta Super Decisions,
também de autoria de Saaty, traz uma interface que permite a facil utilizacdo do método,
inclusive com o devido funcionamento do ANP (Analytic Network Process). Este considera o
problema de decisdo como dependente de uma rede de critérios, permitindo uma avaliacao
de todo o contexto ou estruturas especificas. Em resumo, enquanto o AHP compara somente
alternativas em relacdo a um objetivo principal, o ANP confronta alternativas com relacdo a
diferentes grupos de fatores de niveis distintos, formando uma complexa rede de
comparag0des. Tal estrutura exige mais esfor¢o, porém com resultados mais precisos.

O AHP é mais aconselhado nos casos em que ha uma certa dificuldade para
quantificar e comparar os elementos utilizados na deciséo (Saaty, 2003). No caso de avaliagdo
da interoperabilidade essa complexidade € ainda maior, uma vez que sao considerados
diferentes terminologias e perspectivas, necessitando de uma percepc¢ao fortemente tacita.
Nesse contexto temos uma visdo abstrata dos elementos, com poucas possibilidades de
valoracdo, exigindo uma avaliacdo qualitativa. Como os requisitos de gerenciamento de
desastres também apresentam dificuldades para ponderacgéo de valores, o AHP se torna um
método adequado para modelagem e avaliagcdo voltada para a interoperabilidade em suas

diferentes perspectivas (estratégia, processos, informacéo e tecnologia).

3.2.2.2 Dematel

Do inglés Decision Making Trial and Evaluation Laboratory, o Dematel € uma
abordagem MCDM originada no Centro de Pesquisa de Genebra do Battelle Memorial Institute
(Fontela e Gabus, 1976). Constitui um conjunto de atividades que visa solucionar problemas
complexos envolvendo relacdes de influéncias entre multiplos fatores. Desenvolvido entre
1972 e 1979, o método é amplamente aceito como uma das melhores ferramentas para
resolver a relacdo de causa e efeito entre critérios de avaliacdo (Sumrit e Anuntavoranich,
2013).

De acordo com Falatoonitoosi et al. (2014), um dos principais motivos de seu sucesso
esta na possibilidade de mostrar graficamente as relacdes entre fatores, suas intensidades e
o grau de influéncia fornecida, recebida e resultante no sistema. A teoria dos “grafos” esta

empregada na sua légica principal, que tem como definicdo que uma melhoria em um fator
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causa poderd impactar significativamente na melhoria dos fatores efeitos. Tal tipo de
visualizagdo permite que possiveis melhorias no cenario possam ser avaliadas através de
uma simulacdo. Dessa forma fica mais facil identificar os pontos que realmente vao contribuir
com a melhora do cenério.

De acordo com Yang et al. (2015) os especialistas do cenario de gerenciamento de
desastres sdo compreensivelmente limitados, uma vez que tal ambiente pode ter seu
comportamento instavel, dificultando a compreensao. O mesmo autor apresenta em uma de
suas pesquisas o emprego do Dematel para identificar as influéncias dos fatores considerados
em sua identificacdo em DM. O processo aplicado no presente trabalho executa algo similar
nesta etapa, mas com as consideragfes obtidas sobre o ambiente através de seu proprio
levantamento.

Sumrit e Anuntavoranich (2013) definem a aplicacdo do método de forma processual,
tendo como inicio uma avaliagdo de especialista para correlacionar o grau de influéncia entre
os atributos. Apos aplicar alguns calculos (como normalizagédo, quantificar a influéncia e
calcular a intensidade dos efeitos provocados e recebidos) é possivel identificar trés grupos
basicos resultantes: atributos mais influentes, mais influenciados e mais ativos - listados no
Apéndice D. O método pode converter sistemas complexos em uma estrutura clara que
simplifica as inter-relagbes entre os fatores considerados facilitando a localizagdo dos
principais problemas e quantificando sua causalidade e influéncia (Lee et al., 2013; Zhou et
al., 2011).

3.2.2.3 PROMETHEE

Segundo Gomes et al. (2002), o PROMETHEE (Preference Ranking Organization
Method for Evoluation) faz parte do grupo de métodos de classificagdo com multicritérios de
avaliacdo, sendo exposto originalmente por Jean-Pierre Brans, em 1982. O método se baseia
em relag6es de subordinacao, levando em conta alguns elementos, como pesos dos critérios,
indice de preferéncia do decisor e funcdes de preferéncias. O PROMETHEE € um método de
superacdo, que consiste em construir uma relacdo binaria muito particular entre as
alternativas em analise (Scharlig, 1996; Vincke, 1989).

Uma boa ferramenta para suporte ao desenvolvimento do método é o Visual
PROMETHEE (VP Solutions, 2013). Os parametros do modelo a serem inseridos no software
contemplam: alternativas, critérios, cendrios e pesos dos critérios. Para cada um dos niveis é
possivel indicar a preferéncia e indiferenca, funcdes de preferéncia, entre outros. Tal cenario
permite avaliar elementos diferentes da proposta definida no AHP, sendo favoravel em uma
modelagem de informacdo com propriedades mais quantitativas e valoradas. Este cenario

contempla a necessidade identificada para a verificacdo da arquitetura de referéncia, aplicada
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através da avaliacdo dos requisitos frente as perspectivas tecnoldgicas e referenciais

normativos.
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4 CONCLUSAO

A pesquisa dedicou-se ao processo de avaliacdo de entidades/localidades que atuam
no gerenciamento de desastres através de estrutura proposta DIAM, considerando um ciclo
de avaliacdo com diferentes processos estruturados nos métodos AHP, Dematel, ANP e
PROMETHEE. Tal ciclo foi suportado por um modelo de estratégia de pesquisa em notacéo
IDEFO que detalhou todas as atividades, fases, recursos e mecanismos envolvidos na
construcdo do conhecimento envolvido e suporte ao espaco de avaliagdo proposto.

Uma andlise relacional foi conduzida para abordar a analise de requisitos de
gerenciamento de desastres que lidam com as perspectivas de interoperabilidade. O total de
127 atributos foram divididos em requisitos funcionais, ndo funcionais e solu¢des técnicas,
que permitiu a aplicacdo de dois passos do modelo QFD. Essa etapa foi desenvolvida em
paralelo com uma pesquisa de mestrado sob escopo do projeto maior, que tem como objetivo
fornecer uma arquitetura de referéncia para gerenciamento de desastres. Na concepcao dos
atributos, houve também a participacao de um terceiro participante do projeto, que forneceu
atributos voltados para mobilidade, uma vez que seu trabalho esta focado em um Sistema de
Medicao de Desempenho de Mobilidade.

Assim o IRM, matriz concebida para apoiar o processo, fez 0 mapeamento dos FR-R
em DM relacionados com as perspectivas de interoperabilidade fundamentadas no EIF de
Chen. O IRM atuou como uma ferramenta de suma importancia na concep¢do da estrutura
AHP e Dematel do DIAM, permitindo um diagndstico das diferentes vis6es da organizacao -
desde o nivel estratégico até uma visao granular sobre as capacidades de gerenciamento de
desastres. Tais diagnosticos puderam ser melhorados com a aplicagdo do ANP, que pode
mesclar os resultados obtidos anteriormente em uma andlise com diferentes niveis de
relacionamentos. Apés cada diagndéstico obtido foi possivel, através do DIAM PROMETHEE,
guantificar o grau de importancia de cada TS existente de acordo com os déficits gerados na
avaliacdo. Tal processo faz com que a arquitetura seja revisitada em coeréncia as
capabilidades diagnosticas da entidade em sua atuacdo em DM.

A aplicacdo inicial em uma importante empresa de TIC do sul do Brasil, que atua no
setor de tecnologia da informacdo e comunicacdo municipal, resultou em relevantes
informac0®es para a instituicao, além de perspectivas promissoras sobre a aplicabilidade do
modelo. Capacidades frageis e desconhecidas pela instituicdo puderam ser destacadas pela
corroboracéo entre DIAM e especialistas, facilitando a percepcao dos pontos fracos pelos
diretores da organizacdo em cenarios de gerenciamento de desastres. Além disso, a analise
de influéncia (sensibilidade) dos requisitos de DM identificados no nivel de maturidade global
da empresa, deu um apoio preliminar para uma agenda local de esforgos publicos e privados

para enfrentar as barreiras municipais.
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Foi demonstrado que o gerenciamento de desastres deve estar diretamente ligado as
questbes de interoperabilidade, permitindo uma operacéo integrada de todas as entidades
envolvidas durante um evento. Assim o modelo proposto de avaliagéo da interoperabilidade,
identifica a potencial interoperagdo em um ambiente de gerenciamento de desastres. O
modelo que propde um ciclo de desenvolvimento DMS, teve como base um conjunto de
especificacbes de arquitetura de referéncia (FR-R e TS) e um modelo de diagnéstico de
interoperabilidade (FR-R e I).

O ciclo proposto, promove uma revisdo, avaliacdo e melhoria da arquitetura de
referéncia para a realidade da entidade analisada com relacdo as suas capacidades de
interoperabilidade em cenarios de DM. Uma fase de modelagem de diagrama SysML também
foi considerada para suportar especificagcdes DMIS com énfase especial na DM e modelagem
de exigéncia de interoperabilidade, bem como comportamento complexo em relagdo a
dinmica de resposta a desastres. Estes focos sdo do projeto de mestrado da pesquisa (A)
mostrada na Figura 1.

O diagnéstico relativo a fase final do DIAM, envolvendo as perspectivas TS e |,
contemplou o resultado diagndstico identificado como FR-RW, que trouxe os pontos mais
fracos identificados na avaliacdo. Isso contribui com a revisdo da arquitetura criada, tendo
como base o método PROMETHEE. Para tal foi utilizado a dimensao TS-F juntamente com
os atributos fracos identificados na fase diagnostica (FR-RW) como principal entrada para o
método. Apds devida execucao das etapas padrdes do método foi possivel obter a priorizacao
da arquitetura para melhor atendimento em DM para o diagndstico obtido. A priorizacdo
também pode ser aproveitada na reestruturacdo da arquitetura de referéncia utilizada no
framework, maior destacada na Pesquisa A.

As futuras aplicacdes do framework podem estar relacionadas a outras entidades
publicas/privadas (defesa civil, bombeiros, engenharia de trafego) envolvidas em iniciativas
de gerenciamento de desastres. Uma visdo mais ampla das capacidades de gerenciamento
de desastres das cidades brasileiras podera ser vislumbrada. Tais aplicagdes contribuiréo
com o amadurecimento do framework proposto contribuindo a melhora continua do ambiente

de gestéo de desastres.
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Abstract

During a disaster, the more coordinated the response, the lesser its impacts are. One of the factors that has a
major influence in response coordination is the interoperability among involved actors — public and private
entities that interact to exchange information through the communication of people and systems. This factor is
critical because it allows an efficient and effective mobilization of available resources towards reducing the
effects caused by an event. This work proposes a framework for the development of Disaster Management
Systems (DMS) that promote real time communication (information flow and process coordination) among
different involved entities, primarily focusing on interoperability in its different levels. This framework is based
both on a literature review of scientific works and a survey of worldwide initiatives related to improving disaster
response. The main components of the related framework architecture are an SDK (software development Kit),
a common relational database, multiple communication platforms (e.g., a Web portal and a mobile app), and
low-cost hardware to better collect and make needed information available quickly and accurately.

Keywords: disaster management, interoperability, disaster management system, disaster response

1. Introduction

Imagine the following situation: the notification of a large crash on a highway simultaneously arrives at
more than one police or fire departments at the same time, either by SMS or phone. All of these police or fire
departments register the event in their own database systems, which are not integrated. The result most likely
will be:

e more than one response team being sent to the crash area to attend any casualties; and

e compromised mobility at the site, by the concentration of response teams’ vehicles in a small area.

This is a hypothetical situation that actually came to reality in the city of Witten, Germany. A small fire
occurrence mobilized many emergency teams from cities nearby. There were so many firefighter’s trucks and
police cars near the event site that it was necessary to create a special plan to remove all vehicles in order to
establish a normal traffic flow for the city and to better respond to the incident. This situation illustrates how
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important information flow and integration among different stakeholders involved in the response to an incident
are.

In most countries, officers and volunteers involved with disaster response use only land lines, mobiles
phones or radios to receive/transmit disaster notifications and dispatch response teams [1]. There is minimal
use of automatic or computer-supported/aided disaster management systems and people play a central role in
identifying potential situations and informing all interested parties. Additionally, there is seldom a way to detect
the proximity of a disaster, when possible, to try to minimize its impacts — either because of the lack of
information or the data required is spread through different sites or systems and is not analyzed in a joint manner
[2].

The problem described in the previous paragraphs is an interoperability problem. Interoperability is
considered the capacity that two or more systems have to collaborate, exchanging information and coordinating
actions. Interoperability, hence, is an important characteristic for a disaster management system. Today, there
are different tools and technologies that could be used to increase interoperability, guaranteeing a good
communication among stakeholders involved in disaster management and better organizing information,
making it accessible to all. These technologies, when used in the correct manner, are likely to increase the
effectiveness of disaster response.

This work proposes a framework for disaster management that enhances interoperability, presented in
Section 4. For this to be possible, different existing frameworks related to disaster response are examined in
Section 3, as well as the literature on disaster management and interoperability is reviewed in Section 2. It is
hoped that this framework may serve as the basis for the definition of the architecture of different disaster
management systems that integrate the efforts of responders and consolidates information related to disaster
management activities.

2. Review of Literature
Literature regarding disaster management and interoperability was reviewed and is presented next.

2.1 Disaster Management

The management of activities in disaster situations primarily focuses on three key aspects: the protection
of lives, property and the environment. Disasters may be classified as natural or human-caused. The first
category encompasses events like earthquakes, floodings, storms, hurricanes, tornadoes, cyclones and forest
fires. The second category encompasses events such as the collapse of buildings, airplane crashes and fires in
buildings. It must be noted that regardless of the category of the disaster, it is a huge challenge for emergency
services to mitigate such situations in an efficient and coordinated manner [3].

Information is an essential asset when it comes to handling different types of disasters in a rapid and
coordinated way. Police, fire, health, civil defense and other organizations need to be efficient when they work
not only individually, but also in a coordinated manner, considering the inter and intra organizational aspects,
in addition to different hierarchical levels [4]. Some authors argue that the response to a disaster requires a task
force in an attempt to predict how the situation will unfold or solve any issue mainly through the management
and integration of involved parties [5].

Coordination requires that the information is updated, requiring real-time communication. For that to occur,
the support of Information and Communication Technology (ICT) systems integrated in disaster management
is required, making the exchange and processing more efficient and safe [4]. Considering the fact that an ICT
system is a visible part of an organization, many collaboration and communication issues may be addressed
through the use of technology, particularly through the implementation of a Mediation Information System
(MIS) based on a Service Oriented Architecture (SOA) to allow the exchange of information between
stakeholders [6].
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In this regard, Crisis Information Management Systems (CIMS) have been part of the prevailing concept
of a MIS for disasters and emergencies. Its purpose is to provide a complete set of ICT functions to address the
many needs of the actors in disaster management. There are other terms, such as Critical Incident Management
System (also CIMS), Disaster Management Interoperability System (DMIS), and Incident Management
Systems (IMS), but CIMS is emerging as the preferred term for the entities that need to have such a system to
meet the main needs regarding to the management of a disaster, especially in the exchange of information,
allowing for joint and coordinated action of those involved [7]. Some of the actions performed by such systems
are [8]:

e assess the situation in the beginning and during the disaster;

e start, maintain and control communications;

e identify the incident management strategy, developing an action plan with existing resources;

e request additional resources;

e develop an organizational command structure;

e continually review action plans;

e provide continuation, transfer and termination of a call.

For disaster management to occur properly, it is required that the exchange of data between organizations
is updated in real time [4]. The efficiency of the response is determined by the speed and precision that
information can be managed and exchanged between partners (organizations, people, and devices involved in
the collaboration). Thus, the main goal of a framework for a disaster management system should be to address
the problems of collaboration of organizations through the use of interoperable systems that meet business
requirements [5].

2.2 Interoperability

Interoperability is defined by the European Commission as a broad concept encompassing the ability of
organizations to work together in pursuit of common and mutually beneficial goals [9]. Interoperability concepts
allow an assessment of attributes related to those involved, resulting in the actual capacity of communication
between them. This ability to interoperate can be affected by conceptual, technological and organizational
barriers [11]:

e Conceptual: syntactic and semantic differences in the exchange of information., usually associated

with a high level of abstraction.

e Technological: incompatibility of information and systems.

e Organizational: directly related to behavioral factors of the organization, such as business processes.

One of the main activities related to enhancing interoperability is the identification of the best assessment
method for each type of situation, allowing the measurement of the degree of interoperation between entities
(Enterprise Interoperability Assessment - EIA), which in turn helps the specification of integrated solutions in
the field. This type of evaluation identifies strengths and weaknesses, enabling the prioritization of actions in
order to enhance interoperability performance and maturity [10]. There are some models of Interoperability
Maturity Models (IMMs), resulting in the potential degree of interoperation and may be in relation to another
entity (a posteriori) or not (a priori) [11].

However, even with the support of EIA, applying interoperability concepts in an organizational
environment is not a trivial activity, and even more complicated in the public sector, since the complexity,
barriers and variables of a government organization can be different from those found in private companies.
The best definition of the activities to be taken are often specified in interoperability frameworks, which define
standards and best practices aiming at the success of organizational interoperability. According to the EIF
framework, the interoperability architecture of an organization is not static, and over time, according to
technologies, standards and requirements may be modified to better fit its needs [12].
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3. Related Works
Among several initiatives, this paper highlights some of the most relevant for disaster management and
interoperability.

3.1 DECIDE (04/2015 - 06/2016) - Decision Support System for Disaster Emergency Management
(Greece)

DECIDE aims to support emergency situations arising from both natural and human causes by enabling
authorities to enhance their resource use capacity and contributing to the prevention of problems. Its premise is
that actions needed to handle a disaster are not performed effectively, failing to engage different parts of the
solution and seldom creating preventive actions. To address this issue, DECIDE proposes an Intelligent
Decision Support System (IDSS), which promotes increased efficiency and managerial skills of local authorities
and stakeholders to respond effectively to natural and human disasters, with specific goals like [13]:

¢ use of innovative technologies strengthening the capacity of local authorities for effective and efficient
coordination in the prevention and response processes against risks;

e strengthen the capacity of local society to take immediate action in critical moments of an emergency
event, often preventing the expansion to a larger disaster, considering all sectors that can contribute to
the control of the event, such as public authorities, non-governmental organizations, volunteers, the
private sector and media, among others;

e reach everyone involved through training and information sharing; and

e contribute to economic and social development of the regions involved, in a safe, effective and
affordable way.

The proposed IDSS supports: civil protection units; routing in emergency situations; recommendations for
optimization measures considering a cost/efficiency analysis; GIS-based network (Geographic Information
System) and risk mapping; definition of roles and responsibilities; alerts and warnings; management scenarios
and users; and different user interfaces (Web-based, smartphone-based, and others).

3.2 SAVE ME (10/2009 - 09/2012) - System and Actions for Vehicles and transportation hubs to
support Disaster Mitigation and Evacuation (United Kingdom)

SAVE ME aims at developing a system that detects natural and human-caused disasters throughout the
transportation infrastructure, with a strong focus on evacuation, in order to preserve the lives of all those
involved. It considers special cases, such as children, the elderly and even disabled, which may have greater
difficulty in these situations [14].

SAVE ME is based on a common ontological framework for hazard recognition, classification and
mitigation, innovative algorithms on human behavior, standardization of elements of human intuition and other
holistic visions of disaster management. It uses a Wireless Sensor Network with a fault tolerant communication
network infrastructure for emergency detection, environmental awareness and travelers position and
movements monitoring. This information is used in a real-time data simulator along with a Decision Support
System, which results in actions to be taken in disaster mitigation.

SAVE ME is also concerned with the training of those involved, providing content and tools for operators,
rescuers and the general public. It also provides guidelines to infrastructure/vehicle operators and designers,
and standardization measures for policy makers. Studies related to the use of SAVE ME in the United Kingdom
have shown that:

e it generated an ideal evacuation plan for every traveler class, providing 98% of accurate information

to users;

e 96.5% of emergency events detected by the Wireless Sensor Network (WSN) were transmitted to the

system Decision Support (DSS) within 60 seconds;
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e it detected 100% of travelers and rescuers with a location module indoors;

e  95% of respondents state that the system could improve the general procedure for passenger evacuation
in emergencies, and 60% reported that it would change the way they would behave if faced with an
emergency situation; and

e 26% of respondents specifically highlighted the effectiveness of its Collective Herding Guidance
Screen.

3.3 SAFETRIP (10/2009 - 03/2013) - Satellite application for emergency handling, traffic alerts, road
safety and incident prevention (France)

The overall objective of SAFETRIP is to improve the use of road transportation infrastructure and alert
systems, mainly through information on prevention and intervention in case of incidents, providing an
integrated data capture for greater safety of those involved. SAFETRIP contributes directly to the concepts
involved in the safety of road transportation, resulting in the reduction of road deaths and environmental
protection [15]. The main contributions of the initiative are:

e anintegrated platform that allows any company to develop applications for the road market;

e innovative satellite technologies and communication features, mainly through precise satellite

positioning (GPS/EGNOS/GALILEO) and two-way data communication via satellite; and

e integration into vehicles of a device called “Greenbox” that offers universal two-way communication

for emergency and disaster recovery situations.

4. Disaster Management System (DMS) Framework

This section presents the proposed framework for the development of a Disaster Management System
(DMS) based on the review of the literature and the analysis of related works aimed at providing a greater
degree of effectiveness in disaster management. During the literature review it was found that there are some
indispensable features for such a system like: interoperability between modules, use cases modeling, Web-based
user interface, continuous operation, different access levels, and data integrity. There are also desirable but at
first dispensable features such as access to GIS information, quick reports, and spatial querying, among others.
The proposed framework guides the conception of a DMS to make use of low cost software and hardware
resources, and provide a more efficient way to establish integrated communication between stakeholders
involved in a disaster online and in real-time.

Through a modular approach, new modules could be included or removed according to necessity. An
engine working 24/7 could detect and automatically prevent a hazard or send actions items for the interested
parties. Connections with mobile devices could help stakeholders to work in any place. Old data stored in a
database could be accessed and used as a knowledge database. Interoperability between the modules could
guarantee the flexibility and reusability of the system core and stored knowledge data. A clustered server
approach could be used to guarantee the continuous operation in case of technical outages.

The proposed DMS architecture is based on a database architecture in which the stored information is
provided by the population, official entities and low cost hardware devices. For example, a person could use a
Web-based portal to inform that a tree fell on a street. A police man could inform by his car terminal that a
street is closed. A firefighter could use a mobile app to inform the necessity of volunteers to help in a forest fire
occurrence. Sensors could identify that a river level is above normal and send an alert to the database. Then an
engine can identify and filter information based on previously registered thresholds and generate and send
events for the everyone that is interested.

The proposed DMS framework architecture can be divided in the following parts:

e Main database: stores details of all occurrences, as well as any relevant information related to them.

e Auxiliary Database: stores users, access rules, alert descriptions, alert thresholds, access levels, event

types and event subscribers. This database also contains reports scripts.
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e Engine: softer, multithread service, responsible to examine all occurrences based on their types,

thresholds and origin, generating the related action items and sending them to the correct destination.

e Administrative User Interface: applies access rules and enables/disables users. Only a restricted group

of people needs to have access to this.

e User Interface: Web portal, mobile app, desktop software, or dedicated hardware, among others. These

will be the interface through which someone is able to register occurrences, or receives notifications.

e SDK (Software Development Kit): Windows DLL or OCX or other computational component

possessing a standardized set of rules and protocols that enables the development of computational
systems that may access the system to communicate with it, providing or receiving information. This
module is dedicated to developers that are responsible to develop and integrate systems. The SDK is
also a way to improve the interoperability of the system.

Figure 1 shows the preliminary proposed DMS conceptual model. At first, probably, not all components
will be implemented but the figure demonstrates the power of this architecture to integrate different
stakeholders. The modular approach and the concern with interoperability between modules allows that new
components could be included at any time. The engine could implement "use cases™ that are related to inquires

from the different users or teams.
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Figure 1: Proposed Disaster Management System conceptual model

The interoperability between the modules could be increased through a common ontology and taxonomy
developed and based on works found in the literature, initiatives found around the world and data collected with
specialists and possible stakeholders/final users.

5. Conclusion

This paper demonstrated that interoperability and rapid, safe and efficient communication between parties
involved in a disaster is primordial to responding to it and managing it as effectively as possible. Features found
in some initiatives implemented around the world related to disaster management and others related to the
literature on disaster management and interoperability where considered. It has been seen that some of these
features are essential for a disaster management system to be successful. A proposed framework based on the
most common features encountered in the literature review and related works was presented and explained in
order to support the DMS development. The resulting architecture may be used to both diagnose an existing
disaster management system in order for its interoperability to be assessed as well as help design disaster
management systems that are more interoperable and efficient.

Next steps in the project include extending the framework taking into account a systematic literature review
regarding requirements for disaster management systems and the testing of this framework in a real situation,
both for diagnosing a disaster management system in view of its redesign and designing one for a totally new
context.
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Abstract

It is noticeable the growing of the various types of concerns in large centers, whether by citizens or public officials. In that
sense, an important dimension is the crises management such as in cases of natural disasters. This scenario calls for a task
force in an attempt to predict or solve emergencies, especially in managing and integrating public and private spheres, which
in turn are centered on public authorities, service providers, citizens, volunteers and systems. In order to allow the exchange
of information and joint actions of those involved entities, the fulfillment of interoperability requirements become a critical
factor promoting improved performance of the actions taken in situations of crisis. Based on the literature and related
worldwide initiatives, the main concerns and attributes of crisis management are identified from the perspective of
interoperability. Founded on this knowledge a framework that supports a Disaster Response Management System (DRMS)
development cycle is proposed. In this paper, a focus is done on a diagnostic step based on a Multi-criteria decision analysis
(MCDA) in order to assess potential interoperability of a public entity or locality. The proposed MCDA method facilitates
the specification of integrated solutions for the public sector to meet interoperability requirements in disaster management
(DM) scenarios. In this paper the assessment method was based on the Analytic Hierarchy Process (AHP) whose one
instance was applied to a company involved in DM domain, responsible for municipal technology sector. The findings show
the main gaps of the entity under the interoperability perspective, allowing the identification of key areas for improvement
of its DM capabilities.

Keywords: Disaster management system; interoperability assessment; disaster response; multi-criteria decision analysis.
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1. Introduction

Regardless of its nature, a crisis is considered an abnormal situation, usually resulting from an instability that
impacts a part of society with unacceptable consequences. A crisis situation can emerge in different contexts -
political, military, economic, humanitarian, social, technological, environmental or healthcare. Lately, it is
noticeable that authorities are increasingly seeking solutions to improve the management of crises. Part of this
growth is due to increased citizen participation. Through the ubiquitous use of technology, people are both more
collaborative in crisis moments and demanding more transparency by closely monitoring measures taken by the
responsibles [1].

In this sense, crisis management is becoming more and more relevant. Managing a crisis involves the
participation of various entities working together in an action cycle based on four main phases: mitigation,
preparedness, response and recovery [2]. The response phase is both relevant for meeting performance
requirements and critical for the support that may be provided to any impacted group of individuals. Efficiency
in managing a crisis is measured by the speed and precision with which information is managed and exchanged
among partners (i.e., organizations, people, and devices involved in the collaboration). Thus, successful crisis
management requires full integration of all of the involved, particularly in response actions [1].

It is possible to analyze a the management of a crisis considering the viewpoints of two important entities
directly involved in this kind of unexpected situation - firefighters and police officers. For instance, in the case
of notification of a large crash on a highway, information usually arrives simultaneously at more than one police
or fire departments without proper control and information sharing. This results in more than one rescue team
being sent to the scene and impairs mobility due to the concentration of rescue vehicles. This highlights the
importance of information exchange and integration of different services involved in providing response to an
incident and shows the relevant role interoperability among these entities plays in these situations.

Interoperability can be defined as a broad concept encompassing the ability of entities (e.g., organizations or
systems) to work together in pursuit of common, mutually beneficial goals. Thus, if two or more entities do not
have the ability to collaborate, exchange information and coordinate actions, they cannot be considered
interoperable [3]. For entities to become interoperable, they must meet certain common goals and requirements,
which in turn must be set according to their application domain. To identify their capabilities to interoperate,
entities should be subject to an assessment, which allows stressing out how a particular entity is interoperable
in its application domain. This is particularly true if the application domain is crisis management.

This paper presents a Disaster Response Management System (DRMS) development cycle framework with
a focus on a diagnosis step devoted to potential interoperability assessment of a public/private entity or locality.
The proposed approach uses a multi-criteria decision analysis structure based on AHP (Analytic Hierarchy
Process) and helps organizations perceive their strengths and weaknesses, devising actions closely related to
their ICT capabilities to increase performance and maturity. The diagnosis results support the specification of a
DRMS that fulfills interoperability requirements coherent to entity capabilities in disaster management.

The paper is structured as follows. Section 2 presents the main worldwide initiatives, as well as the literature
review to investigate performance perspectives and the effectiveness of the actions taken in disaster management
together with the principles of interoperability. Section 3 describes the interoperability assessment model for
crisis management considering all the artifacts used in its development. In section 4 the assessment model is
applied to a real case, allowing the evaluation of a given entity and its environment regarding its interoperability
capabilities. The company responsible for Curitiba (southern capital of Brazil) municipal technology sector was
chosen as an application case. Finally, in the conclusion section, the main outcomes, lessons learned and
research perspectives are presented.
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2. Scientific scenario and related works
2.1. Disaster Management

There are three main aspects to be considered in managing disasters - protection of life, property and the
environment. Disasters are usually classified into natural or man-caused. The former are in relation to events
such as earthquakes, floods, storms, hurricanes, tornadoes, cyclones and forest fires. The latter covers events
such as the collapse of buildings or accidents involving airplane. Regardless of the type of disaster, achieving
an effective and coordinated action is a difficult task for first responders [4].

The different rescue organizations such as the police, the fire department, health services, civil defense and
others must be efficient when working in a collaborative way, considering the inter and intra organizational
aspects, in addition to the different hierarchical levels of each involved team [5]. Thus the exchange of
information becomes an essential prerequisite for dealing with the different types of disasters in a fast and
coordinated manner. Proper management and integration of participants is required in enabling the exchange of
information targeted at prevention or mitigation of crisis situations [1]. Thus the whole operation requires that
information is kept as up to date as possible, requiring real-time communication between participants.

This real-time exchange drives the need to integrate characterized information and communication
technology systems (ICT) in delivering disaster management, to provide for efficient and safe exchange and
processing [5]. Most collaboration and communication issues in companies are supported by Information
System (IS) without capabilities to face process coordination and information flows among heterogeneous
entities and systems. The implementation of a Mediation Information System (MIS) supported by Service
Oriented Architecture (SOA), represents an interesting solution allowing an evolutionary monitoring of the
crisis scenario and the management of information among entities involved [6].

Thus, in the field of emergency and disaster, Crisis Information Management Systems (CIMS) or Disaster
Management Interoperability Systems (DMIS) have been part of the prevailing concept in use in real cases as
proposed in [7, 8]. Their main objective is to provide a complete set of ICT functions to address many needs of
the players in crisis management. CIMS has been highlighted as a preferred system by entities to meet the main
needs of crises situations, in particular, the exchange of information, enabling efficient joint and coordinated
actions by those involved [7]. Some actions performed by these types of systems [9]: ongoing assessment
throughout the crisis period; start, maintain and control communications; identify the incident management
strategy; decision-making based on resources available; request additional resources; develop an organizational
command structure; continually review action plans; provide call continuation, transfer and termination.

Therefore it is noticeable that efficient crisis management occurs when the information is exchanged and
updated in real time among the organizations involved. Communication is the common basis for execution of
emergency response and is best approached from a systems perspective considering all the directional flows of
information, instructions, and announcements [10]. These requirements suggest the use of technology tools to
control and manage data according to each occurrence [5]. Most often the speed and accuracy with which
information can be managed and exchanged between the partners (organizations, people, and devices involved
in cooperation) contribute to the response efficiency levels achieved [1].

But this is not the only important part in allowing the operation of entities. Organizations must adopt norms
and standards established for their domains, contributing to the interoperation of activities. Given syntactic and
semantic requirements, alignment of business aspects of the organization, such as processes and business, with
the standard established is essential. The rules for the sector already address cultural and legislative aspects,
different practices and a number of other factors that may contribute to loss of organizational interoperation
[11]. It has become possible to notice that the previous generation of systems did not have this foundation of
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standards to rely upon. Every time a new system was built, a new communication and networking scheme had
to be built. In many cases, interoperability was not taken into account in the design of these systems [10].

With the need for better integration and management, organizations have also become concerned about the
quality of their participation in the domain of action. Entities are seeking to evaluate their interoperation
capability, aiming to improve the organization’s performance and also contributing to a more efficient
environment [12]. The assessment of a company’s interoperability is crucial in identifying its weaknesses. In
terms of activities relative to crisis management, every improvement can be even more important, since this
domain is directly linked to emergencies involving risk for citizens. Once the weaknesses have been identified,
these activities can be improved and risks reduced, contributing to the efficiency of the process. Evaluations can
be performed in comparison with other entities (a posteriori) or with a generic domain (a priori) [14].

Among the phases of crisis management, the response step is the most important because this phase does not
allow errors, requiring coordinated and efficient actions, which is even more difficult with the participation of
multiple entities. The interoperability aspects and their assessments contribute to the success of these activities
[12].

2.2. Interoperability

Interoperability is considered progressive when organizations start to communicate and share information,
and together create performance conditions that would be hard to achieve individually [15]. Going beyond
people, machines and systems, interoperability is becoming a key success factor in all areas. The concept of
interoperable systems therefore requires considerable attention to ongoing assessment and improvement [11].
A broad concept, encompassing the ability of organizations to work together in pursuit of common and mutually
beneficial goals, is representative of one of the definitions of interoperability [13]. This ability to interoperate
can be affected by conceptual, technological and organizational barriers, which are classified [14]: Conceptual
concerning different ways to represent and communicate concepts; Technological in connection with data and
systems incompatibility; Organizational as regards different methods of work.

Enterprise Interoperability Assessment (EIA) allows the measurement of the degree of interoperation
between entities, which in turn helps in specifying integrated solutions for the domain as well as the adjustment
and adaptation to improve the activities of those involved [11]. This type of evaluation identifies strengths and
weaknesses imposed by interoperability barriers, enabling the prioritization of actions in order to enhance
interoperability performance and maturity.

Literature presents several assessment methods and models [16]. Evaluations can be based on Interoperability
Maturity Models (IMMs) in order to infer the potential interoperation degree [17]. Assessment approaches
should be deployed according to the domain to be assessed and may require a brief survey to identify the
attributes and criteria that best characterize the domain from an interoperability perspective [18]. In the context
of this paper, the assessment approach relies on the application of interoperability concepts in order to evaluate
the entity’s level of coverage in the crisis management domain, thereby allowing identifying possible
adjustments in improving disaster response performance.

The need to interoperate in crisis management activities determines how operations and services are
provided. Responsibilities involved in this scenario can be divided into state, national or even international
spheres, represented by different teams from different public or private entities such as civil defense, firefighters,
police, etc. According to [12], entities involved mainly in crisis management should work through a life cycle
consisting of phases (actions): prevention (Prev), preparation (Prep), response (Resp) and recovery (Recv). The
authors seek to identify relationships in each stage of the crisis process, promoting improvement of inefficient
points and enhanced performance of Disaster Management Organizations (DMOSs).
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In [19] the authors advocate that the analysis and search for interoperability requirements focuses on
integrating lifecycle approaches applying the Enterprise Architecture approach (EA). A GERA modeling
framework section is related to a lifecycle-based formalism, mapping each phase (identification, concept,
requirements, design, implementation, operation, decommission) into disaster management task force (DMTF)
actions (Prev, Prep, Resp, Recv) [12]. Disaster management project lifecycles are then linked to Chen’s
Enterprise Interoperability Framework (EIF) [20] in order to highlight the degrees of importance of the EIF
guadrants in DMTF actions. This approach is closely related to our proposal, differing in the fact that each
interoperability concern and barrier in EIF should be equally addressed in order to assess entity and system
interoperability capabilities.

The advent of the Internet-of-Things (loT) is bringing increasing complexity and diversification in
information systems, making interoperability a key requirement for their scalability and sustainable
development. In the crisis management context [21] the situation is different because, most of the times, the
process involves a very heterogeneous group of entities that must work together in providing services and
responses. In this case, ontology is used to identify and relate the different types of agreements between
organizations, thus helping to create a unique environment that can communicate using the same patterns,
leading to the concept of Interoperability-of-Everything (IOE) in order to overcome semantic interoperability
barriers.

2.3. Worldwide Initiatives

A survey of the initiatives within the crisis management domain collaborates with the identification of best
practices and technical requirements capable of supporting the development cycle of Disaster Response
Management System (DRMS). These systems are characterized as DMSs (Disaster Management Systems) and
are mainly focused on the response to a particular occurrence. Some successful worldwide initiatives are
presented next. They collaborated with the identification of relevant attributes with respect to disaster
management scenario assessments, as well as in supporting a relational study between these attributes and ICT
interoperability requirements.

SAFETRIP [22] - Satellite application for emergency handling, traffic alerts, road safety and incident
prevention (France)

A noticeable increase can be perceived in driver assistance systems research and development. These systems
are based on automated technologies and sensors capable of detecting the traffic situations around the vehicle
and either warning the driver or automatically performing some mechanical action. In addition to vehicles, roads
have also received significant improvements. Intelligent communications systems that interact with many
devices and vehicles are being deployed with good results [22]. Along this line, SAFETRIP is one of these
intelligent systems designed to improve the use of the road transport infrastructure generating alerts with many
degrees of importance: informative, preventive, promoting actions, etc. This system helps to reduce the number
of accidents and deaths as it increases stakeholder mobility and information distribution. Vehicles can be
interconnected via different media (called ICT) such as telephone channels, satellite and Wi-Fi, radio, etc. In
order to enhance information exchange capabilities, new satellite technologies are being implemented to
improve the communication in extreme environments and other problem situations [22].

DECIDE [23] - Decision Support System for Disaster Emergency Management (Greece)

This project aims to provide assistance during emergencies resulting from natural causes or by human action,
targeting improving the capability of resources involved, as well as preventing future events. The development
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was motivated by the high complexity of the actions required in disaster situations. Quick responses and
development of prevention plans are difficult due to this complexity. In minimizing these difficulties, DECIDE
proposes an Intelligent Decision Support System (IDSS) to promote higher efficiency and enhance management
capability of local stakeholders and entities responsible for effective response to all types of disasters. The
system proposes some goals, encouraging the use of innovative solutions and technology bases in increasing
the capability of local authorities in delivering effective and efficient coordination of prevention and response
procedures. These procedures should address risks and enhance the capability of society and volunteers to
support local disaster control, thus avoiding further losses. The main way of achieving these goals is through an
IDDS with the main features shown below:

e allocation of civil protection units;

routing and guidance in emergency situations;

network and risk mapping based on geographic information system (GIS);

viewer roles and responsibilities;

alerts and warnings;

management scenarios and users;

multiple end user interface support (web, phone etc.).

SAVE ME [24] - System and Actions for Vehicles and transportation hubs to support Disaster Mitigation
and Evacuation (United Kingdom)

In recent years, large numbers of people have died due to natural disasters, fires in tunnels and public
transport terminals. In addition, governments still have face the difficult task of dealing with the threat of
terrorist attacks. Man made or natural disasters always require fast and coordinated response often resulting in
mass evacuation scenarios. Project SAVE ME aims to prevent these disasters by developing systems that detect
both types of events. The system must support mass evacuation procedures in a very short time protecting the
lives of all stakeholders. The system also provides features to handle all kinds of people, including people with
disabilities [24]. To achieve its objectives, the project presents an ontological framework capable of recognizing
the different types of threats, classifying them and proposing possible solutions for their reduction. The approach
is based on a complex and innovative human behavior based algorithm (under stress, panic and strong emotions,
etc.). These behaviors can be indicative of abnormal conditions and serve as alert triggers to be sent to the
respective persons/entities responsible.

e-PING [25] - Electronic Government Interoperability Standards (Brazil)

e-Ping defines a minimum set of assumptions, policies and technical specifications that drive the use of
Information and Communication Technologies (ICT) in the Brazilian federal government, establishing the
integration terms with other branches and levels of government as well as society at large. Brazilian entities
must be e-Ping compliant in system planning, acquisition of new equipment, implementation of IT services,
during system developments or upgrades. Some entities are voluntarily adopting e-Ping through direct changes
in their management or by contracting service companies already compliant to the new standards and this way
increasing interoperability and security in their communication transactions [26].

In disaster scenarios, the adoption of open e-government [27] standards for all stakeholders involved will
help in ensuring information and communication security, given this is one of the underpinning assumptions of
e-Ping. Literature reviews corroborate the fact that adopting common standards during the development and
implementation of new Disaster Management Systems was a common requirement of many systems currently
in operation. Therefore, adopting e-Ping implies in increasing interoperability among entities involved, as well
as facilitating the inclusion of new partners and technologies in the future.
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IsyCri [28] - Systems Interoperability In Crisis situation (France)

The IsyCri project began in 2007 and ended in 2010 and defined a MIS (Mediation Information System)
devoted to connecting (at cell level) players responsible for the reduction of crisis situations and ensuring their
interoperability, supervising their collaborative workflows. The general principle of IsyCri relies on the belief
that integration between the parties is a crucial step towards the successful reduction of a crisis. Therefore,
interoperability is IsyCri’s central concern, ensuring integration and communication among partners, as well as
defining collaborative maturity levels.

In a crisis context (natural disasters, accidents, conflicts, industrial accidents, etc.) different participants
(medical units, police, etc.) have to work simultaneously and very quickly. Cooperation among them and the
ability to coordinate their actions is essential in achieving a common goal — reduction of the crisis situation. In
this sense, the main point of the ISyCri project was to provide partner organizations, involved in managing the
crisis through MIS, capabilities to merge their heterogeneous and autonomous Information Systems (IS) into a
global System (SoS - System of Systems). The following tasks were defined for its implementation:
¢ ontology construct of the system studied including, e.g. people, local nature, goods, and characterization of
the crisis by identifying its elements such as type, severity, trigger, etc.;
logical modeling of MIS (Mediation Information System);
technical architecture modeling and projection of logical view of the technological vision;
study of dynamics;
experimenting acting as a generic part of the project, based on specific use cases in order to verify the
described principles.

3. DRMS development cycle framework

The proposed DRMS development cycle framework shown in Fig. 1 aims to provide organizations with the
opportunity to discover and evaluate their strengths and weaknesses, facilitating the prioritization of actions to
improve their performance and maturity in disaster management. The idea of the proposal is to use the concepts
found along with the aspects that directly reflect domain interoperability issues to achieve disaster management
(DM) objectives.

The proposed framework is centered on a Disaster Interoperability Assessment Model (DIAM), which aims
to evaluate a reference DRMS architecture according to potential interoperability aspects of companies.
Therefore, the diagnosis promoted by DIAM allows a granular assessment of capabilities in public or private
entities involved in DM. This capability analysis enables the execution of a deeper relational review of the
functional and technical requirements of the reference architecture with DM attributes. The main phases, steps
and components of the development cycle framework are shown in Fig. 1.
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Fig. 1. DRMS development cycle framework

In Phase 1 (Knowledge Acquisition), DRMS involves knowledge that can be obtained from different sources,
such successful initiatives, literature reviews and consultations with experts. The resulting knowledge base is
divided into three aspects: (i) a large set of information that can be understood as DM attributes, consensus of
disaster management specialist; (ii) system requirements benchmarked against existing DMS initiatives; (iii)
interoperability aspects (concerns and barriers) identified from the main EIFs, aiming to organize DM
knowledge and fulfilling assessment requirements imposed by DIAM.

The data set (DM attributes) consists primarily of needs found within the crisis management domain, such
as connectivity, safety, flexibility, among others. Characteristics that enable identification of the necessary
means to ensure that the needs are supported can also be identified, such as bandwidth, proxy settings and tools
for system adaptation (system requirements). Use cases should also be included in system analyses and usually
presented directly by stakeholders involved. All of these DM attributes must meet interoperability requirements
(I, after undergoing a refining process.

After carrying out the research and consulting specialists (Phase 1), numerous DM system requirements and
attributes will be listed and organized in Phase 2 (Knowledge Organization), as shown in Fig. 1. The list will be
classified by characteristics, allowing for a better structure, understanding and use of the knowledge. Thus, DM
attributes and DMS requirements are separated by their characteristics based on software and system
engineering guidelines. With respect to the interoperability aspects of these attributes, based on Chen’s EIF
framework, are then correlated and organized pursuant to business, process, service and data concerns.

Thus, phase 2 aims to separate the knowledge generated into four data sets (perspectives), facilitating the
identification and use of the information obtained. First, as illustrated in Fig. 2, the characteristics will be
classified into three perspectives: Functional requirements (FR), non-functional requirements (NFR) and
technical solution (TS). The fourth, and last perspective, is the interoperability knowledge (1), which later serves
to submit the related DM attributes identified to interoperability assessment.
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16 outside consulting X

17 false phone calls X

18 robust system X

19 user hierarchy X
20 access levels X

21 reliability X

Fig. 2. Knowledge organization excerpt

The first three perspectives (FR, NFR, TS) must be properly sorted according to their degree of importance,
as some may be irrelevant regionally and others may be necessary in a first implementation. For example, ice
detection device for the road does not make sense in a desert or tropical region where temperature never falls
below 26 degrees Celsius. In order to find out which requirements/attributes should be implemented or discarded
by undertaking a relational review and analysis, the QFD (Quality Function Deployment) method is used [29,
30]. Each QFD is represented by a matrix in which the characteristics are expressed in text and their relationships
are represented numerically. For our proposal needs, this relational approach is shown to be appropriate in the
way qualitative data is transformed into quantitative values or into design requirements that could be used by
the engineering team.

The central objective of a QFD is to separate the DM requirements and attributes into groups, translating text
expressions into quantitative values that will be applied to help engineers decide what should be implemented,
or not. The QFD stages involved aim to help in choosing the more relevant requirements for the development
of the proposed DRMS through its life cycle towards the review of the technical reference architecture (Phase
3 — Assessment Cycle, Fig. 1). These QFD stages are presented in more details next.

3.1. Knowledge organization and relational modeling process

Since the goal of this project is to propose a framework capable of assessing the interoperability potential of
a public entity or locality, in order to support a reference architecture specification, the relational modeling
process is illustrated in Fig. 3. The diagram is based on relational structures (QFD1, QFD2 and IRM) and
characterizes two different development routing: (i) requirement identification, analysis and technical solution
mapping acting as input for SysML specification and analysis of the reference architecture; (ii) requirement
identification, analysis and DM attributes mapping across interoperability perspectives in order to support the
DIAM - AHP based method construction and execution.
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Fig. 3. Relational modeling process

Considering Fig. 3, two QFD design steps are provided in order to share and handle the same initial DM
attributes and system requirements from phase 1 (Fig. 1). The first design step translates this data set into
Functional Requirements (FR) and Non-Functional Requirements (NFR). Therefore, QFD1 aims to model and
relate. NFRs that will describe how the system works (capability, availability, accessibility, portability,
maintenance, etc.) to the FRs that will describe what the system should do (business rules, administrative
functions, authentication rules, external interfaces, GUI features, etc.). QFD1 construction is based on
identifying the degree of correlation between FRs and NFRs, classifying them as weak (1), medium (3) or strong
(9). A QFD1 statement is represented in Fig. 4.

Other data items that must be entered by experts are the importance of each perspective under evaluation.
Thus, it is possible to infer that the FRs are validated and filtered according to the NFRs (NFR x FR —1, 3 or 9)
and level of DM importance input by experts (Fig. 4, A). The end result (Fig. 4, B) is the relative weighing of
each FR (already in combination with NFR), where a cutoff value is applied leading to a new set of FRs, called
from now ‘FR-Result’. In this framework, the defined cutoff value is the average, considering only those values
that are equal to or larger than the average (Fig. 4, C). The resulting new FRs (FR-Result) ensures that only the
most important requirements for DM domain are sent to the next stage.



63

b=
-
ra
w
=
n
o
-
=1
fr=)

o | 11 | 12

Functional Requirements

v
]
2
b=
m
£
=
= 2 -
g 5|z |2 g | = re
2 o | B [§ @ | B 5
L = | = = - =1
v ] = = i [=] n]
3 2 = = ] w 5
= SlE | B E |2 |u 5
& 512 | = o | B = | E = @
2 s s |5z |2|s|2|35 |3
= | g |la |2 | B 2 =12 |
o E 5 Il 8 =} 5 o = =] 5
= n a 2|5 = I~ o I b= £ 2 2
5 i i |2 |5 |8 |=o|& |B |58 |T |3 |6 |&
z MNon-functional Reguirements 3 z 2 = o o 5 g g 2 o = L
E 2|ls|s |2 |¥ (3|8 |=l2|2|8|8 |t
2 E|z |5 |5 |5|E|&|5|8|5|8 |8 |8
1|user performance metrics 5 1 9 1 9 9 9 9 9 3 3 3 1
2|traffic control information 4 3 9 3 1 4l 2l 3 3 9 9 1 1
3|system requirements definitions 13 9 1 3 9 9 9 9 1 9 9 1 3
4|system performance metrics 5 3 9 1 9 9 9 9 3 9 3 3 1
5|special queries 4 1 1 1 9 3 9 9 9 9 1 3 1
B|sharing data 7 1 9 3 9 9 3 9 9 9 9 9 9
7|robust system 5 3 1 1 9 9 9 9 3 9 3 1 3
8|reliability w1 1 1 1 3 3 1 1 3 3 1 1
B weight importance 146 | 214 | 80 [ 334 | 330 | 312 | 334 | 226 | 324 | 232 | 130 | 124
relative weight 100 | 524|768 | 287| 12 [118]112] 12 [811|116|833[467|445
C |average 2319 ® 0| ® ® ® @ @ ® oo @

Fig. 4. QFD1 excerpt: Functional x Non-Functional Requirements

The analysis and results of QFD1 (most important requirements) will then support a second QFD design
stage (QFD?2) in order to represent the relationship between functional requirements (FR) of higher importance
and possible technical solutions (TS). These are some technical solutions: use of clustered solutions, MySQL
database, C# implementation, etc. The result of this second QFD step analysis will, in its turn, support the
SysML diagram modeling relative to a Reference Architecture specification review. Furthermore, QFD1 will
also be used as a basis for building a relational structure to analyze the interoperability layer (IRM
Interoperability relational matrix), providing support in designing AHP DIAM structure.

3.2. Three-dimensional relational model

The scheme presented in Fig. 5 illustrates, through a three-dimensional model (cube), the relationship among
the perspectives mentioned (FR, TS and 1). The use of the cube representation facilitates interpretation of the
interrelated modeling process described previously as well as the DRMS framework dimensions (Fig. 1). The
relational analysis that emerges from each perspective (cube surface) is carried out by the QFD and IRM
structures presented in section 3.1.
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The S1 cube surface, relates to QFD2 in order to identify how DM needs are covered by technical
requirements. This matrix allows calculating how technical solutions (TS) requirements should be improved to
address functional requirements (FR-Result). These importance levels can be applied by specialists through
brainstorming processes, use of cases study, the DEMATEL method [31], etc. Fig. 6 illustrates the cross-

matching of data undertaken by QFD2, showing the degree of importance of each functional requirements (FR-
Result) for the technical solution (TS).
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Fig. 6. QF2 excerpt: FR-Result x TS (S1)

In relation to the S2 cube surface, the next step consists in an analysis of the interaction between FR-Result
and interoperability (1) concerns by means of IRM (Interoperability Relational Matrix). The aim of this relational
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analysis, inspired on QFD and Axiomatic Design [32] methods, is to bring to the interoperability perspectives
() the assessment of achievement of disaster management attributes (FR-Result). The concerns and barriers
concepts were applied following Chen’s EIF, in which the FR-Result is organized within the aspects of
interoperability [18]. A similar approach is proposed in [33] concerning electronic government (e-government)
attributes and interoperability perspectives. In order to facilitate a qualitative reasoning, IRM is based on the
use of symbols as shown in Fig. 7 (FR-Result x Interoperability Concerns) and Fig. 8 (FR-Result x
Interoperability Barriers).
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Fig. 7. IRM: FR-Result x Concerns
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Fig. 8. IRM: FR-Result x Barriers

Weights are assigned to each of the comparisons with values of 1, 2 and 4 for the barriers, and 9, 3 and 1 for
concerns in order to position the FR-Result from QFD1 in more related interoperability barriers/concerns
(Chen’s EIF quadrants). After defining these perspectives, a new combined view is obtained in Fig. 9. Only the
FR-Result with strong correlation to the disaster management domain will be retained.

B
W 4 2| 1| B:Barriers
9/@ 36|@ 18|~ | C:Concems
C| 3o 124 6|@ | W:Weight
19 4@ 29

Fig. 9. IRM: Product of concerns and barriers

Stemming from this reasoning, Fig. 10 shows an example of the IRM analysis of the interaction between FR-
Result and interoperability (1) concerns and barriers. Based on the aspects of this research, for diagnosing
purposes, it was defined that only the cells with strong relations would have their NF-Result evaluated in the
diagnosis phase. This way a certain importance for the disaster area can be assigned to the identified NF-Result,
filtering out the ones with low relevance.
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Fig. 10. IRM Matrix excerpt (S2)

This IRM structure acts as a basis for the AHP structure design of the DIAM proposed shown in Fig. 11. The
first layer corresponds to the goal of the interoperability assessment (diagnosis of potential interoperability
levels for DM entities). The second and third layers represent the Interoperability Perspectives (I- concerns and
barriers) related to DM functional requirements (FR-Result) (fourth layer). The fifth and final layer represents
the potential interoperability levels.
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Fig. 11. DIAM AHP Method

A diagnosis of the private or public entity capabilities, for each DM FR-Result under | perspectives, applying
the DIAM AHP-based relative reasoning, is carried out. As a result, the potential interoperability of the entity
is assessed in order to infer its capabilities in disaster response management and support the reference DRMS
architecture review (coherent with its capabilities). In section 4, this model is applied in a real interoperability
assessment application case.
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Finally, the S3 cube surface shows a diagnostic perspective of the technical solution (TS) with aspects of
interoperability (). This analysis step, following the same relational analysis as applied in surface S2, will
contribute to the review of the reference architecture specifications, in order to meet system interoperability
requirements. This analysis does not belong to the scope of this work.

4. Application case

The application case aims to apply the DIAM in diagnosing interoperability capabilities of a given entity for
the criteria related to disaster management. The result can contribute to identifying its strengths and weaknesses,
directing decision-making actions that will improve the organization's performance in disaster management by
adopting a DRMS architecture. The evaluation was performed with the Super Decision tool that supports the
use of AHP.

4.1. Entity characterization

The company responsible for the municipal technology sector of Curitiba was chosen for the execution of
the assessment model. This choice is based on the fact that information technology control and municipal
communication have a direct link to this entity. The city of Curitiba leads the ranking of the most digitized
municipalities, according to the Digital Cities Brazil Index (DCBI) undertaken by the national Center for
Research and Development in Telecommunications (CPgD), covering 100 Brazilian cities. The company
selected is responsible for defining and identifying the needs of the municipality in ICT, delivering and
supporting for all of the city administration departments.

For the assessment, company’s experts were selected based on their operational and technical background as
well as skills in crisis management. The interviews were conducted in pairs, and the answers were collected
considering a consensus achieved through geometric means pursuant to AHP requirements. The entire data
collection was carried out using the Super Decisions software. Once the collected, the diagnosis data were
inserted in the tool, a complete analysis was then carried out applying the criteria and levels defined by the
DIAM AHP structure (Fig. 11).

The assessment is based on pairwise comparison between nodes. An example of this type of comparison can
be seen in Fig. 12, which compares the overall interoperability aspects in the crisis management domain (Layer
1, Fig. 11).
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Fig. 12. Layer 1, AHP structure I-concerns cluster pairwise comparisons
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The assessment profile indicates a relative relevance for interoperability data and process concerns relative
to disaster management. This is due the fact that the capability to extract and exchange data from heterogeneous
sources is very important in being aware of the conditions on the ground and avoiding potentially life-
threatening situations for all involved.

4.2. Results and analysis

Following the DIAM method, similar pairwise assessments are carried out in each level of the AHP structure
(Fig. 11) resulting in partial rankings (eigen/priority vector) that highlight focal diagnosis (degree of importance)
relative to entity capabilities. Fig. 12 shows the degree of importance attributed to Data and Process concerns
from the resulting priority vector (Data: 0.57381; Process: 0.23883; Service: 0.13101; Business: 0.05634).

The same reasoning is deployed through the AHP levels and criteria resulting in the values indicated in Table
1. The structure of the table follows Chen’s EIF, closely related to AHP structures, thereby facilitating
visualization of the overall priorities and entity capabilities. Each quadrant corresponds to an AHP cluster and
its priority vector in FR-Result DM requirements (green bar graph). I-concerns (Layer 1) are indicated by the
blue bar graph and I-concerns/barriers (Layer 2) are indicated by the orange bar graph).

The final cluster named °Alternatives’, relative to the last AHP level, corresponds to the maturity level of
entity assessed. The final result can be seen in Fig. 13’s radial chart. The positioning of the organization in the
intermediary position (0.418295) slightly trending towards advanced (0.309910) can be identified. This result
leads us to infer that the company still has several aspects to improve in increasing efficiency in the scenario
discussed. Table 1 provides a relevant support for this analysis and diagnosis, providing a complete view on the
entity’s interoperability capabilities.

Maturity Level

Ideals Mormals

Advanced

0,740888

0,308910

0,274795
0,418285
0649770
Basic

Fig. 13. DIAM Maturity level diagnosis

Additionally, sensitivity analyses enable indicating the most adequate criteria for organizational
improvement of its disaster management capabilities. For analysis purposes, in Fig. 14 it is possible to identify
how FR-Result ‘Report Supply Points’ can influence in changing the final maturity levels. In this figure, it is
possible to see that increasing priority levels of this NF-Result leads to a preferred maturity level change towards
Level 3 (Advanced). This analysis acts as an important tool in driving corporate engineering efforts.
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Table 1. Assessment in Disaster Management domain through I-concerns and barriers.

Conceptual Technological Organizational

I Corporate technologies 0,53956 | Corporate technologies 0,45917|Aceptable for governmental services [0,36127
! Easy to include new modules 0,16352|Easy to include new modules 0,32059|Corporate technologies 0,30904
§' 0,05634 Run on different types of crisis 0,29692|Exchange of information between ... [0,14726|Exchange of information between ... [0,17550
@ Maobile networks 0,02997 |Maobile networks 0,04513
Provide user reports 0,04301 |User support 0,10906

0,23696 0,16342 0,53961
P | Geographical based data 0,16095|Dynamically data update 0,08517|Exchange of information between ... [0,43017
- Quickly identifying a situation 0,35112|GIS consultation based tools 0,03369|Geographical based data 0,04035
] Report supply points 0,13682|Levels of importance of data 0,12245|Quickly identifying a situation 0,15201
E 10,23883 |Single set of rules 0,35112|0wner of data reports 0,24200|Report supply points 0,23583
@ Quickly identifying a situation 0,22923|Structured query implementation 0,06212
Tracking responsible for data 0,18745|Tracking responsible for data 0,03952

P | 0,57143 0,28572 0,14286
| Customized user interface 0,16786|Aceptable for governmental services |0,09671|Aceptable for governmental services [0,53593
. Easy to include new modules 0,26851|Easy to include new modules 0,40367|Exchange of information between ...  [0,32967
2] Experts provide instant feedback ... 10,23041|Provide access reports 0,04484|Experts provide instant feedback ... 0,07865
E- 0,13102 |Provide middleware services 0,23322|Provide middleware services 0,17337 |Mobile networks 0,05576

® Provide user reports 0,04943
Unregistered users receive only ... 0,23198

L4 0,30899 0,10945 0,58156
Customized user interface 0,10294|Dynamically data update 0,34769|Geographical based data 0,08575
Experts provide instant feedback ... 10,11492|Exchange of information between ... [0,35932|Mobile networks 0,05457
o Geographical based data 0,03300|Levels of importance of data 0,07401|Provide middleware services 0,15192
& 57381 || Report supply points 0,05147|Cwner of data reports 0,04078|Reduce the number of vehicles 0,47100
Single set of rules 0,59562| Provide access reports 0,02586 |Report supply points 0,12114
Structured query implementation 0,10205|Tracking responsible for data 0/15234|Structured query implementation 0,07562

0,31081 0,49339 0,19580
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5. Conclusion

This paper focused on disaster management knowledge identification and assessment cycle based on the
AHP-based model called DIAM. An in-depth relational analysis was conducted in order to face the complex
analysis of disaster management requirements dealing with interoperability barriers. A total of 127 requirements
were split into functional, non-functional requirements and technical solutions by means of a two-step QFD
design. A new relational method called IRM was conceived in order to support mapping of the main (filtered)
DM requirements (total of 26) into interoperability perspectives based on Chen’s EIF. The IRM acted as an
important tool in designing the AHP structure of the DIAM, allowing a multi-layer diagnosis of the different
organization views — from the strategic level concerning business, conceptual and process interoperability
perspectives down to a granular view on disaster management capabilities.

An application case based on an important ICT company of southern Brazil, acting as a central entity in
control of municipal information technology and communication, enabled relevant results and promising
perspectives on the applicability of DIAM and DRMS improvements. Several unknown fragile capabilities are
highlighted by the corroboration between DIAM and company experts and directors’ perceptions in
organizational performance in disaster management scenarios. Moreover, influence (sensitivity) analysis of the
DM requirements identified on the company’s overall maturity level, gave a preliminary support for a local
agenda towards public and private efforts in facing municipal barriers.

It has been shown that crisis management should be linked directly to interoperability issues, allowing an
integrated operation of all entities involved during an event. An interoperability assessment framework was then
proposed in order to identify the potential interoperation in a disaster response management environment. The
proposed DRMS development cycle framework was based on a set of reference architecture specifications
(relating functional requirements to technical solutions), an interoperability diagnosis model (relating functional
requirements to interoperability concerns) of a locality or private or public entity, in order to achieve an
interoperable architecture.

DRMS promotes a review, evaluation and improvement the reference architecture for the reality of the entity
analyzed with respect to its interoperability capabilities in DM scenarios. A SysML diagram modeling phase is
also considered with a view to supporting DMIS specifications with special emphasis on DM and
interoperability requirement modeling as well as complex behavior analyses relative to disaster response
dynamics. These steps represent ongoing working.

Future works, in DIAM improvement, rely on the integration of other methods to support causal modeling
of influencing variables such as Dematel, and multi-criteria decision making/analysis (MCDM/DA) methods
such as Electre TRI and Promethee. The research will then continue towards to the improvement of the
framework, verifying and validating the results found with other public/private entities (civil defense,
firefighters, traffic engineering) involved in disaster response management initiatives. A broader picture of
disaster management capabilities of Brazilian cities in disaster management can then be glimpsed.
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Abstract

Investments in situations involving Disaster Management (DM) situations are increasingly more common. Research in
association to this topic and glimpse improvements in services provided to citizens so that players and systems involved are
capable of acting together, thereby improving the outcomes of their actions. For the purpose of enabling information
exchange and joint actions by the entities involved, compliance with interoperability requirements becomes a critical factor
in promoting a better performance for the actions undertaken in crisis situations. As support, a reference architecture
incorporating’s that requirements becomes fundamental for the appropriate performance of actions associated to DM.
However, the lifecycle of this architecture, linked to its adoption in government or private environments, must take into
account the assessment of the entity’s organizational maturity level in addressing the requirements of DM from the
standpoint of interoperability for the concept of its Disaster Response Management System (DRMS). This is a major gap in
existing literature and world initiatives, where emphasis is placed on technology aspects, without taking into account broader
scope organizational barriers, of regulations, and of coordination of intra and inter-entity processes for those participating
in a disaster scenario. To this end, a DRMS development cycle framework is being proposed as a methodology based on a
diagnostics stage performed through a maturity assessment model called Disaster Interoperability Assessment Model
(DIAM). The complexity involved in the stages of defining the concept, assessment and decision backed by the framework
suggest the use of Multi-criteria Decision Making/Analysis (MCDM/A) methods for support: (i) the analysis of influence
dimensions among the requirements involved (DM and Interoperability) by way of relational frameworks (methods QFD
and Dematel) backing it (ii) the structuring of DIAM for the purpose of performing a diagnostic analysis of one additional
capabilities and maturity levels (methods AHP, ANP), supporting (iii) prioritization of elements of the review of the
reference architecture (method PROMETHEE) for the diagnostic achieved. A case study was carried out in an institution
related to the DM domain responsible for the technology infrastructure in a state capital in southern Brazil. Results show a
rich diagnostic base in identifying areas involved in barriers to better performance in DM, enabling the adoption of a more
coherent DM reference architecture and the adoption of a reference architecture more coherent with the organizational
capabilities, guiding in the evolution of the level of maturity.

Keywords: Disaster management system; interoperability assessment; disaster response; multi-criteria decision analysis.
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1. Introduction

Regardless of its nature, a crisis is considered to be an abnormal situation, usually resulting from an instability
that impacts a part of society with unacceptable consequences. Crises situations can emerge in different contexts
- political, military, economic, humanitarian, social, technological, environmental or in healthcare [1] [2].
Lately, the increasing efforts by authorities in seeking solutions to improve their crises management
performance have become noticeable. Part of this growth is due to increased citizen participation. Through the
widespread use of technology, people are both more collaborative in crises moments and demanding more
transparency by closely monitoring measures taken by the responsible parties [1].

In this sense, crisis management is becoming more and more relevant. Managing a crisis involves the
participation of various entities working together in an action cycle based on four main phases: mitigation,
preparedness, response and recovery [3]. The response phase is both relevant for meeting performance
requirements and critical for the support that may be provided to any group impacted. Crisis management
efficiency is measured by the speed and precision with which information is managed and exchanged among
partners (i.e., organizations, people, and devices involved in collaborating). Thus, successful crisis management
requires full integration of all parties involved, in particular in response actions, requiring full involvement from
all stakeholders in addressing different inter and intra-organizational concern sets [1] [4].

This article presents a framework as a methodological basis to support the development cycle of a Disaster
Response Management System (DRMS). The approach uses concepts of interoperability to allow diagnosis and
improvement of the architecture and of information systems of institutions acting in disaster management.
Interoperability perspectives of should be broader, avoiding disconnection between technology bases
(Architecture, DRMS) and organizational dimensions and processes involved in DM, a very common finding
in the literature [5] [6]. In this sense, interoperability frameworks such as those proposed by Chen [7] orient
adequate integrated visions among business perspectives, processes, services and information taking into
account semantic and technological barriers. This extended approach to interoperability draws on Noran's work
[8] which associates the phases of disaster management with the GERA Modeling Framework Section under
mapping of importance applied to the quadrants of the Chen’s framework.

An initial methodological step (framework) is the identification of the disaster management (DM) scenario
through a review of literature and worldwide initiatives, which support the establishment of reference
architecture in DRMS. The adoption of this architecture by public or private institutions requires a diagnostic
step that the entity’s different barriers to good DM performance from the standpoint of interoperability,
undertaking the architecture review in a format that is more coherent to the capabilities and maturity level of the
organization. The employment of Multi-criteria decision making/analysis (MCDM/A) techniques in solving
complex real-world problems has increased exponentially [9]. Thus, the MCM/A methods are applied in
supporting the complexity involved in raising the knowledge needed for the diagnostic approach and decisioning
process involved in the review and adoption of the reference architecture.

A three-dimensional conceptual model (cube) represents the dimensions involved in the cycle proposed by
the framework, supported by specific MCDM/A methods: (i) dimensions of influence analysis among the
requirements involved (DM and Interoperability) through relational structures (QFD and Dematel), supporting
(ii) the structure of a diagnostic analysis model of the organizational maturity and capabilities (AHP, ANP
methods), (iii) prioritization of the reference architecture element review (PROMETHEE method) according to
the diagnostic obtained . The organization and integration of the MCDM/A methods characterize the DIAM -
Disaster Interoperability Assessment Model, central entity of the framework proposed.
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This paper is structured as follows. Section 2 presents the literature review investigating performance
perspectives and effectiveness of actions taken in disaster management along with principles of interoperability.
The knowledge gained from the main initiatives identified in the area is considered relevant. Also, this section
introduces the main multi-criteria decision making/analysis concepts and methods, with emphasis on the AHP,
ANP and PROMETHEE methods, as well as relational structures such as Dematel. Section 3 describes the
Disaster Interoperability Assessment Model (DIAM) considering all the artifacts used in its development, as
well as the support processes. In section 4, DIAM was applied in a company responsible for the municipal
technology sector of Curitiba (a state capital of in southern Brazil), enabling the assessment of a certain entity
in relation to its capabilities and barriers in interoperability. The conclusion sets out the main results, lessons
learned and research perspectives.

2. Scientific scenario
2.1. Disaster Management

Regardless of the type of disaster, achieving an effective and coordinated action is a difficult task for first
responders [10]. The different rescue organizations such as the police, the fire department, health services, civil
defense and others must be efficient when working in collaboration, considering the inter and intra
organizational aspects, in addition to the different hierarchical levels of each team involved [11]. Thus,
information exchange becomes an essential prerequisite in dealing with the different types of disasters in a fast
and coordinated manner. Proper management and integration of participants is required in enabling the exchange
of information targeted at prevention or mitigation of crisis situations [1]. Therefore, the entire operation
requires that information be kept as up to date as possible, that, in its turn, requires real-time communication
among participants [2].

Thus, in the field of emergencies and disasters, Crisis Information Management Systems (CIMS) or Disaster
Management Interoperability Systems (DMIS) have been a part of the prevailing concept currently in use in real
cases as proposed in [12] [13]. Their main objective is to provide a complete set of ICT functions to address
many needs of crisis management stakeholders. CIMS has been highlighted as a preferred system by entities to
meet the main needs of crises situations, in particular, the exchange of information, enabling efficient joint and
coordinated actions by the involved [12]. Some actions performed by these types of systems [14]: ongoing
assessment throughout the crisis period; initiate, maintain and control communications; identify the incident
management strategy; decision-making based on resources available; request additional resources; develop an
organizational command structure; continually review action plans; provide call continuation, transfer and
termination.

Therefore, it is noticeable that efficient crisis management occurs when the information is exchanged and
updated in real time among the organizations involved. Communication is the common basis for execution of
emergency response and is best approached from a systems perspective considering all the directional flows of
information, instructions, and announcements [15]. These requirements suggest the use of technology tools to
control and manage data according to each occurrence [11]. Most often the speed and accuracy with which
information can be managed and exchanged between the partners (organizations, people, and devices involved
in cooperation) contribute to the response efficiency levels achieved [1].

But this is not the only important part in enabling entities to operate. Organizations must adopt norms and
standards established for their domains, thereby contributing to the interoperation of activities. Given syntactic
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and semantic requirements, aligning organization’s business aspects, such as processes and business, with the
standards established is essential. Sector rules already address cultural and legislative aspects, different practices
and a number of other factors that may contribute to loss of organizational interoperability [16]. It has become
possible to notice that previous generation systems lacked this foundation of standards to rely upon. Every time
a new system was built, a new communication and networking scheme had to be built. In many cases,
interoperability was not taken into account in designing these systems [15].

With the need for better integration and management, organizations have also become concerned about the
quality of their participation in the domain of action. Entities seek to evaluate their interoperation capability,
aiming to improve the organization’s performance and also contributing to a more efficient environment [8].
The assessment of a company’s interoperability capability is crucial in identifying its weaknesses. In terms of
activities relative to crisis management, every improvement may be even more important, since this domain is
directly linked to emergencies involving risks for citizens. Once weaknesses have been identified, these
activities can be improved and, in this way, the respective risks reduced, contributing to enhancing process
efficiency. Evaluations can be performed in comparison with other entities (a posteriori) or with a generic
domain (a priori) [17].

Among the phases of crisis management, the response step is the most important because this phase does not
allow for errors, requiring coordinated and efficient actions, which is even more difficult with the participation
of multiple entities. Interoperability aspects and their assessment contribute to the success of these activities [8].
Identifying best practices and technical requirements capable of supporting the development cycle of Disaster
Response Management System (DRMS) can be found in existing initiatives in the crisis management domain.
Systems are usually characterized as DMSs (Disaster Management Systems) and focus mainly on the response
to a specific occurrence type. Some successful worldwide initiatives are: SAFETRIP [18] - Satellite application
for emergency handling, traffic alerts, road safety and incident prevention (France); DECIDE [19] - Decision
Support System for Disaster Emergency Management (Greece); SAVE ME [20] - System and Actions for
Vehicles and transportation hubs to support Disaster Mitigation and Evacuation (United Kingdom); and e-PING
[21] - Electronic Government Interoperability Standards (Brazil).

2.2. Interoperability

Interoperability is considered progressive when organizations start to communicate and share information,
and together create performance conditions that would be hard to achieve individually [22]. Going beyond
people, machines and systems, interoperability is becoming a key success factor in all areas. The concept of
interoperable systems therefore requires considerable attention to ongoing assessment and improvement [16].
A broad concept, encompassing the ability of organizations to work together in pursuit of common and mutually
beneficial goals, is representative of one of the definitions of interoperability [23]. This ability to interoperate
can be affected by conceptual, technological and organizational barriers, which are classified as [17]:
Conceptual - concerning different ways to represent and communicate concepts; Technological - in connection
with data and systems incompatibility; Organizational - as regards different methods of work.

Enterprise Interoperability Assessment (EIA) allows the degree of interoperation between entities to be
measured, which in turn helps in specifying integrated solutions for the domain as well as the adjustments and
adaptations required to improve stakeholders’ activities [16]. This type of evaluation identifies strengths and
weaknesses imposed by interoperability barriers, enabling the prioritization of actions to enhance
interoperability performance and maturity levels.
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Literature presents several assessment methods and models [24]. Evaluations can be based on Interoperability
Maturity Models (IMMs) in order to infer the potential interoperation degree [25]. Assessment approaches
should be deployed according to the domain to be assessed and may require a brief survey to identify the
attributes and criteria that best characterize the domain from an interoperability perspective [26].

The need to interoperate in crisis management activities determines how operations and services are
provided. Responsibilities involved in this scenario can be divided into state, national or even international
spheres, represented by different teams from different public or private entities such as civil defense, firefighters,
police, etc. According to [8], entities mainly involved in crisis management should work through a life cycle
consisting of phases (actions): prevention (Prev), preparation (Prep), response (Resp) and recovery (Recv). The
authors seek to identify relationships in each stage of the crisis process, promoting improvement of inefficient
points and enhanced performance of Disaster Management Organizations (DMOs).

In [27] the authors propose that the analysis and survey of interoperability requirements focuses on
integrating lifecycle approaches applying the Enterprise Architecture approach (EA). A GERA modeling
framework section is related to a lifecycle-based formalism, mapping each phase (identification, concept,
requirements, design, implementation, operation, decommissioning) into disaster management task forces
(DMTF) actions (Prev, Prep, Resp, Recv) [8]. Disaster management project lifecycles are then linked to Chen’s
Enterprise Interoperability Framework (EIF) [7] in order to highlight the degrees of importance of EIF quadrants
in DMTF actions. This approach is closely related to our proposal, differing in the fact that each interoperability
concern and barrier in EIF should be equally addressed in order to assess entity and system interoperability
capabilities.

2.3. MCDM/A and assessment perspectives

MCDM s a broad term used to describe a set of methods that can be applied to support decision-making
processes, taking into account multiple and often conflicting criteria [28]. Many methods exist in literature, with
some being used in the field of disasters in specific decision area [28] [29] [30]. In this paper, these methods
provide a basis to support different evaluation perspectives, with the decision being understood as the diagnostic
positioning the entity at a certain maturity level, supporting the prioritization of actions to improve DRMS
architecture in the light of interoperability requirements. To this end, our focus is restricted to exposing
AHP/ANP, PROMETHEE and Dematel methods, which are very suitable for modeling the evaluation and
analysis space involved in the proposed domain involved - crisis management and associated architecture.

The use of AHP method is appropriate for the evaluation of domains with characteristics of uncertainty, tacit
notion and knowledge heterogeneity, as involved in the domain of disaster management. The method represents
a structured technique for analyzing problems through pairwise comparison scales, with criteria being compared
to each other [31]. The ANP method is a generalization of the AHP method that allows for the existence of
interdependencies between criteria, making it possible to expand comparisons between relevant characteristics
[32].

Dematel aims to solve complex problems, especially when these involve relations of influence among
multiple factors [33]. Contributions through the decision model include explanation of interactions, visualization
of cause and effect relationships and of which factors are most influential. As specialists involved in disaster
management are understandably limited, the method can be applied to identify causality and influence the
strengths of the factors for consideration. This influence factor can also support the generalization of the AHP
method in the definition of ANP structure [29].
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The PROMETHEE is a ranking method based on positive and negative preference flows for each alternative
used to classify them according to defined weightings. An advantage of ranking approaches is that they avoid
offsets between criteria and normalization processes, which change the original data [28]. Few methods have
been used in the area of emergency management because it generally involves MCDM issues with multiple
alternatives and criteria. However, applying ranking methods is advantageous in emergency management:
simplicity, in principle without limit to the number of alternatives and no constraints on the size of the evaluation
index system [30].

Each method can suit a specific goal in the assessment of a given crisis management scenario. The use of
different methods makes it possible for each of them to contribute with their best feature, as can be seen in some
papers [29] [28] [30]. In this way, a model may be created to address each purpose in a single evaluation scheme,
enabling more accurate results to be obtained. This is explained in Section 3.3.

3. DRMS development cycle framework

The proposed DRMS development cycle framework aims to provide organizations with the opportunity to
discover and evaluate their strengths and weaknesses, facilitating the prioritization of actions with a focus on
improving their performance and increasing their maturity in disaster management. This appropriation of the
method by companies can also contribute to the improvement of the process, providing feedback to the
architecture that was initially defined. The idea of the proposal is to use the concepts found along with the
aspects that directly reflect domain interoperability issues to achieve objectives in disaster management (DM).
A stage of the cycle is completed when the appropriation of the method by companies can also contribute to the
improvement of the process, feeding back into the initially defined architecture.

The proposed framework cycle begins with a Disaster Interoperability Assessment Model (DIAM), targeted
at evaluating a reference DRMS architecture according to potential interoperability aspects. Therefore, the
diagnosis promoted by DIAM enables a granular capability assessment of public or private entities involved in
DM. This capability analysis enables the execution of a deeper relational review of the functional and technical
requirements of DM attributes in the reference architecture. The main phases, steps and components of the
development cycle framework are shown in Fig. 1 and described next.
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Fig. 1. DRMS development cycle framework.
3.1. Framework phases

Phase 1 (Knowledge Acquisition) involves obtaining the knowledge that serves as background for the
development of the research, such as the identification of attributes through the literature, specialists and
initiatives found in the crisis management scenario [19] [20] [21] [34] [35] [36]. In this step, a study [35] was
also carried out to choose an interoperability framework suited to the scenario.

Thus, the aim of phase 2 (Knowledge Organization) is to separate the knowledge generated into four data
sets (perspectives), facilitating the identification and use of the information obtained. First, as illustrated in Fig.
1, the characteristics were classified in three perspectives based on software engineering: Functional
requirements (FR), non-functional requirements (NFR) and technical solutions (TS). The fourth, and last
perspective, is interoperability knowledge (1), which later serves to submit the related DM attributes identified
to interoperability assessment.

The entire knowledge acquisition and organization, as well as the relational modeling processes are illustrated
in Fig. 2. The diagram is based on two QFD (Quality Function Deployment) structures — QFD1, QFD2. Shown
in two different development routes: (i) requirements identification, analysis and technical solutions mapping
acting as input for SysML specifications and analysis of the reference architecture; (ii) requirement
identification, analysis and DM attribute mapping across interoperability perspectives in order to support the
construction and execution of the DIAM — AHP/ANP/Dematel/PROMETHEE-based method. Both routes will
provide inputs for phase 3, which will be further detailed in the following sections.

Phase 1 Phase 2
Knowledge Acquisition Knowledge Organization
A QFD 2
, QFD1| FR s1) TS
s Routing 1
’ A F —T
i T R
INITIATIVES ; R)
N
EXPERTS | p [ =
R
u IRM
LITERATURE | © (s2) 1
= E Routing 2
M - 7| & B
»
N FR (Result) = ®)

Fig. 2. Phase 1 and 2 - Knowledge Acquisition and Organization.
3.2. Three-dimensional relational model

The scheme presented in Fig. 3 illustrates, using a three-dimensional model (cube), the relationships among
the perspectives mentioned (FR, TS and I). The use of the cubic representation facilitates interpretation of the
interrelated modeling process described previously as well as the DRMS framework dimensions (Fig. 1). The
relational analysis that emerges from each perspective (cube surface) is undertaken applying QFD and IRM
(Interoperability Relational Matrix) structures detailed in [35].
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Mapping Scheme (FR, TS, I)

Surface (S) Data
« S1: Reference Architecture « TS: Technical Solution
« S2: Domain Interoperability Potential « FR: Functional Requirements

« S3: Solution Interoperable Architecture  « |: Interoperability Aspects (Concerns and Barriers)

Fig. 3. Mapping through the cube components.

The S1 cube surface relates to QFD?2 to identify how DM needs are covered by technical requirements. This
matrix calculates improvement needs in technical solution (TS) requirements to address functional requirements
(FR-Result). These importance levels can be applied by specialists through brainstorming processes [29]. Cross-
matching of data undertaken by QFD2, shows the degree of importance of each functional requirement (FR-
Result) for the technical solution (TS).

In relation to the S2 cube surface, the next step consists in an analysis of the interaction between FR-Result
and interoperability (I) concerns applying IRM. The aim of this relational analysis, inspired on QFD and
Axiomatic Design [37] methods, is to bring to the interoperability perspectives (I) the assessment of
achievement of disaster management attributes (FR-Result). The concerns and barriers concepts were applied
following Chen’s EIF, in which the FR-Result is organized within the aspects of interoperability [26]. A similar
approach is proposed in [38] for electronic government (e-government) attributes and interoperability
perspectives. In order to facilitate a qualitative reasoning, IRM is process-based as shown in Fig. 4, following
the Routes 2 in Fig. 2.

The IRM shows the degree of importance of each attribute in disaster management based on interoperability
aspects as shown in the excerpt of Fig 10. This IRM structure acts as a basis for the design of the
AHP/ANP/Dematel structure. A diagnosis of the private or public entity capabilities, for each DM FR-Result
under [ perspectives, applying DIAM relative logic, is then carried out. As a result, the entity’s potential
interoperability is assessed to infer its capabilities in disaster response management and support the reference
DRMS architecture review (coherent with its capabilities).
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Fig. 4. IRM Process.

Finally, the cube’s S3 surface shows a diagnostic perspective of the technical solution (TS) with S2
interoperability aspects. This analysis step, following the same relational analysis as applied to surface S2, will
contribute to the review of the reference architecture’s specifications, in order to meet system interoperability
requirements. But unlike the previous methods, which provided a diagnostic analysis of the degree of maturity
of the institution under evaluation, the objective of this stage is to identify and prioritize solutions focused on
interoperability voted for the institution. The aforementioned prioritization is accomplished through the
application of the PROMETHEE method, once considered appropriate for the ranking of alternatives.

The whole cube can represent the evaluation structure through MCDA methods enabling correlating its
surfaces with the applications of the methods as well as the dependencies among them. The dependency relation
of the MCDA methods, based on the cubic structure, is presented next.

3.3. MCDM/A structural and rational view

The cube representation serves as a reference structure devoted to guiding the integration of MCDA methods
guaranteeing the pertinence of application with respect to the objectives (assessment space) of each method. In
this way, it takes advantage of the QFD concepts to structure the architecture and create the source matrix (IRM)
for subsequent evaluations. IRM results are used as the main input from the AHP and Dematel methods. The
ANP method is supported by the data obtained from the two methods previously mentioned (AHP and Dematel),
and its results are directly used in the prioritization of the architecture proposed in the PROMETHEE method.
Fig. 5 shows the integration of these methods.
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Fig. 5. Mapping Integration MCDA methods in Cube.

QFD is the foundation of the matrix-based framework (IRM) promoting the link of disaster management
scenarios to interoperability aspects. In summary, an important data source for the development of the
framework, which basically consists of disaster management attributes related to interoperability aspects. This
structure will be the basis for applying AHP driving a diagnosis of the company capability to interoperate its
activities in the scenario. The AHP structure is assembled respecting the data groups classified in terms of
interoperability aspects, limiting comparisons to the same cluster. IRM also provides subsidies for the design of
Dematel, a method aiming to map the degree of influence of each attribute through the whole DM scenario,
allowing comparisons between different IRM structures (although also considering their weighting).

These methods (AHP and Dematel) form the basis for deploying the ANP method, given its use of AHP
structures and the evaluation in sub-networks according to Dematel's influence mapping. Thus, the problem of
structuring comparisons of the ANP method at different levels is solved by the Demantel method. The
importance of extending the AHP method to ANP is related to not restricting comparisons to the same level and
obtaining a more accurate diagnosis. The diagnosis is the result of the evaluation obtained through the DIAM
(IRM/AHP/Dematel/ANP) step, which produces the degree of overcoming in all aspects in the disaster
management scenario, making it easy to see the strengths and weaknesses of the institution's performance in the
domain. This diagnosis will become the main input component to the PROMETHEE method, which, in turn,
will allow the prioritization of the architecture created.

This paper includes an extended version in reference to the execution Phase 3 presented in the previous paper
[35]. The add-on was developed to extend the diagnosis (assessment space) and structure the architecture review
process. The basis remains the same until the application of the AHP method. The development cycle is centered
on the IRM matrix obtained in Phase 2. The implementation of ANP will contribute to validating the results
obtained in AHP, using Dematel that returns the degree of influence among attributes. In order to reinforce the
reference architecture, the result of the method will be applied in a ranking structure, the PROMETHEE method.
The Fig. 6 shows a detailed view of Phase 3.
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Fig. 6. Relational modeling process — Phase 3 extended.

Fig. 7 represents the IDEFO [39] model mapping the activities performed in phase 3. This type of
representation allows visualizing the inputs and outputs of each activity, as well as the interferences of the
external environment that support each execution. The first diagnostic phase (AHP) can be found in detail in a
previous paper, which will also serve as a model for the implementation of ANP. The other steps shown in the
diagram are described in the following sections.
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Fig. 7. IDEFO of integration MCDA methods.
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3.3.1. Dematel — ANP Modeling

The Dematel method is applied in this context to evaluate the degree of influence of the attributes resulting
from the base matrix obtained through IRM. The method logic applies the graph theory, which presumes that
an improvement in a cause factor may have a significant impact on the improvement of related effect factors.
Thus, it is possible to graphically show the relations of the factors, their respective intensities and the resulting
degree of influence, received and resulting in the system [40]. In order to facilitate implementation, Sumrit’s
[33] studies present a 6-step method deployment procedure scheme, adapted for the present cycle.

The first step consists essentially in an attribute influence assessment performed by specialists in Disaster
Management. A range of values is defined in which lower values mean that the attributes have little to no
influence on each other, and higher values are indicative of high levels of influence. A five-level scale of
influence among the attributes was adopted in this model: No Influence (0); Low Influence (1); Moderate
Influence (2); High Influence (3); and Very High Influence (4).

Next, the average of the results given by specialists is calculated. In the second step, the unified results of the
experts must be standardized. This process is initiated by the sum of the influences of each attribute, based on
the largest value of each dimension (x and y) in the matrix. From these results, the lowest value is taken as the
basis for building the normalized matrix, according to the formula provided by [33].

In the third step, multiplication by the identity matrix is carried out, resulting in the total influence among
factors, which will allow calculating the inverse matrix. The fourth step calculates the intensity of the effects
caused and received in relation to the other factors. When the expression is positive, the factor is influential on
the system, if negative, the factor is more influenced by the system. The steps defined so far (1 - 4) allow a
threshold to be define to determine the system relevant influences, represented in the last step through a two-
dimensional graphic map. Another important step is to set the boundaries for the system’s relevant influences,
resulting in influences (not relevant) that are not shown on the map. This process depends on the threshold
adopted, responsible for defining the effects that will not be displayed based on their intensities, represented in
step five of the method. The result of the entire process of the Dematel method allows visualizing different
dimensions, such as the most active, most influential and most influenced attributes.

The attributes defined by the Dematel method as the more influential will be used in the construction of the
ANP structure, called Influence Relationship (IR). This is a particular and more advanced case of the AHP
method, but both aim to evaluate problems through pairwise attribute comparisons using a common logic
structure and scale, differing only in their approach. According to [32], AHP carries out pairwise comparisons
of elements at an immediately higher level. ANP enables identification of influence flows and establishes
comparisons between one element of a group with respect to two or more elements of another group in the
structure, regardless of its level - not necessarily having to be above or below the chain being assessed.

Due to ANP making it possible to compare elements of a cluster with at least two of another, some attributes
could not be added. In this way, attributes selected from the Matrix (Fig. 8) have influence values equal to or
greater than 0.009 (previously normalized), and these attributes must have at least one more attribute influenced
in the same cluster. It is possible to notice that attribute J (Cluster B) has a degree of influence greater than 0.009
in relation to attributes K and L, in the same cluster (C).
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Cluster A Cluster B Cluster C
MATRIX OF TOTAL RELATIONS "T" 1 2 5 6
ATTRIBUTES 2 2 2 2 2 2
g g g g i i
1 Attribute G 0,000 0,001 0,001 0,001 0,002 0,002 0,0319
2 Attribute H 0,003 0,000 0,003 0,003 0,005 0,003 0,0544 E'
3 Attribute | 0,001 0,002 0,000 0,001 0,006 0,000 0,0252 E
4 |attributes 0,007 | 0,004 | 0,000 2
5 Attribute K 0,002 0,002 0,007 E
6 Attribute L 0,007 0,007 0,003
0,0647 0,0594 0,0377
INFLUENCED

Fig. 8. Example of Total Relations Matrix.

The total relations matrix enables obtaining the attributes that most influence others. Related attributes are
discarded when they do not have at least one other attribute in the same cluster, resulting in the influence
attributes selected for application in ANP. Influenced attributes, which are in isolated clusters, are discarded
from the evaluation of the ANP. Attributes that have at least one relation to a pair are selected for the evaluation,
even if the cluster is different from the influence attribute’s. An interesting detail of this process is that the
results obtained through AHP and ANP can be compared and evaluated, and in the event of major divergences
in the diagnoses, the prevalence of inter-clusters influence factors by the selected attributes can be inferred, or
even suggest the existence of inconsistencies in the modeling process performed (incomplete assignment of
attributes to clusters). Some divergence must occur, since ANP extends the pairwise relations of the hierarchical
structure of evaluation to the new, more robust, relations suggested by the Dematel method. This should generate
a better diagnosis in the face of the disaster management scenario.

ANP allows to diagnose each evaluated attribute’s degree of compliance, making it possible to identify the
weak and strong points. Thus, it is possible to evaluate the entity’s level of interoperability, while providing a
mapping of the diagnostic weighting (As Is state) in their different evaluation attributes and interoperability
perspectives in the disaster management scenario. The structure of the ANP model is shown in Fig. 9.
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Fig. 9. DIAM ANP Structure.

ANP provides (together with Dematel) an extension of the association space among the attributes (FR-R)
and interoperability perspectives (I) represented in the structure in Layers 2 and 3. Layer 4 (also Fig. 9)
represents the main changes in the model with respect to the AHP structure used in previous papers. This Layer
(4) enables checking the existence of links among attributes of different clusters; the Dematel method points out
these relationships. In this way, correlations among important aspects in disaster management, that had not
previously been linked, can be established.

The resulting diagnosis can intrinsically guide different decision-making spheres of the institution active in
disaster management, such as the establishing areas already acting with a high degree of competence and those
with a level of shortfall, serving to align the strategic positioning of organizational actions. In addition, as an
object of the scope proposed by DIAM, a review of the reference architecture of the elements diagnosed through
the PROMETHEE method may be undertaken, adapting the architecture to the entity’s level of maturity.
Considering that the entities being evaluated already have capabilities in acting in disaster management, points
identified as weak should be reinforced for prioritization of the architecture. This process can also contribute to
driving maturity for the model proposed through the important adjustments defined in the design of the reference
architecture (TS) required for action in the disaster management scenario.

Integration with PROMETHEE, which makes use of the diagnosis obtained by ANP, is carried out in 4 steps:
select the weak points (1), isolate (2), normalize (3) and reverse (4). The model predicts that an institution's
successful performances (identified by ANP prioritization vectors) are not important for the next stage that
considers only the aspects still leaving something to be desired, that is, the weaknesses (also diagnosed by the
ANP prioritization vectors). Thus, 20% of the weaker attributes (such as less service) obtained through the
diagnosis will be used, these will be called Functional Requirements Result Weak (FR-RW). The result is then
isolated and normalized. Then, the values of attributes of lower relevance are reversed, becoming more
representative in terms of the characterization of the PROMETHEE evaluation matrix. That is, the lower the
capacity of the institution with respect to a particular attribute, the higher the resulting prioritization of the
architecture through the PROMETHEE analysis.
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3.3.2. PROMETHEE Modeling

The conclusion of the Evaluation Cycle stage (Fig. 7, IDEFO's actions 8 and 9) is represented by the process
of review of the reference architecture to better contemplate the weaknesses identified by the diagnosis. The
stage of the cycle is called Architecture Review and basically results in the prioritization of the technical
solutions (TS-P) in disaster management based on the possibilities of interoperable services of the institution
being evaluated. The PROMETHEE (Preference Ranking Organization Method for Evaluation) method is used
to support this process and applying it results in prioritizing the main points in the architecture with direct impact
on the institution’s improvement of the different capabilities and maturity.

The method, when applied in the disaster management scenario, uses part of the reference architecture
obtained at the beginning of each process (TS-F, surface S1 cube Fig. 3) and the weaknesses identified in the
diagnosis of the previous evaluation (FR-RW, surface S2 cube Fig. 3). Fig. 10 shows the structure used in
PROMETHEE for the prioritization of the reference architecture (TS-P) in the disaster management scenario
from the standpoint of interoperability requirements.

20% weak ANP I
(FR-RW) e Criteria

Prioritized
Weights ANP ) Preferences ] Technical
: — Solution
Partial Results d Statistics ] & > (TS-P)

Flltered §'§ Ar:&hitgcture
Technical £5 _ eview
Solution — E g Evaluations

(TS-F) g =

Fig. 10. PROMETHEE Structure Model.

Method inputs include the composition elements of its evaluation matrix as criteria, their weightings and
alternatives, as well as the parameters inherent to the method (preference function P(a,b) and preference
thresholds p and indifference q). Since the objective is to identify and prioritize solutions to drive growth of
environmental interoperability, the attributes selected (Criteria) will be the most negative returned by the ANP
method, called Functional Requirements Result Weak (FR-RW). The weighting criteria (Preferences) are
distributed according to the classification performed in ANP, where values were inverted. The goal is to address
the most fragile elements in the decision of interoperable technologies and thus improve the organization’s
maturity analysis by proposing an improved architecture. This ensures that the review of architecture will be
driven by characteristics not met in a given assessment, mapping these attributes against the existing technical
solutions (Alternatives).

For a more pertinent prioritization of the architecture of the company evaluated, TS attributes can be
previously filtered in order not to appoint properties unattainable by the institution. This procedure avoids that
needs found through FR-RW cannot be met in an architecture that is within the reach of the institution. This
filter can be applied through interviews with officials of the institution evaluated, similar to the one carried out
in the implementation in the ANP method. If the institution has no restrictions, prioritization must be performed
addressing the entire architecture created. This procedure allows attaining solutions of deficiencies that could
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not be achieved by indicating of an architecture that is not feasible. In the current context, after filtering the
architecture’s service possibilities, the resulting attributes are called Filtered Technical Solutions (TS-F).

For the other preference functions and levels of preference/indifference, the standard values suggested by the
method were applied through some calculations. The evaluation scale applies values between 0-10 where the
intervals represent the technology’s different levels of influence in developing the attribute evaluated: No
Influence (0); Low Influence (>0 and <2); Moderate Influence (>2 and <6); High Influence (>6 and <8); and
Very High Influence (>8 and <10).

With all input parameters correctly entered, the main result of the PROMETHEE method is the prioritization
of the scenario evaluated against the disaster management architecture criteria identified. This prioritization is
identified in the framework as Prioritized Technical Solution (TS-P), also considered as the last artifact
generated in an execution of the DIAM evaluation model. However, due to being a cycle, the evaluation process
proposed in the framework does not establish a limit of iterations. The goal is that with each diagnosis and
prioritization of architecture, the institution becomes better able to act in the scenario of disaster management,
which in turn is very variable at each crisis event. In section 4, the model is applied in a real interoperability
assessment case.

4. Application case

The intent of the application case is to apply DIAM in diagnosing a given entity’s interoperability capabilities
for disaster management related criteria and prioritize the reference architecture with a view to promoting
continuous improvement, following the approach shown in Fig. 6. The results can contribute to identifying its
strengths and weaknesses, directing decision-making actions in improving the organization's performance in
disaster management by adopting a DRMS architecture. The evaluation was performed with the Super Decision
tool that supports the use of AHP/ANP with a spreadsheet editor used to support the application of the Dematel
method. The Visual PROMETHEE platform was also used as support for the PROMETHEE method.

4.1. Entity characterization and DIAM application

The entity chosen for the application of the DIAM evaluation model is responsible for the municipal
department of technology of Curitiba. This choice is based on the fact that this entity is directly linked to
managing information technology and communication at the municipal level. The city of Curitiba leads the
ranking of the most digitized municipalities, according to the Digital Cities Brazil Index (DCBI) published by
the national Center for Research and Development in Telecommunications (CPgD), covering 100 Brazilian
cities. The company selected is responsible for defining and identifying the city’s ICT needs, delivering and
supporting all city administration departments.

For the assessment, company experts were selected based on their operational and technical backgrounds as
well as skills in crisis management. The interviews were conducted in pairs, and the answers were collected
considering a consensus achieved through geometric means pursuant to AHP/ANP, addressing Dematel and
PROMETHEE requirements. Data collection as well as calculations defined in each of the DIAM methods are
supported by tools that facilitate their implementation.

Following the steps of the stipulated DIAM cycle, the first evaluation occurs through the application of the
AHP method. To this end, the model must be properly structured according to the scenario of interoperability
in disaster management obtained from IRM. Super Decisions is the tool used for support, offering a user-friendly
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interface for input evaluations. In this way, the company specialists were able to answer the evaluation
questionnaire directly in the tool. The AHP assessment is based on pairwise comparison between nodes. Fig. 11
shows an example of this type of comparison, comparing the overall interoperability aspects in the crisis
management domain.
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Fig. 11. Layer 1, AHP structure I-concerns cluster pairwise comparisons.

The assessment profile indicates a relative relevance for interoperability data and process concerns in relation
to disaster management. This is due to the fact that the capability to extract and exchange data from
heterogeneous sources is very important in being aware of the conditions on the ground and avoiding potentially
life-threatening situations for all involved. Although the diagnosis obtained with the application of the method,
the DIAM model predicts the possibility of thinning the results sustained by the ANP method in consumption
of the results indicated by Dematel.

The Dematel assessment begins with an averages matrix of pairwise comparisons from experts. In this step,
respondents are asked to indicate the degree of direct influence each element exerts on each element. The basis
of the data obtained is the result of IRM applied, using only the attributes with greater relevance for the scenario.
This process - as well as the application of all the formulas used, was made through the support of a spreadsheet
editor, as shown in the excerpt in Fig. 12.
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Fig. 12. Dematel Expert Assessment excerpt.

After the diagnosis made through the DIAM ANP/Dematel approach, it is possible to take advantage of the
information generated to review the reference architecture created in the crisis management scenario. Attributes
with greater deficiency obtained in the diagnosis and the Technical Solutions pertinent to the performance of
the institution (TS-F) are used as input in this step. The method applied in this case helps to prioritize the
attributes capable of generating greater impact in the crisis management process. The type of influence (min,
max), the weight (obtained from ANP), the preference function, the preference/indifference values (suggested
by PROMETHEE’s internal mechanism) and the Filtered Technical Solutions (TS-F) must be defined for each
attribute as input data. Fig. 13 shows all such input data together with the expert's evaluation, following the
structural components of PROMETHEE shown in Fig. 10.
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Fig. 13. PROMETHEE input data.

The area marked by the letter A represents the criteria (FR-RW) selected using the Dematel method. The
field labeled B contains, in addition to the weightings (also resulting from Dematel and already inverted and
normalized), the preference functions and thresholds indicated in the wizard of the tool used. C represents the
Filtered Technical Solutions (TS-F) used in prioritization. The area marked by the letter D shows the expert's
assessment regarding the different levels of influence of the technology for the development of the attribute
evaluated based on a O to 10 scale. The last quadrant (E) brings the statistics according to all the
parameterizations and will be used in the different perspectives of method prioritization.

4.2. Results and analysis

To start the DIAM application, pairwise assessments are carried out at each level of the AHP structure
resulting in partial rankings (priority/eigenvector) that highlight focal diagnosis (degree of importance) relative
to entity capabilities. Fig. 11 shows the degree of importance attributed to Data and Process concerns from the
resulting priority vector (Data: 0.57381; Process: 0.23883; Service: 0.13101; Business: 0.05635).
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The same reasoning is deployed through the AHP levels and criteria resulting in the values indicated in Fig.
14. The structure of the table follows Chen’s EIF, closely related to AHP structures, thereby facilitating
visualization of the overall priorities and entity capabilities. Each quadrant corresponds to an AHP cluster and
its priority vector in FR-Result DM requirements (green bar graph). I-concerns (Layer 1) are indicated by the
blue bar graph and I-concerns/barriers (Layer 2) are indicated by the orange bar graph).
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Fig. 14. Assessment in Disaster Management domain through I-concerns and barriers.
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Deployment of the Dematel method enables visualization of attribute influence aspects. An interesting
perspective, capable of promoting understanding for decision making, centered in the visualization of the
influence map of each attribute. Such a graphic view enables perception of which attributes are actually
influencing others, and can help in deciding how important this may be to the scenario in case in point. In
addition to the individual analysis of the attributes, these can be classified into three distinct classes in
comparison to each other: more active, more influenced and more influential. The latter class was used to carry
out the ANP model evaluation, enabling assessments between attributes in different clusters. Fig. 15 shows the
influence map of an attribute.
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Fig. 15. Influence Map Excerpt.

The graph shows the result for one of the main influencing attributes in the DM scenario. Figure 23 shows
that 'Quickly identifying a situation' (P16) is strongly influenced by 'Dynamically data update' (P4) and
'‘Exchange of information between teams' (P6), but also exerts strong influence on many others attributes such
as 'Experts provide instant feedback' (P7), 'Geographical based data' (P8) and 'GIS consultation based tools'
(P9). The relations among attributes of the same cluster have already been well defined through the AHP
method, resulting in priorities attributed by the Dematel method in identifying the influence perspectives of
different clusters.

Based on the influence map, attributes of a given cluster that influence at least two other attributes of another
cluster could be identified. In the evaluation, three more influential attributes were identified in the perspective
of different clusters that will be used to define the structure of the ANP method, being: Dynamically data update
(P4), Exchange of information between teams (P6) and Quickly identifying the situation (P16). Unlike AHP,
that works with relationships only in the same hierarchy, ANP allows comparisons between different data
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groups. In the structure, multi-clustered connections were also considered despite this logic requiring more effort
in structuring more complex comparisons, but, on the other hand, leading to more accurate evaluation results.

The Fig. 16 shows the attributes that most influence others, with application of ANP requiring at least two
attributes that are influenced in the same cluster. Isolated influence attributes in a given cluster are discarded
(marked with “x” in the figure).
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Fig. 16. Dematel Result to ANP.

The final cluster named ‘Alternatives’, relative to the last AHP/ANP level, corresponds to the maturity level
of the entity assessed (interoperability potential). The comparative results of the AHP/ANP evaluation (Fig. 17)
show small changes. As can be seen, although the changes are not so expressive, in some cases they can even
alter the order of the results depending on the relations of influence established.

RESULTS ANP RESULTS AHP
Name Graphic MNormals |[Name Graphic Mormals
Basic I 0,275689 |Basic 0,271735
Advanced - 0,303746 |Advanced 0,30991
intermediary [ IIGIE 0,420566 |Intermediary 0,418295

Fig. 17. Comparison Results ANP x AHP.

The final result (ANP) can be seen in the radial chart in Fig. 18 and identifies the organization’s positioning
in the intermediary range (0.420566) slightly trending towards advanced (0.303746). This result leads us to infer
that the company still has several aspects to improve in increasing efficiency in the scenario discussed. The
results can also be analyzed in lesser granularity, providing a relevant support for this analysis and diagnosis, as
well as a complete view of the entity’s interoperability capabilities.
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Additionally, sensitivity analyses enable to indicate the most adequate criteria for improvement of the
organizational disaster management capabilities. For analysis purposes, Fig. 19 shows how FR-Result ‘Report
Supply Points’ can influence in changing the final maturity levels. This figure shows that increasing priority
levels for this NF-Result leads to a preferred maturity level change towards Level 3 (Advanced). This analysis
acts as an important tool in driving enterprise engineering efforts.
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Fig. 19. Sensitivity analysis of ‘Report Supply Points” FR-Result.

With the diagnosis phase completed, the architecture review stage can be started. Here the data entered is
basically the attributes diagnosed as weak in the institution evaluated (FR-RW) - needing improvement, as well
as the selection of experts on the attributes of Technical Solutions (TS) pertinent to the domain of the institution,
the Filtered Technical Solutions (TS-F), both shown in the Fig. 20. This last one becomes relevant given that
the framework considers that the company evaluated already has minimum requirements for action in the

domain.
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Technical Solutions Filtered (TS-F) Functional Requirements - Results Weak (FR-RW)
ALTERNATIVES CRITERIAS

attributes based query (B2) Mobile networks

common datasets (B2) Provide user reports

current technologies (52) Provide access reports

data distribution systems based on WEB (52) Provide user reports

digital maps (P3) Tracking responsible for data

events timestamps (B2) Exchange of information between teams
integrated data repository (B3) Mobile networks

modular approach (P3) Geographical based data

multiple data formats (52) Aceptable for governmental services
network power secured (P2) GIS consultation based tools

secure shell (P3) Structured query implementation
specielists encrypted messages (52) Provide middleware services
standart data specification

systemized repository data

unified file format and conversion and UML

uniform emergency signals

wireless communication

Fig. 20. Data Input PROMETHEE.

Finally, the method needs a matrix relating Alternatives and Criteria to be filled in, a task performed by
specialists of the institution evaluated (Matrix in Fig. 13). For each of the relationships, experts fill in the level
of influence obtained for the technology for the development of the attribute evaluated. The pattern adopted by
the model could be represented in any way that allows converting the result into a numeral priority scale. Like
the main result view, Fig. 21 gives a global view of the result obtained, showing the final classification ranking
for the scenario evaluated (Phi). Based on the resulting values, the method provided a ranking with the technical
solutions that would provide the greatest potential for the organization's development in terms of
interoperability, with the three most relevant being: Timestamps (0.4067), Data Distribution (0.1899) and
Unified file format and UML conversion (0.1895). In addition to the overall result, with support from the tool,
charts can be visualized displaying different perspectives.
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33::.5_—55:: Table — O

Rank action Phi Phi+ Phi-
1 Events timestamps I:‘ 10,4062 0,5027 10,0965
2  Data distribution l:‘ 0,1399 0,2588 0,0689
3  Unified file format and I:‘ 0,1895 0,2520 0,0695
4  Wireless communication |:| 0,1879 0,2675 0,079
5  Current technologies I:‘ 0,1526 0,2310 0,0785
6 Integrated data |:| 10,1089 0,1713 0,0624
7  Digital maps |:| 0,1033 0,1840 0,0807
] Systemized repository |:| 0,0885 10,2669 0,1785
9  Uniform emergency I:‘ -0,0193 10,1042 10,1239
10 Modular approach D -0,0823 10,0756 00,1584
11  Common datasets I:‘ 40,0832 0,0885 0,1517
12 Standart data l:‘ -0,1130 0,0838 0,1967
13 Spedelists encrypted I:‘ 40,1257 0,0564 0,1820
14  Attributes based query D -0,1965 0,0677 0,2643
15 Secure shell I:‘ -0,2270 0,0358 0,2626
16 Multiple data formats l:‘ -0,2553 0,0120 0,2673
17  MNetwork power secured I:‘ 40,3233 0,0011 10,3245

Fig. 21. Case study ranking.

These adjustments will also influence the final outcome of the method, allowing detailed analyzes and
ranking the technical solutions. The application of the method allows these results to be visualized from different
perspectives, one of which is shown in Fig. 22, displaying the profiles of each attribute in relation to the
alternative "Digital Maps".
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Fig. 22. Action Profile of “Digital Maps”.
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The analysis enables identifying the main filtered technical solutions (TS-F) of the architecture that best
contribute to servicing the deficient attribute identified in the diagnosis (FR-RW). In this case, study of “Digital
Maps” TS will contribute to increasing the capability of: Geographical based data, GIS consultation-based tools
and Mobile networks. In this way it is possible to affirm that prioritizing the TS in case in point would be
pertinent mainly in improving only three FR-RW.

The method also allows to perform a sensitivity analysis on the result obtained. This allows simulating the
impact of changing an attribute's priority on the remainder of the scenario. This type of analysis allows to act
with propriety in the improvements to be applied in the institution, enabling decision makers to choose
characteristics that can define cost, time, difficulty and etc. Figs. 22 and 23 show a sensitivity adjustment in the
attribute “Provide Middleware Services”. We notice that changes (even if small) in FR-RW capabilities can
considerably change performance prioritization (TS-F). By comparing Figs. 22 and 23, by leveling the
importance of Mobile Network and Provider Middleware Service, attribute prioritization is significantly
changed. The small change in prioritization moves attribute TS-F (Events Timestamps) to the third position,
receiving less priority than "Unified file format and conversion and UML" and "Data distribution systems based
on WEB".

|:| |:| |:| I:I l:l |:| | Unifor Modu Comnm Stanc Spech Attrib Secur Multp  Netw
Eveni Data Unifie Wirele Curre Integ Digita Syste [H— Ry w—| |_| |_|

[=]

26%

— 0%  11%

Mobile ne  Provide . Exchang Mobie n Geograp GIS cons  Structur Tracking Aceptabl Provide Provide! Provide :
0

|Provide middleware servic vuz’ Update | | Best to worst | | Set equal | | Reset

Fig. 23. Rolling Weightings of “Exchange of information between teams”.
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Fig. 24. Rolling Weightings of “Exchange of information between teams” after sensitivity adjustment.

The final results obtained through the prioritization generated by the PROMETHEE method will help to
define the technical solutions (TS-P) prioritized for implementation by the institution in order to improve the
attributes in which it has a lower maturity. Thus, the institution has all the necessary numbers to support the
decisions that will contribute to the best possible performance in the scenario of disaster management.

5. Conclusion

This paper focused on identifying disaster management knowledge and an assessment cycle based on the
AHP/ANP/Dematel/PROMETHEE based model called DIAM. The capability to act in the area of disaster
management can be analyzed, as well as a review of the architecture created through the prioritization of the
technical solution by applying the PROMETHEE method. An in-depth relational analysis was conducted in
order to face the complex analysis of disaster management requirements dealing with interoperability barriers.
A total of 127 requirements were split into functional, non-functional requirements and technical solutions by
means of a two-step QFD design. A new relational method called IRM was conceived to support mapping of
the main (filtered) DM requirements (total of 26) into interoperability perspectives based on Chen’s EIF. IRM
acted as an important tool in designing the AHP structure of the DIAM, enabling a multi-layer diagnosis of the
different organizational views — from the strategic level concerning business, conceptual and process
interoperability perspectives down to a granular view of disaster management capabilities.

The same IRM also served as the basis for the application of the Dematel method, which allowed the degree
of influence among the attributes to be mapped serving as subsidies for the deployment of the ANP method.
The application of Dematel allowed the connection of different clusters from 3 attributes (Influence Relationship
- IR). The result of the extension of the ANP method onto the AHP structure allows to improve the previously
obtained diagnosis. The final structure of the framework is intended to take advantage of the results obtained in
the diagnostic phase to improve the reference file. The process begins with the selection of the least attended
attributes of the institution. In this case, 20% of them (12 attributes — FR-RW) were selected, for which
calculations were made for the normalization and inversion of values (the weakest attribute having the highest
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weighting in the architecture). The alternatives were the technical solutions identified at the beginning of the
framework after experts selected the attributes pertinent to the company branch of activity (17 technical
solutions — TS-F). These attributes (FR-RW and TS-F) are used in the last method of the DIAM proposal to
prioritize the architecture of the institution evaluated, in which the result is defined as Prioritized Technical
Solutions (TS-P).

An application case based on an important ICT company in southern Brazil, acting as a central entity in
control of municipal information and communication technology, enabled relevant results and promising
perspectives on the applicability of DIAM in DRMS improvements. Several unknown fragile capabilities are
highlighted by the corroboration between DIAM and company experts and directors’ perceptions in
organizational performance in disaster management scenarios. Moreover, influence (sensitivity) analysis of the
DM requirements identified on the company’s overall maturity level, gave a preliminary support for a local
agenda towards public and private efforts in overcoming municipal barriers.

It has been shown that disaster management should be linked directly to interoperability issues, allowing an
integrated operation of all entities involved during an event. An interoperability assessment framework was then
proposed in order to identify the potential interoperation in a disaster response management environment. The
proposed DRMS development cycle framework was based on a set of reference architecture specifications
(relating functional requirements to technical solutions), an interoperability diagnosis model (relating functional
requirements to interoperability concerns) of a locality or private or public entity, in order to achieve an
interoperable architecture. DRMS promotes review, evaluation and improvement in the reference architecture
for the reality of the entity analyzed with respect to its interoperability capabilities in DM scenarios.

About future works, the research will continue towards improving the framework, verifying and validating
the results found with other public/private entities (civil defense, firefighters, traffic engineering) involved in
disaster response management initiatives. A SysML diagram modeling phase will also be considered with a
view to supporting DMIS specifications with special emphasis on DM and interoperability requirement
modeling as well as complex behavior analyses relative to disaster response dynamics. A broader picture of
disaster management capabilities of Brazilian cities in disaster management situation can then be established.
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APENDICE D - ATRIBUTOS

1 - Classificagdo como Requisitos Funcionais, Ndo Funcionais ou Solug&o Técnica
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Knowledge FR NFR TS
access levels X

aceptable for governmental services X

adaptable financial realities X

Agile X
attributes based query X
auto operation X
automatic background searching X
automatic decision making X

broadcast messages X
Capacity X
Clustered X
common datasets X
Compatibility X
continuously monitored X

corporate technologies X

crisis classification process X

current technologies X
custom applications X

customized user interface X

data access ancients X

data distribution systems based on WEB X
data sharing X

depiction (physical representation in a digital format of the environment) X
digital maps X
distributed computing X
dynamically data update X

easy configuration X

easy to include new modules X

easy to use X

event improtance level X




106

events timestamps X

exchange of information between teams X

experts provide instant feedback when contacted X

facilities in sending messages X

false phone calls X

fast training X

Flexibility X

geographic information system X

geographical based data X

GIS consultation based tools X

graphic reports X

hardware low cost X

hetereogeneous specification X

Identify parties automaticaly X

incident reports X

information location identification X

integrated data repository X

interoperable with other architectures X

intrusion devices X

knowledge sharing X

known ontology between modules X

known taxonomy between modules X

levels of importance of data X

life cicle plan X

low cost of integration

low cost software

low database storage cost

low implementation cost

low maintenance cost

X | X [X | X [X |X

low training cost

mobile devices enablerd X

mobile networks X

modular approach X

Multilingual X

Multiplatform X
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multiple data formats

multiple users

network performance evaluation

network power secured

not complex systems

notify groups and times dynamically

occurrences reports

open sources

open SQL data language

organization performance metrics

oriented system applications

otimization communication channels

outside consulting

owner of data reports

prediction of hazard

priority information

X | X [X | X

prototypes implementation

provide user reports

provide access reports

provide feedback expert

provide middleware services

X | X [ X | X

provide quick reports

quick access

quick communication

quick response time

X | X [X | X

quickly identifying a situation

rapid identification of experts and supervisors

reduce the number of vehicles

relational data model

Reliability

report alternate routes

report alternative transport

report checkpoints

report supply points

X | X [ X | X

report templates
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robust system

run on different types of crisis

secure shell

send personalized messages

sharing data

single set of rules

special queries

specielists encrypted messages

standart data specification

structured query implementation

SYSML

system constraints maps

system performance metrics

system requirements definitions

systemized repository data

tracking responsible for data

traffic control information

unified file format and conversion and UML

uniform emergency signals

unregistered users receive only broadcasts

usage tips

use case based modeling

user hierarchy

user performance metrics

user support

warnings for hazardous areas

wireless communication




2 — Solucao Técnica para o Instituto das Cidades Inteligentes

109

Knowledge TS ICI TS

attributes based query X X

broadcast messages X

clustered X

common datasets X X

current technologies X X

data distribution systems based on WEB X X

depiction (physical representation in a digital format of the environment) X

digital maps X X

distributed computing X

events timestamps X X

hetereogeneous specification X

integrated data repository X X

known ontology between modules X

life cicle plan X

modular approach X X

multiple data formats X X

network power secured X X

not complex systems X

open sources X

open SQL data language X

oriented system applications X

otimization communication channels X

relational data model X

report templates X

secure shell X X

specielists encrypted messages X X

standart data specification X X

SYSML X

system constraints maps X

systemized repository data X X

unified file format and conversion and UML X X

uniform emergency signals X X
X

use case based modeling
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user hierarchy X

wireless communication X X




3 — Classificacdo Dematel

ORDEM ATRIBUTOS MAIS ATIVOS NO SISTEMA

INFLUENCIA INFLUENCIA INFLUENCIA
ATRIBUTOS FORNECIDA RECEBIDA RESULTANTE
Dynamically data update 0,120736061 0,04835473 0,072381331
Exchange of information between ... 0,105481257 0,046755933 0,058725324
Single set of rules 0,053185272 0,024414745 0,028770526
Levels of importance of data 0,060158319 0,032141361 0,028016957
Quickly identifying a situation 0,080538111 0,058855009 0,021683103
Tracking responsible for data 0,053938334 0,046276722 0,007661612
GIS consultation based tools 0,065622291 0,061768714 0,003853577
Geographical based data 0,065694121 0,06393943 0,001754691
Provide middleware services 0,040283608 0,038985133 0,001298475
Report supply points 0,019836721 0,019435227 0,000401494
Easy to include new modules 0,027561218 0,030455602 -0,002894384
Experts provide instant feedback ... 0,064752675 0,069179743 -0,004427068
Corporate technologies 0,054370754 0,05943487 -0,005064116
User support 0,018425923 0,024357896 -0,005931972
Unregistered users receive only ... 0,02122694 0,028229189 -0,00700225
Mobile networks 0,042119132 0,050732726 -0,008613594
Provide user reports 0,025834678 0,036775996 -0,010941318
Customized user interface 0,025170804 0,037715606 -0,012544802
Structured query implementation 0,01150275 0,024056544 -0,012553794
Owner of data reports 0,028293204 0,042809843 -0,014516639
Provide access reports 0,018740598 0,043291677 -0,024551079
Reduce the number of vehicles 0,018626088 0,045640489 -0,027014401
Aceptable for governmental services 0,031873971 0,064748394 -0,032874423
Run on different types of crisis 0,048762953 0,104380202 -0,05561725

ORDEM ATRIBUTOS MAIS INFLUENTES NO SISTEMA
INFLUENCIA

ATRIBUTOS

INFLUENCIA

INFLUENCIA

Dynamically data update

FORNECIDA
0,120736061

RECEBIDA
0,04835473

RESULTANTE
0,072381331

Exchange of information between ...

0,105481257

0,046755933

0,058725324
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Quickly identifying a situation 0,080538111 0,058855009 0,021683103
Geographical based data 0,065694121 0,06393943 0,001754691
GIS consultation based tools 0,065622291 0,061768714 0,003853577
Experts provide instant feedback ... 0,064752675 0,069179743 -0,004427068
Levels of importance of data 0,060158319 0,032141361 0,028016957
Corporate technologies 0,054370754 0,05943487 -0,005064116
Tracking responsible for data 0,053938334 0,046276722 0,007661612
Single set of rules 0,053185272 0,024414745 0,028770526
Run on different types of crisis 0,048762953 0,104380202 -0,05561725
Mobile networks 0,042119132 0,050732726 -0,008613594
Provide middleware services 0,040283608 0,038985133 0,001298475
Aceptable for governmental services 0,031873971 0,064748394 -0,032874423
Owner of data reports 0,028293204 0,042809843 -0,014516639
Easy to include new modules 0,027561218 0,030455602 -0,002894384
Provide user reports 0,025834678 0,036775996 -0,010941318
Customized user interface 0,025170804 0,037715606 -0,012544802
Unregistered users receive only ... 0,02122694 0,028229189 -0,00700225
Report supply points 0,019836721 0,019435227 0,000401494
Provide access reports 0,018740598 0,043291677 -0,024551079
Reduce the number of vehicles 0,018626088 0,045640489 -0,027014401
User support 0,018425923 0,024357896 -0,005931972
Structured query implementation 0,01150275 0,024056544 -0,012553794

ORDEM ATRIBUTOS MAIS INFLUENCIADOS PELO SISTEMA
INFLUENCIA

ATRIBUTOS

FORNECIDA

INFLUENCIA
RECEBIDA

INFLUENCIA
RESULTANTE

Run on different types of crisis 0,048762953 0,104380202 -0,05561725
Experts provide instant feedback ... 0,064752675 0,069179743 -0,004427068
Aceptable for governmental services 0,031873971 0,064748394 -0,032874423
Geographical based data 0,065694121 0,06393943 0,001754691
GIS consultation based tools 0,065622291 0,061768714 0,003853577
Corporate technologies 0,054370754 0,05943487 -0,005064116
Quickly identifying a situation 0,080538111 0,058855009 0,021683103
Mobile networks 0,042119132 0,050732726 -0,008613594
Dynamically data update 0,120736061 0,04835473 0,072381331
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Exchange of information between ... 0,105481257 0,046755933 0,058725324
Tracking responsible for data 0,053938334 0,046276722 0,007661612
Reduce the number of vehicles 0,018626088 0,045640489 -0,027014401
Provide access reports 0,018740598 0,043291677 -0,024551079
Owner of data reports 0,028293204 0,042809843 -0,014516639
Provide middleware services 0,040283608 0,038985133 0,001298475
Customized user interface 0,025170804 0,037715606 -0,012544802
Provide user reports 0,025834678 0,036775996 -0,010941318
Levels of importance of data 0,060158319 0,032141361 0,028016957
Easy to include new modules 0,027561218 0,030455602 -0,002894384
Unregistered users receive only ... 0,02122694 0,028229189 -0,00700225
Single set of rules 0,053185272 0,024414745 0,028770526
User support 0,018425923 0,024357896 -0,005931972
Structured query implementation 0,01150275 0,024056544 -0,012553794
Report supply points 0,019836721 0,019435227 0,000401494
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ANEXO A - PIBIC
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RESUMO

O aumento do numero de registros por ocorréncias e fatalidades devido a desastres
naturais presenciados no mundo todo tem exigido das organizacdes acdes integradas
que sejam capazes de prevenir ou reverter as mais inesperadas situacdes de
emergéncia. Na busca pela maior integracdo entre os envolvidos e um
compartilhamento rapido e eficiente de informacdes, o atendimento aos requisitos de
interoperabilidade torna-se fator chave, na medida em que oferece suporte e garante
o melhor desempenho nas acbes tomadas diante das situacées adversas. E diante
deste cenario, e frente aos rigorosos requisitos e indicadores de desempenho
associados, que o0 presente projeto encontra sua motivacdo, tendo como objetivo a
investigacdo de métodos multicriterios (MCDM) — AHP/ANP, DEMATEL e
PROMETHEE - na elaboracdo de um modelo de avaliagdo de interoperabilidade
organizacional (AlO), tendo por escopo de aplicacdo o ICI (Instituto das Cidades
Inteligentes), uma entidade do referido dominio. Com base em esquema metodologico
especifico, a fase inicial de estudo contemplou a etapa de revisao bibliografica, onde
foram investigadas definicbes, conceitos e frameworks relacionados a
interoperabilidade e ao contexto de GRD. A fase seguinte destinou-se ao
levantamento de atributos a partir da literatura, especialistas e principais iniciativas
mundiais no dominio estudado. Por fim, a ultima etapa final foi dedicada a
investigacdo, elaboracdo e aplicacdo dos métodos AHP, DEMATEL, ANP e
PROMETHEE, seguida de suas comparacdes e conclusfes. Os resultados finais
obtidos a partir da aplicacdo dos métodos se mostraram coerentes e complementares
entre si, demonstrando que o ICI se encontra em um nivel de maturidade de
interoperabilidade intermediario, sendo algumas de suas fragilidades relacionadas as
‘redes moveis’ direcionando a priorizacdo de tecnologias para esta dimensao. Tal
diagnéstico demonstra ndo sé a eficacia dos métodos, mas também sua potencial
aplicacao conjunta na composi¢cdo de um modelo AlO que contempla a avaliacdo de
interoperabilidade na esfera de seguranca publica e a priorizacdo de ac¢bes para
melhoré-la.

Palavras-Chave: Avaliacdo de Interoperabilidade, Gestdo de Resposta a Desastres,
AHP/ANP, DEMATEL, PROMETHEE.
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1. INTRODUCAO

O aumento do numero de registros por ocorréncias e fatalidades devido a
desastres naturais presenciados no mundo todo tem exigido das autoridades
(entidades publicas, prestadores de servigos, cidaddos, voluntarios e sistemas)
acOes integradas que sejam capazes de prevenir ou reverter as mais inesperadas
situacOes de emergéncia. Na busca pela maior integracdo entre os envolvidos e um
compartilhamento rapido e eficiente de informagdes, o atendimento aos requisitos
de interoperabilidade torna-se fator chave, na medida em que oferece suporte e
garante o melhor desempenho nas a¢des tomadas diante das situacdes adversas.

Neste sentido, a Gestdo de Crises surge com um importante papel, na
tentativa de promover a coordenagéo dos processos e integracéo entre entidades
em um ciclo de acédo envolvendo quatro fases principais: mitigacéo, preparacao,
resposta e recuperacdo (ATLAY e GREEN, 2006). Se tratando de
interoperabilidade, a dimenséo resposta € considerada a de maior relevancia, sendo
critica no apoio aos individuos afetados. De acordo com Barthe-Delanoé et al.
(2012), a eficiéncia na gestéo de crises pode ser mensurada pela rapidez e preciséo
com que as informacBes sdo geridas e compartilhadas entre as entidades
envolvidas (pessoas, organizacdes ou sistemas).

Diante deste cenario, frente aos rigorosos requisitos e indicadores de
desempenho associados, 0 presente projeto encontra sua motivagao,
reconhecendo a importancia da avaliacdo de interoperabilidade organizacional
(AlO), do inglés Enterprise Interoperability Assessment (EIA), no diagnostico das
capabilidades de entidades publicas e privadas em meio a gestdo de crise. Foram
elaborados modelos de avaliagéo a partir de trés métodos multicritérios (MCDM) —
AHP/ANP, DEMATEL e Promete —, tendo aplicagdo em uma entidade do referido

dominio.
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O projeto do professor envolveu igualmente uma equipe de professores,

alunos de mestrado e funcionarios da instituicdo avaliada (IClI - Instituto das Cidades
Inteligentes) com a qual o PPGEPS possui projeto de cooperacdo. Os
conhecimentos adquiridos em meu PIBIC anterior na area de saude facilitaram seu
desenvolvimento e os amplos resultados obtidos permitiram, juntamente com aluno
de mestrado, a publicagcdo conjunta de um artigo estendido de congresso
internacional para o Journal of Industrial Information Integration — Jlll, Elsevier
(AVANZI et al., 2017), do qual tive o privilégio de participar como coautora auxiliando

em diferentes experimentacfes e analise de resultados.

2. OBJETIVOS

O presente projeto tem como objetivo fundamental a avaliacdo de métodos
MCDA (AHP, DEMATEL, ANP e PROMETHEE) para constru¢édo de um modelo de
avaliacado de interoperabilidade (EIA) de uma entidade envolvida na gestao de

resposta a desastre.

2.1. OBJETIVOS ESPECIFICOS
Para o alcance do objetivo fundamental, definiram-se os seguintes objetivos
especificos:
e OE1: Investigacao das principais perspectivas e modelos de avaliacédo de
interoperabilidade - EIA (espago solucéo).
e OEZ2: Identificacdo dos atributos que qualificam o dominio de gestdo de
resposta a desastre (espago problema).
e OE4: Concepcdo de modelo EIA, com base nos métodos MCDA
analisados.
e OES5: Aplicacao do modelo EIA no escopo dos projetos institucionais em
andamento (*).

e OEB6: Andlise de resultados e diagnostico de interoperabilidade.
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(*): Projeto de um SGRD (Sistema de Gerenciamento de Resposta a
Desastres) no ambito de projeto de cooperacdo do PPGPES/PUCPR com o ICI
(Instituto Curitiba de Informatica). O referido projeto PIBIC refere-se a etapa

diagnéstica dentro de um ciclo de desenvolvimento de um SGRD.
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3. MATERIAIS E METODO

Com o intuito de proporcionar uma melhor compreensdo acerca do
desenvolvimento da estratégia de pesquisa, 0 presente relatério sera subdividido
em 6 etapas principais, estando estas estruturadas identificadas em um modelo
IDEFO (MARCA E MCGOWAN 1988) ilustrado na Figura. 1. O diagrama facilita a
compreensao das etapas e usa 0 principio da decomposicdo de processos
complexos a fim de quebra-los em atividades menores (caixas), entradas (setas a
direita); saidas (setas a esquerda); restricdes ou controles sobre as atividades
(setas superiores); e mecanismos utilizados para execucdo da atividade, (setas
inferiores). As etapas que constam no modelo correspondem a: revisao bibliografica
(AO0-Al); levantamento e classificacédo de atributos a partir do espaco problema (A2-
A4); investigacéo, elaboracéo e aplicacdo do método AHP (A5-A7), DEMATEL (A8-
A10), ANP (A11-A12) e PROMETHEE (A13-Al5), e, por fim, comparacdo entre
métodos e conclusdes (A16).

As atividades correspondentes as trés primeiras etapas foram concluidas na
primeira fase do projeto e sintetizadas no relatério parcial de pesquisa juntamente
aos resultados obtidos e analises de sensibilidade. A segunda fase do projeto foi
dedicada a investigacdo, modelagem e avaliacdo dos demais métodos citados
(DEMATEL, ANP e PROMETHEE), bem como comparacdo entre estes e
conclusdes. Neste processo, vale ressaltar a incorpora¢do do método DEMATEL ao
escopo de pesquisa ocupando o lugar do método ELECTRE-TRI, como melhor
alternativa para explorar e testar uma nova e potencial metodologia de avaliacédo
multicritério. Nas sessdes seguintes serdo descritas cada uma das etapas
mencionadas, juntamente aos dados coletados, modelos e estruturas formuladas,
ferramentas de apoio utilizadas, dentre outros elementos pertinentes ao
desenvolvimento do presente projeto. Pela abrangéncia de materiais e por
restricoes de espaco parte dos elementos produzidos durante o projeto se

encontram disponibilizados em acesso remoto (pasta pessoal pesquisa Dropbox).
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3.1. IF'S EM GESTAO DE RESPOSTA A DESASTRES (GRD)

Esta etapa, compreendo as atividades AO e Al do diagrama IDEFO, foi
dedicada a investigacao bibliografica dos temas interoperabilidade e dominio de
Gestdo de Resposta a desastres (GRD), assim como a definicio do IF
(Interoperability Framework) e modelo de avaliacdo mais adequados ao escopo de
pesquisa definido.

MODELO IDEF0 - DESENVOLVIMENTO DO PROJETODE PESQUISA E APLICAGAO DOS METODOS AHP,
DEMATEL, ANP E PROMETHEE

| |
Selogéo dos Framework de | !

referenciais posquise Entrevistas Relag 6es semanticas Matriz QFD
Questéo de ¥ Referencial )
Pesquisa — tedrico Pesquisa Perspectivas de | Definigho dos |  Atributos | Classificagéo de | Atributes |  Definigéo de
T | Ltoratura |98 Pesquisa| acercados | Interoperabiidede | alributos | preliminares |  Atribulos em FR conelagoes
Objetivos IF em GRD preliminares FR, NFR, TS entre atributos e

20 Al A2 A3 perspammau
S g T Litera T T T
Literatura
Bados Word T niciativas | Web Senice et
! ‘ i em GRD Especialistas umec
R

Atributos alocados 4s perspectivas
METODO
METODO AHP DEMATEL
Diretrzes Reforencial | Exom Rounid | Exempios Reunices
irotrizes Referencial ___Exemplos GUNiBoS i
AR em GR o Tutorisk ™ e Focais Tulorials praicos Focais
¥ v jetivo || v PesCalies Matriz de ¥ Grau de influéncia Mapa do
Models Atribut correlagéo dos ati s li L1 flué atribut
da avaliagio | atrbutos | 90 método Avaliagio |-y da avaliagéo Avaliag&o » de calculo Relagdes de influéncia
ficat
as| Niveis AG AT AB A9 A0 EQIRCEhEE
f SIper SIper T Bese de T
Excel Especialistas
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Objetivo L e Modelo * T Talel
»
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T ST T
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Decisions De:snnsE“e""a"s'“
! [ Solugdes
METODO Técnicas
PROMETHEE
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ributos
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I v Actions Modelo Resultados AHP y
Comparagdo
Estrituragéo Critérios do Avaliagso | aviicacdo da I Resultados DEMATEL PR alictes
da avaliag8o | Grupo de Critérios| do método Fungées, avaliag o Sokigos Resultados ANP métodos [~
A13|___ Cendrios A4 Peq At5|  Tecnicas Resultados PROMETHEE A16
x
Visual st al Word
Especialistas. 33, !

PROMIETHEE PROMETHEE
I

Figura 1 - Estratégia de pesquisa desenvolvida no PIBIC (do autor)

A interoperabilidade, segundo a visdo de CHEN (2008, P. 1), € um conceito
amplo que pode apresentar definicbes e conotagbes por vezes diferentes
dependendo do dominio ou setor ao qual € aplicada. Em sentido amplo, o termo
pode ser definido como a “capacidade de dois ou mais sistemas ou componentes
em trocar informacbes e usar as informagdes que foram trocadas” (Institute of

Electrical and Electronics Engineers — IEEE, 1990). Ser interoperavel, portanto,
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significa alcancar uma completa integragcdo e um eficiente compartilhamento de

informagdes entre as entidades envolvidas, trabalhando em conjunto na busca de
objetivos comuns e mutuamente benéficos. Em seu estudo, Chen (2008, p. 2) afirma
gue muitas organizacdes nao sao interoperaveis pelo fato de encontrar barreiras
advindas de diferentes naturezas e niveis corporativos que as impedem de
estabelecer uma perfeita sincronia em suas relacdes. Identificar tais barreiras e
avaliar a capacidade de interoperar com outras entidades, segundo Cestari (2015,
p.7), permite a entidade “conhecer seus pontos fortes, pontos fracos e priorizar
agdes para melhorar seu desempenho e maturidade”.

Segundo Cesmeci et al. (2013), uma crise constitui uma situacao inesperada,
instavel ou perigosa, capaz de afetar toda ou parte da sociedade, podendo surgir
em diferentes esferas — politica, militar, econémica, social, tecnolégica ou de saude
— e ser causada por fatores naturais ou acées humanas. Neste complexo contexto,
onde o tempo é escasso e diversas informagdes sdo compartilhadas entre os
envolvidos — defesa civil, militares, policiais, equipes de resgate, bombeiros, etc. —,
o cumprimento de requisitos de interoperabilidade torna-se chave para preservar
vidas e assegurar o sucesso da operacdo. Com este pressuposto, governos de
diversas partes do mundo estdo movendo ac¢cbes no sentido de implementar
iniciativas de GRD que possam prevenir 0s mais variados tipos de desastres, elevar
seu nivel de interoperabilidade e garantir a estabilidade e seguranca da populagéo.
A lista com as principais iniciativas de GRD investigadas, sua descricdo e
caracteristicas constam na pasta do projeto™.

Existem alguns frameworks disponiveis na literatura que auxiliam a
elaboracao de um esquema de avaliacéo de interoperabilidade no contexto tratado.

Para o presente projeto de pesquisa foi adotado o DRMS (Response Management

“<https://www.dropbox.com/s/a51bmryhoh1s547/ANEXO_%20Iniciativas%20mundiais%20no%20contexto%?2
0de%20GRD.pdf?dI=0>
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System)t Framework, proposto pelos mestrandos Daniel S. Avanzi e Anderson

Foggiatto, que contempla trés fases em um ciclo de desenvolvimento, no qual tive

participacdo no levantamento de atributos e na construcédo do Modelo de Avaliagcéao

de Interoperabilidade (DIAM - Disaster Interoperability Assessment Model), tendo

como base os métodos de suporte investigados no presente projeto.

Apbs andlise dos frameworks, o0 modelo de avaliagdo proposto utilizou como

base os estudos de Chen (2008), que estabelece 4 perspectivas e 3 barreiras acerca

da interoperabilidade, as quais se encontram descritas no Quadro 1.

Business (B)

PERSPECTIVAS DE INTEROPERABILIDADE EM GRD

Refere-se a trabalhar de forma harmonizada a nivel de organizacdo apesardas
diferentes caracteristicas, podendo desenvolvé-las e compartilha-las com outras
empresas

Process (P)

Destina-se a fazer varios processos trabalharem juntos, seja através de interacdes
(em série ou em paralelo) ou, no caso de empresas em rede, criagdo de processos
comuns.

Service (S)

Preocupa-se com o funcionamento conjunto de servigos/aplicagdes, resolvendo as
diferencas sintaticas e semanticas e interligando as bases de dados heterogéneas.

Data (D)

1. Conceptual

Estabelecer ligacdo entre diferentes modelos de dados e linguagens de consulta,
para encontrar e compartilhar informacg6es provenientes de bases heterogéneas.

BARREIRAS DE INTEROPERABILIDADE EM GRD

Relacionada a sintadtica e semantica, representa as diferencas entre as
informag6es trocadas.

2.
Technological

Relativa a incompatibilidade das tecnologias da informacéo, diz respeito as normas
para processo de troca de dados e informagdes através do uso de sistemas de
software.

3.
Organizational

Relacionada com a definicdo de responsabilidade e autoridade, pode ser vista
como as 'tecnologias humanas' ou ‘fatores humanos' que gerem obstaculos a
interoperabilidade

Quadro 1 - Perspectivas de Interoperabilidade (adaptado de CHEN et al., 2008)

3.2. LEVANTAMENTO DE DADOS E ATRIBUTOS

A fase seguinte, correspondente as atividades A2, A3 e A4, foi destinada ao

levantamento dos atributos de avaliacdo de interoperabilidade no contexto tratado

como base para a posterior aplicagcdo dos métodos multicritérios.

Tt<https://www.dropbox.com/s/tz16ggo7u00tlra/ANEXO_%20DRMS_Framework.pdf?dI=0>

\l
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Como citado, a avaliacdo de interoperabilidade deve considerar as

caracteristicas do contexto de aplicacdo. Neste sentido, trés fontes iniciais foram
utilizadas para a obtencéo dos atributos de avaliacdo: (1) Literatura, identificando-
se padrbes e definicdes através de buscas por palavra-chave em base de dados,
sendo a principal referéncia o “Handbook of Emergency Response” (BADIRU e
RACZ, 2013) na qual fiz um estudo mais amplo; (2) iniciativas mundiais de GRD, de
onde se obteve as melhores préticas e requisitos técnicos de suporte & GRD; e (3)
por meio da participacdo de especialistas da area, que, a partir de sucessivas
reunides e discussdes (Técnica Delphi), auxiliaram no levantamento de alguns
atributos do dominio. De posse dos atributos gerais levantados e a partir de
sucessivas reunides e discussdes (Técnica Delphi) com mestrandos e especialistas
da area, os atributos passaram por uma filtragem a fim de contemplar as trés faces
do framework de avaliacdo: Requisitos Funcionais (FR), Requisitos Nao funcionais
(NFR) e Solucdes Técnicas (ST). A lista geral de atributos iniciais e sua classificacéo
pode ser consultada na pasta pessoal do projeto**. Por contemplar apenas o
aspecto da interoperabilidade, para o modelo de avaliacdo foram utilizados apenas
0s 26 atributos classificados em FR-Resultantes (visualizados em arquivo dropbox®®

e diretamente na estrutura AHP/ANP, encontrada no Anexo 1).

3.3. METODOS MUTICRITERIOS DE TOMADA DE DECISAO (MCDM)

A partir da definicdo dos atributos finais de avaliagdo, deu-se inicio a
investigacdo dos chamados Métodos Multicritérios de Andlise de Decisdo — Multi-
Criteria Decision Making, MCDM —, os quais auxiliam decisores na solugéo de
problematicas complexas envolvendo multiplos critérios de avaliacdo. No presente

projeto propde-se a utilizacdo de tais metodos na tentativa de superar a dificuldade

H<https://www.dropbox.com/s/p3kd002fbpdfhI0/ANEXO_%20Atributos_iniciais_e_classifica%C3%A7%C3%A3
0_RF_RNF_ST_Dom%C3%ADnio_GRD.pdf?dI=0>
88<https://www.dropbox.com/s/yby88qvwvj92jyb/ANEXO_%20Atributos_finais_de_Avalia%C3%A7%C3%A30_
Dom%C3%ADnio_GRD.pdf?dI=0>
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de muitas organizagbes em mensurar quantitativamente e seu nivel de

capabilidade/maturidade no que se refere aos requisitos de interoperabilidade de
seu dominio. Nesta direcdo, serdo abordados os métodos AHP, DEMATEL, ANP e
PROMETHEE, juntamente ao seu processo de modelagem e elaboracdo da
estrutura de avaliagdo. Considerando o escopo da pesquisa, sera dada énfase na

analise e uso instrumental do método através das ferramentas associadas

3.3.1. METODO AHP

O método multicritério AHP fundamenta-se na teoria desenvolvida por
Thomas Saaty, que visa mensurar fatores intangiveis através de comparacdes entre
pares de critérios. O método consiste em estruturar os problemas em uma hierarquia
onde o nivel mais alto é representado pelo objetivo do modelo, seguido dos grupos
de critérios, subcritérios e alternativas. Com o problema estruturado, inicialmente os
critérios e subcritérios sdo comparados par a par, em uma escala de 1 a 9 (escala
Saaty), em relacdo ao elemento imediatamente superior. Os valores obtidos séo
entdo traduzidos em matrizes e, apés alguns calculos matematicos, séo fornecidos
os “pesos” relativos de cada atributo considerado. Ao final, as alternativas sao
comparadas entre si em relacdo a cada subcritério, sendo fornecido como resultado
um ranking contendo aquelas que melhor atenderam aos critérios estabelecidos de
acordo com o percentual de enquadramento obtido. No presente PIBIC, a aplicacédo
pratica do método deu-se através do Super Decisions (SAATY, 2003).

Como o método AHP constitui-se a partir de uma estrutura hierarquica, foi
preciso organizar os elementos de forma a contemplar tal formato no dominio em
questéao (atividade A5 do IDEF0). Desta forma o objetivo da avaliagdo ocupou o grau
mais alto da hierarquia, seguido das quatro perspectivas de interoperabilidade, e
abaixo de cada uma delas foram enquadradas as trés barreiras mencionadas.
Adefinicdo dos atributos que seriam enquadrados no proximo nivel foi possivel com

a utilizacado de duas “matrizes QFD”, do inglés Quality Function Deployment, para
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analise relacional, correlacionando-se o0s Atributos vs Perspectivas de

Interoperabilidade e, em seguida, Atributos vs Barreiras, segundo o grau de
importancia do atributo no item em questdo (escala 1,2 e 4) e 0 peso do atributo
para o dominio. Tal avaliacdo contou com o auxilio dos mestrandos e de um
WebService disponibilizado pela UMBC, o qual avalia as rela¢des entre os termos
e retorna o grau de relacdo semantico entre pares de atributos. A matriz QFD
contendo as pontuaces finais j& unificadas pode ser acessada diretamente no
repositorio pessoal do projeto”™, sendo os atributos com maior correlagcio
selecionados para compor o penultimo nivel da estrutura, o que resultou na
eliminacdo de dois deles que nado obtiveram influéncia consideravel. No nivel final,
representando as alternativas de avaliacdo, definiu-se uma escala com trés niveis:
Basico, Intermediario e Avancado, indicando o grau de capabilidade/maturidade da
instituicdo quanto a capacidade de atendimento dos requisitos de interoperabilidade
na esfera de Gestdo de Resposta a Desastres.

Com os elementos ja organizados, iniciou-se a modelagem da estrutura de
avaliacdo no software Super Decisions, com a adicdo dos respectivos clusters e
nodos que adicionardo as abas de comparacgéo. A estrutura obtida encontra-se no
repositorio pessoal do projetofcom 4 cores representando as perspectivas de

interoperabilidade.

3.3.2. METODO DEMATEL

O DEMATEL, do inglésDecision Making Trial and Evaluation Laboratory,
constitui um método desenvolvido entre 1972 e 1979, que visa solucionar problemas
complexos envolvendo rela¢des de influencias entre multiplos fatores. O método é
amplamente aceito “como uma das melhores ferramentas para resolver a relagao

de causa e efeito entre critérios de avaliagado” (SUMRIT, 2013, p. 85), demonstrando

"<https://iwww.dropbox.com/s/03hiueyhccheaos/ANEXO_%20Matriz_QFD_final.pdf?dI=0>
Tti<https://www.dropbox.com/s/mtiix3rebfkeu73/ANEXO_%20Estrutura_final_AHP_Super_Decisions.pdf?dI=0
>

10



Relatério Final — PIBIC
graficamente as relacdes entre fatores, suas intensidades e o grau de influéncia

fornecida, recebida e resultante no sistema. O método utiliza em sua logica a teoria
dos “grafos”, que pressupde que uma melhoria em um fator causa podera impactar
significativamente na melhoria dos fatores-efeitos (FALATOONITOQOSI, 2014).

Sumrit (2013, p. 85) apresenta em seus estudos um esquema procedural de
aplicacdo do meétodo, o qual foi adaptado pelo mestrando Pedro Gomes e
sintetizados em 6 etapas, demonstradas na Figura 2.

Etapa 4 - Calcular

Etapa 1 - Avaliar Etapasigauantitican intensidade de efeitos

Fatores com : a influéncia total Etapa 6 - Construir um

Mapa de Influéncia

0 mapa de influéncia

Especialistas MatfeIEEia entre fatores e
recebidos

Figura 2 — Esquema procedural de aplicacdo do método DEMATEL. Fonte: Adaptado de Sumrit
(2013).

Na primeira etapa, utilizando uma escala de influéncia de 0 a 4, onde 0 O
representa “sem influencia” e o 4 “muito alta influéncia”, especialistas do dominio
realizam a ponderacéao das relacdes de influéncia entre pares de atributos dispostos
em uma matriz quadrada (as linhas representam os fatores influentes e as colunas
os fatores influenciados). Apés, € gerada uma matriz média Z de todas as
avaliacbes. Na etapa 2 a matriz média é entdo multiplicada pelo fator A —
representado pelo menor resultado da divisdo de 1/(maior valor de soma da linha
ou coluna), originando a matriz normalizada D. Na etapa 3, constréi-se a matriz de
relacées totais T (direta e indireta) de acordo com aequacdo: T =D (I—D) !, a
qual representa a quantificacao da influéncia total entre fatores. A proxima fase (4)
destina-se ao calculo da intensidade dos efeitos provocados e recebidos, dados,
respectivamente pela soma das linhas r; (efeitos totais provocados pelo fator i aos

outros fatores) e ¢; (efeitos totais recebidos pelo fator). Deste modo tem-se que (7; +

c;) representam os efeitos totais, provocados e recebidos, do i-ésimo fator. Quando
a expressao for positiva o fator é influente sobre o sistema, caso seja negativo, o

fator € mais influenciado pelo sistema. Na fase 5 define-se um limiar a para delimitar

11
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as influéncias relevantes do sistema, as quais serdo exibidas no mapa de

influéncias, sendo calculado através da média entre todas as células da matriz. A
etapa final (6) consiste na representacdo das influéncias através de um mapa
grafico bidimensional, onde os fatores sdo representados por pontos, cujas
coordenadas x e y sdo os valores de (r; + ¢;) e (r; — ¢;), respectivamente, e as setas
representam a direcdo das influéncias entre os fatores considerados.

Para estruturar o modelo DEMATEL no dominio aqui considerado, elaborou-
se primeiramente uma matriz quadrada contendo 24 linhas e colunas com o0s
atributos finais de avaliacédo e espacos para a avaliacdo de dois especialistas. Como
ndo foram encontrados softwares gratuitos para aplicacdo do método,
desenvolveram-se as etapas de célculo no proprio Excel a partir das equacdes e
esquemas de aplicacdo fornecidos pela literatura. Apés, a matriz de avaliacdo foi
entdo enviada a especialistas da instituicdo para que fosse ponderada de acordo
com o dominio estudado. Por restricdo de pessoal da instituicdo disponivel no
momento, a avaliacao foi realizada por um especialista, que adicionou os valores
diretamente na matriz média. A estrutura completa de avaliacdo bem como os
processos de calculo do método se encontram anexados ao repositério pessoal do

projeto+,

3.3.3. METODO ANP

O método ANP — Analytic Network Process (Processo analitico em Rede) —
constitui-se um caso particular e mais avancado do método AHP. Ambos visam
avaliar problemaéticas através de comparacdes entre pares de atributos utilizando
uma estrutura e escala de razdo comum, diferindo-se apenas quanto a sua
abordagem: enquanto o AHP realiza comparacfes entre pares de elementos em
relacdo a um nivel imediatamente superior, seguindo a hierarquia, o ANP identifica

fluxos de influéncia e estabelece comparacdes entre dois ou mais elementos de um

Hi<https://www.dropbox.com/s/erpom869bdryxa4/ANEXO_%20Etapas_de_Calculo_ DEMATEL.pdf?dI=0>
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grupo com relacao a outro fator/elemento da estrutura, seja do mesmo nivel ou néo.

Tal légica exige maior esforco na estruturacdo de comparacdes mais complexas,
mas, em contrapartida, leva a resultados de avaliagdo mais precisos (SAATY, 2003,
p. ii).

Com o intuito de identificar as correlacdes entre diferentes grupos de
atributos para a aplicagdo do ANP, foram utilizados os resultados obtidos a partir do
método DEMATEL. Deste modo, utilizando uma linha de corte de 0,09, foram
identificados os atributos que exerceram influéncia significativa sobre os demais,
sendo estes elencados na Figura 3 — o atributo “pai” esta representado pelas cores
mais escuras, abaixo estéo os atributos aos quais ele foi ligado e, ao lado de cada
um, o cluster pertencente. Como o ANP s6 faz comparacdes pareadas entre dois
ou mais atributos de um mesmo cluster com relagcdo a outro qualquer, alguns

atributos ndo puderam ser adicionados.

Data Aspect - Exchange of information Data Aspect -
Technological between .. Technological

Dynamically data update

Exchange of infarmation ’
bgetv\reen i Data Aspect - Dynamically data update Process Aspect-

Technological Crganizational

Tracking responsible for data

Qluickly identifying a situation

Data Aspect - Quickly identifying a Process Aspect -
Technological situation Organizational

Experts provide instant Experts provide instant feedback
feedback ... Data Aspect - Data Aspect -

Conceptual Conceptual

Dynamically data update

Geagraphical based data Geographical based data

Figura 3 - Relacdes adicionais ANP. Fonte: Do autor.
As novas ligacdes foram entdo enviadas a especialistas para que fossem
avaliadas. Dependendo do peso dos atributos envolvidos nas ligagdes adicionais,

os resultados finais do AHP poderao sofrer alteracdes.

3.3.4. METODO PROMETHEE
A familia de métodos PROMETHEE (Preference Ranking Organization
Method for Evoluation), integra o grupo de métodos de sobreclassificagdo com

multicritérios de avaliacdo, sendo exposto originalmente por Jean-Pierre Brans, em
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1982 (SANTOS, 2015, apud Araz&Ozkaran, 2007). O meétodo se baseia em

relacdes de subordinacéo, levando em conta alguns elementos, tais como Pesos
dos critérios — grau de importancia relativa intercritérios, que determina o grau de
sobreclassificacdo de uma alternativa em relacdo a outra; indices de preferéncia
(p) — valor a partir do qual uma alternativa pode ser considerada com preferéncia
estrita; e FuncOes de Preferéncia — representagdo do comportamento
caracteristico e comparativo entre os indices de preferéncia e indiferenca. O método
estabelece seis fungdes pré-definidas: Usual Criterion, U-Shape Criterion, V-Shape
Criterion, Level Criterion, V Shape With Indifference e Gaussian Criterion (BARAN,
2015).

Os métodos desta familia podem ser compostos por duas etapas, sendo a
primeira delas voltada a atribuicdo dos dados relativos aos critérios e alternativas,
visando a “construcao das relacdes de sobreclassificacdo”, e a segunda dedicada a
“exploracao das relagdes de apoio a decisao”. O método utiliza o conceito de fluxo
liquido(®), que leva em consideragéo a preferéncia das alternativas comparadas:
®(a) = d+(a) — P—(a). Quanto maior o fluxo liquido melhor sera a alternativa, assim,
uma alternativa “a” sobreclassifica “b”, se e somente se, ®(a)>P(b); e uma
alternativa “a” é indiferente a “b”, se e somente se, ®(a)=P(b).

Para a aplicacdo do método, foi utilizado o software Visual PROMETHEE (VP
SOLUTIONS, 2013). Os parametros do modelo a serem inseridos no software para
a aplicacdo do método e obtencdo dos resultados contemplam: actions
(alternativas), critérios, cenarios, pesos dos critérios, e, para cada um deles, os
niveis de preferéncia (p) e indiferenca (q), funcdes de preferéncia, entre outros.

Diferentemente dos métodos anteriores, que forneceram uma analise
diagnostica do grau de maturidade da instituicdo avaliada, a aplicacdo do método
PROMETHEE no contexto estudado (atividade A13 do IDEFO) tera como objetivo a
identificacdo e priorizagdo de solugdes para o desenvolvimento da instituicdo no

quesito interoperabilidade. Os critérios utilizados no modelo foram os 12 atributos

14
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com o menor resultado a partir do método ANP, sendo redistribuidos os pesos entre

si e definidas escalas que consideram uma ordem de importancia decrescente de
valores. Como alternativas, utilizou-se 17 dos atributos classificados como
“solucdes técnicas” (etapa A3 do IDEFO0), os quais foram previamente analisados e
filtrados por funcionarios da instituicdo de acordo com sua viabilidade de aplicacao
no contexto da organizacgéo. A escala de avaliagao utilizada contou com valores de
0-10 onde os intervalos representam diferentes niveis de influéncia da tecnologia
para o desenvolvimento do atributo avaliado: 0 (Sem influéncia); >0 e <=2 (Baixa
influéncia); >2 e <=6 (Média influéncia); >6 e <=8 (Alta influéncia); >8 e <=10 (Muito
Alta influéncia).

Ao inserir a estrutura de base no software, iniciou-se a inser¢cao dos
parametros necessarios, considerando cada um dos critérios. Visto que todos eles
possuem escala crescente (quanto maior a nota melhor) os campos “Min/Max”
foram assinalados como Max. Com relacdo as fun¢fes de preferéncia e aos niveis
de preferéncia e indiferenca (P e Q), foram utilizadas para cada atributo as
sugestdes do préprio software, que analisa os valores inseridos e fornece os dados
mais adequados a estes. Todas as func¢des sugeridas foram como “lineares”,
estando o modelo completo, devidamente estruturado no software, disponivel na

Figura 4 e na pasta pessoal do projetoSss.

888<https://www.dropbox.com/s/z01lagimuwrgwhxI/ANEXO_Modelo_ PROMETHEE.pdf?dI=0>
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. Disaster Response .. [Mobile netw...] Provide user..] Exchange of... [Mabie netw..| Geographical..] GIS consulta.. | [Structured ...| Trackingres...| Aceptable fo... Provide midd..| Provide user..] Provide acce..)

Unit % % %o % % % % % unit unit! unit unit!
ClsterfGaup ® ® ) o ® @ ® ® 0 0 @] ]
Preferences
M\HNEX max max max max max max max max max max max max
Weight 25,75 17,87 5,21 5,15 5,14 3,35 3,34 5,25 5,10 2,85 5,98 11,01
Preference Fn. Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear Linear
Thresholds absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute absolute
- Q: Indifference 2,709 2,046 2,385 2,64 2,680 2,697 2,714 2,754 2,52 2,14 1,94 2,78
- P: Preference 6,664 3,472 5,826 6,472 6,439 6,624 6,229 6,533 5,39 4,59 3,71 4,80
- 5: Gaussian nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa nfa
Statistics
Minimum 0,000 0,000 1,000 0,000 0,000 0,000 0,000 0,000 0,00 0,00 0,00 0,00
Maximum 10,000 7,000 10,000 10,000 10,000 10,000 9,000 9,000 5,00 10,00 7,00 9,00
Average 4,353 0,882 5,529 4,235 4,708 5,234 2,882 4,059 4,29 5,12 1,24 1,18
Standard Dev. 3,289 1,711 2,872 3,191 3,195 3,288 3,046 3,208 2,89 2,45 1,80 2,36
Evaluations
O 0,000 1,000 5,000 0,000 3,000 7,000 9,000 0,000 0,00 3,00 3,00 1,00
O 3,000 0,000 7,000 2,000 7,000 7,000 7,000 5,000 1,00 3,00 1,00 1,00
O 9,000 0,000 5,000 8,000 9,000 9,000 1,000 1,000 7,00 5,00 1,00 0,00
O 9,000 1,000 9,000 8,000 3,000 5,000 1,000 1,000 7,00 7,00 3,00 3,00
O 7,000 0,000 1,000 6,000 10,000 10,000 3,000 5,000 5,00 5,00 1,00 1,00
Events tmestamps| | [] 5,000 7,000 7,000 7,000 9,000 9,000 0,000 3,000 0,00 0,00 7,00 9,00
O 7,000 1,000 9,000 7,000 5,000 5,000 3,000 5,000 5,00 3,00 1,00 0,00
O 5,000 0,000 3,000 5,000 0,000 0,000 1,000 3,000 7,00 7,00 0,00 0,00
Il 1,000 0,000 3,000 1,000 3,000 3,000 5,000 3,000 1,00 3,00 0,00 0,00

Figura 4 - Modelagem do Método PROMETHEE no software Visual PROMETHEE.
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4. RESULTADOS

Nesta secao, serdo descritas as fases de aplicacédo e analise efetiva de cada

um dos métodos anteriormente estudados e estruturados.

4.1. RESULTADOS METODO AHP/ANP

A fim de verificar a aplicabilidade do modelo, a avaliacdo foi aplicada em
instituicdo do dominio selecionada — o Instituto das Cidades Inteligentes (ICl),
situado na cidade de Curitiba e considerado referéncia em pesquisa, integragao,
desenvolvimento e implementacéo de solu¢cdes completas para a gestéao publica. O
processo avaliativo contou com profissionais da instituicdo e especialistas no tema
(grupo de pesquisa), os quais auxiliaram nas comparacdes do método AHP, sendo
gerados resultados que permitiram um diagnéstico da entidade no que se refere a
interoperabilidade na esfera de GRD. O resultado final e os pesos dos atributos,
barreiras e perspectivas, obtidos a partir do método, encontram-se na Fig. 5

*k

(esquerda) e em maior detalhe no repositério pessoal do projeto™.

Maturity Level 0
—  Advanced
Basic
Ideals Mormals — Intermediary

05

Advanced

0,740888 04 -
e

0.

0,309510
0.2

0,274,795

01
0,418295

0,649770 0
1 Basic 0 01 0.2 03 04 05 06 07 08 09 1

Intermediary"

Figura 5 — Esquerda: Gréfico ilustrativo do Resultado Final AHP. Direita: Analise de sensibilidade
para o atributo ‘Report Supply Points’.

Com base nos resultados obtidos, percebe-se que a perspectiva “Data”

(dados) foi considerada a de maior dominio pela a instituicdo avaliada (57,4%).

"<https://www.dropbox.com/s/cw2mlyige2u5qqa/ANEXO_%20Resultado_AHP_Detalhado_Atributos_Perspe
ctivas_e_Barreiras.pdf?dI=0>
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Analisando-se o0 resultado final (grafico radial da Fig. 5), evidencia-se o

posicionamento da organizacdo em um nivel intermediario (0.418295), com
tendéncias para possiveis avancos (0.309910), caso consiga melhorar em alguns
dos aspectos criticos apontados. O software fornece ainda analises de
sensibilidade, permitindo-se a variagao intencional do grau de importancia de um
atributo a fim de verificar seu impacto no resultado final gerado. Desta forma, ao
variar, arbitrariamente, o peso do atributo “Report Supply Points’, verifiquei que
houve um aumento relevante no nivel de maturidade — intermediario para avancado
—, como visto na Fig. 5 (direita). Tal analise é fundamental para que a instituicdo
reconheca e direcione esforcos em pontos-chave de melhoria, capazes de fornecer
significativos avangos no desempenho atual.

A avaliacdo a partir do método ANP contou também com o auxilio dos
especialistas, que avaliaram as comparac¢des adicionais entre os atributos com
influéncia significativa sobre dois ou mais de outro grupo. Os resultados
comparativos da avaliagdo AHP/ANP (Fig. 4) revelam pequenas altera¢des, sendo
encontrados 0s seguintes novos percentuais de enquadramento: 27,18% no nivel
basico, 30,99% no nivel Avancado e 41,83% no nivel Intermediario. Como se pode
notar, apesar de as alteracfes ndo serem tao expressivas, em alguns casos podem
chegar a alterar a ordem dos resultados dependendo das relacdes de influéncia

estabelecidas.

RESULTADOS AHP RESULTADOS ANP
Name Graphic Normals |Name Graphic Normals
Basic I 0,275689 |Basic 0,271795
Advanced [l 0,303746 |Advanced 0,30991
Intermediary [N 0,420566 |Intermediary 0,418295

Figura 6 — Resultados da aplicacdo do método AHP/ANP.

4.2. RESULTADOS METODO DEMATEL
A avaliacdo a partir do método DEMATEL contou com um avaliador da

instituicdo, que realizou a ponderacdo da matriz de influéncia, cujos dados serviram
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de base para a posterior aplicacdo das etapas de calculo. O resultado obtido

demonstra as relacdes de influéncia sob duas perspectivas: quantitativa e grafica.
Em termos quantitativos, o atributo mais influente e o mais ativo no sistema foi
“Atualizagao dinamica de dados” e o mais influenciado a “Execucao em diferentes
tipos de crise”. A Tabela 1 demonstra os resultados completos. Para facilitar a
visualizagéo, foram elaborados mapas geograficos contendo as representacoes das
influéncias de cada atributo, disponiveis no Anexo 1 e na pasta pessoal do

projetotTtT,
T a0 oA,
Mais ATIVOS (Ri-Ci) Mais Influentes (Ri Mais Influenciados Ci
Dynamically data update 0,072 | Dynamically data update 0,121 | Run on different types of crisis 0,104
Exchange of information between ... | 0,059 | Exchange of information between ... | 0,105 | Experts provide instant feedback ... 0,069
Single set of rules 0,029 | Quickly identifying a situation 0,081 | Aceptable for governmental services | 0,065

Tabela 1 — Resultados do método DEMATEL. Fonte: Do autor.

4.3. RESULTADOS METODO PROMETHEE

Como comentado, no presente contexto a aplicacdo do método
PROMETHEE objetiva a priorizacdo de solucdes técnicas a serem implementadas
pela instituicdo a fim de atuar na melhoria dos atributos nos quais possui menor
maturidade. O modelo de avaliacdo foi entdo encaminhado a especialistas do
dominio estudado, que avaliaram seguindo a escala qual o grau de influencia de
cada Solucdo Técnica para a melhoria dos atributos em questdo. Baseado nos
valores de Phi resultantes, o software forneceu um ranking com as solucdes
técnicas que proporcionariam maior potencial de desenvolvimento da organizacdo
em termos de capabilidade em interoperabilidade, sendo as trés mais relevantes:
Marca temporal ou “Timestemps”(®+= 0,50; ®-=0,09); Distribuicdo de dados (®+=
0,25; ®-=0,06);e “Formato de arquivo unificado, conversao e UML” (d+= 0,25;

®-=0,06).0 software fornece uma série de graficos que permitem a visualizagéo

1< https://www.dropbox.com/s/Iglcguwpedai82l/ANEXO_Mapa%20_GRD_DEMATEL.pdf?dI=0>
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destes resultados através de diferentes pontos de vista, sendo um deles

apresentado na Figura 7, demonstrando os perfis de cada atributo em relacéo a
alternativa “Consulta baseada em atributos”. Na Figura 8 e na pasta pessoal do
projeto*#** é possivel observar o ranking com as Solucdes Técnicas (A), bem como

a analise de sensibilidade (B) através do atributo “Mobile Networks”.

[i| Action profile El@

+1 +1
Mobile Provid Excha Mobile Geogr: Trackin Acept: Provid Provid
0 _ o S — g
- GISco  Strud | | — Provid
-1 -1

[Attributes based query vJ [ Phi

Figura 7 — Resultado método PROMETHEE (software Visual PROMETHEE)

[~ PROMETHEE Flow Table | Walking Weights == [+ Walking Weights [E=8EcH~"

Phi Phi+ Phi:

[} 0,9062 0,5026 0,096 H U
O 0,189 0,253 0,068 D D D D D
d O 0,189 0,290 0,066 |:| D D |:| D O m Unif E E Star Spe Attr Seo Mulf Net =1 Com Star Spe Atr Sea Mull Net
o« O otr o278 oo Eve Dat Unif Wi Cun Inte Digi Sys T u u U U Eve Dat Unif Wit Cun Inte Digi u Unif Mot u U u U U U
O 0,1526 09,2310 0,078
O 0,109 0,1713 0,062
O 0,1033 0,1840 0,080
ry O 0,0884 10,2669 0,178
O 0,019 0,1042 0,123
O 0,082 0,0756 0,1584 =
SR | f [ -~
13 Speceistsenaypted [ 0,1257 0,0564 0,1820 — e, S % o % B [ L " T e PR IR w on ‘:'
Fr S 1005 ager P Mobile Provid Excha Mobie Geogri GISco Struct Trackr Acepti Prowi Provd Provid Mobie Frovid Excha Mobi Geogn GISco Stucl Tracki Acephi Frovid Provid Provid
15 Secure shel O 0,227 0,035 0,262 U U
16 0,2553 0,020 0,267: —
= 0323 0001 0,3249 | [Provide middleware servi -]E I Undate H Best to worst J \ Setequal J { Reset J [ Mobie netorks =) (@] [ upsate | [ Besttoworst | [ setequd | [ Reset |

A. Ranking Final de SolugBes técnicas com | B. Andlise de Sensibilidade. Alterando-se o peso do atributo Mobile Networks (Business — Technological) de 5% para 55% a tecnologia
base nos fluxos de Phi. priorizada passaria de Events Timestamps para Wirless comunication.

Figura 8 - Resultados e andlise de sensibilidade método PROMETHEE — Software Visual
PROMETHEE

4.4, COMPARACAO DE METODOS, RESULTADOS E MODELO EIA
Fazendo uma analise comparativa entre os métodos aplicados, percebe-se

que o método PROMETHEE, pertencente ao grupo de meétodos de

sobreclassificacdo, é o que apresenta uma légica de calculo mais robusta, utilizando

em sua estrutura uma base de célculo que leva em conta os chamados limites de

H<https://www.dropbox.com/s/1yheljpkvjtcuzo/ANEXO_Resultados_ PROMETHEE_e_Analise_de_Sensibilid
ade.pdf?dl=0>
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preferéncia e indiferenca. Em termos l6gicos, pode-se afirmar que o PROMETHEE

e 0 método DEMATEL assemelham-se, visto que ambos empregam fluxos de
influéncia (Phi+ e Phi- / Ri e Ci) para determinar os resultados da avaliacdo. Em
contrapartida, os métodos AHP e ANP utilizam uma abordagem mais qualitativa,
através de uma estrutura de comparacdo pareada, baseada em preceitos da
psicologia e matemética, a fim de estabelecer relacdes entre os elementos de
avaliacdo e fornecendo os pesos ou graus de importancia/maturidade de cada
atributo na rede, informacao que serve de entrada aos demais métodos estudados.
Quanto aos resultados fornecidos, percebe-se que o método DEMATEL diferencia-
se dos demais por ndo se destinar a escolha de uma alternativa especifica, mas sim
estudar a influéncia entre fatores, o que o caracterizou como uma ferramenta de
base na aplicacdo do método ANP. No que se refere a suporte de aplicacdo, ambos
0s métodos contam com tutoriais e materiais disponiveis na literatura que facilitam
a compreensdo da metodologia aplicada. Tratando-se de software de apoio, 0
método PROMETHEE, através do software Visual PROMETHEE, foi o que
apresentou a interface mais acessivel, disponibilizando recursos de apoio ao
usuario para a definicdo dos parametros de calculo.

Com base nas estruturas de avaliacdo e, apesar das diferentes metodologias
de calculo, ambos os métodos apresentaram coeréncia nos resultados obtidos,
classificando a instituicdo em um nivel de maturidade Intermediario e definindo para
esta as solugdes técnicas mais prioritarias a fim de elevar seu atual desempenho.
Deste modo, pode-se comprovar a efetividade de ambos na composi¢cdo de um
modelo EIA integrado, que contemple a avaliacdo de maturidade/capabilidade de
determinada instituicdo em termos de interoperabilidade no dominio de Gestao de
Resposta a Desastres, assim como em outros eventuais contextos/problematicas

envolvendo mdltiplos critérios.
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5. DISCUSSAO

Em meio a crescente globalizacdo e a necessidade de entidades de se
relacionarem eficazmente na busca por objetivos comuns, o estudo da
interoperabilidade vem ganhando cada vez mais relevancia e aplicabilidade em
diversos dominios, dentre eles o de Gestdo de Resposta a Desastres. Neste
ambiente, onde a interoperabilidade tem seu papel primordial na superacdo de
crises envolvendo diferentes entidades, sdo poucos os modelos diagndsticos e
frameworks encontrados que visem o desenvolvimento das organizagbes neste
aspecto, tornando-se um desafio inicial a selecdo de bibliografias acerca do tema
de estudo. Deste modo, o auxilio de mestrandos envolvidos em estudos no dominio
foi crucial para a selecao das referencias iniciais, que contaram com os estudos de
Chen (2008), Cestari (2015) e Atlay & Green (2006) nos temas de Interoperabilidade
e GRD, respectivamente. Tais conteudos forneceram a base para contextualizacdo
e compreensao do presente projeto, sendo essenciais ao seu desenvolvimento. Por
se tratar de um contexto abrangente, a etapa de levantamento de atributos contou
com a participagdo de especialistas, consultas em diferentes bases de dados, além
de softwares de ligacdo semantica que facilitaram a selecéo final destes para o
escopo de avaliacéo tratado.

Por ter tido contato com os métodos AHP/ANP e PROMETHEE em meu
PIBIC anterior (dominio de saude), tive facilidade para a estruturacdo destes no
dominio de GRD. Entretanto, a aplicacdo do método DEMATEL, adicionado ao
escopo do presente projeto, surgiu como um desafio: por ndo ter tido contato e ndo
haver software disponivel foi necessario o desenvolvimento das etapas de calculo
no Excel para obter os resultados pretendidos, o que proporcionou um sdlido
aprendizado.

Nas fases de avaliacdo, por questdes de volume de trabalho da instituicao
avaliada (ICl), ndo foi possivel contar com varios especialistas, o que nao prejudicou

os resultados, mas poderia ser uma oportunidade para o aprimoramento dos dados.
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Por fim, os resultados finais obtidos com a aplicagdo dos métodos

evidenciaram que o IClI se encontra em um nivel de maturidade de
interoperabilidade intermediario. Tal diagnostico demonstrou nédo sé a eficacia dos
métodos mas também sua potencial aplicacdo conjunta na composicdo de um
modelo EIA que contempla a avaliagdo de interoperabilidade em diferentes
contextos e a priorizacdo de a¢bes para melhora-la.

6. CONCLUSAO

A partir do presente estudo, e com alguns ajustes adicionais em seu escopo,
pode-se afirmar que os objetivos previamente propostos foram alcangcados com
éxito.

A partir da analise do contexto de pesquisa € possivel perceber que escassez
de recursos e as rapidas transformacdes globais tém exigido das organizaces altos
niveis de interoperabilidade a fim de serem cooperaveis com outras entidades na
busca por objetivos comuns. No dominio de Gestdo de Resposta a Desastres, onde
o tema € ainda mais crucial, identificam-se poucos estudos voltados a busca de
modelos diagndésticos de avaliacdo de maturidade e identificacdo dos aspectos
criticos de melhoria. Neste sentido, 0 presente projeto buscou preencher esta
lacuna através da investigacdo de métodos MCDA (AHP, DEMATEL, ANP e
PROMETHEE) para composi¢cdo de um modelo de avaliacao de interoperabilidade
(EIA) aplicavel a entidades do contexto de GRD, tal como o ICI — Instituto das
cidades inteligentes.

As fases de desenvolvimento projeto contemplaram 6 etapas, distribuidas
em: revisdo bibliografica (selecdo de referéncias de base para compreensdo do
contexto); Levantamento e classificacdo de atributos a partir do espaco problema
(perspectivas que melhor caracterizam o contexto avaliado); Elaboracéo e aplicacéo
do método AHP, DEMATEL, ANP e PROMETHEE; e, comparacgéo entre métodos e

conclusdes.
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Os resultados finais obtidos se mostraram coerentes e evidenciaram gue o

ICl se encontra em um nivel de maturidade de interoperabilidade intermediario.
Seus principais pontos fracos foram “Redes moéveis”, "Fornecimento de relatério de
usuarios”, e “Fornecimento de relatério de dados”, sugerindo-se a¢des voltadas a
introducédo de “Timestemps”; a “Distribuicdo de dados”; e o “Formato de arquivo
unificado e conversdo de UML” a fim de se avancar em seu nivel de maturidade.
Vale ressaltar que o presente estudo faz parte de um escopo mais amplo de
pesquisa a nivel do PPGEPS, no qual professores, mestrandos e instituicfes estéo
envolvidos em uma forca tarefa para explorar o tema e buscar avancos cientificos
no dominio estudado. De forma a divulgar a riqueza de conhecimentos gerados
neste PIBIC, os resultados obtidos ofereceram contribuicdo para a publicacdo
conjunta artigo no Journal of industrial information integration (2017), sendo
vislumbrada a submissdo de outros artigos posteriores em conferéncias

internacionais ou periédicos de fator de impacto relevante.
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