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Abstract

The main focus of this dissertation is to identify the concepts required to represent municipal
knowledge. Based on our analysis of Toronto 311 web pages, we were able to identify nine
patterns of knowledge: service, permit, organization, infrastructure, public facility, citizen,
education, complaint/compliment, and species. We then used these patterns to determine the
extent to which four existing reference models and ontologies can represent municipal
knowledge, as defined by the Toronto 311 KB. With these patterns, it is now possible to
evaluate how well a reference model or ontology meets the need of a municipality. Finally, we

provide a formal representation of these patterns using OWL.
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Chapter 1

Introduction

City governments provide the services that are the backbone of modern life. To
efficiently and effectively deliver the core services, city government have moved toward
data-driven decision making. The first step in this process is creating a semantic model,
which enables information sharing with a diverse group of stakeholders such as

governmental agencies, individuals (citizens), and businesses.

Due to the inherent complexity and heterogeneity of city information, however, the
existing semantic models and government standards are either not general enough to
capture the knowledge components of city operations and organizations, or are abstract,
vague and hard to implement. Moreover, there does not exist a benchmark to compare

and evaluate the necessity or sufficiency of these models.

The focus of this dissertation is to identify patterns of knowledge that recur
throughout city knowledge bases, represent these recurring patterns using the OWL
semantic web knowledge representation language, and use these patterns to evaluate the

conceptual coverage of existing city ontologies and reference models.

We define a Knowledge Pattern (KP) as a description of some structure (i.e., a set of
domain specific inter-realted concepts and attributes) that frequently recurs together in
the data. Our definition differs from the classical definition of KP, which (Clark et al.,
2004) define as “a First Order theory whose axioms are not part of the target knowledge
base but can be incorporated via renaming of their non-logical symbols”. Moreover, our
KP also differs from Ontology Patterns in that unlike our definition of pattern, Ontology

Patterns aim to reuse the encoded experiences and good practices of existing ontologies

1



to address common issues in ontology design and other stages of ontology lifecycle

(Gangemi & Presutti, 2009).

To develop the City Knowledge Patterns, we explored the Toronto 311
knowledgebase webpages. Toronto 311 provides 24x7 access to non-emergency services
and information. As part of its service, it maintains an online Knowledge Base composed
of 21,000 web pages. The web pages are entirely text based, manually maintained,
unstructured, and are not machine-readable. In its current form, the content is costly to
maintain and difficult to re-purpose, for example to support financial analysis. To address
these shortcomings, we investigate whether there is an underlying structure to the content
that lends itself to a more structured representation. Specifically, we manually (through a
sampling process) analyze the Knowledgebase to extract the inherent knowledge
(patterns) embedded in it. Each pattern represent a specific knowledge category of the
city government, and is comprised of a set of inter-relate knowledge components. The
components are selected based on their importance and frequency in the sampled

webpages.

To our knowledge, this is the first work that attempts to extract knowledge patterns
from data as a tool (formal competency question) in ontology engineering in general, and

in the city government domain in particular.

1.1. Summary of Contribution

The three main contribution of this dissertation are:

1. Identifying City Knowledge Patterns from the Toronto 311 knowledgebase as a
basis for determining the concepts that must be represented in a reference model
or an ontology in the municipal domain. We identify nine different patterns of
recurring municipal knowledge.

2. Providing a description logic representation of the patterns, which we
implemented using the Ontology Web Language (OWL).

3. Evaluating the conceptual coverage of four existing government

ontology/reference models using the City Knowledge Patterns, i.e., each model’s



content cover of the concepts and attributes identified in the City Knowledge

Patterns.

1.2. Overview of Dissertation

The outline of the thesis is as follows:

Chapter 2 provides background information for the dissertation and looks at the
literature relevant to our research. In this chapter, we present a review of government
standards and reference models, as well as ontologies and semantic models in the e-

government domain. We also provide a brief review of ontology evaluation methods.

In Chapter 3, we introduce the nine City Knowledge Patterns. For each pattern, we
present a set of motivating examples to highlight the important characteristics of the
pattern. Then, based on these characteristics, we formally introduce the pattern and

provide a description logic representation of it.

In Chapter 4, by employing the City Knowledge Patterns, we informally evaluate the
conceptual coverage of four established ontologies/reference models in the municipal
government domain. For each model, we present a brief overview of the model and
provide a comprehensive analysis of their characteristics based on various knowledge
components defined in the City Knowledge Patterns. To our knowledge, this is the first
data-driven, scenario-based method to evaluate ontologies/reference models in the field

of e-government.

Chapter 5 concludes this dissertation by re-stating its main contributions and

suggesting some areas for future work.



Chapter 2

Literature Review

As one of the goals of this dissertation is to determine the competency of existing city
knowledge representations (both formal and informal), we present a review of
government standards and reference models, as well as ontologies and semantic models
in the e-government domain. In the first section, existing government standards and
reference models are reviewed. Then, an overview of government ontologies is presented.

Finally, we review the state of the art in domain ontology evaluation.
2.1. Government Standards and Reference Models

During the past few years, information and communication technologies have been
adopted by governments for provision of public services and to improve public
administration efficiency (Vassilakis & Lepouras, 2006). However, over time, different
government departments and agencies have developed their own way of organizing
information technology services, and their own terminology for describing them
(Government Strategic Reference Model (GSRM), 2007). To address these issues,
governments such as Canada, USA, and UK, have developed reference models and
standards to create a common vocabulary among their different entities and

organizations.

In general, a Reference Model (RM) describes common concepts and relationships in
a specific domain. It is an abstract representation of the entities and relationships
involved in a problem space and forms the conceptual basis (not directly tied to any
standards, technologies or other concrete implementation details) for the development of

more concrete models of the domain (Paschke & Vincent, 2009).
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Its main goals are (Hodgson & Allemang, 2006): (i) to eliminate redundant
investments in IT capabilities, business processes, or other capital assets; (ii) to increase
efficiency by leveraging reusable business processes, data, and IT-components across

agencies; and (iii) to identify common business functions across agencies.
We next provide a review of the main government RMs.

Federal Enterprise Architecture Reference Model (FEA-RM) (Federal Enterprise
Architecture, 2004): FEA-RM was first published in 2004. Its goal is to facilitate cross-
agency analysis to identify duplicative investments, gaps, and opportunities for
collaboration within and across federal agencies. FEA-RM consists of five interrelated
“reference models” (See Figure 2.1). Collectively, the reference models comprise a
framework for describing the important elements of the FEA in a common and consistent

way. The five reference models are:

a. Performance Reference Model (PRM): “The PRM is a reference model for
performance measurement, providing common output measurements throughout
the federal government” (Federal Enterprise Architecture, 2004). This reference
model aids federal government agencies to measure the success of their IT
investments and its impact on strategic outcomes of the federal government. They
achieve this goal by creating a common language (i.e., Enterprise Architecture) in
which each agency can describe its outputs and objectives. This is achieved by
defining three different categories of the Measurement Area, Measurement

Category, and Measurement Indicator hierarchy.

For instance, the Measurement Area (MA) category consists of different areas
such as: Mission and Business Results MA, Customer Results MA, Processes and
Activities MA, Technology MA, Human Capital MA, and Other fixed Assets
MA. Each of these MAs define a set of Measurement Categories, e.g.,
Technology MA consists of Technology Costs, Quality Assurance, Efficiency,
Information and Data, Reliability and Availability, and Effectiveness
Measurement Categories. Finally, for each sub-category the agencies define a set

of measurement grouping, e.g., for Technology Cost Measurement Category the



MA defines Overall Costs, Licensing Costs, Support Costs, Operation and
Maintenance Costs, and Training and User Costs as the Measurement Grouping,

which helps agencies in defining different Measurement Indicators.

Business Reference Model (BRM): “The BRM provides a framework to facilitate
the functional (not organizational) view of the federal government’s lines of
business, including its internal operations and its services for citizens,
independent of the agencies, bureaus and offices performing them” (Federal

Enterprise Architecture, 2004).

The BRM structure has a three-layer hierarchy: Business Areas, Lines of
Business, and Subfunctions layers. Business Areas segregate the operations of
the government into partions that connects the purpose of government (e.g.,
defense and national security, natural resources, law enforcement, and economic
development), the mechanisms used to reach its purpose (e.g., direct service for
citizen, knowledge creation and management, credit and insurance, and regulatory
compliance and enforcement), and the necessary support functions to perform
these operations (e.g., public affairs, revenue collection, legislative relations, and
general government). The Business Areas layer is itself broken down into
different Lines of Businesses, which includes a set of Sub-functions that represent

the lowest level of the BRM.

Service Component Reference Model (SRM): “The SRM is a functional
framework classifying service components according to how they support
business and performance objectives. It serves to identify and classify horizontal
and vertical service components that support federal agencies and their IT

investments and assets” (Federal Enterprise Architecture, 2004).

SRM is comprised of service domains, their types, and components. Service
domains have seven high-level service categorizations: customer, process
automation, business management, digital asset, business analytical, back office,
and support services. Each of theses service domain conatian a set of service

types, which provide a categorization of service components related to the service



domain. For example the customer service domain consist of customer
relationship management, customer preferences, and customer initiates assistance
service types, and each of these types also consist of set of service component,
e.g., customer relationship service type consist of call center management,
customer analytics, sales and marketing, and product management service

components.

Technology Reference Model (TRM): “The TRM is a component-driven, technical
framework categorizing the standards and technologies to support and enable the
delivery of Service Components and capabilities. It also unifies existing agency
TRMs and E-Gov guidance by providing a foundation to advance the reuse and
standardization of technology and Service Components from a government-wide

perspective.”’(Federal Enterprise Architecture, 2004).

The TRM consist of different service areas (Service Access and Delivery, Service
Platform and Infrastructure, Component Framework, and Service Interface and
Integration), each aggregating the standards and technologies into lower-level
functional areas and service categories. For example, the Service Access and
Delivery area consists of the following subcategories: (i) The Access Channels
category which contains components such as Web Browser, wireless/PDA,
collaboration/ communicatins, and other electric channels; (ii) the Delivery
Channels category with components such as Internet, Interanet, Extranet, peer to
peer (P2P), and Virtual Private Network (VPN); (iii) the Service Requirements
category with components such as legislative/ compliance, authentication/single
sign-on, hosting; and (iv) the Hardware/ Infrastructure category with components

such as assupporting network services and service transport.

Data Reference Model (DRM) “The DRM is a flexible and standards-based
framework to enable information sharing and reuse across the federal government
by the standard description and discovery of common data and the promotion of
uniform data management practices. It provides a standard means by which data

may be described, categorized, and shared.” (Federal Enterprise Architecture,



2004) .

The DRM has three categories to structure data usage: (i) Data Description which
provides a means to describe data; (ii) Data Context which facilitates discovery of
data by categorizating data according to taxonomies; and (iii) Data Sharing that
supports the access and exchange of data, i.e., by supporting ad-hoc requests and

exchange of fixed, re-occurring transactions of data between different parties.

Note that the FEA-RM is developed for the federal government, and thus does not

contain some of the main elements of the municipal government.

Performance Reference Model (PRM

« Inputs, outputs, and outcomes
» Unicuely tailored performance indicators

* Lines of Business
* Agencies, customers, partners

» Service domains, service types
« Business and service components

yoeosddy uaaliqg-ssauisng

« Business-focused date standardization
« Cross-agancy information exchanges

31npayYdIy paseg-juauodwiod

* Senvice companent interfaces, interoperabiity
» Technologies, recommendations

Figure 2.1:FEA Reference Model

Government Enterprise Architecture (GEA) (Peristeras & Tarabanis, 2004b): GEA is
a generic government domain model for public administration. It consists of five high-
level models: (i) the GEA Mega-Process Model of the Overall Governance System; (ii)
the GEA Interaction Model of the Overall Governance System; (iii) the GEA Public
Policy Formulation Object Model; (iv) the GEA Service Provision Object Model; and (v)
the GEA Object Model for the Overall Governance System.

Since GEA is one of the pioneers RMs in the government domain, and is a model that
has been implemented, we select it as one of the models in our comparative study in
Chapter 4. Therefore, we defer a comprehensive description of GEA and its models to

Section 4.1.



Municipal Reference Model (MRM) (MRM Model Principles, Definitions, and Rules,
2011): MRM is a set of core concepts and tools that can help municipalities define and
describe their businesses in terms of the programs and services that they provide, i.e., in
terms that are most meaningful to municipal clients, residents, taxpayers and
stakeholders. These core concepts are: Service, Program, Output, Service Value,

Outcome, Need, Target Group, Process, and Organization Unit.

MRM is developed based on the Government Canada Strategic Reference Model
(Since 1990), and is compatible with both Service Oriented Architecture (SOA) and the
Enterprise Architecture (EA) standards (Canadian Governments Reference Model
(CGRM), 2009), (Government of Ontario IT Standard (GO-ITS), 2010).

Since MRM is one of the few RMs designed specifically for the municipal
government domain, we select it as one of the models in our comparative study in
Chapter 4. Thus, similar to GEA, we postpone a comprehensive description of MRM to
Section 4.2.

All the government RMs mentioned above are written in the form of natural language
(human- readable document). Such representation has the advantage of being read or
modified by domain experts or knowledge engineers. Disadvantages of this form of
representation, however, are: (i) it is highly ambiguous, subjective, and is prone to errors;
and (ii) an automated agent is not able to understand or interpret the content. To address
these issues, researchers have focused on developing a formal representation of different
government RMs (i.e., government ontologies). In the next section, we provide a review

of some of the main ontologies in the government domain.
2.2. e- Government Ontologies and Semantic Models

As indicated above, researchers have developed government ontologies to provide an
unambiguous (or at least less ambiguous) representation of RMs. An ontology is a formal
description of a set of objects, concepts, and other entities that are assumed to exist in a
domain of interest along with their properties and the relationships that hold among them
(Gruber, 1995). It forms a shared terminology for the objects in that domain, along with

definitions for the meaning of each of the terms (Fadel, et al., 1994).
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Government ontologies can be classified into three categories (Unas, 2000): core
ontology, domain ontology, and application ontology. Core ontologies include the
concepts common to all domains, e.g., time and process. Domain ontologies define the
concepts specific to a domain, e.g., government service and government organization.
Finally, application ontologies describe the concepts and their relationships related to

solving a particular application.
We next briefly review the main government ontologies in the literature.

Federal Enterprise Architecture Reference Model Ontology (FEA-RMO) (Federal
Enterprise Architecture Reference Model Ontology, 2004). The disadvantages of RMs in
general (see Section 2.1), and FEA-RM in particular, led to the development of FEA-RM
ontology. FEA-RMO is a number of ontologies that formalizes FEA Reference Models
by using W3C standard language (OWL). Moreover, its architecture is identical to that of
FEA-RM, i.e., the Performance Reference Model organizes the overall architecture,
making reference to the other models as needed; the Business Reference Model draws
upon the Service Reference Model, the Data Reference Model and the Technical
Reference Model, where each model is implemented as a series of instance/class patterns.
FEA-RMO also contains the FEA Core Ontology, where concepts and properties
common to all the reference models are defined (Hodgson & Allemang, 2006). The Table
2.1 indicates some of the concepts used in the FEA-RMO and Figure 2.2 represent a

schematic of the upper level concepts of the FEA-RMO ontology and its properties.

Models Ontology Example Concepts

Measurement Area (Customer result, process and activities, etc)

PRM Measurement Category (Quality assurance, Financial, service coverage)
Generic Indicator (each agency has its own indicators)

Business Area (Homeland security, disaster management, energy, etc.)
BRM Line of Business (Knowledge creation and management, Regulation, etc.)
Sub-function (Research and development, permit and licensing, etc.)
Service Domains (Customer service, digital asset, support service,etc.)
SRM Service Type (visualization, human capital, work force, etc.)

Performance
Reference Model

Business Reference
Model

Service Reference

Model .
Component (license management, remote access control, etc.)
Service Area (Access channels, hardware/infrastructure,
Technology Service Category (database storage, delivery channel, etc.)

Reference Model TRM Service Standard (Security, data intecgange,etc.)

Service Specification (integration, interoperability, etc.)

Data Reference

Model DRM Data sharing, data context, data description, etc.

Table 2.1: FEA-RMO Ontologies
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Figure 2.2: FEA-RMO ontology of the Federal Enterprise Architecture

Government Enterprise Architecture Ontologies: Using the GEA reference model,

Goudos, Loutas, Peristeras, and Tarabanis develope two different ontologies for public

adminstration operation. The first model, employs the Web Service Modeling Ontology

(WSMO) to define a formal model for public administration services of the GEA
RM(Goudos et al., 2007). In the second model, on the other hand, based on the GEA RM

object model, they present a top-level public administration domain ontology using the

Web Ontology Language (OWL) (Goudos et al., 2007). Figure 2.2 depicts the upper level

concepts and attributes of these ontologies.
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Scribe Ontology (Uceda-Sosa et al., 2011). The Scribe ontology is a sematic model of
data in smart cities. The model is designed to provide real time solution for complex
situations (in both municipal service delivery and service administration) under large and
dynamic data. Since Scribe is the only ontology developed and design to administrate
dynamic aspect of city services, and is designed based on real data and scenarios
collected from different cities, we have select it as one the models in our comparative
evaluation in Chapter 4. Therefore, we defer a comprehensive description of Scribe to

Section 4.4.

ontoGov (Tambouris et al., 2004). The ontoGove project is a semantics-based platform
for the consistent composition, re-configuration and evolution of e-government services.
Based on the analysis of Semantic Web Services (i.e. OWL and WSMO), the model
defined a meta-ontology cluster that contains general ontologies that may be used for
describing e-Government services and do not change from one deployment to another. It

consists of the following ontologies:



13

* Legal Ontology: defines the structure of the legal documents, which includes
paragraphs, sections, amendments, etc.

* Organizational Ontology: models an organization by defining its organizational
units, roles, persons, resources etc.

* Lifecycle Ontology: comprises of instances of all decisions relevant for the new
service, including instances of the legal and organizational ontologies.

* Domain Ontology: contains domain specific knowledge.

* Service Ontology: describes the elements for modeling the service flow. It
includes the Domain Ontology for defining inputs and outputs, as well as the
Lifecycle Ontology for explaining reasons that motivate the decisions.

* LifeEvent Ontology: models the categorization of the e-Government services.

* Profile Ontology: contains metadata about e-Government services and includes

all previously mentioned ontologies.

The Profile Ontology and the Service Ontology are defined based on the OWL-S
ontologies by taking into account the e-Government specificities (e.g., reference to the
laws or legislations that are modeled in the Legal Ontology). The Domain Ontology
defines the vocabulary used in the government domain (e.g. type of documents such as
passport). The Organization Ontology is defined to model the experiences from the
business process modeling and reengineering. The LifeEvent Ontology is specific for the
e-Government domain and supports government services inquiries. The Lifecycle
Ontology is defined to assist the domain expert with the changes in the service

description, as well as to document the reasons for these changes (Apostolou et al. 2005).

The main drawbacks of ontoGov are: (i) it is semi-automated and domain expert
dependent (i.e., for every new service created in the system, or every change in one of the
current government services, the domain expert must manually perform a set of activities
to update the system). Such dependencies can increase the system failures (e.g., human
errors), slow the automated process, and increase the judgmental modification of the
government services and processes, and (ii) another important drawback of the ontoGov

framework is its presumption that comprehensive and well develop ontologies for legal,
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domain, organization, and profile exist. However, we could not find such ontologies,

their taxonomies, or their lexicon in the ontoGov framework.

TERREGOV (Terregov Project, 2011). Terregov is a European integrated project that
aims to enhance e-government services. Its main goals are: (i) to provide a simple
terminology that allows indexing of the textual documents, and constitute the data, based
on local agencies information; and (ii) to facilitate the discovery of web services that are
published in different directories. Specifically, the TERREGOV project addresses the
issue of inquiring the related information for the local European civil servants in the
Social Care domain. It enables the civil servants to access all information sources (e.g.,
knowledge base, domain expert or others civil servant). The TERREGOV framework
proposes a simplified syntax (SOL) allowing development of multilingual centralized
ontologies, which aims to address some of the short comes of OWL. It also describes an
OWL identifier corresponding to the concepts and properties defined using SOL
formalization. Moreover, TERREGOV uses OWL-S for its Semantic Web

communication between different civil agents.

While TERREGOV claims to solve the problem of mutilinguality between European
countries, and thus the challenges of building a comprehensive ontology for them,; it still
does suggest development of a local core ontology for each of the local Civil Service
providers, without discussing their development methodologies, intended models, or their

concepts, attributes and dependencies. (Bettahar, et al., 2009).

SmartGov (Tambouris et al.,, 2002). The aim of the SmartGov project is to specify,
develop, deploy and evaluate a knowledge-based platform to assist public sector
employees generate online transaction services. It presents an ontology for transaction
services based on the Enterprise Ontology (Uschold et al., 1998). Specifically, it extends
the Enterprise Ontology by adding government domain related concepts, attributes, and
properties (Adams et al., 2002) (e.g., concepts such as mandate, elect, and transparency).
Figure 2.3 depicts a schematic model of the SmartGov framework. Note that while
SmartGov has an extensive taxonomy, i.e., defining various entities, relationships, roles,

and attributes, it does not provide a formal representation of the taxonomy. Thus, it is not
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clear if the ontology is consistent with its intended model.
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Figure 2.4: SmartGov Framework

e-Government Transformation Project Management (eGTPM) (Sarantis et al., 2010):
eGTPM ontology is comprised of the main concepts needed to efficiently manage e-
Government project processes. It aims to increase interoperability and knowledge usage
between all stakeholders and entities in the implementation of a specific project (Sarantis
et al., 2009). By employing a goal orientated and dynamic enterprise modeling principle,
eGTPM facilitates communication and collaboration among various parties in order to
identify project needs and requirements. The ontology consists of three sub-ontologies,
representing the knowledge from three different aspects: (i) knowledge about the e-
Government project type, (i) knowledge about the e-Government management
procedure, (ii1) and knowledge about the e-Government stakeholders. Figure 2.4 depicts

the framework and high-level concepts and relationships of the eGTPM ontology.
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Figure 2.5: E-Government Transformation Project Management (eGTPM) Ontology

QeGS ontology (Magoutas et al. 2007). QeGS ontology formalizes the required
knowledge for the realization of a multi-perspective and adaptive evaluation of e-
government services. This quality ontology creates a basis for the construction of future
public service systems evaluation based on an ontological approach. The QeGS ontology
is a three-layer ontology, consisting of 122 concepts, 50 properties and 160 restrictions. It
is formalized using OWL. Each layer of this ontology contains different level of
abstraction concerning the modeled concepts and relations between them. The purpose of
the top layer ontology is to define a minimal set of high-level concepts and relations that
are needed to describe the notion of quality of service (shown in Figure 2.5). The middle
layer ontology models quality aspects related to e-government services using quality
metrics system. Finally, the third is domain-specific, which aims to support the different

configurations of e-government portal systems (Magoutas et al., 2007).
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Figure 2.6: QeGS Top Layer Ontology

Note that despite the importance of the domain specific layer (i.e., its role in
configuring different services provided in various e-government portals), as well as its
role in configuration of its upper level ontology, the framework does not provide a
comprehensive discussion of it, thus raising concerns regarding its consistency and

incompatibility with the other two layers.

In addition to the models discussed above, other application ontologies for the
municipal domain have been developed. These ontologies focus on specific aspect of
municipalities. Examples of such ontologies are: Rijeka (Mauher & Smokvina, 2008),
which is a municipal asset and property management system for the Web Collaborative
Environment; and Towntology (Keita et al., 2004), which is a domain ontology for the

Urban Civil Engineering projects.

Except FEA-RMO and Scribe, all the other ontologies mentioned above utilize or
extend one or more core ontology (e.g., time, service, and organization ontologies) for
their specific framework. Moreover, ontologies such as SmartGov have used a generic

enterprise ontology, which is itself comprised of a set of core ontologies, i.e., Enterprise
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Ontology (Uschold et al., 1998) is comprised of time, activity, organization and etc.
Another established generic enterprise ontologies is TOVE (Fox & Gruninger, 1998).
TOVE consist of three different layers (Grunninger, 2003): (i) The Core ontologies that
capture the generic characteristics of the enterprise (e.g., activity, organization, and
resource ontologies); (ii) The derivative ontologies that are specializations of various
classes within some of the Core ontologies (e.g., goal ontology is a specification of the
goal class defined in the organization ontology) or a derivative ontology of multiple core
ontologies (such as scheduling ontology which is a derivative ontology of both
Time/Activity and Resource ontology); and (iii) The Enterprise ontologies, which are
used to define classes of enterprises. TOVE is chosen as one of the models in our
evaluation in Chapter 4 to assess the usability and extendibility of generic enterprise
ontologies for the municipal government domain. Therefore, in Section 4.3, we present a

comprehensive description of it.

Note that all the above models and ontologies claim to be able to model all or parts of
the government domain with some level of formality. Moreover, as indicated above,
many of these models reuse and/or extend existing ontologies. According to Gomez
(Gomez-Pérez, 2001): “ it is highly recommended that if someone intended to reuse an
existing ontology to build a new ontology, or to implement an application that relies on
ontologies written by others one should first evaluate and assess it”. Thus in the next
section we briefly discuss the current ontology evaluation methods that can be used to

evaluate government ontologies.
2.3. Ontology Evaluation

To evaluate ontologies, Gomez (Gomez-Pérez, 2004) introduces the following two

concepts:

*  Ontology verification deals with building the ontology correctly, i.e., ensuring that

its definitions implement correctly the requirements.
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*  Ontology validation refers to whether the meaning of the definitions really models

the real world for which the ontology was created. '

There are many different approaches for ontology validation. These approaches
include: the alignment with upper level ontologies for evaluation purposes, human
assessment, natural language evaluation techniques, using reality as a benchmark,
comparing ontology with a golden standard, or an application-based approach (Obrst,
Ceusters et al., 2007), (Brank et al., 2005) . However, most validation approaches require
the close cooperation of domain and ontology engineering experts, and even in those

cases validation often can not be performed automatically (Vrandeci¢, 2009).

While many evaluation methods are developed and are tested for the evaluation of
generic ontologies (Gruninger, 1996), (Porzel & Malaka, 2004), (Brewster et al., 2004),
no recommended methodology exist that can specifically evaluate the accuracy,
adoptability, clarity, or completeness, of domain specific ontologies (e.g., government,
healthcare, or medication) as well as informal representation of these domain. The
evaluations in these cases are mostly manual and based on cooperation of domain expert

and ontology engineers. This approach is ambiguous, subjective, and time consuming.

One of the few well established and systematic approaches that address the issue of
necessity and sufficiency of an ontology for a specific domain is Griininger & Fox, 1995.
This methodology introduces the concept of Competency questions in ontology design
and evaluation. Griininger and Fox (1995) propose the following steps to design and

evaluate an ontology:

“Motivating Scenario: any proposal for a new ontology or extension to an ontology must

describe the motivating scenario and the set of intended solution to the problem;

L For a comprehensive review of ontology validation, the readers is refereed to (Obrst, Ceusters,
Mani, Ray, & Smith, 2007), and see (Vrandeéi¢, 2009) for a comprehensive review on ontology

verification.
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Informal Competency Questions: given the motivation scenario, a set of queries will

arise which place demands on an underlying ontology;

Specification in First-Order-logic-Terminology: once the informal competency
questions have been posed for the proposed new or extended ontology, the terminology

of the ontology must be specified using first-order logic;

Formal Competency Question: after the informal competency question have been posed
and the terminology of the ontology has been defined, the competency questions are
defined formally as an entailment or consistency problem with respect to the axiom in the
proposed ontology. The formal ontology questions place restriction on which axiom will
be included in the proposed ontology. It is important to understand that the terminology
of the ontology must include all terms of a statement for each of the formal competency

questions.

Specification in First-Order Logic- Axiom: the axioms in the ontology specify the
definition of terms in the ontology and constraints on their interpretation. It is important
to understand that axioms specified in first-order logic is the specification of the ontology
not its implementation. The process of defining axioms is one of the difficult aspects of
defining ontologies. However this process is guided by the formal competency questions.
As for informal competency questions, the axioms in the ontology must be necessary and
sufficient to express the competency questions and to characterize their solutions; without
the axioms we cannot express the question or its solutions. Furthermore, any solution to a
competency question must be entailed by or consistent with the axioms in the ontology
alone. If the proposed axioms are insufficient to represent the formal competency
question or characterize the solutions to the questions, then additional objects and axioms

must be added to the ontology until it is sufficient.

Completeness Theorems: Once the competency questions have been formally stated,
conditions under which the solutions to the questions are complete must be defined. This
forms the basis for completeness theorems for the ontology. Completeness theorems can
also provide a means to determine the extendibility of an ontology, by making explicit

the role that each axiom plays in proving the theorem.” (Griininger & Fox, 1995)
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The Fox and Gruninger methodology provides a framework for evaluating the
adequacy of ontologies. Such framework allows a more comprehensive evaluation of
different ontologies in a specific domain by determining the competency of each
ontology with respect to the set of competency questions that arises from the applications

domain.

Despite the existence of such a systematic approach for ontology development, the
models in the e-government domain discussed earlier have been developed without any
specific methodology or created by someone who is not ontology expert. Furthermore,
most of the reference models mentioned above are not formally developed, and the ones
which are formalized do not follow any of the well-known ontology development

methodologies. Thus, they do not have formal or informal competency questions.

Since competency questions are almost the only existing benchmark in the sense that
evaluate the ontology is necessary and sufficient to represent the tasks specified for it,
and almost none of the existing models in the government domain have competency
questions, for their evaluation we have to identify a set of competency questions
(requirements) that specify the basis characterization of the municipal government
domain. This issue is one of the main motivations for developing the City Knowledge

Patterns for the municipal domain.
2.4. Conclusion

In this chapter, we presented a review of the literature on formal and informal
representations of government models, and highlighted their advantages and
disadvantages. We also, presented a review on current methodologies in ontology

evaluation.

As discussed in this chapter, each government model claims to be able to model all or
part of the government. However, there does not exit a benchmark or methodology that
can compare these domain specific (government) ontologies/RMs (with different
representation languages, and different level of formality). In the next chapter we
introduce the City Knowledge Patterns to address this issue, and to create a set of

standard patterns of the knowledge components for municipal government.



Chapter 3

City Knowledge Pattern

This chapter presents city knowledge patterns that provide a formal representation of
embedded knowledge components in the city of Toronto’s 311 knowledgebase. These
patterns can be employed to evaluate the applicability of existing ontologies and
knowledge representations (both formal and informal) in public administration domain to
overcome the issue of incompatibility between real data and government ontologies.

The Toronto 311 knowledgebase is a repository with more than 21,000 webpages
containing information about city services, programs, events, bylaws, protocols,
standards, and infrastructure. According to 311, these webpages are created either when a
new service has been initiated, or when a 311-customer service representative encounters
an enquiry that is not addressed in the existing knowledgebase. The major downside is
that this information is represented in html, i.e., English, and is not machine readable
except for display purpose. Hence this knowledgebase is lacking knowledge structure and
cannot be used for semantic reasoning. For example, there are multiple pages addressing
the same issue but there is no way to automatically know that they should be linked
without having someone read each of the pages; or the incompatibility between page
content and page keywords. These obstacles make it impossible for an automated agent to

query and infer the hidden knowledge within these webpages.

Therefore, to discover different knowledge patterns in the 311 knowledgebase, we
manually explored more than 500 webpages in the knowledgebase. Figure 3.1 depicts the
overall percentage of the most important components discovered throughout our

exploration of these web pages.

21
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Figure 3.1:Ratio of Different Knowledge Component in Toronto 311 Knowledge base

The above statistics helped us in identifying the main knowledge patterns in the city

of Toronto’s knowledgebase.

3.1. City Knowledge Pattern

In this section we introduce the city knowledge patterns. For each pattern, we first

provide a set of examples to highlight the important characteristics of that pattern; then

based on these characteristics we formally introduce the pattern.

The knowledge patterns that we define are:

—

Service knowledge Pattern
Permit/License Knowledge Pattern
Organization Knowledge Pattern
Infrastructure Knowledge Pattern
Public Facility Knowledge Pattern
Citizen Knowledge Pattern
Education Knowledge Pattern
Complaint Knowledge Pattern

A S I AN L e S

Species Knowledge Pattern
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For each knowledge pattern, we explain its constituents by employing real world
examples; however, for technical clarity we provide the description logic (DL)
representation of each knowledge pattern. Note that we also implemented the DL
representation of the knowledge patterns using OWL. For ease of exposition we present

the OWL representation of the patterns in Appendix 1.
3.2. Service knowledge Pattern

In this section we define and introduce the service knowledge pattern (SKP). We start by
defining the concept of service in public administration domain. Then, through a set of
examples we demonstrate the pattern of existing services in the city domain. Finally, we

formally introduce the SKP framework.

According to Statistic Canada, local, municipal, or regional public administration is
defined, as “subsector comprises establishments of local governments primarily engaged
in activities of a governmental nature, such as legislative activities, taxation, public order
and safety, and the administration of local government programs”?. Furthermore, the
Municipal Reference Model (MRM) (see Chapter2) defines government programs, as “a
Program is amandateto achieve outcomes by delivering services”(MRM Model
Principles, Definitions, and Rules, 2011) (Government Strategic Reference Model
(GSRM), 2007). In MRM, service is defined as either a “Public Service”, which serves
members of the public directly and address needs that are classified by public programs;
or an “Enabling Service”, which serves organizations that are part of, or agents of, the
government and address needs that are classified by provider program (MRM Model
Principles, Definitions, and Rules, 2011) (Canadian Governments Reference Model
(CGRM), 2009). Between these two definitions, public service is of utmost importance
since it is designed to address public needs and to aid local government in achieving their
goals. Moreover, public services and their quality are often used as an evaluation measure

for cities in different global and national rankings.3 4

Zhttp://www?23 statcan.gc.ca/imdb/p3 VD .pl?Function=getVDDetail&db=imdb&dis=2&adm=8&TVD=118
464&CVD=118466&CPV=913&CST=01012012&MLV=5&CLV=2&CHVD=118467&D=D

3http://www1.toronto.ca/wps/portal/contentonly?vgnextoid=535adce9014df310VgnVCM1000007
1d60f89RCRD



25

It is noteworthy that the statistics we provided earlier in this section also highlight the
importance of public service in the city domain, i.e., more than 35% of webpages in this

knowledgebase are service oriented.
1.2.1 Service in Toronto 311 Knowledgebase

Recall that the Toronto 311 knowledgebase is a cumbersome knowledge repository due
to its lack of machine-readable content and huge body of data, which contains
information about city services and programs. These services vary in type and are
provided by different city divisions or business partners, e.g., waste management, public
safety, healthcare, and transportation. To highlight the main elements of service we

provide the following examples.>
Casel: Residential Bulky Item Collection®

The first case we consider is the bulky item collection service. This service is a part of the
city of Toronto’s waste management program, which deals with collecting oversized

items from residential household.

To show the main service components in the bulky item collection service, we have
chosen two webpages depicted in Figure 3.2 and Figure 3.3. Figure 3.2 shows a webpage
that contains the requirements needed to be eligible to get bulky items removal service,
while Figure 3.3 show a webpage that addresses reasons under which bulky item removal
service will not be provided. However, while these two webpages where designed for

different purposes, the majority of their content overlap.

Such duplication raises question about the efficiency of the knowledgebase, its

information structure, and the representation of service component in the knowledgebase.

4http://www 1 toronto.ca/wps/portal/contentonly ?vgnextoid=da70dce9014df310VgnVCM 1000007 1d60f89
RCRD&vgnextchannel=535adce9014df310VgnVCM10000071d60f89RCRD & vgnextfmt=default

5 To see the complete list of webpages surveyed in this research see Appendix I
6 http://www.toronto.ca/311/knowledgebase/89/101000050989.html
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Despite these downsides, these webpages contain valuable information about
different service components. In the rest of the section, we will highlight and discuss

these components and their importance.

The red boxes in both figures provide similar definitions for bulky items. Like any
service, bulky item collection has some constraints (conditions) under which the service
will be provided. The yellow boxes in the two figures highlight these constraints, e.g.,
constraints such as, size, fee, and time interval of the service delivery (every two week),

collecting time, and the location to place items.

Once the constraints are fulfilled, the pick up activity takes place. In the figures, this
pick up activity is highlighted by the dashed blue boxes. Activities such as pick up are the
only interaction between the service provider (city agent) and service requester (resident).
Such activities are the core elements of city services. Moreover, their preconditions,

characteristics, and outcomes do not change regardless of the context they are used in.

In both figures, the pick up activity occurs on a predefined schedule, and uses some
of the city’s resources (city agent and vehicle) to deliver the service. If for any reason the
pick up activity does not occurred (outcome), depicted by the green box in the Figure 3.3,
residents could trigger this activity by either submitting an online request or by
contacting 311 customer service representatives to request for the pick up activity

recurréence.

Figure 3.3 also contains another interesting component in city services. As can be
seen in the black boxes, the resident has the option to choose between two different
service alternatives: morning or night collection, where each alternative has its own

constraints. Such content has never been considered in any service modeling.
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Residential - bulky item - furniture - metal items - appliances - collection requirements

They can be left next to your garbage bin for fre& regular pick-up, V\fthout requiring tags or
special arangements. Put oversized items 0.5 metes {2 Teet) away from your garbage bin.

Things that would never fitin your garbage bin, even when en_1p_t\L'are considered oversized. Feedback .

Note: collection calendar indicates bikes are oversized items to be left at the curb with regular garbage, bicycles are considered
bulky items.

Bulky Items - definition:

4 household item other than an item for which special collection services are provided.
{ these items are larger than 1.2 metres in any one dimension or weigh more than 20 kgs.
« examples are: sofas, chairs, wooden fumiture, beds, mattress, appliances, fridge, freezers. ovens etc.

|*ee: There is no fee for this service.

Single residential/building with less than 8 units/townhouse complex with individual curbside collection:

« Curbside collection every 2 weeks

« ltems must be at the curb by 7:00 a.m.

» The garbage collectors will call a separate furniture truck that will come by to collect these items.

» Criteria: Anything 8 feet or longer (or wide) that can be cutin half for garbage should be reduced in size. SWM regular split
trucks will have no difficulty in loading these items. In some cases, as with SWM automated trucks, a separate truck will have
to be dispatched to pick up bulky items. Note: SWM operators must be able to safely move bulky items on to the lift, and
into the truck.

Figure 3.2:Residential Bulky Item Collection Examplel

Residential collection - bulky item - furniture - metal items - appliances - e-waste - not

ipicked up

| Daytime Collection: | Feedback @

1. Bulky items are collected on your regular scheduled garbage day.
2. Items must be at the curb by 7:00 a.m.

| Residential Night Collections:l

1. Large ltems are defined as larger than 1.2 metres in any one dimension or weigh more than 20 kgs, such as, sofa, chair,
wooden furniture, bed, mattress.

. Must be put out on correct week/day according to Collections schedule.

. ltems must be accessible.

. ltems are to be placed out after 6 pm and before 9 pm.

. All items must be removed from the street and placed out again during the proper time or risk a bylaw infraction.

oA W N

A service request to report a furniture, metal item, e-waste or bulky item not picked up, can be submitted on line at:
| hitp://www.toronto.ca/311/, or call 311]

For collection requirements for: Residential - bulky item - furniture - metal items - appliances - collection

For information about e-waste: Residential - Waste Electrical and Electronic Equipment (WEEE) - electronic waste - e-waste -
e-Bags - curbside collection - recycling

Figure 3.3:Residential Bulky Item Collection Example 2
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Case 2: Non-Emergency Ambulance Transfer’

In the case 2 we introduce non-emergency ambulance transfer service. City of Toronto’s
Emergency Medical Services (EMS) division provides the service. This service is
designed for transferring patients, who have unstable conditions and need special medical

attention during transport, from one care facility or hospital to another.

We have chosen the non-emergency ambulance transfer service web page, as depict
in Figure 3.4, to highlight the service components we discussed in case 1 and
reemphasize the similarities of knowledge components for city services across all service

domains.

The dashed red box in the Figure shows the service provider’s division. As in bulky
item collection, the non-emergency ambulance transfer is also provided by one of the city

of Toronto’s divisions, Emergency Medical Services Division.

The activity in this service page is to transfer the patient, the blue dashed box in the
Figure depicts the activity. This activity is an instance of complex activities, which are
composed of simple activities such as request service, dispatch ambulance, pick up

patient, transport patient, and drop off patient at the destination.

We have used yellow colored boxes in the Figure 3.4 to highlight different constraints
(conditions) in this example. The conditions are different from ones in the bulky item
collection example; however, as was in case 1, for patient transfers activity to be
completed all the constraints must be fulfilled. In other words, the pattern under which

constraints affect the activity execution is similar for different services.

7 http://www.toronto.ca/311/knowledgebase/97/101000043097.html
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Non-emergency ambulance transfers

etc., unless the patient is:

1) medically unstable

2) requires paramedic level monitoring during transport and
3) requires a stretcher

|An appointment is required.lNon-emergency transfers are secondary to emergencies, so if they need ambulances for
emergencies, these appointments can be cancelled.

@Ea}ud the transfer must be deemed medically essential and require a stretcher. Contact the EMS non-emergency
number to make your request.

They will NOT transfer patients to emergency rooms; a patient must dial 911 for this.

|Private companies provide non-emergency ambulance services and they are listed in your local business directoryl

They are not covered by OHIP and are for profit businesses.

Figure 3.4:Non-Emergency Ambulance Transfer Service

Among all the constraints in non-emergency ambulance transfer service example,
there is a specific condition shown in dashed gray box (Figure 3.4) that have different and
yet important effect on this service. In order for the ambulance transfer service to be
performed; this precondition, approving transfer by the sending facility doctor, should be

fulfilled before the actual transfer process starts.

Similar to other conditions in this service the approval precondition is a necessary
condition for the service; however, the difference is approval precondition is a separated
process by itself and depicts a different constraint pattern from usual service conditions.
We will explain the pattern of such constraints and how they affect service processes, as

an approval process in the “Permit/License Knowledge Pattern”.

Another noteworthy point of the case 2 is the triggering event element of this service,
as depicted in the green box in the Figure 3.4. We explained this element in the second
example of case 1. While the first instance of case 1 does not need a triggering event,
since picking up bulky item is a prescheduled service event recurring every two week;
when one of the pick up services is missed, the resident could request a recurrence of

pick up activity by one the two triggering events: call 311, or fill out an online request.
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The triggering event for the ambulance request in this case is to call EMS non-

emergency.

Finally, as was in case 1, there might be more than one way to perform a specific
service, which we called it service alternative. Case 2 also shows a service alternative for
non-emergency ambulance transfers service by suggesting private ambulance transfer
option instead of EMS ambulance transfers service, shown in the black box in Figure 3.4
Some conditions of service alternative are different from the EMS non-emergency
ambulance transfer. For instance, private companies who provide this service are not
covered by health insurance, Ontario Health Insurance Policy (OHIP), and the patient

should cover the ambulance fees by himself.
Case 3: Multi domain activities

In case 3, we have employed three different webpages from various municipal services
and programs to highlight one of the most intriguing feature of city services we have

observed in Toronto 311 knowledgebase webpages.

Figure 3.5 shows an emergency service request for animal pick up service. The
activities to perform for this service are: submit a request, and pick up an animal;
however, for simplification reasons we will only concentrate on one of the activities pick

up activity, shown in the dashed blue box.

Emergency Services request for anima) pick-up |

Toronto emergency services (ie. Shelter, Support & Housing Administration, Toronto Police, or Feedback .

Toronto Fire) should contact 311 to submit a service request.

Contact Info:

Contact List - ML&S - Toronto Animal Services

Figure 3.5:Emergency Animal Services

The second instance of this case is the TTC Wheel Trans Service, shown in Figure
3.6. This service is one of many transportation services the Toronto transportation
Commotion (TTC) department provides. It is a special service for people with disabilities

(Wheel Trans Service).
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Bn Home | About311 | Knowledge Base | Languages | Locations | 311 FAQ

TTC Wheel Trans pick-up locations - City Hall - civic centres

The TTC Wheel Trajs pick-up lodation at: Feedback @

. City Hall: is at the rear door facing Elizabeth Street

. Metro Hall: the main entrance at 55 John Street, North York, South door on the ground floor

. Etobicoke C.C.: main doors facing 399 The West Mall

. East York C.C.: south east door located near the paid parking area.

. Scarborough C.C.: 2 locations for people accessing the Civic Centre the pick up is on the south side of the building by the
Ceremonial Staircase, for people accessing the clinic the pick up location is by the east wing near the south court yard.

6. North York: South door on the ground floor

g h WN =

Figure 3.6:Transportation Disable Services

The webpage outlines locations under which this service is provided. Similar to our

first example this service is also consist of a simple activity: pick up.

up

A service request for pick-up of HHW (Toxic Taxi) can be submitted online at: 4 Back Feedback ‘

http://www.toronto.ca/311/, or call 311.

Please wait 1-2 working days before reporting a missed pick-up, as there might be an operational issue that has
delayed service to your address.

Reasons for a missed Household Hazardous Waste (HHW) collection:

. Incorrect HHW set out - (i.e. containter is leaking; no lid on pail; substance is unlabelled/unknown)
. HHW contained prohibited items

. Materials are mixed together in one collection container

. Items were not out when the Toxic Taxi arrived

. Too many items were out for collection

. Item is too large to be accepted (i.e. drum full of motor oil)

OO A WN -

Figure 3.7: Household Hazardous Waste

The third example shows a household hazardous waste collection service webpage,
Figure 3.7. The household hazardous items are waste items that contain toxic materials,
and due to their toxic and harmful nature need special collection services. Although this
webpage also shares components of city services we explained in case 1, and case 2; we
are only emphasizing on the simple activity pick up for household hazardous collection

as shown in dashed blue box in the Figure.

In case 3, we have employed three different examples from three different city

programs: public safety, transportation, and solid waste management. As we highlighted
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with dashed blue boxes for each service instance, the simple activity to perform for these

services is pick up activity.

We have observed that regardless of the type of the service or the city program these
services belong, every service instance consists of limited set of simple activities such as

request, contact, submit, dispatch, or pick up.

The fact that the numbers of simple activities to perform for city services are much
less than the number of services city provides means that there are valuable opportunities
to simplify the knowledge structure of city public services while improving their
efficiency. We will discuss these opportunities in next section along with our model of

Service Knowledge Pattern.

Another noteworthy fact to highlight is that while all service instances used in case 3
contain the same activity pick up, the objects that received these services are different. In
the first two instances the objects picked up by service providers are live objects
(animate) although from different species; while the last instance is a toxic material
object (inanimate). It is important to consider each object’s needs and provide appropriate

resource (vehicle, agent) to accommodate these needs.

In other word, recognition of city services and the elements that are affected by that
service are similarly important. In the next section we will introduce our model of city
service knowledge pattern considering all elements that affect a city service or can be

affected by a city service as we highlighted in casel, case2, and case3.
1.2.2 Service Knowledge Pattern

In this section we will employ knowledge inherent of city services we highlighted in
previous section via cases 1, case 2, and case 3 to provide a general and comprehensive

model for city Services Knowledge Pattern (SKP).

As we explained through multiple examples in previous section, Toronto 311
knowledgebase webpages show a similar knowledge pattern for most of the city services.

Based on these similarities we could create a unique definition of city services.
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A municipal service is composed of processes and activities that fulfill citizen, local
businesses and organization’s needs and achieve municipal goals. This definition is also
compatible with the definition of service defined by MRM model we mentioned in the
introduction section; however, we consider both “public services” and ‘“enabling

services” as subclasses of municipal services.

Based on this definition almost all city services are representable by SKP except
services that need permit or license. Such services will be discussed as a different

knowledge pattern called “Permit Knowledge Pattern”.

The SKP is the root pattern for different service types that city government provides.
As we showed in cases 1, 2, and 3 these service types can be distributed in various types
such as: internal services (Figure3.5, communicate between Toronto police or Toronto
fire, and 311 to request animal pick up) verses public services (Figure 3.7, household

hazardous waste collection); online services (paying hydro bills), etc.

City services also can be defined based on the service category they belong to such as
Transportation services (Figure3.6, TTC wheel trans service), Safety services (Figure 3.5,
animal pick up), and Solid waste services (Figure 3.2 and 3.3, Bulky item collection or

household hazardous collection).

The interesting consideration about these service types and categorizations is that
regardless of the types or categories the knowledge constituents of the different services
remain unchanged. As a result, we suggest that instead of defining city services in
different categorizes or based on different types, which is common practice, city services
could be defined as a set of processes and activities with general service constituent and
be extended to correspond to different city services’ characteristics by adding different
types (has-service-type) or different categories (has-service-category) as object properties

of those services.

The main upside of defining object properties for simple activities instead of defining
different service types, service categories, city programs, etc., is that the knowledge

representation of city activities will be simplified; and yet it allows expressive definition
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of various city services based on simple activities. As we highlighted in case 3, a simple
activity such as pick up can be coupled with different service categories, service type, or

other object properties to represent different services such as:

= Emergency Service Request for Animal Pick up
— has-service-type (internal service)
— has-service-category (public safety)
- service-requester (Toronto police or Toronto fire)
— service-provider (Toronto animal services)
— Triggering event (call 311)
— has-location (dynamic locations to pick up animals)

— perform ( activity, pick up)

= TTC Wheel trans pick up service

has-service-type (public service)

has-service-category (transportation)

has-location (City Hall, Metro Hall,...)

Service-provider (Toronto Transportation Commotion)

Service-requester (city residents with disabilities)

perform ( activity, pick up)

In addition, as we explained in Case 1 and Case 2, in order to perform an activity
specific preconditions or constraints (condition) must be satisfied (see Figure 3.2 and
Figure 3.3). The has-location property in previous example represents the location
condition under which TTC wheel trans service will be provided. In other word, we can

employ object properties as a mean to represent different constraints for various services.

As mentioned in Figure 3.3 and Figure 3.4, some services can be delivered in more
than one way, which we called it service alternative. These alternative services deliver
the same service while using different processes. Figure 3.4 shows two alternatives for
non-emergency patient transfer service: EMS ambulance service or private business
ambulance services. If these services are defined under different service categories

(public services verses private businesses services), it is crucial for city organization to
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recognize the similarities between these service alternatives and defined them as a same

service with different service types or different service categories.

Neglecting simple definitions such as service alternatives could affect the
performance of the city services significantly; the definition of the same service under
different categories without recognizing characteristics of the service could decrease the
performance of automated agents to infer possible alternatives for customer, or enhance

service’s queue for a specific service alternative while other alternatives are available.

In order to perform a service, city government uses its resources. These resources will
be consumed, used or be hold during service delivery by some organization agent [4]. In
Case 1, bulky item pick up vehicle and city agent, who performs the pick up activity, are

instances of city resources that are used during the activity occurrence.

Due to scarce nature of city resources and their importance in public service delivery;
city resources and their connection to city government organization are concepts we will
discus in more details using three different knowledge patterns: “Organization
Knowledge Pattern”, “Public Facility Knowledge Pattern”, and “Infrastructure
Knowledge Pattern”.

In summary SKP defines every city service as one or more simple or complex
activity, which consumes or holds city resources. This activity at least has one triggering
event, and there are constraints that should be satisfied for the activity to be performed.
There could be other processes or activities that delivers the same service outcome
recognized as service alternatives. Finally, simple activity with same inherent
characteristics could be coupled with different types, categories, or other properties and

represent different city services.

In the following we have provided Service knowledge pattern in prose in Table 3.1

and the Description Logic (DL) representation of SKP in Table 3.2.
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Service Knowledge Pattern Example (Hazardous Waste Collection Instance)
Example:

¢ Kitchen container request
* Household Hazardous Waste (HHW) Collection Service (Design Pattern)
* Issue International Driving License, Taxi Driver License, Mobile Business

Activity = pickup/drop off/collection of resource

Resource = Hazardous Waste

Triggering Event = phone call/web request/ in person request

Constraints that have to be satisfied in order for activity to be performed
- Constraint may apply to the abstract with exceptions for specific resources

* Packaging constraints
o Sealed container
o Non leaking container
o Labeled
* Agent (recipient) constraints
o Residential vs. corporate
¢ Capacity (units of measure) constraints
o Volume (Min and Max)
o Size
o Number
* Location
o Where it is to be placed
* Temporal
o When it is to be placed out

Service Alternatives

* (Given a set of constraints, what is the alternative service
o Iftoo few liquids, then take it to the depot

Outcomes:

Disposition of hazardous house material (inanimate object)

Table 3.1:Service Knowledge Pattern
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MunicipalService = LocalGovernmentService = RegionService = CityService

CityService = ((VhasServiceCategory. ServiceCategory) M (VhasServiceType. ServiceType) M
(VhasServiceProvider. ServiceProvider) M (FhasServiceRequester. ServiceRequester) M
(3hasCondition. Condition) n (FhasServiceAlternative. ServiceAlternative) M
(JisPerformedBy. CityOrgAgent) M (VhasActivity. Activity) N (VhasResource. Resource) M
(VhasStartTimes. TimePoint) M (VhaEndTime. TimpePoints))

ServiceCategory £ CityService

EducationService £ ServiceCategory
EnergyService E ServiceCategory
FinanceService E ServiceCategory
FireAndEmergencyResponse = ServiceCategory
GovernanceService £ ServiceCategory
HealthServiceE ServiceCategory
RecearionService £ ServiceCategory
SafetyService E ServiceCategory
SolidWasteService £ ServiceCategory
TransportationService E ServiceCategory
UrbanPlanningService E ServiceCategory
WasteWaterService £ ServiceCategory
WaterService £ ServiceCategory
EducationService M EnergyService= L
EducationService M Financial Service= L
EducationService M FireAndEmergencyResponseService = L
EducationService M GovernanceService = L
EducationService M HealthService= L
EducationService M RecreationService= L
EducationService M SafetyService= L
EducationService M SolidWasteService= L
EducationService M TransportationService= L
EducationService M UrbanPlanningService= L
EducationService M WasteWaterService = 1
EducationService M WaterService= L
EnergyService M FinancialService= L
EnergyService M FireAndEmergencyResponseService = L
EnergyService M GovernanceService= 1
EnergyService N HealthService= L
EnergyService M RecreationService= 1
EnergyService N SafetyService= L
EnergyService M SolidWasteService= L
EnergyService M TransportationService= 1
EnergyService M UrbanPlanningService= L
EnergyService M WasteWaterService = 1
EnergyService M WaterService= L1
FinancialService N FireAndEmergencyResponseService = L
FinancialService M GovernanceService= L
FinancialService N HealthService= L
FinancialService N RecreationService = L
FinancialService N SafetyService= L
FinancialService N SolidWasteService = L
FinancialService M TransportationService= L
FinancialService M UrbanPlanningService= L
FinancialService M WasteWaterService = 1
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FinancialService M WaterService = L

FireAndEmergencyResponseService M GovernanceService = L

FireAndEmergencyResponseService M HealthService= L

FireAndEmergencyResponseService M RecreationService = L

FireAndEmergencyResponseService M SafetyService= L

FireAndEmergencyResponseService M SolidWasteService = L
FireAndEmergencyResponseService M TransportationService

1

FireAndEmergencyResponseService M UrbanPlanningService= L
FireAndEmergencyResponseService M WasteWaterService = L

FireAndEmergencyResponseService M WaterService= L
GovernanceService N HealthService= L
GovernanceService N RecreationService = 1
GovernanceService N SafetyService = L
GovernanceService N SolidWasteService= 1
GovernanceService M TransportationService= 1
GovernanceService M UrbanPlanningService= 1
GovernanceService N WasteWaterService = 1
GovernanceService N WaterService= 1
HealthService M RecreationService= L
HealthService M SafetyService= 1
HealthService M SolidWasteService= L
HealthService M TransportationService= L
HealthService M UrbanPlanningService = L
HealthService M WasteWaterService = L
HealthService M WaterService= L
RecreationService M SafetyService= L
RecreationService N SolidWasteService = L
RecreationService M TransportationService= L1
RecreationService M UrbanPlanningService = L
RecreationService M WasteWaterService = 1
RecreationService M WaterService= 1
SafetyService M SolidWasteService= L
SafetyService M TransportationService= L
SafetyService M UrbanPlanningService= L
SafetyService M WasteWaterService = L
SafetyService M WaterService= L
SolidWasteService M TransportationService= L
SolidWasteService M UrbanPlanningService= L
SolidWasteService M WasteWaterService = L
SolidWasteService M WaterService= L
TransportationService M UrbanPlanningService= L
TransportationService M WasteWaterService = 1
TransportationService M WaterService= 1
UrbanPlanningService M WasteWaterService = 1
UrbanPlanningService M WaterService= L
WasteWaterService M WaterService = 1L
ServiceType E CityService

EnablingService T ServiceType

InternalService E ServiceType

PublicService E ServiceType

OnlineService £ ServiceType

OnsiteService E ServiceType

PubicService M EnablingService = L
PubicService M OnlineService= L

PubicService M OnsiteService= L
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EnablingService M OnlineService= L
EnablingService M OnsiteService = L
OnlineService N OnsiteService= L
ServiceProvider £ CityService

Division E ServiceProvider

Contractor = ServiceProvider
BusinessPartner = ServiceProvider
LicensedBusinesses = ServiceProvider
Division M Contractor = L

Division M BusinessPartner = L

Division M LicensedBusinesses = L
Contractor M BusinessPartner = L
Contractor M LicensedBusinesse = L
Licensedbusinesses M BusinessPartner = L
ServiceRequester E CityService

CityAgent E ServiceRequester

Resident C ServiceRequester

CityAgent M Resident= L
PermenentResident = Resident
TemporaryResident = Resident
PermenetResident N TemporaryResident= L
Tourist E TemporaryResident

Condition = Constraint

Condition E CltyService

Size E Condition

Fee E Condition

Time = Condition

Location E Condition

Volume = Condition

Fee N Size= L

Fee M Time= L

Fee M Location= L

Fee M Volume= L

Size M Time= L

Size M Location= 1

Size N Volume = 1

Time M Location= L1

Time N Volume = 1

Location M Volume = L

ServiceAlternative £ CityService

Process E CityService

AtomicProcess = Process

AtomicProcess = Activity *
CompositeProcess £ Process
CompositeProcess £ > 1 consistOf. AtomicProcess
Activity = ((VcorespondToCityService. CityService)
n (3fullfill. Condition) N (FhasCityOrgAgent. CityOrgAgent) N (YhasOccurrence. TimePoint))
TimePoint = Time

Timelnterval £ Time

TimePont M Timelnterval = L

8 For the complete activity and activity-state ontology taxonomy please refer to Appendix I
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Resource E CityService

Human E Resource

Finance E Resource

Infrastructure = Resource

Human M Finance = 1

Human M Infrastructure = L

Finance M Infrastructure = L

Publicfacility E Infrastructure

CityOrgAgent’ = ( (3hasOrganization.MunicipalOrganization)

n (Vperform. Activity) M (VhasSkill. Skill ) 1 (VhasRole. Role) 1 (VhasAuthority. Authority) M
(VhasDivision. Division) M (Yconsume. Resource) M (YhasGoal. Goal))
Event E CityService

TriggeringEvent E Event

A Box'":

Activity (Pick up)

Activity (Submit)

Activity (Request)
Activity(Transfer)
Activity(Deliver)

Activity (Arrive)

Activity( Check)

Activity (Report)

Activity (Drop off)

Activity (Collect)

Activity (Dump)

Activity (Clean)

TimePoint (7: 00)

Location ( 25. St Mary)

Volume (20kg)

Size(2.4 m)

Triggering event (Call)
Triggering event (smart phone)
Triggering event (email)
Triggering event (Fax)
Triggering event (OnlineForm)
CityService (non-emergency ambulance transfer)
CityService (Waste Collection)
CityService (Emergency Animal Pick up Service)
CityService (TTC Wheel Transit)

Table 3.2:Description Logic Representation of Service knowledge Pattern

9 The City Organization Agent and its definition will be provided in the Organization Knowledge pattern

10 Similar to other knowledgebase representations, description logic representation of Toronto 311
knowledgebase could be represented as T-Box and A-Box as shown in Table 3.3.2. In addition, using
these A-box and T-box we can represent specific Rules for each city service in this domain. However,
due to the large scope of A-box concepts in this domain, and the fact that the emphasis of this
research is on representation of a consistence and meaningful T-box containing necessary and crucial
city knowledge patterns, we will only concentrate on the T-box aspect of knowledgebase for other
knowledge patterns.
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3.3. Permit/License Knowledge Pattern

The second knowledge pattern we propose is the permit knowledge pattern (PKP). We
will start by defining permits and licenses in public service administration. Then, using
an example from Toronto 311 knowledgebase we demonstrate the knowledge
constituents for permit and license within city services. Finally, we formally define the

PKP in the municipal government domain.

A license gives a person or organization permission to engage in a particular activity.
In public administration domain, many activities require a government issued license.
These licenses are issued for a various activities, e.g., fishing, hunting, driving a motor
vehicle, providing health care services, practicing law, manufacturing, engaging in retail
and wholesale commerce, and providing public services such as food and environmental

inspection.

Permits are issued by one of the authorized agencies, bureau, or divisions of the local,
provincial, or federal government based on existing laws, bylaws, or municipal codes. A
license for a certain activity allows the government to closely supervise and control the
activity. Moreover, permits synchronize and facilitate internal communication between

different sub- organizations, business partners, and departments within the city domain.

Despite the importance of permits and license, government reference models and
ontologies have mostly ignored its effect on the overall performance of city services.
Furthermore, we also observe a similar lack of attention in practice, i.e., only 6% of our
observations of the Toronto 311 knowledgebase webpages contain information related to
city permits and licenses. This under report statistic combined with the lack of easily
accessible information about various permits and licenses in the city of Toronto

knowledgebase will be discusses in the following section.
3.3.1 Permit in Toronto 311 knowledge base

In Toronto, the division of Municipal Licensing and Standards is responsible for bylaw

administration and its enforcement throughout the city. The division provides information
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about various permits and licenses. The following example, selected from the 311

knowledgebase, highlights the knowledge pattern embedded in permits and licenses.

The example we consider is hauled sewage discharge permit (agreement)!l. This
permit gives a hauler the permission to remove, transport, and discharge sewage from
cesspools, septic tank systems, privy pits, portable toilets, or sewage holding tank. Note

that this permit excludes industrial, commercial or hazardous waste removal.

Figure 3.8 show a webpage containing the elements under which a hauled sewage
discharge agreement will be obtained. As illustrated by the dashed blue boxes, to perform
the service, a hauler should acquire an approved permit. This permit is issued by the
Environment Monitoring and Protection (EM&P) unit — which we denote as the permit

provider (show by red box).

Similar to the service knowledge pattern, this example also has an agent who uses
resources to perform an activity (blue box); it has a service provider (red box); and a set

of constraints to be satisfied for the activity to occur (yellow box).

Despite these similarities, there are fundamental differences that make permit a
unique type of activity with its own specific knowledge inherent. Specifically, there are
four main differences that make permit unique. First, the activity outcome of the permit
acquisition process is either approval or denial. Second, the resource in use for the permit
process is the permit or license itself (since the hauler will use the permit as a resource to
provide sewage removal services). Third, some permits will require specific certificates
or skills as their constraints. Finally, unlike activities in SKP, in every permit acquisition
process, there are specific steps and processes that should be followed after performing
the permitted activity (e.g., scheduling an appointment with disposal facility, or dumping

septic sewage, as shown by the green boxes).

Uhttp://www toronto.ca/311/knowledgebase/88/101000041288 html
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(EM&P) of Business Operations Management.

The following items are required in an application for a Hauled Sewage Discharge Agreement:

e Current and valid Certificate of Approval from the Ministry of the Environment for hauled sewage

« A Corporate Profile of the business and its directors

« Commercial General liability in a form and with an insurance company acceptable to the City. Such policy of insurance and
endorsement shall each have a limit of coverage of not less than $5 000 000 per occurrence.

Standard owners form automobile policy including third party liability insurance and at least $5 000 000 inclusive limits, per
occurrence, covering all licensed vehicles owned or operated by or on behalf of the company.

Completed Hauled Sewage Discharge Agreement Application Form

A client service list (names, addresses and phone numbers of clients) * This personal information will be kept strictly
confidential by the City under the Municipal Freedom of Information Act and will not be disclosed under any request.

« Alist of vehicles, license plate numbers and volume/capacities

Once the application is approved and a'Hauled Sewage Discharge Agreement is approved'and executed by the General

Manager of Toronto Water, trie septic hauler will be able dump at: Highland Creek WWTP, or Humber WWTP (|10te: Until
further notice, no hauled sewage is accepted at the Humber Wastewater Treatment Plant due to construction activities)

In order to schedule a dump at the WWTPs (only those septic haulers with an approved and active Hauled Sewage Discharge
Agreement with the City can dump at the WWTPs) each approved septic hauler will have tg schedule an appointment with llwe
Environmental Monitoring and Protection Unit at least 24 hours prior to the load delivery by calling the Research Analyst in
Environmental Monitoring & Protection Unit of Toronto Water. If the septic hauler will be discharging at the Highland Creek
treatment plant a traffic control plan as per Ministry of Labour legislation around the maintenance access hole and a calibrated
atmospheric gas meter is required as the discharge point it via a maintenance access hole. All dumps will be made under
EM&P supervision and will require a completed manifest for each dump made at the planT(-)ne sample will be collected for
testing after each load is dumped.

Only hauled sewage generated in the City of Toronto will be accepted.
The fee for disposal of septic waste is $27.86/cubic meter (220 gallons) of waste.
Only hauled sewage generated in the City of Toronto will be accepted.
Figure 3.8: Agreements-Hauled Sewage Discharge Agreement
To better illustrate the hauled sewage disposal agreement, in Figure 3.9 we provide a
business process model diagram of haulage permit approval, its connection with sewage
disposal service, and its processes. For simplification we have omitted the hauler-
customer interaction sub-process and only emphasize on the interactions between hauler

and city government.

Recall from the SKP that a permit is a unique sub-process of a city service, which
works as a mandatory precondition for its post-processes. As depicted in Figure 3.9, the
process of sewage discharge agreement approval (shown in a separated sub-process) is a
mandatory precondition for its post-activities such as scheduling a dump appointment,
i.e., the whole process of sewage disposal will be suspended unless the hauler obtains the

agreement from city authorities.
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sub-geocess Mauled sewage spproval

Figure 3.9: BPM Diagram for Hauled Sewage Discharge Agreement

3.3.2 Permit/License Knowledge Pattern

Permits and license have similar knowledge patterns except when it comes to their time
span. Specifically, licenses are by definition issued for a longer period of time than
permits. If some entity obtains a license, the license authorizes it to provide a service for
a specific period of time (usually longer than one year), while permits are usually
temporary and are valid for a short period of time. Despite this difference in the temporal
aspect of the permit and license constraints, we are able to represent them as a single
pattern (with similar knowledge constituents) by defining the time constraints as object
property (has-start-date, has- expiration-date) for licenses, and defining property
restriction cardinalities (max-cardinality for events) for the permit execution. The

following examples demonstrate this resolution:

= Hauled Sewage discharge agreement:
— has -certificate (hauled Sewage)

— has- start-date ( day of issue license)
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— has-expiration date ( day the license is expired)
— has-fee ( cost of license)
— has-service-provider ( municipal licensing and standard )

* Permit for holding an event in city Park:

has-permit (event in the ark)

has-location(park’s name)

is-valid- for (>X or <X events)

has-fee( cost of permit)

As we explained in the SKP, each service consists of set of processes and activities
that will be executed as long as their constraints are satisfied. Services that require permit
or license also follow the same pattern, but are distinct in that the activities that follow
the permit acquisition have a pre- condition (Permit approval) and before it is satisfied
these activities are suspended (see Figure 3.9). Furthermore, such services also have a
permit provider, which is an organization agent. Most departments within city
government have their own permit/license unit under the supervision of municipal
licensing and standards department. We will discuss the service provider and

organizational unit components in more details in the organization knowledge pattern.

Note that one of the differences between permit and service in general is the resource
component. Since the procured permit is a pre-requirement for another service, the permit
is itself considered as a resource. Moreover, in addition to SKP constraints such as time,
location, and agent, PKP has some unique constraints such as certificates or skills, which
are needed for the permit approval activity to occur. The activity of permit Approval or
Denial is the most significant aspect of PKP, since it determines whether its following
processes could proceed. The Following Processes are usually related to services and
activities that need an approved permit or license as their pre-condition to be performed,
e.g., in our example only after acquiring the waste haulage license, the hauler could make

the required accommodation for sewage disposal.

It is note worthy that the knowledge representation of services that are related to the

permit knowledge pattern is different from representing of regular service activities.
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Table 3.4 shows the description logic representation of knowledge constituents of permit

knowledge pattern.

Permits/License Knowledge Pattern
Example
* Waste Haulage license

* Building construction Permit

» Street disclosure Permit for special event
Activity = approving an agent to perform an activity
Resource = permit
Provider = some org agent

* Permit/license unit

¢ Specific Organization Permit/License Unit with Authority

Constraints

* Temporal

* The required time to procure permit before an event

* Certification

o Skill
* Approvals/Denials

¢ Other requirements, e.g., non-profit,

* Fee, payment constraint
Process to be followed in performing the permitted activity
For waste haulage:

* Location information: permitted dumps

* Source of waste

* Cost: disposal fee

* Analysis of the waste

Table 3.3:Permit Knowledge Pattern
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Permit = Agreement = License = Licence
PemittedActivity = Activity

PermittedActivity = Activity M 3 hasResource. Permit
LicensedBusinesse = ServiceProvider M 3hasPermit. Permit
PermitProvide E Division

PermitProvider = Division M responsibleFor. Permit
PermitProvider(Municipal LicensingAnd Statndard)

Pemit = ((V hasStartDate. Timelnterval) n (VhasExpirationDate. Timelnterval)
n (VapprovedBy. CityOrgAgent M (VhaspermitApproval. Boolean)
n (VcanPerform. PermitttedActivity)
n (VhasPermitProvider. MunicipalLicensingAndStandards) M (VissuedBy. Division)
m (3require. Skill) N (FhasSkill. Boolean) M (VhasOutcome. Boolean)
N ((3 = isValidFor. Event) U (3 < isValidFor. Event)) 1M (3 hasCondition. Condition)

PostPermittted Activity = Activity M (VhasState. (Suspend)) M (¥ hasCondition. Precondition)
Precondition = PermittedActivity M (VhasState. (Complete))

Skill E Organization
Certificate = Skill
Timelnterval E Time
TimesPoint E Time

TimePoint M Timelnterval = L
Time £ Condition
Precondition = Condition

Table 3.4:Description Logic Representation of Permit Knowledge Pattern

3.4. Organization Knowledge Pattern

In this section we introduce Organization Knowledge Pattern (OKP). First we define the
concept of organization in the public services domain. Then using some examples from
Toronto 311 knowledgebase we will describe the components of municipal government

organization. Finally, we formally introduce organization knowledge pattern.

According to (Fox et.al 1995) “an organization is the set of constraints on the
activities performed by agents”[1]. Accordingly, we define municipal government
organization as a complex organization in which existing constraints and conditions from

its numerous sub-organizations restrict processes and activities of public service
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administration provided by its agents. We believe that our model of organization and its
components are general enough to be extended to respond to all types of sub-

organizations working under or with the city government organization.

The OKP plays a significant role in connecting the other city knowledge patterns, and
could demonstrate how the recognition of city knowledge patterns elevates the
organizational cooperation in city’s day-to-day operation and lead to a smarter

communication between municipal government’s components.

In the “Infrastructure Knowledge Pattern” 12 and ‘“Public Facility Knowledge
Pattern”13 we define two concepts of infrastructure and public facilities as municipal
government’s resources at the municipal level, which are used by city government’s
agents. These agents are the organization agents who work for city government and
provide services as explained in in the “Service knowledge Pattern”. Recall from service
knowledge pattern that SKP defines the skeleton of city operation’s general pattern;
however, the key pattern that connects these three knowledge pattern with each other and
with other knowledge patterns is the “Organization Knowledge Pattern”, since it is the

connecting piece for all the other knowledge patterns to work together.

3.4.1 Organization in Toronto 311 Knowledgebase

The following examples from Toronto 311 knowledgebase will demonstrate the main

characteristics of government organization.
Case 1: City of Toronto Organizational Chart

Similar to any organization, the city of Toronto government organization is also has an
organizational structure. This organizational structure, depicted in Figure 3.10,
determines the upper level sub-organizations/divisions of the city of Toronto, the
organization agents who is responsible for specific responsibilities in that sub-
organization or divisions driven from a role the agent have in the city of Toronto’s

organizational hierarchy. For example, as shown in the red box, the Municipal Licensing

12 Refer to Infrastructure Knowledge Pattern, Chapter 3, page 41
13 Refer to Public Facility Knowledge Pattern, Chapter 3, page 50
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and Standards is a division of the City of Toronto, Tracy cook is the organization agent
who plays the role of the Executive Director of this division. Similarly, the blue box
shows the Emergency Medical Services division; Paul Raftis is the organization agent

who plays the role of EMS Chief and General Manager of this division.

As the organizational chart illustrates, these two organization agents are under
separated section of the city of Toronto’s public administration and part of two different
teams (e.g., the medical emergency service division is under the deputy of the city
manager Brenda Palterson’s management, and Paul Raftis is a member of Brenda
Palterson’s team). They perform different activities (Municipal licensing and Standard
services vs. Medical Emergency Services) and they have different roles (EMS Chief and

General Manager vs. Executive manager of Licensing and Standard).
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Toronto Police - police divisions - police stations - non-emergency

Divisional Policing Command is comprised of all of the uniform divisions of the Toronto Police Feedback ‘
Service. These divisions are the front-line of the Toronto Police Service, making up the
majority of our uniformed officers.

You can determine your local police division by visiting the Toronto Police Service's website at
http:/Aww.torontopolice.on.ca/uniform.php and entering an address into the search field on the right-hand side or select map for
Command and Divisional Boundaries.

Contact Info:

Contact List- SPB - ABCC - LB -4 - Toronto Police Service

Figure 3.11: Toronto Police -Police Divisions- Police Stations

Figure 3.12 depicts a webpage containing the contact information for various
police related services. The first contact information is in case of emergency 91 1number,
shown in the blue box. The webpage also contains information about different
organization units, and the organization agent who has specific role in that unit (e.g., the
red box depicts the contact information to contact the Toronto Anti-Violence Intervention

Strategy (TAVIS) coordinator, Sergeant Jeff Pearson).

Contact List - SPB - ABCC - LB - 4 - Toronto Police Service

Contact Information Feedbock @
EMERGENCY: 911

Police Headgquarters
40 College St
Toronto ON MSG 2J3

TPS non-emergency line: 416.808.2222

911 Test Calls
Phone: 416-808-8899

Website: hitpiwww toronopolice on ca/
Toronto Police Service Telephone Directory: hitp www torontopolice on caldireciory/

Chief of Police: William (Bill) Blair - 416-808.8000

ITAVIS Coordinator, Sergeant Jeff Pearson: 416-808-7366 I

Parking Enforcement Unit: 416-808.2222, option 3, then 1 for enforcement or 3 for Impounded vehicles
Email: parkingenforcameantwesigioroniopolice on.ca

OR parkingenforcementeast@iorontopolice.on.ca

Towed vehicles: 416-808-2222/416-808-6600

Parking Support Services: 416.808.2222 x 800
Bylaw Coordinator: Bill Carter (416) 808-6610
Superintendent Parking Enforcement: Wes Ryan: 416.808.8653

Parking Bylaw: 416-808-6629

Figure 3.12: Contact Information-SPB-ABCC-LB-4-Toronto Police
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Case 3: Strategic Communication

In Toronto 311 knowledgebase many knowledge components of OKP are hidden in
simple webpages named as “contact list”. In previous example we used one of these
webpages to highlight the relationship between one of the city of Toronto organization’s
division (Police), its units and agents. In Case 3, depicted in Figure 3.13, we employ a
different contact list webpage related to strategic communication, planning and research

division to highlight another knowledge components of OKP.

As shown in the green box, each division might consist of different organizational
roles. These roles are occupied by different organization agents who have a set of
predefined responsibilities for that role and perform specific activities based on their
responsibilities. Note that some roles are occupied with more than one organization
agents (e.g., our Toronto newsletter role is occupied by David Clark, and Deborah

Brown).

Contact List - Strategic Communications - 1 - Communications Planning & Research

Contact Information Feedback @

Senior Communications Advisors:
Juanita Christmas 392-7346

Research Analyst
Melissa Dennison 397-4146

Manager:
Deborah Brown 392-9305

Our Toronto newsletter
David Clark 392-7542
Debroah Brown 392-9305

Figure 3.13:Contact List-Strategic Communication-Communication Planning and Research

Case 4: Provincial Organization

In Case 4, we use another contact list webpage to highlight an important characteristic of
OKP. The contact list webpage is related to the provincial Ministry of Transportation.
The Ministry of Transportation is one of the divisions of Province of Ontario, which we

denote as provincial government organization. It is noteworthy that every municipal
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government within the juristic territory of provincial government is a sub-organization of
that provincial government organization (e.g., The Municipal Government of Toronto is a

sub-organization of the Government of Ontario).

Contact List - Provincial - Ministry of Transporation - Highway Property Maintenance

Contact Information Feedback @

Information on road closure, conditions and construction information on the 400 series highways, call 511.

400 series highway maintenance, debris (please follow the Service Ontario prompts):

Phone: 416-235-4686
Hours: 8:00 am to 5:00 pm M-F

E-mail: CR-CMO@ontario.ca

Figure 3.14: Contact List- provincial- Ministry of Transportation-Highway Property Management

Case 5: major Emergency-City response

One of the important concerns in every city is how the municipal government
corresponds to major emergency situations (e.g., flood, contagious disease, nuclear
emergency). Figure 3.15, depicts the city of Toronto’s strategic organization
transformation in case of critical emergencies. During tan emergency, a new
organizational hierarchy will be launched, the Emergency management Committee, (see
the green box). The new organization authorizes some of the organization agents to new

roles with new responsibilities (we denote this process as empowerment).

Despite new role and responsibilities each organization agent is still a member of
his/her previous team. In other word, organization agents such as Chief of the Emergency
Medical Services, Toronto Fire Service, and Toronto Police Service are parts of their own
team but in case of emergency they are also part of the Emergency Management

Committee team.
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Major Emergencies - City response

During a major emergency, trle Emergency Management Committee islactivated to coordinate
the City's overall response. Itis chaired by the Mayor and made up of the Chiefs of Emergency

Medical Services, Toronto Fire Service, Toronto Police Service and Executive Managers of certain city divisions including the
City Manager.

For additional information, you can visit http://www.toronto.ca/oem

Contact Info:

Contact List - Deputy City Manager Office - Office of Emergency Management - (Nuclear Emergency / Emergency Plan /
Emergency Preparedness)

Figure 3.15: Major Emergency- City Response

3.4.2 Organization Knowledge Pattern

As illustrated through Cases 1, 2, 3, and 4 organizations are the center of city services.
The Organization knowledge components are also the key elements in connecting
different City Knowledge Pattern together. In this section we use these inherent

knowledge components to introduce Organization Knowledge Pattern (OKP).

In the center of every organization are organization agents. These agents perform
organization’s activities by consuming, or using organization’s resources to achieve
organization’s goals. Moreover, the agents play different roles based on their different
responsibilities and communicate with each other through social communication or
formal communication links. An organization agent could play more than one role or be a
member of more than one team in an organization (see Case 5), which allows the

organization to define different roles according to agent’s skills and organization’s goals.

By defining the agent component in the OKP we allow the municipal government
to define individual entities within the city government and determine their different
roles, responsibilities, activities, and their authorities to use resources or make interaction
with other organizations / organization entities. For example in case 1 by defining two
different organization agents, their divisions, and roles we can define different

organization entities:

— Division (Municipal Licensing and Standards)
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Role (Executive Director)

City organization Agent (Tracy Cook)

Perform (Municipal Licensing and Standards services)

is-responsible —for ( Senior Management responsibilities)
Or in the other case:

- Division (Emergency Medical Service)
— Role (EMS Chief)

- Role (General Management)

— City Organization Agent (Paul Ratftis)
— Perform (EMS services)

— is-responsible-for ( managing and directing)

As can be seen in the second example the agent (Paul Raftis) plays more than one
role in the city of Toronto organization. In addition, the organizational structure, as
shown in Case 1, of the city of Toronto government organization is the component that
differentiates and defines various levels of the city government organization such as sub-
organizations, divisions, sub-divisions, committees, units, etc. Definition of organization
chart is a preliminary requirement to define government bureaucracy, roles,
responsibilities, and authorities for the organization agents. We believe that definition of
concepts such as division or committee, their properties, and relationships with other
organizational entities will improve the overall structure of the city government
organization as shown in the previous examples. It will connect organizational agents to
other knowledge patterns with respect to their roles and the authorities driven from this

organizational structure.

By defining each level of organizational structure automated agents have the ability to
collect information and to reason about different level of organizational structure. The
automated query and reasoning are particularly useful in providing high-level managerial
reports such as monthly reports of divisions under deputy managers or reports for city

council (see Case 1).
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Moreover, the definition of organizational structure will help city organization to
empower its agents on their different roles and will authorize them to perform specific

tasks and activities.

The notion of Empowerment is one of the most important elements in the OKP. The
empowerment characterizes the municipal government organizations’ ability to create a
new organization, a virtual or a temporary team, or a new role within an existing
organization. It is also enables new authorities for organization agents based on their new
roles. Specifically, some agents due to their additional skills might be empowered to play

another organization role or to perform other activities in specific situations (see Case 5).
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Organization Knowledge Pattern
Example Web Pages
* Toronto Police — police divisions — police stations — non-emergency
* Toronto Public Health
* Toronto EMS
Constituent Knowledge
o Who is responsible for defining
o Organization Agent
o Goals
Perform Activities
o Responsibilities
o Skills
o Authority
o Membership
= Team
= Virtual- Team
= Project
o Organization Role
o Communication link
o Contact information for each component of the structure
o Links to other information about each component
o Organization Goal
= Vision
= Mission
= Values and beliefs
= Strategies
o Organization Structure
o Sub-organization
o Division
=  Subdivision
o Empowerment
o Continual
o Temporal
Services provided
o Information

Table 3.5: Organization Knowledge pattern
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FederalOrganization £ Organization
ProvincialOrganization E Organization
MunicipalOrganization E Organization
PrivateOrganization E Organization
FederalOrganization M ProvincialOrganization =1
FederalOrganization M CityOrganization =1
FederalOrganization M PrivateOrganization =1
ProvincialOrganization M CityOrganization =1
ProvincialOrganization M PrivateOrganization =1
CityOrganization M PrivateOrganization =1
CityOrganization = RegionOrganization

CityOrganization =
((v CityOrgAgent. CityOrgAgent) M (hasActivity. Activity) N (¥ hasResource. Resource) M
(3 hasCondition. COndition) M (V hasAuthority. Authority) M (V hasDividion. Division ) M
(3 hasGoal. Goal) N (achieve. Goal) M (VhasCommunicationLink. CommunicationLink) M
(VhasSkill. Skill) M (VhasOrgStructure. OrgStructure) N (VhasTeam. Team))

CommunicationLink
= ((V hasSendingAgent. CityOrgAgent) n (VhasSendingRole. Role)
n (VhasRecievingAgent. CityOrgAgent) M (VhasReceivingRole. Role)
N (VhasInterest. Information) N (VwillVolunteer. Information))

CityOrgAgent = ((IhasOrganization.CityOrganization) M (Vperform. Activity) N (VhasSkill. Skill ) N
(VhasRole. Role) M (VhasAuthority. Authority) n (VhasDivision. Division) M (Vconsume. Resource) N
(VhasGoal. Goal) N (V isResponsibleFor. Responsibility) M (3 memberOf. Team) N
(Vplay.Role) N (< 1 hasRole.Role ) M (VvhasCommunicationLink. CommunicationLink))

Role =((V hasProcess. Process) M (V hasAuthority. Authority) N (V require. Skill)
mn ( (3superiorOf. Role) U (3 subordinateOf. Role)) n (v hasResource. Resource)
M (3 hasPolicy. Constraints) M (= 1 hasResponoibility. Responsibility)
r (FhasSupervisor. CityOrgAgent) M (FhasSupervisee. CityOrgAgent)
rn (FhasEmpowerment. Empowerment))

Activity = ((VcorespondToCityService. CityService)
n (3fullfill. Condition) N (FhasCityOrgAgent. CityOrgAgent) N (YhasOccurrence. TimePoint))

CommunicationWithAuthority & Authority

Role £ CityOrganization

hasSupervisor = hasRole

hasSubordinate = hasRole

Supervisor = Role M 3 hasSubordinate. CityOrgAgent
Subordinate = Role M 3 hasSupervisor. CityOrgAgent
hasSupevisor E hasSubordinate™

Goal E CityOrganization

SubGoal E Goal

Mission £ Goal

Vision E Goal
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ValuesAndBeliefs £ Goal

Strategies = Goal

SubGola N Mission =1

SubGola M Vision =1

SubGola N ValuesAndBeliefs =1
SubGola M Strategies =1

Misssion M Vision =1

Misssion M ValueAndBeliefs =1
Misssion M Strategies =1

Vision N ValueAndBeliefs =1

Vision M Strategies =1
ValuesAndBeliefs M Strategies =L
CityOrgAgent E CityOrganization
Division E CityOrganization
SubDivision E Division
CommunicationLink E CityOrganization
Activity E CityOrganization

Skill £ CityOrganization

Responsibility E CityOrganization
Authority E CityOrganization

Team E CityOrganization

ProjectTeam E Team

VirtualTeamE Team

ProjectTeam MVirtualTeam=_1

Resource £ CityService

hasSupervisor E hasSupervisee™
hasCondition = hasPolicy

hasCondition E CityOrganization
TemporalEmpowermen E Empowerment
ContinualEmpowermen = Empowerment
TemporalEmpowermen M ContinualEmpowermen =1

Table 3.6: Description Logic Representation of Organization Knowledge Pattern

3.5. Infrastructure Knowledge Pattern

In this section we introduce Infrastructure Knowledge Pattern (IKP). We first describe a
unified definition of municipal infrastructures. Then, employing a set of examples from
Toronto 311 knowledgebase we highlight the existing pattern of municipal
infrastructures’ knowledge components. Finally, we formally introduce the IKP

framework.

To be able to introduce the IKP, we must first provide an unambiguous definition of

infrastructure and its characteristics. According to Vining and Richard (2001), there is no
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universally accepted definition of infrastructure that takes into account public provision,
subsidization, or regulation. Furthermore, in a decentralized government system with
different layers of authority (e.g., federal, provincial, or municipal) the definition of
infrastructure becomes even more complicated (i.e., the ownership of the infrastructure is
not clear). In other word, there are infrastructures that are under the authority of the
municipal government, while there also exist infrastructures that are not under the

governance of that city even though geographically located in it (e.g., national parks).

The Merriam Webster defines infrastructure as “the system of public works of a
country, state, or region; or the resources (as personnel, buildings, or equipment) required
for an activity”. Despite the simplicity, the definition highlights the main characteristics
of infrastructures in the government domain. Specifically, in the government domain
infrastructure assets are owned by either government (federal, provincial, or municipal),
which is specified in the definition as public work or resources of country, state or region,

or by the private sectors.

Statistic Canada also suggests a similar definition of infrastructure. According to

Statistic Canada infrastructure in general can be classified as follows:

Types of Assets = Produced Non-Produced
¥
Tangible Physical Structure Environment
Intangible Social /Institutional and other

In this classification, infrastructures are classified into three main categories: physical
structure, environment, and social /institutional. Physical infrastructures are those
infrastructures that are tangible and manufactured, e.g., bridges, roads, and ports.
Environmental infrastructures are tangible but made by nature, e.g., lakes, and gas/oil
reserves. Finally, social/institutional infrastructures are intangible, and may or may not be

produced.



61

The only difference in the definition of infrastructure between Webster dictionary and
Statistic Canada is that the later definition does not consider the different levels of
government. While Statistic Canada does not make such a distinction in its definition, the
federal government of Canada recognizes such distinction and has indeed transferred
some of its infrastructure assets to local governments in the past few decades. As shown
in Figure 3.16, the infrastructure share of local governments has increased in past few
decades, while at the same time the shares of federal and provincial government have

decreased (Mackenzie, 2013)14.
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Figure 3.16: Infrastructure Shares by Order of Government,1995-2011

To come up with a unified definition of infrastructure, which overcomes the short falls of
the above definitions; we have added a third dimension “Juristic Division™ to the Statistic
Canada’s model. As Figure 3.6.215 shows, by adding this new dimension, we separate
the infrastructures based on their juristic territories. Accordingly, we define
infrastructure as physical structure or environmental asset of municipal government and
its private business partners that are consumed as city resources in daily operation of

public services and activities.

14 According to Canadian federal government, by 2011, the federal government and local governments had
reversed their positions in infrastructure asset shares. The federal government owns only 13% of the stock,
the provinces 35%, and municipalities 52%.

15 This chart is part of Canada’s Infrastructure Gap, Page 8, Alternative Federal technical Paper,
http://www policyalternatives.ca/sites/default/files/uploads/publications/National %200ffice/2013/01/
Canada's%?20 Infrastructure%20Gap.pdf
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Note that infrastructures can drastically affect the city’s daily operation (e.g., a natural
disaster or a malfunction of a physical infrastructure can affect or stop the public service
delivery). Despite their importance, they are overlooked in the Toronto 311
knowledgebase, i.e., less than 8% of the observed webpages in our study contained
information related to infrastructure, and even in those cases the components of

infrastructure are unstructured, random, and ambiguous.

In the next section, we provide a set of examples from the 311 knowledgebase to

highlight the main knowledge components of government infrastructures.

Juristically Division (Federal, Provincial, Local)

Types of Capital Produced Non-Produced
Tangible Physical Structure Environment
Intangible Social /Institutional and other

Figure 3.17:Infrastructure Classification based on Jurisdiction

3.5.1 Infrastructure Knowledge in Toronto 311 knowledgebase

The following examples from Toronto 311 knowledgebase webpages will highlight the

knowledge constituents of Infrastructure Knowledge Pattern.
Case1: Juristic Division

The first example we consider is Defense Construction Canadal®, an organization
responsible for providing infrastructure and environmental services to Canada’s

Department of National Defense, a federal organization (see Figure 3.18). While this

16 http://www toronto.ca/311/knowledgebase/64/101000045964 html
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organization only deals with the federal government, i.e., provides construction and
maintenance services for the federal government’s infrastructure, the Toronto 311

knowledgebase still provide information about it.

Defence Construction Canada (DCC)

The Defence Construction Canada (DCC), provides infrastructure and environment services to
Canada's Department of National Defence. They primarily deal with the Infrastructure and

Environment Branch at National Defence Headquarters, especially for the centrally managed capital construction program.
They also deal with the chiefs of maritime, land, and air staffs who are responsible for their own construction and maintenance
programs.

Website: http://www.dcc-cdc.gce.calenglish/index.html
Contact Info:

Contact List - Federal - Defence Construction Canada

Figure 3.18: Defense Construction Canada

This example shows the necessity of defining different jurisdictions (federal,
provincial, and municipal), and linking different infrastructures to the appropriate
jurisdictions. Such a definition provides a more structured representation of

infrastructure.

Note that the ownership of an infrastructure can be shared between the different levels
of government. For example, as depicted in Figure 3.19, the Toronto Waterfront
Corporation, which is responsible for the Toronto’s waterfront revitalization, is jointly
owned by the Government Canada, the Province of Ontario, and the City of Toronto. For
each jurisdiction there is a specific organization with a set of predefined responsibility
and roles to perform, e.g., federally Department of Finance Canada is responsible for

waterfront revitalization (see the blue box).
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Structure of Waterfront Toronto

The Government of Canada, the Province of Ontario and the City of Toronto established the < Back Feedback .
Toronto Waterfront Revitalization Corporation in 2001. The governments jointly fund the

Corporation and appoint the Board of Directors. Federally, Department of Finance Canada is responsible for waterfront
revitalization. At the provincial level, responsibility rests with the Ministry of Infrastructure. The Waterfront Project Secretariat in
oversees revitalization activities at the municipal level.

For more information, visit the website at: http://www.waterfrontoronto.ca/governance/government

Contact Info:

Contact List - SPB - ABCC - CORP - Waterfront Toronto (formerly Waterfront Revitalization Corporation)

Figure 3.19:Structure of Waterfront Toronto

Case 2: Physical Structure "’

Our second example is concerned with transportation infrastructures. Specifically, Figure
3.20 depicts a webpage that provides statistics regarding the different road infrastructures
in the city of Toronto (shown in the blue box). These infrastructures are instances of

physical structures of the city.

There are two main concerns in this webpage: (i) the accuracy of webpage in long
term, (ii) the necessity of continuous updates due to lack of semantic structure in the
Toronto 311 knowledgebase. We can define infrastructures such as road, expressway,
main road, etc. as transportation infrastructure; then categorize these transportation
infrastructures with object property (type-of) as physical structure, which is a sub-
category of infrastructure. The number of roads, expressway, bus shelters, or other
infrastructure should be a dynamic feed with the data property (number) from real time

data for these facilities.

17 http://www toronto.ca/311/knowledgebase/90/101000052090 .html
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Transportation Services statistics l facts - number of roads - bike lanes - bus shelters

There are: Feedbock @

5,604: total centerline kilometres of roads
133: diometres of expressways

1,096: kilometres of main roads (arterials)
889: kilometres of collector roads

3,165: kilometres of local roads

322: Wiometres of laneways

9,500 : number of streets

7,945: total km of sidewalks

6000: total kilometres of plowed sidewalks
262,00: 1otal number of cpened driveways
95 km of bike lanes

186 km of bike trails

138 km of bike routes

530 bridges

560 pedestrian rosswalks

2,164 traffic signals

annual maintenance and energey costs for traffic signals is $5.1 million
4100 bus shelters

one million signs

100,000 permits issued annually

2107 signalized Intersections

Staff, Materials and Equipment Used in snow operations:
« Road plows & driveway machines: 571

« Sidewalk plows & bus stop machines: 322

« Salt trucks: 203

Total: 1,096

Figure 3.20: Transportation Services Statistics- City of Toronto

To describe the knowledge components of IKP in general, and physical structures in
particular, we consider the webpage depicted in Figure 3.21. This webpage provides
information about the organization responsible for a specific service (i.e., dead animal
removal), given the location of the service. We have chosen this example to highlight
three important components: (i) infrastructures are always related to city services i.e.,
they are resources used by the city to deliver a service; (ii) infrastructures within a
municipal region could belong to different levels of government, e.g., highways within
the city of Toronto could be either municipal infrastructure (DVP or highway 27) or
provincial infrastructure (QEW) (see the two blue boxes); (iii) the municipal
infrastructure could have public or private ownership, e.g., highway 407 is a private
infrastructure (see green box) while the highways mentioned earlier are public

infrastructure.
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ann Home | About311 | Knowledge Base | Languages | Locations | 311 FAQ

Dead animal removal - on a City expressway - highways

Contact 311 to submit a service request the pick-up of the dead animal on a City of Feedback »

Toronto expressway or highway.

City of Toronto highways/expressways:

. Don Valley Parkway (DVP) - south of the 401

. Highway 27 - north from hwy 401 west of Martin Grove Rd., to Steeles Ave.

. Gardiner Expressway

. Hwy 2a (Kingston Rd.)

. Allen Expressway

. Black Creek Dr.

Provincial 400 series Highways, QEW

For dead animals on provincial highways, please call the Ministry of Transportation

DA WN

Highway 407
For dead animals on highway 407 please contact the 407 Highway Operations Centre.

Dead Animal Removal - on City or private property

Contact Info:

Contact List - Transportation Serv. - Traffic Management Centre - Urban Traffic Control Systems

Figure 3.21: Dead Animal Removal- on City Expressway-Highways
3.5.2 Infrastructure Knowledge Pattern

The IKP characterizes the infrastructures (resources) that are essential for the city’s daily
operation (e.g., roads, water facilities, and electricity). The municipal government is
mostly responsible for development, expansion, and update of such infrastructures within
its geographical boundaries. Following Statistic Canada’s definition of infrastructure, we
categorize the city’s infrastructures into physical structure (see Case 2), or
environmental resources (e.g., lakes and forests). It is worth noting that in the 311
knowledgebase, environmental resources are not considered as infrastructure assets of the

city. As a result, finding the knowledge constituents of such resources is difficult.

For both types of infrastructures mentioned above, the ownership is either public or
private. Moreover, public infrastructures can belong to the federal, provincial, or

municipal government (see Case 1).
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Because we have no precise definition that describes intangible forms of asset, we
will not consider them in the IKP. Table 3.7, depicts the main knowledge components of

the Infrastructure Knowledge Pattern.

Example

Road

Subway

Water resources
Constituent Knowledge
Tangibility

* Tangible
* Intangible

Production

* Physical (Manmade, Produced, Artifact)
* Environment (Natural, Non-Produced)

Juristic Division
e Federal

* Provincial
*  Municipal (Local)

Ownership

e Public
e Private

Type of Resource

* Consumed during activities

Table 3.7: Infrastructure Knowledge Pattern

Infrastructure = Resource

Tangibility £ Infrastructure

Tangibile E Tangibility

Tangibile E Tangibility

Tangibile M Tangibile = L

Producation E Infrastructure
PhysicalStructure = Producation
Environmental = Producation
PhysicalStructure M Environmental = L
Environmental = Natural = nonProduced
PhysicalStructure = Produced = Engineered
JuristicDivision E Infrastructure
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Federal E JuristicDivision

Provincial E JuristicDivision

Municipal E JuristicDivision

Federal M Provincial = 1

Federal M Municipal = L

Provincial M Municipal = 1

Ownership E Infrastructure

PublicOwnership E Ownership

PrivateOwnership = Ownership

PublicOwnership M PrivateOwnership = L

PublicInfrastructure = ((
> 1 isOwnedBy. Organization) N ( V hasJuristicDivision. JuristicDivision)
M (¥ hasOwnership. Ownership) N (VhasTangibility. Tangibility
rn (VconsumedBy. Activity))

Table 3.8: Description Logic Representation of Infrastructure Knowledge Pattern

3.6. Public Facility knowledge Pattern

Recall from the previous section that a major class of city infrastructures is physical
structures (e.g., bridges and sewage systems). However, there is a subclass of
infrastructures that have all the characteristics of physical structures (they are tangible
and made by humans), but have their own unique properties (examples of such
infrastructures are museum, pool, and zoo). We denote such infrastructures as public
facilities. Specifically, public facilities have their own unique knowledge components
(e.g., availability, hours of operation, age limits, or accessibility for disables, thus their
relationship with public services is different from the infrastructures in the IKP.
Therefore, to capture such a pattern, in this section we introduce the Public Facility

Knowledge Pattern (PFKP).
3.6.1 Public Facility in Toronto 311 knowledgebase

In our investigation of the Toronto 311 knowledgebase we observed that 12% of the
webpages contain a components related to public facilities. Moreover, public facilities
were the third most common subject in this survey (behind service and organization). The

following set of examples illustrates the main components of public facilities.
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Case 1: Skateboarding-roller skating -inline skating on City road and
parks'®

Figure 3.22 depicts a webpage containing information about city policies on
skateboarding in public facilities such as streets and parks. These policies dictate the
rules, which the citizens must following when using a facility. For example, the red boxes

in Figure 3.22 shows instances where skateboarding is prohibited on a public facility.

In general, the example highlights that public facilities have policies (constraints) that

dictate a set of activities are allowed or prohibited in each facility.

Skateboarding - roller skating - in-line skating - on City roads - City streets - City parks

Skateboarding on City Roads: Feedback @

Skateboarding on City streets is prohibited under former City of Toronto Municipal Code
Chapter 400, Traffic and Parking. The following is an extract from that Chapter:

According to City of Toronto Municipal Code chapter 400 Traffic and Parking section 14 you are not permitted to use your
skateboard/roller skates/in-line skates on the roadway except for the purpose of crossing the roadway. Also the Highway Traffic
Act prohibits the use of

skateboard/roller skates/in-line skates on roadways.

Section 400-14. Use of highways.

A. No person shall play or take part in any game or sport upon a roadway and, where there are sidewalks, no person upon
roller skates or a skateboard, or riding in or by means of any coaster, toy vehicle or similar device shall go upon a roadway
except for the purpose of crossing the roadway, and when so crossing, the person shall have the rights and be subject to the
obligations of a pedestrian.

B. No person shall coast or toboggan on any highway.

C. No person shall throw any stone or ball of snow or ice, parcel, bundle or other dangerous missile or use any bow and arrow
or catapult in any highway.

Figure 3.22: Prohibited Activities on Public Facilities(Streets, Highways, Parks)

Case 2: Prescribed Burn in High Park™

In this example, we use the Prescribed Burn in High Park webpage to illustrate two

important aspects of the PFKP: provider and availability.

18 http://www toronto.ca/311/knowledgebase/70/101000040270 .html
19 http://www toronto.ca/311/knowledgebase/61/101000921761 html
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In our example, the provider is the City of Toronto Parks, Forestry and Recreation
division, which performs the prescribe burn activity, a maintenance activity for parks and
forests (see the blue box in Figure 3.23). Moreover, the red box highlights the
availability of the park during the prescribe burn activity. The availability component of
a public facility indicates the times a public facility is available for public use.

Prescribed Burn in High Park

Notice: Feedback .

April 17, 2013 - A controlled burn will be conducted this afternoon in High Park.
Full details can be found on this City's website: http://www.toronto.ca/trees/Prescribed_Burn.htm

The City of Toronto's Parks, Forestry and Recreation division will undertake a prescribed pr controlled burn in High Park in
I'mwmra Apr.

Date of the prescribed burn
The acutual date of the prescribed burn will be chosen to coincide with ideal weather conditions and will be announced 24 to
48 hours prior to the burn.

Park availability

Park use will be restricted during the burn. Notices will be placed at the park entrance advising users that the burn is taking
place on the specific scheduled date. People walking in the park will be restricted from entering areas that are being burned,
and park users should expect some temporary road closures in High Park on the day of the burn.

Figure 3.23: Prescribed Burn in Park High

Case3: Holding Events in Public Facilities

Figure 3.24 depicts a webpage containing information about holding meetings or
receptions events in the Campbell House (a museum in the city of Toronto). We have
chosen this webpage since it highlights an important component of public facilities:
reserve/rent. Specifically, this example shows that some public facilities allow citizen to

reserve that facility to hold events.
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Campbell House - meetings or receptions

The historic restored kitchen can be used for meeting and receptions. Feedback @

Dining Room seats up to 45 guests.

Kitchen and dining room combined can accommodate up to 85 people for a stand-up reception or 60 people for a sit-down
dinner.

Contact Info:

CL - SPB - E&PO - Campbell House, Board of Management

Figure 3.24: Campbell House-Meeting or Reception

Case 4: Spadina Museum

Another example of public facilities is the Spadina Museum. As in Case 2, the webpage
contains information about the availability of the museum (see the red box). It also
provides links and contact information. An important component not provided in the
previous cases is accessibility. Specifically, in this example the webpage indicates that
the museum has wheelchair accessibility (see the red box). In general, since the public
uses public facilities, it is crucial that such facilities provide information about their

special services for disable visitors.

Spadina Museum
Spadina Museum Historic House & Gardens and Casa Loma are both owned by the City of Toronto. Thre is a reciprocal
arrangement which gives visitors a 25% discount with a Casa Loma receipt for the same day and vice versa

Admission
For Admission rates, please visit www.toronto.ca/museums. Admission is free during "Doors Open® held each year at the end
of May.

Free MAP Free Passes 10 the museum can be obtained at most branches of the Toronto Public Library for ibrary card hoklers.

Wheelchair accessibility

Spadina Museum Historic House & Gardens is wheelchair accessible. Visitors can be dropped off at the museum entrance
(there Is no parking on site but parking Is avallable at Casa Loma) and there s an elevator that accesses all levels of the
museum.

Statutory Holidays

The museum is closed to the public on Good Friday, Christmas, Boxing Day and New Years Day.
Open for visitors on:

* Victoria Day

« Canada Day

« Simcoe Day

« Labour Day

« Thanksgiving Monday

For Remembrance Day and Family Day, check the museum events calendar online at
hitp/www.toronio calculture/calendar.htm

Figure 3.25: Spadina Museum
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Case 5: Swimming Pool

Our final example is the swimming pool facilities. These facilities could have public or
private ownership. Moreover, as shown in Figure 3.26 swimming pools have
availability (closure) component (shown in the green box). In addition to availability,
public facilities contain other characteristics such as opening day (blue box), operation

hour, and extended hours (yellow box).

Swimming pools - locations - hours of operation - leisure swim - lane swim - fees - pool
closures - extended hours

Notices: Feedback @

e Program cancellation notices

Harrison Pool - will be closed on Friday February 28, 2014 from 9:00 a.m. to 8:00 p.m.

Frankland Pool - February 19, 2014 - pool will be closed until further notice

¢ Albion Pool, Feb. 19, 2014: Closed today due to mechanical issues. The aquafit class and all aquatic intructional programs

scheduled for today are cancelled.

Don Mills Collegiate Pool - January 20, 2014 - pool will be closed until further notice

Etobicoke Olympium Pool - the Olympic Pool will be closed from July 2013 to July 2014 (the facility is undergoing

renovations and upgrades for the Toronto 2015 Pan American/Parapan American Games).

¢ Humber Community Pool - November 19, 2013 - pool will be closed for all programs until further notice.

« Mowat Pool - will be closed until further notice

¢ North Toronto Memorial Community Center wading pool - January 14, 2014 - the wading pool is currently closed
awaiting mechanical repair.

+ Regent Park Aquatic Pool, Jan. 16, 2014 - closed until further notice due to mechanical issues.

« Sir Oliver Mowat Collegiate Institute Pool - November 17, 2013 - will be closed until further notice.

« Vaughan Road Academy Pool is closed until further notice.

You can also visit the City of Toronto website for more information.

Outdoor pool opening dates
Outdoor pools are open between June 23 and September 1, 2014, weather permitting

Extended Hours

Between July 2 and August 31, some outdoor pools extend their hours until 11:45 pm during Extreme Heat Alerts with low
probability of precipitation. When the extended hour program is in effect, a news release will be issued by midday on
the day of the Extreme Heat Alert:

Extended Pool Hours notification will be posted at: http://www.toronto.ca/parks/

Figure 3.26: Swimming Pools- Location- Hours of Operation-Fees

Figure 3.27 depicts age restriction for using swimming pools. According to this webpage
infants and toddlers cannot use regular swimming pools. We denote this component as
age limitation, which is a constraint on the permitted activities in public facilities.
Moreover, some of these facilities could have cost constraints on their activities such as

swimming pools tickets and fees.
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ann Home | About 311 Knowledge Base | Languages Locations | 311 FAQ

Swimming pools - toddler - tots - infants

To find the location of baby/tot pools, please contact 311. Feedbock @

Toronto Maps | Get invoived | Toronto links | 311 | Comment | Subscribe | Privacy statement @ City of Toronto 1998.2012

Figure 3.27: Swimming Pools- Toddler- Tots- Infants

3.6.2 Public Facility Knowledge Pattern

Public facilities are a subclass of infrastructures, with a unique set of characteristics. Due
to this subclass relation, public facilities inherit all the characteristics of the Infrastructure
Knowledge Patter (IKP), while having an addition set of characteristics that distinguishes
them from other infrastructures. In the rest of this section, we characterize the additional

knowledge components of public facilities.

One of the inherent characteristics of public facilities is the ownership component,
which means that every facility has an owner that could be either public or private.
Regardless of the ownership of the public facilities, city must provide information about
the services that they provide, and about the organization division (agent) that delivers
the service. Note that Organization Knowledge Pattern elements such as agent and
division play a significant role in connecting Service Knowledge Pattern components to
public facility resources. The division is responsible to communicate availability of the
public facility, and provide information about facilities’ new programs, hours of
operation, fees, age limitation, and accessibility for disables. It also is responsible for
continuous communication between citizens and facility by providing its contact
information (the information can be directly acquired from the provider or through the

city’s nonemergency service center (311)).

Finally, each public facility has a set of permissible/non-permissible (prohibited)
activities, which can and/or cannot be done on their premises. Note that under specific
conditions, a permit can be procured for a non-permissible activity to take place (e.g.,
while photography in museums is prohibited, under specific conditions a citizen can

acquire a photography permit for a limited time).
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Example

¢  Museums
e  Pools
e /00

Constituent Knowledge

e Activity
o Permissible Activities (Permitted)
o Non-Permissible Activities (Prohibited)
* Provider = some organization agent (Division)
* Availability
o Operation Hour
o Operation Date
* Restriction (Age limitation)
* Fees
* Reserve option
* Rent Option
* Accessibility
o Inability Access
* Contact Info

o Website
o Email
o Phone
o Address

Table 3. 9: Public facility Knowledge Pattern

Activity E CityService

Division E CityService

Condition E Organization

Fee C Condition

Restriction £ Condition

AgeLimitation= Restriction

Fee M Restriction = 1

Publicfacility E Infrastructure
PermittedActivity E Avtivity
ProhibittedActivity E Activity

— isPemitted = isProhibited
PermittedActivity = PremissibleActivity
NonPermittedActivity = NonPremissible = ProhibitedActivity
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PermittedActivity M ProhibitedActivity = L
hasPublicFacilityProvider E Organization
Availability © PublicFacility

OperationHour = Time

OperationDate £ Date

OperationHour M OperationDate = 1
RentOptionE PublicFacility

ReserveOptionE PublicFacility

Accesibility E PublicFacility

InabilityAccess £ Accesibiliy

ContactInfo E PublicFacility
PublicFacilityWebsite = ContactInfo
PublicFacilityEmail E ContactInfo
PublicFacilityPhone E Contactlnfo
PublicFacilityAddress = ContactInfo
PublicFacilityWebsite M PublicFacilityEmail = L
PublicFacilityWebsite M PublicFacilityPhone = L
PublicFacilityWebsite M PublicFacilityAddress = L
PublicFacilityEmail M PublicFacilityPhone = 1
PublicFacilityEmail M PublicFacilityAddress = L
PublicFacilityPhone M PublicFacilityAddress = L

PublicFacility =
((V hasActivity. Activity ) M (isProhibited. Activity) M (isPermitted. Activity) N
(2 hasCondition. Condition) M (V hasResource. PublicFacility) N
((3 reserve. ReserveOption) Ui ( 3 rent. RentOption) M (3 Provideservice. CityService ) N
( v hasPublicFacilityProvider. Organization) N ( V isAvailable. Boolean) N
(JisAccessible. Accessibility) N ( 3 hasContactInfo. ContactInfo) M
( 3 hasOperationHours. Timelnterval) M ( 3 hasOperationDate. Date) N
(ThasRestriction. Restriction))

Table 3.10: Description Logic Representation of Public Facility Knowledge Pattern

3.7. Citizen Knowledge Pattern

In its day-to-day operation, a city acquires information from its citizens in the course of
delivering the service. Since the service is conducted by different organizations, the
information is distributed across various databases and is represented in different formats,
thus making it difficult to retrieve and/or reuse. To overcome this issue, we introduce the
Citizen Knowledge Pattern that provides a unified view of the totality of the citizen

related information.
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3.7.1 Citizen Knowledge in Toronto311 Knowledgebase

The following examples from the Toronto 311 knowledgebase illustrate the various types

of citizens’ knowledge used by the city of Toronto:
Case 1: Personal Information

To illustrate one type of information regarding citizens gathered by the city, we have
chosen two different services: the parking permit and the pet license application forms.
These forms show one of the most common types of information that citizens should

provide to request service, namely personal information.

As depicted in Figure 3.28, the application form for obtaining a parking permit
requires that the applicant (citizen) provide information in two sections: personal and
priority information (depicted in red boxes). We only focus on the personal, since most
city service providers request such information to initiate a service. The personal
information section of the parking permit form requires the following information from
the service requester: plate number of the automobile, name, address, and contact

numbers (home, business, or cell) of the automobile owner (shown in the blue box).

Similar to the parking permit example, the pet license application (depicted by Figure
3.29) also requires that the requester provide personal information such as name, address,

and phone number (the first section of the form).



Application for

T tation Services Divisi . -
ﬂmmﬂﬂl\lﬂ] Right of Way Managoment Permit Parking

City Hall, Main Floor, West Tower
100 Queen Street West
Toronto, ON M5H 2N2

| Personal Information |

Name of Applicant Plate Number

Address Unit City ‘ Prov. ‘Postal Code
Area  Number Area  Number Area Number
Applicant Telephone
Home Business Cell / Other
Permit Term Dec1- May31 []
. i i ?
Options: Jun1 - Nov3o [ Are you a previous permit holder?  Yes I:' No I:'

If applying by mail, contact the Permit Parking office at 416-392-7873
to confirm permit fee before sending a cheque

Priority Information

Is there parking on the property? .. Yes I:' No I:'
If Yes, do you have access to that parking? . Yes I:' No I:'
Is this the first vehicle for which you have obtained a permit? . Yes D No I:'

Additional information that may affect your permit priority:

Personal information on this application is collected under the authority of the City of Toronto Act, 2006, s.136(c), By-law No. 680-2006, and the
City of Toronto Municipal Code, Chapter 925, Permit Parking. It will be used for administrative purposes in connection with your application and
enforcement purposes of Municipal Code Chapter 925.

Your name, the address of the proposed parking and number of vehicles to be parked will be treated as public information and may be included
in reports to the Community Council.

Any questions about the collection or use of this information can be addressed to the Supervisor of Permit Parking.

Applicant's Signature: X Date:

This application must be accompanied by your payment and the appropriate documentation as outlined
on our website at www.toronto.cal/transportation

W002032A 04/10

Figure 3.28: Parking Permit Application

7r



Applicant Information

@ Applicatior

fﬂfﬂ TorRONTO ‘N Toronto Anim.ai‘lSé

rvices

First N

Pet Information

Annual Fee theck /| o bex oy

Regular Rates Doy Cat | Senier Citizen Rates (50% discount)
{

Doy

Donations and Total

Payment Method e e ie T Gy of Toessss

acknowiedge that all nformaton gravided n this applhicaton is accurate

Office Use Only

Fronisus Tag Number 10 Codle New fag Nurder

Figure 3.29: Pet license Application

Case 2: Automobile Information?
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In this example we look at a different type of information related to citizen that is

gathered by the municipal government. Specifically, we consider the test center for

vehicle inspection web page in the city of Toronto 311 knowledgebase. The test center

conducts inspection on various vehicles such as taxicabs, limousines, and driving schools

(highlighted by the red box in Figure 3.30).

20 http://www toronto.ca/311/knowledgebase/81/10100003798 1 .html
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In order to get the vehicle inspection service (which is mandatory), the owner must
satisfy predetermined requirements (as shown in the blue box) before the licensing office
is able to proceed with the service. One of these requirements is the Used Vehicle

Information Package (UVIP). This package includes:

* The vehicle details
=  Vehicle Identification Number (VIN)
=  Plate Number

=  Year, Make
=  Model

= Color

=  Body Type
= Cylinders

=  Power

= Status

* Ontario vehicle registration history

* Odometer information

* Qutstanding debts (link to liens) on the vehicle
* Retail sales tax requirements

+ Bill of sale

* Tips on vehicle safety standards inspections

While the automobile information has knowledge components different from that of
the personal information (see the previous example), they are both information related to
an individual (owner of the automobile). This highlights the fact that the citizen’s

information can take many forms.
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Mobile business - vehicle inspection - test centre

The purpose of the test facility is to conduct the mechanical and physical inspections of Feedback ‘

taxicabs and limousines twice yearly. Tow trucks, refreshment vehicles and driving schools are
inspected for physical components only.

All vehicles to be inspected must be approved with the licensing office prior to any inspections on the vehicle except in the case
of a brand new vehicle (less than 1,000 km and Bill of Sale).

A used vehicle shall be approved by Licensing office prior to inspection:

1. Ownership registration for the vehicle

2. Used Vehicle Information Package

3. Proof of Vehicle's Original and Continuous Registration in Ontario

4. The vehicle must be no more than 3 model years old, unless the vehicle is currently or has been registered as a taxicab in
the 45 day period prior to the application.

Have the approved vehicle or brand new (less than 1,000 km) vehicle inspected by the Testing Centre.
When the used and new vehicle passes the inspection, register the vehicle at the Licensing office:

. Ownership registration for the vehicle

. Taxicab owner's License

. City of Toronto Insurance Form

. Used Vehicle Information Package or Proof of new purchase from dealership (1,000 km)
. Vehicle Inspection Report

. Agent Designation, Lease Agreement, if applicable

oA WN -

The fee for re-check inspection after a failing initial full mechanical inspection is $45.00.
The fee for failure to show for their regularly scheduled appointment is $100.00.

Only mechanical examination requires appointment. Physical examinations do not require appointment and are served on a
"first come, first served" basis depending on available mechanics and workload at the time.

The Testing Centre does accept payments. Payments can be made at the licensing office or at the Test Centre.

Figure 3.30: Mobile Business- Vehicle Inspection

Case 3: Medical Information

The third type of citizen information is medical information. Specifically, we discuss the
“In Case of Emergency” (ICE) program, which is one of the recent initiatives in the city
of Toronto emergency services. The program is designed to aid emergency medical
service providers in situations where the patient is unconscious or when the ability to
communicate between the patient and provider is not possible (e.g. when the patient can’t
speak English, or is has a heart attack). Note that the scope of the program is quite large:
more than two hundred thousand elderly across the city of Toronto are already covered;

moreover, it is strongly recommended that other age groups join the program.

Participants in the program should fill out (and carry with them at all times) a specific
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form (shown in Figure 3.31) that contains the following information:

* Personal information including name, address, home number, cell number, work
number

* Family doctor information such as name, address, and phone number

* Emergency contact list including two people, along side their addresses, and
contact numbers

* Health information, which includes information regarding the person’s existing

medical problems, current medication usage, and allergies to medications.

As can be seen this form also has a personal information section very similar to that
discussed in the previous cases. On top of the personal information this form requires
extensive information from the citizen regarding their medical history. This history can

play a significant role for public safety and wellbeing.

It is noteworthy that currently some citizens have an Electronic Medical Record
(EMR), or Electronic Health Record (EHR). This electronic health information provides
a person’s health history, MRI, CT Scan, or X ray results in case of emergency; however,
since these information services are not accessible for all citizens, and most of them are
provided by private organization at a costs, we will not discuss the direct effect of them
on city governance and city emergency services regulations. They will eventually be

categorized under either personal or emergency information in the future.



82

Toronto Emergency Medical Services Tri-fold personal information card.
Print this cord following the instructions provided, fill it out, and keep it in your wallet or purse. Doing so
will enable health care professionals to serve you better in case of emergency.

--------------------------------------------------------------------------------------------
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fovpra () [a] fadoydy( |

oW ] sy T s ey ]
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fold in three panals
keep in your wollet and corry with you

Figure 3.31: Ice Program Form (Old Version)

Note that Figure 3.32 and Figure 3.33 depict the new version of ICE form. It is
important to understand that despite the differences in representation, the

components of both forms are still the same.



INFORMATION SHEET EFAS
IN CASE OF EMERGENCY EEEH
CALL 911 i ToronTo

CONTACT INFORMATION
First Name Last Name
Address Apartment Number
City PostalCode -
Main Phope () - Alt.Phope( ) -
Health Card ___ _ o R W BirthDate __ _ /__ /
version code day month year
Primary Language(s) Gender (M []JF
[J Advanced Care Directive -> On file with
| Emergency Contact 1
Main Phone (I Alt. Phone C
Emergency Contact 2
Main Phone (s Alt. Phone s -
Primary Care Provider
Phope( .
ﬂ: RELEVANT MEDICAL HISTORY D
D Cardiac (angina, heart attack, bypass, pacemaker) D Asthma D Cancer
[] Stroke/TIA [_] COPD (emphysema, bronchitis) [_] Alzheimer
[_] Hypertension (high blood pressure) [] Seizure (convulsions) (] Dementia
[] Congestive heart failure LI Diabetic |, . noomecn L PSYChiatric
Other:

Figure 3.32: Ice Program Form Page 1 of 2 (New Version)
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( MEDICATIONS )
1) 6) 11)
2) 7 12)
3) 8) 13)
4) 9) 14)
5) 10) 15)
MEDICAL ALLERGIES )
No Known Allergies Penicillin ASA Sulpha Codeine

Other

SPECIAL CONSIDERATIONS

Communicable Infection / Di

~

Other

Hospital affiliation > [[] Extensive history,

O Specialty (Dialysis, neuro, etc.)

MOBILITY / SENSORY

(] Dentures [ Visual

(] Hearin 9 mpairment /aid dean)

(impairment / glasses / blind)

] Mobility issues (cane / wheelchair / walker / motorized scooter / prosthetic limb)

Completed by Date_ _ /

day month year

Figure 3.33: ICE Program For Page 2 of 2 (New version)

3.7.2 Citizen Knowledge Pattern

As demonstrated through Cases 1, 2, and 3 citizen information spans many city services.
Several pieces of information are acquired and used by different public service divisions

every day. As a result, it is crucial for future analyses, reuse, and management of city
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services to provide a standard categorization of citizen information and to present an
unambiguous and meaningful representation of this information. Therefore, such a
semantic integration can be the key component to a more dynamic and smarter city

services in the future.

By recommending the Citizen Knowledge Pattern (CKP), we suggest a means to
organize citizens’ information in a structured manner. Such recognition of overlapped
information in city services can lead to the development of a structured and shared

knowledge about citizens.

In CKP, we divide the municipal government’s information of its citizens into three

categories:

¢ Personal Information
e Medical Information

e Automobile Information

As shown in Table 3.11 personal information consist of but is not limited to citizen’s
name, age, gender, address, phone, cell number, website, etc. The medical category
consists of information that can assist emergency medical service provision, e.g.,
emergency contact list, family doctor contact information, health insurance, and health
record (see case 3). Finally, automobile information categorizes information regarding
citizen’s vehicle, e.g., manufacturer, year, plate number, license, and traffic tickets. Note
that we presented these three categories based on our analysis of the 311 knowledgebase.
Specifically, in our analysis we only encountered citizens’ information that fell into one
of these three broad categorizations. However, we do not rule out other possible

categories for citizen information.

Due to the importance of private information, we have to address privacy and
accessibility of citizen information in CKP. Information privacy considers two correlated
aspects: authority and accessibility. Recall that we discussed the concept of “Authority ”

in the Organization Knowledge Pattern. In that pattern, we also discussed the properties
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of authority, and elaborated on the correlation between authority and two organizational

concepts: responsibility and organization role.

In the CKP, on the other hand, we concentrate on the relationship between the
concepts of authority and accessibility. These two concepts are the most important
characteristic of CKP, since they determine the level of access to the citizen’s
information based on ones authority, which is driven from his/her organization role and
responsibility. We suggest that the level of accessibility to citizens’ information should

be categorized as:

 Public
e Permitted

e Private

Specifically, citizen information is the proprietary information of either the Toronto
government or the Ontario Public Service. Therefore, to secure the privacy of
information, these two organizations must determine the level of accessibility for
different city agents based on their organizational roles and responsibilities. Under
specific circumstances, an unauthorized agent could request permission to access

restricted information for a limited time.

Note that we consider information with private level of accessibility in cases where
the information is not considered completely private but the citizen does not wish for it to

be made public.
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Example Web Pages

* Parking Permit Application
* Used Vehicle Information Package (UVIP)
* In Case of Emergency (ICE) program

Constituent Knowledge

* Personal information
o Name
Gender
Age
Address
Phone
Email
Cell
o Website
* Medical Information

O O O O O O

o Emergency contact list
o Health insurance
o Medications or Medical problems
o Family doctor contact information
o Health record history (ICE, EMR, EHR)
* Automobile information
o VIN
Plate number
Make, year
Model
Brand
Traffic tickets
o Ontario vehicle registration history

O O O O O

Citizen Information Privacy

* Authority: who can have access to citizens information on what level

o Authority level
* Accessibility:

o Public
o Permitted (limited Access)
o Private

Table 3.11: Citizen Knowledge Pattern
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CitizenInformation = ResidentInformation
CitizenInformation
= ((V hasPersonallnfo. PersonallnformationInfo)
N (IhasMedicallnfo. Medicallnfor) n (3hasAuthomobilelnfo. Automobilelnfo)
n ( (¥ hasCityOrgAgent. CityOrgAgent)
M (3 hasAuthority. Authority) (3 hasAccess. InfoAccess))

Personallnfo = ((V hasName. Name ) M (V hasGeneder. Gender) 1 (3 hasAddress. Address)
mn ( 3 hasEmail. Email) n ( 3 hasPhoneNumber. PhoneNumber)
r ( 3 hasWebsite. Website))

Medicallnfo = (( ¥ hasEmergencyContactList. EmergencyContactList)
n ( v hasHealthInsurance. HealthInsurance)
n (vhasMedicalProblem. MedicalProblem)
M (3 hasFamilydoctor. PhysicanContactList)
M (3 hasHealthRecordHistory. HealthRecordHistory))

AutomobileInfo = ( (3 hasVIN. VIN) 1 (V hasPlatenumber. PlateNumber) 1 (3 makeln. Year)
n (3 hasModel. Model) n (V hasBrand. Brand) 1 (3 hasTrafficticket. TraficTicket)

M (3 hasPVRH. PVRH21))

Personallnfo = CitizenInfo
Medicallnfo = CitizenInfo
Automobilelnfo = CitizenInfo
Personallnfor Medicallnfo =1
Personallnfor Automobilelnfo =1
Medicallnfo M Automobilelnfo =1
CityOrgAgent E Organization
Authority E Organization
InfoAccess £ CitizenInfo
Name C Personallnfo

Gender £ Personallnfo
Address £ Personallnfo

Email E Personallnfo
PhoneNumber = Personallnfo
Website = Personallnfo
Namen Gender =1

Namen Address =1

Namen Email =1

Namen PhoneNumber =1
Namen Website =1

Gender M Address =L

Gender M Email =1

21 pPVRH stand for province vehicle registration history




Gender M PhoneNumber =1

Gender M Website =L

Address M Email =1

Address M PhoneNumber =1

Address M Website =L

Email M PhoneNumber =1

Email M Website =L

PhoneNumber M Website =L
EmergencyContactList E Medicallnfo
HealthInsurance = Medicallnfo
MedicalProblem = Medicallnfo
PhysicanContactList = Medicallnfo
HealthRecordHistory = Medicallnfo

ICE E HealthRecordHistory

EMR E HealthRecordHistory

EHR C HealthRecordHistory

ICENEMR =L

ICE N EHR =1

EHR N EMR =1

EmergencyContactList M HealthInsurance =1
EmergencyContactList M MedicalProblem =1
EmergencyContactList M PhysicanContactList =L
EmergencyContactList M HealthRecordHistory =1
HealthInsurance M MedicalProblem =L
HealthInsurance M PhysicanContactList =1
HealthInsurance N HealthRecordHistory =1
MedicalProblem M PhysicanContactList =1
MedicalProblem N HealthRecordHistory =1
PhysicanContactList M HealthRecordHistory =1
VIN £ Automobilelnfo

PlateNumber = Automobilelnfo

Model E Automobilelnfo

Brand = Automobilelnfo

Trafficticket = Automobilelnfo

PVRH E Automobilelnfo

VIN M PlateNumber =L

VIN M Model =L

VIN M Brand =1

VIN M TrafficTicket =1

VIN M PVRH =L

PlateNumber 1M Model =1

PlateNumber M Brand =L

PlateNumber M TrafficTicket =L
PlateNumber M PVRH =L

Model M Brand =L

Model N TrafficTicket =L

Model M PVRH =1
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Brand M TrafficTicket =L
Brand N PVRH =1
TrafficTicket M PVRH =1
Year E Time

Table 3.12: Description Logic Representation of Citizen Knowledge Pattern

3.8. Education Knowledge Pattern

In this section we define the Education Knowledge Pattern (EKP). First through a set of
examples we demonstrate the knowledge components of education in the Toronto 311
knowledgebase. Then using these components we formally introduce education

knowledge pattern.
3.8.1 Education in Toronto311 Knowledgebase

The following examples from the Toronto 311 knowledgebase illustrate the various types
of educational knowledge components embedded or used in the city of Toronto’s 311

webpages:
Case 1: Municipal Education Program

The first case we consider is the municipal education program, shown in Figure 3.34.
This program is an educational service provided by the city of Toronto. The program is a
typical service with characteristics we discussed in the service knowledge pattern such as
service provider agent (Archive staff as shown in the green box), time and location
constraints (Tuesday and Thursday and at City Hall , Wednesday and Friday at the
Archives as shown in the yellow box). As a result we can represent this service by using
object properties and knowledge components introduced in the service knowledge

pattern.

Note that again the issue of ambiguity between two concepts of “Program” and
“Service” is presented in this service webpage. As we discussed in the SKP there is a
distinct difference between a program and a service. A Program is a combination of

different services and their processes and activities (both internal and external) to achieve
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specific municipal, provincial, or federal goals (Canadian Governments Reference Model

(CGRM), 2009).

Despite the similarities between educational services and other services, the
educational services contain some important characteristics that should be discussed
separately. First, these services have a target group (5 grade, 10 grade, and ESL students
as shown in the red box). Second, educational services also have a triggering event
component; however, in most cases in the education services the triggering events is

initiated with the registration of the service requester (see the black box).

Municipal Education Program - educational programming - Archives - City Hall - self-
guided tours

I All requests for education programming and tours at City Hall are handled by Archives s&aﬂl

Education programming at City Hall will be avallable only on Tuesdays and Thursdays, and at
the Archives on Wednesdays and Fridays.

City Hall

The City Hall Education Program is designed for Grade 5, Grade 10 and ESL and any other classes that have municipal
politics as pan of their curriculum. There are no souvenirs distridbuted 10 students visiting building at this time. More information
is avallable on the City of Toronto website at

hitpfwww.toronto. ca/archives/city-hall-education-program htm

Format
A presentation followed by a guided visit around Toronto City Hall.

if you would like to make arrangements for your class, please contact Archives education staff

Currantly, we are NOT offering any guided tours of City Hall to the public, unless they are pre-booked. If you are interested in
a tour of City Hall, you can use the sei-guided tour booidet of the bullding that is avallable on the Cty website at:
hitpfwww.toronto.calcity_hall_tour/self_guided_tour.htm This link includes information on significant features of the buiding.

Archives educational programs

The City of Toronto Archives offers curriculum-based programs for elementary and high school groups, tours for college and
university students, programs for ESL students and guided visits for all other interested groups.

For high school and other students, the Archives also offers two online resources that you can use 10 visit the Archives without
leaving your classroom. One s the Archives’ online database, hitp./www.toronto.ca/archives/, that contains both descriptions
of archival resources, and scans of thousands of historical images. Second, is Ontario History Quest a database which
contains over 3300 historical documents from 1820 to 1970, Mip.iiohq torontopubliciibrary.ca/

All programs are free, and are available from 10 a.m. 10 4:30 p.m., Monday 1o Friday. Advance booking is required.
Figure 3.34: Municipal Education Program

Figure 3.35 represents another example of educational services. In this program the
target group is adults who have not finished high school. The program gives the
opportunity to acquire the knowledge and skills associated with high school diploma, and
offers Ontario High School Equivalent Certificate for people who complete the program
(see the red box).
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General Education Development (GED) Testing Program

The General Educational Development (GED) testing program allows adults who have not Feedbock @
finished high school to show that they have acquired the knowledge and skills associated with,
and comparable to, high school completion. Successful GED candidates eam the Ontario High School Equivalency Certificate.

Website: http//www.ilc.org/index-main.php#ged_tab

Contact Info:

Contact List - GED Testing - Independent Leaming Centre

Figure 3.35: General Education Development(GED)

Case 2: Reason for Green Leaves

Another type of educational component in Toronto 311 knowledgebase is webpages
containing educational context. Figure 3.36 is an example of such webpages. Unlike this
webpage usually these educational contexts are implicitly embedded in other webpages,

which makes categorizing, structuring or retrieving this information challenging.

We suggest using object property has-educational-context for such webpages to
connect them to related service categories. Similarly for educational contexts we suggest
using object property impact-service to relate educational webpages to the service

webpages.

Reason for green leaves

Leaves are green because they contain chlorophyll, a pigment that plays an important role in Feedback .
photosynthesis.

The green is due to the fact that chlorophyll absorbs all colors (wavelengths) for photosynthesis, except green, which it reflects
outward.

Figure 3.36: Reason For Green Leaves
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3.8.2 Education Knowledge Pattern

As described through Case 1 education services is one type of city services with many
similarities to other services discussed in service knowledge pattern. However, due to
some important characteristics educational services are discussed separately in this
section. Another reason to introduce the Education Knowledge Pattern (EKP) is existence
of webpages containing educational context in Toronto 311 knowledgebase as discussed

in Case 2.

Among Toronto 311 web pages that are related to education, the concept of Target
Audiences or Target Group is always present. Each educational service has been
designed for specific group of citizens. Based on the target group the education service
and its content could change. The target group might be explicitly mentioned in the

webpage, such as adult who have not finish high school (See Figure 3.35).

As mentioned educational programs consist of several educational services and as a
result could target more than one target group. As a result, it could be executed through
different divisions and sub-organization of municipal government with same goals but
different approaches. Defining the responsible organizations or organization division
(Service provider) for any particular educational program could help city government to
prevent multiple execution of the same program with same objectives. It can facilitate
future combination of services for the same target group, and can inspire creation of
virtual or temporary inter-organization (division) teams to plan joint programs in order to

reduced costs of city government educational programs.

Similar to other services, educational services have conditions and constraints such as
days and times the educational services are offered. Educational services also need a

triggering event for service initiation (registration).

Another important aspect of EKP is to recognize educational context in the city
services (such as embedded educational information in the Toronto 311 knowledgebase
webpages or verbal educational information provided by 311 customer representatives).

As mentioned in Case 2, we denote this educational information as educational context
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and use object properties such as has-educational-context and impact-service to connect
this information to related city services. Note that despite its importance of measuring the
impact of educational context on other services, the impact is not a quantitative or

measurable variable.

Education Knowledge Pattern
Example Web Pages

Reason For Green Leaves
Waste management

General Education Development
Constituent Knowledge

* Educational Program vs. Educational service
* Triggering event
* Target Audience/Group
o Who the targeted audience is
* Organization in charge
o Which organization entity is running the program
* Constraints on participation
* Times/dates if appropriate
* Educational context

* Services impacted by the education

Table 3.13: Education Knowledge pattern
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TargetGroup = TargetAudience

EducationService £ CityService

EducationContext E Education

TargetGroup E ServiceRequester

ServiceProvider E organization

ServiceRequester £ CityService

TriggeringEvent E CityService

Registration E EducationService

EducationProgram = ( Education N > 1 composedOf. EducationService)

EducationService = ((V decompositionOf. EducationProgram)
n (V hasTargetgroup. TargetGroup)
n ((3 hasCondition. Condition) M (VhasDate. Timelnterval)
m (V hasTime. TimePoint) N ( V hasServiceRequester. ServiceRequester)
M ((3 hasTriggerintevent. TriggeringEvent) M (3 isInitiated. Registration) )
m (V hasServiceProvider. ServiceProvider) M ( 3 impactCityService. CityService))

EducationalContext
= ((3 impactService. CityService) M (3 hasEducationcontext. URI)
m (3 hasServiceCategory. EducationService))

Table 3.14: Description Logic Representation of Education Knowledge Pattern

3.9. Complaint/Compliment Knowledge Pattern

Public administration in every municipality aims to provide the best quality of city

services for its citizens. Since policies, priorities, geographical needs, population, and

culture vary from one city to another, each city may follow a different strategy to provide

a high quality of service.

Municipal government similar to any other live system requires feedback to evolve,

progress, or improve. Feedback is a simple, effective, and inexpensive method to improve

service quality. In the city administration context, feedback is in the form of complaints/

compliments, which are used to evaluate the city’s service quality. Moreover, these

complaints/compliments reflect the citizen’s level of satisfaction for the service he/she

receives from the service provider.
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3.9.1 Complaints in Toronto 311 knowledgebase

The following examples collected from Toronto 311 knowledgebase will illustrate

different knowledge components related to complaints or compliments:

Case 1: Solid Waste Management- Complaint- Compliment®? % *

One of the service categories that have the most interactions with citizens is the Solid
Waste Management service. Due to this constant interaction, and since the service is
outsourced to a third party; it is crucial for the city of Toronto to get feedback on the
quality of the service. To this end, city must provide information about the procedure a

resident should follow to file a complaint/compliment (see Figure 3.37).

Solid Waste Management - collections - operations - operator - property damaged -
complaint - compliment

If you have a complaint or compliment about Solid Waste Management (or SWM contractor) Feedback ‘

operations or operator, please contact 311.

For these issues see seperate solution:

e Garbage trucks leaking juice onto the road - complaint
e Operator throwing bins

Figure 3.37: Solid Waste Management Complaint

Note that the city also provides information about situations where the city agent is
not responsible for the unsatisfactory situation. For instance, Figure 3.38 shows a
webpage containing information about situation under which the city does not accept

complaint about leakage from garbage trucks.

22 http://www.toronto.ca/311/knowledgebase/17/101000508617.html
23 http://www toronto.ca/311/knowledgebase/34/101000202334 html
24 http://www toronto.ca/311/knowledgebase/33/101000039333 html
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Garbage trucks leaking juice onto the road - complaint

When garbage trucks compact garbage or green bin material, liquid may leak from the truck Feedback .
onto the road.

It is recommended that residents attempt to hose down the road to remove this liquid as soon as possible to prevent odour and
staining of the road.

Figure 3.38: Garbage Trucks Leaking Juice on The Road Complaint

In Figure 3.39, we have selected another webpage related to solid waste management
services complaint. The only difference between this web page and the one in Figure 3.37
is that this webpage specifies the complaint subject, operator throwing bins complaint,
which is also implied under the category of operation/operator complaints in the first
example. This duplication in the knowledgebase without properly defining the
relationship between the webpages is inefficient and redundant (note that we saw similar

duplication problems in the Service Knowledge Pattern).

Solid Waste Management - operator throwing bins

Contact 311 to issue a service request if you have witnessed an operator throwing collection Feedback .
bins.
Toronto Maps | Get invoived | Toronto links | 311 | Comment | Subscribe | Privacy statement ® City of Toronto 1998.2013

Figure 3.39: Solid Waste Management -Operator Throwing Bins

Case2: City of Toronto Vehicles and Drivers Complaints °

In this example we consider a webpage about the city of Toronto’s vehicle and drivers
complaints (e.g., fire service or EMS drivers or vehicles). This webpage, depicted in
Figure 3.40, provides a comprehensive reference for different complaint events (such as
filling complaint about Fire Services driver or vehicle, or filling complaint about
Emergency Medical Services driver or vehicle). In order to submit a

complaint/compliment about city of Toronto’s vehicle or driver, citizens should

25 http://www toronto.ca/311/knowledgebase/67/101000046667 html
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contacting 311 and file a complaint/compliment (which we denote as initiate the event),
as shown in the blue box. Moreover, the webpage provides a list of necessary information
that the citizen must provide to initiate the complaint, e.g., the vehicle license number or
serial number (see the black box). This information is collected to specify the

organization entity that is the subject of the complaint/compliment.

Complaints - City of Toronto vehicles or drivers

To submit a complaint about a City of Toronto vehicle or driver (including idling City vehicles) Feedback .
you need the Licence Plate #, Unit # or Serial Number (VIN) of the vehicle.

The Unit number is the number printed on the side of the vehicle.

Contact 311 to submit your complaint. Your concerns will be forwarded to the appropriate City staff member for follow-up.

There are separate complaint processes for Fire Services, EMS, Transportation & Solid Waste Management vehicles. If
you have a complaint about one of these please refer to:

e Fire Services vehicles or drivers - complaints

e Emergency Medical Services (EMS) vehicles or drivers - complaints

e Solid Waste Management - operations - operator - complaint - compliment

e Transportation Services - employee or operational comment - complaint or compliment
e Toronto Water - operational or employee comment - compliment - complaint

If you have a complaint about non-City of Toronto vehicle, contact the specific company responsible for the vehicle.

Figure 3.40:City of Toronto Vehicle or Driver Complaints

Note that different divisions have different complaint processes (see the red box).
For example, as depicted in Figure 3.41, to submit a complaint about the Toronto Fire
Service vehicles or drivers, the citizen must contact the District Fire chief in the

Mechanical Division (which we denote as the responsible organization).

Complaints - Fire Services vehicles or drivers

To submit a complaint about a Toronto Fire Services vehicle or driver, contact the District Fire Feedback @
Chief in the Mechanical Division.

Emergency Medical Services (EMS) vehicle or drivers - complaints

For other City of Toronto vehicle or driver complaints

Contact Info:

Contact List - Fire Services - Professional Development, Training & Mechanical Maintenance - Mechanical Division

Figure 3.41: Fire Services Vehicle or Driver Complaints
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3.10.2 Complaint/Compliment Knowledge Pattern

In this section, we employ the knowledge inherent of complaints we highlighted in
previous section (Case 1 and 2) to provide a comprehensive model for Complaint

Knowledge Pattern (COKP).

In order to file a complaint/compliment (the initiating event) about an organization
entity (subject of a complaint), the citizen should communicate with the organization
responsible for receiving the complaint/ compliment (we denote this communication as
the action). Many divisions have their own unit or agent in charge of responding to a
complaint (see Case 2). For those organizations that do not have such a unit/agent, the
nonemergency center of the city (311) is the responsible organization for the complaint

(see Case 1).

Note that citizens should provide detailed information about the event they want to
complain about. This information must contain the personal information of the
complainer, date, time, and organization entity being complained about (e.g., vehicle

license number or serial number in Case 2).

Despite the simplicity of the COKP, it is an important pattern since it addresses the
following concerns: (i) in the Toronto 311 knowledgebase, there is no standard procedure
in submitting a complaint (i.e., each complaint can have a different procedure from other
complaints based on the type of the service and the division that provides that service);
(i1) in many cases the city will not relay the result of a specific complaint to the

complainer. Table 3.15 depicts the main component of the Complaint Knowledge Pattern.
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Complaint Knowledge Pattern

Example Web Pages

* Submitting a compliment/complaint about 9-1-1
¢ Compliant-Fire services Vehicle or Driver

* Transportation Services - employee or operational comment - complaint or

compliment

* Complaint about Solid Waste Management (collections, operations,

operator, property damaged)

Constituent Knowledge

Initiating Event
o E.g., complaint or compliment

Who is complaining/complimenting

Date/Time

Event being complained about

Organization Entity being complimented/complained about
o E.g., Police

Organization Entity to whom the complaint/compliment is to be sent

o E.g., Police review board
Action
o Communicate to the police review board

Table 3.15: Complaint/Compliment Knowledge Pattern

Complaint = ((VhasCityService. CityService) M (3 ProvidesFeedback. CityService)
m (3 hasTriggeringevent. Triggeringevent) N (3 initiateEvent. Complaint)

Compliment = ((VhasCityService. CityService) N (3 ProvidesFeedback. CityService)

m (3 hasResponsibleOrganization. Organization)
N (3 hasinformation. CitizenInfo)

mn ((3 hasSubject. CityOrgAgent) n (FhasDate. Date) N (3 hasTime. Time))

r ( 3 hasTriggeringevent. Triggeringevent)

n (3 initiateEvent. Compliment)

m (3 hasResponsibleOrganization. Organization)
N (3 hasinformation. CitizenInfo)

mn ((3 hasCompliment. Compliment) M (3 hasSubject. CityOrgAgent)

r (FhasDate. Date) N (3 hasTime. Time))

Complaint M Compliment =1

Table 3.16: Description Logic Representation of Complaint/Compliment Knowledge

Pattern
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3.10.Species Knowledge pattern

Among the different types of information a city provides, there are many cases that the
stipulated information relates to different types of species such as animal and insects.
This species related information could be found in city bylaws, guidelines, and
regulations. Despite the importance of such information in public services (they may
have a significant health or safety impact), in our exploration of the 311 knowledgebase,
we have observed that finding the correct, relevant, and comprehensive information about
a specific topic or problem related to species could be a challenging task. For example, it

is difficult to find a concrete answer to the following questions:

- What are different species that live in a specific region?
- When is an animal a threat to a citizen?

- What are the regulations about trapping a wild animal?
- How can a citizen deal with pests?

- Where is the nearest animal center?

- What can a citizen do when a wild animal damages his/her private property?

In order to overcome such difficulties, and to present specie-related information in a

structured manner, we introduce the Species Knowledge Pattern (SKP).
3.10.1 Species Knowledge in Toronto 311 Knowledgebase

The information regarding different species varies from one city to another based on the
variety of wild life and animal species that exist in its metropolitan area or suburban
regions. The following examples from the Toronto 311 knowledgebase illustrate the

different components of SKP.
Case 1: Pests (Bee, Wasp or Hornet Nest)

In this case we employ several examples from the Toronto 311 knowledgebase. The
examples are related to the issue of removing bee, wasp, or hornet nests from different
type of properties. Based on the location of the nest, the condition under which the nest

poses danger to citizens’ safety, and the ownership of the property, different regulations
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must be followed for the nest removal action to take place, as shown in the blue boxes in

Figures 3.42, 3.43, 3.44, and 3.45.

Figure 3.42 depicts a situation in which the bee, wasp, or the hornet nest is located on
a tree on the city properties. The page provides ecological and life cycle information
about these species (shown in the red box). This information is provided so citizens
understand the benefits of these insects’ in the ecosystem. Another important aspect is the
conditions under which these species are considered a danger to humans (shown in the
green box). These conditions could be divided into three categories: human interaction
(in this example as long as the nest is not disturbed by humans the insects could tolerate
human approach), the location condition (if the nest’s altitude is higher than 3 meters it
will typically not be removed; otherwise, the urban Forestry will inspect it to see if it is a
threat to the public safety and thus decide whether or not to removal it), and the seasonal
condition (nest removal inspection can be requested in summer, while nest removal is

not necessary in the fall since wasps do not survive the winter season).

Bees, wasps or hornet nest - in trees on City property

Wasps and hornets are considered beneficial insects because they feed on a large number of Feedback .

inspect pests. They are also scavengers, feeding on carcasses.

They nest in sheltered places such as hollows of trees, stumps, in the ground or in constructed nests often suspended from the
branches of trees, eaves or other parts of buildings. These insects tolerate human approach, however, they will attack if their
nest is disturbed. Most nests built by these insects are placed high enough in trees to not threaten public safety. Nests situated
in the tree higher than 3 m (approx 10 ft) are typically not removed. However, if the nests are within the public right-of-way and
close enough to the ground to threaten public safety, Urban Forestry will inspect the site and decide on further action.

If a nest in a City-owned tree is causing a problem in the summer, residents may request an inspection. Many residents notice
these nests in the fall, when the leaves fall from the tree. Removal of nest at this time is not necessary since the wasps, which
remain in the nest, do not survive the winter season. Only the queens over winter in sheltered locations outside of the nest.

If you would like to request action, contact 311 to submit a service request for investigation by Urban Forestry.

Refer to the fact sheet and policy on nest removal on the city website at:
http://www.toronto.cal/trees/pdfs/factsheets/Bees_Wasps_Hornets_fs.pdf
and at

http://www.toronto.ca/trees/pdfs/BeesWaspsHornetsPolicyMarch2003.pdf

Figure 3.42: Bees, Wasps, or Hornet Nest- In Tree on City Property
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Figure 3.43 depicts a similar situation as the one described in the previous example, with
one distinction: the bee, wasp, or hornet nest is located on a private property. In this case,
the resident can take one of the following two actions based on the whether the nest is
located on his/her own property or on the neighbor’s property. If the nest is on their own
property, they could employ a private pest control companies to remove it. If it is on their
neighbor’s property on the other hand, they can submit a complaint to Municipal

Licensing and Standards and request an investigation (see the red boxes).

I Bees, wasps or hornets nests - private property I

| Complaints from property owners (about their own property) |
The City of Toronto does not provide pest control services with respect to insects on private
property. As the property owner, you are responsible for this. You may wish to contact a private pest control company that
provides this service.

| Complaints fr:m a third party (neighbour etc.) |
TMC Chapter 629-9. Pest Control, reads as follows:
"All properties shall at all imes be kept free of rodents, vermin, insects and other pests and from conditions which may
encourage Infestation by pests®

To file a complaint a service request for investigation by Municipal Licensing & Standards can be submitted online at
http//www.toronto.ca’311/ ,or call 311.

An ML&S District Investigations officer will investigate and take the appropriate action (which may include the issuance of an
order to eliminate the pests or the conditions that promote the harborage of pests).

For other bees, wasps or hornets nests not on private property go to:
Bees, wasps or hormnets nests - in trees on City property
Bees, wasps or hornets nest - on the City road allowance on a non-City asset (utiity box, street light standard)

Bees, wasps or hornets nest - on the City road allowance or City asset (i.e. traffic signal, bridge)

Figure 3.43: Bees, Wasps, or Horn Nest -Private Property

Figures 3.44 and Figure 3.45 show a similar situation (bee, wasp, or hornet nest on
the city road allowance) with one distinction: whether it is a city asset or not. This
distinction determines which organization entity is responsible for the insect investigation
and/or removal. Table 3.17 lists the non-city assets and the organization responsible for

them (in terms of the nest removal activity).
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Bees, wasps or hornets nest - on the City road allowance or City asset (i.e. traffic signal,
bridge)

If the bees, wasps or homets nest is on the City road allowance or City asset, a service Feedback .
request will be issued for investigation.

For bees, wasps or hornets nests not on the City road allowance or City asset go to:

Bees, wasps or homets nests - private property

Bees, wasps or homets nests - in trees on City property

Bees, wasps or homets nest - on the City road allowance on a non-City asset (utility box, street light standard)

Cleaning - custodial services - pest control - City facilities

Figure 3.44: Bees, Wasps, Hornet Nest-On the City Road Allowance or City Asset

Bees, wasps or hornets nest - on the City road allowance on a non-City asset (utility box,
street light standard)

To report bees, wasps or homets nest - on the City road allowance on a non-City asset (i.e. Feedback .
utility boxes, street lights, post office boxes etc.) contact the organization responsible for that
assoet:

Hydro boxes, street lights: Toronto Hydro
Bell telephone boxes: Bell Canada
Canada Post boxes: Canada Post

For other bees, wasps or hornets nests not on the City road allowance on a non-City asset go to:
Bees, wasps or hornets nests - private property: . /0S/101000048009 htmi
Bees, wasps or hornets nests - in trees on City property: ./10/101000050410 html

Bees, wasps or hornets nest - on the City road allowance or City asset (l.e. traffic signal, bridge):
.J93/101000181393.htmi

Figure 3.45: Bees, Wasps, or Hornet Nest- On the City Road Allowance on the Non-city Assets

Organization Assets and Properties

Toronto Hydro Hydro boxes, street lights

Bell Canada Bell telephone boxes

Canada Post Canada post box

Urban forestry Trees on City property

311 online services, City license & | City road allowance or City asset (i.e. traffic
standard signal, bridge)

Private pest control company Private properties

Table 3.17: Assets of the City of Toronto-Responsible Organization for Insect Nest Removal
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Case 2: Wild Animal (Coyote, Bear, Fox, Raccoons, Deer)

In addition to pests, the city of Toronto provides information about other types of
animals. In this case we focus on the wildlife residing in the metropolitan area of the city

of Toronto.

Figure 3.46 provides information about situations in which the wildlife does not
represent a health risk to the public. In such cases, the Toronto Wildlife Centre is the
organization responsible to deal with wildlife issues and inquiries (shown in the red
box). Citizen can contact this center to request information about a wild animal or to

report an injured animal.

Toronto Wildlife Centre (TWC)

Toronto Wildlife Centre (TWC) is a registered charity dedicated to rehabilitating sick, injured, Feedback ‘

and orphaned wildlife, and to educating the public on wildlife-related issues.

Open since 1993, TWC admits over 4,500 animals for care and treatment each year, and responds to approximately 30,000
wildlife-related calls on the Wildlife Hotline annually. If you have questions or concerns about wildlife, please call Toronto
Wildlife Centre's Wildlife Hotline.

To make a donation to the Toronto Wildlife Centre (TWC), visit their website at:
http://www.torontowildlifecentre.com/pages/help/donors/wishlist. html

Contact Info:

Contact List - Toronto Wildlife Centre

Figure 3.46: Toronto Wildlife Center

If the wildlife could potentially threaten public health, on the other hand, other
organizations such as the Toronto Public Health or the Infection Control Unit will get
involved (see Figure 3.47). For example, as can be seen in the green box, Toronto Public

Health will provide the general information about the health risk of exposure to raccoons.



106

Health risks with exposure to raccoons

General information regarding concerns with raccoons is available on Toronto Public Health's Feedback @

website at:

http://www.toronto.ca/animal_services/raccoon.htm

For more information, contact the Infection Control Unit during business hours.

Contact Info:

Contact List - Public Health - Communicable Disease Control - Infection Control/Control of Infectious Diseases (CID)

Figure 3.47: Health Risk With Exposure to Raccoons

Another example regarding wildlife information provided by the city is the webpage
explaining the city’s policy on coyotes. The first interesting point when one skims this
webpage is the disparity between the title and the content of the webpage (despite the title
of the webpage, it does not contain any information about bears, nor does it provide a link
to the relevant information resource for a bear related issue). Another inconsistent
component, which arises from the comparison of this webpage with the previous two
examples, is that the webpage introduces yet another organmization responsible for
dealing with wildlife related issues (Animal Services). Such references to multiple
organization agencies dealing with the same problem without properly explaining their
relationships, roles, responsibilities, and communication links will make the use of the

information in the knowledgebase random, hard to understand, and inefficient.

As discussed in the pest examples, we also see seasonal conditions here. Specifically,
the green box in Figure 3.48 shows that wild animals also have seasonal behavior
(appearance of more coyotes in the winter). Moreover, the city provides extra
clarification about why such seasonal behavior exists and how to deal with the wildlife

(shown in the yellow box).
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City policy on coyotes - wildlife sightings - bears

Coyotes are considered normal urban wildlife in the City of Toronto and inhabit areas in parks Feedback .

and ravines City-wide.

| The City of Toronto has a formal "Coyote Response Strategy" (available through Animal Services). Tl'le Coyote Response
Strategy lays out a sound systematic approach to dealing with coyote problems. It also gives some background on coyote
behaviour, what works and what doesn't.

Residents in the City of Toronto who live on or near ravines and forests (typical coyote habitat) should expect to have more
coyote sightings during winter months.

Coyotes have become a natural part of the urban landscape in Toronto. They can thrive in urban areas because of the
abundance of food and shelter available to them.

Residents can expect to see coyotes more often in winter for the following reasons:

o ltis easier to spot coyotes in parks and ravines in the winter because they are not hidden by foliage.

« Coyotes are wary by nature and are more comfortable roaming in residential neighbourhoods when fewer people are outside

¢ The months of January and February are mating season for coyotes, which means coyotes are more active during this time,
making them more visible.

Coyotes may approach pets that are not supervised, especially cats and small dogs. Itis always a good idea to keep an eye on
your pet while they are outside. It is very unlikely that a coyote will be attracted to a child; however, close supervision of children
is also important.

Figure 3.48: City Policy on Coyotes- Wildlife Sighting -Bears

Case 3: Pets (Dog, Cat, Parrot, hamster)

The final example concerns pets. In almost every city there are guidelines regarding pets
and pet protection services. Unlike the species categories described in the previous cases,
the information and services related to pets are more structured. For example, the
information about pet adoption, veterinarian services, animal shelters are easily

accessible.

Figure 3.49 depicts the set of requirements for pet adoption. It contains the
components of Service Knowledge Pattern such as activity (adoption), condition
(requirement, and fees), and service provider (Toronto animal services). The only
difference between an animal service and other types of service is its properties and
relationships. Recall from Service Knowledge Pattern that every service has an object
and that these objects were either an animate or inanimate. The animal species are an

instance of animate objects.
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Animal Services - Dog - Cat - pet adoption - animal shelters

Toronto Animal Services encourages the adoption of available animals to responsible pet Feedback .

owners.

Those interested in adopting a pet are required to:

1. Complete an adoption questionnaire and have a casual interview at the Animal Centre. The questionnaire will assist our staf’
to make sure that the pet you choose will best fit your lifestyle
2. Provide a driver's licence or |.D. with your current address.

Each of our Animal Centres houses a variety of dogs and cats, young and old, as well as other types of small animals availabl¢
for adoption. Make sure to check back frequently as new animals are posted for adoption each day.
Animals can be viewed at http://www.toronto.ca/animal_services/pet_adoption.htm

The adoption fees include all vaccinations, microchip and surgical sterilization.

You can get current adoption fees on the website at http://www.toronto.ca/animal_services/pet_adoption.htm

Contact Info:

Contact List - ML&S - Toronto Animal Services

Figure 3.49: Animal Services- Dog - Cat- Pet Adoption

3.10.2 Species Knowledge Pattern

In Species Knowledge Pattern (SeKP), we divide all species into two distinct categories:
insects and animals. Accordingly we categorize animals in to two groups of pets and
non-pets (wild animals). This categorization is general enough to encompass all species
that coexist or interact with city residents. Moreover, the categorization will help in
grouping related information to standardize the characteristics of each category. The Pets
category is by far the most observed category in the 311 knowledgebase. For instance,
there are many services related to pet veterinarian, animal centers, and pet adoptions.
Despite the lack of attention to the other categories, it is crucial to define a
comprehensive knowledge patter that encompasses their characteristics due to their

impact on public health and safety.

The SeKP is shown in Table 3.18. The first consideration is the nature of danger that
the species poses. If a species is considered a danger to citizens, its related information

should be public and easily accessible. The second component is the location of the
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species (e.g., in Case 1, based on the location of pest nest the corresponding action could

be drastically different).

Another important aspect is the species’ ecological impact. They can have both
positive and negative impact on the ecology of urban areas (e.g., recall from Case 1 that

some pests could eat other pests, or scavengers feeding on carcasses).

It is also important to highlight the life cycle information of species such as their life
span (see Case 1), or the mating and recreation information (see Case 3). This
information can inform the citizens on how they should handle species under different
conditions. Even if coexistence with species could have ecological benefits, they could
potentially threat human safety. In such conditions (human interaction, or seasonal) it is
important for both citizens and environment protection organizations to have information

on how to deal with such potential danger.

Finally, the city should publicize information about the removal or the preventative
actions in case any specie or wild animal disturbs day-to-day life. Using this information,
citizens could request or take actions to resolve their problems (e.g., preventing action
such as not leavening fallen fruit and food debris lying around yard, or covering garbage

bins could prevent unwanted wildlife nesting in the residence).
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Species Knowledge Pattern

Nature of the Danger
o E.g., sting, or concern to people who are hypersensitive
Location information — where do they nest, roam
o E.g., hollows of trees, stumps, ground, constructed nests in trees or buildings
Ecological information — how does it positively or negatively impact the ecology
o E.g., eat other insect pests, scavengers feeding on carcasses
o Pollinate and honey producers
Life Cycle information — how long do they live
Conditions under which they are dangerous
o Human interaction
=  Will attack if nest disturbed
o Location
= [fnest higher than 3m, they are typically not removed
= [f within public right-of-way or close to ground to threaten public
safety the Urban Forestry will inspect and decide further action
Removal Action
o If Conditions satisfied, then resident may request inspection
o No need to remove once leaves fall since wasps do not survive the winter
Preventative Action
o Do not leave fallen fruit and food debris lying around
o Make sure garbage bins are covered
o Do no keep uneaten pet food outside
o Remove water from ponds, puddles, birdbaths and any other source of
standing water.

Category:
o Insect
o Pest
o Animal
o Pet
o Non-pet

Table 3.18: Species Knowledge pattern
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Animal E Species

Insect E Species

Animal M Insect =1

Pet £ Animal

—Pet E Animal

Pet M —Pet =1L

LifeCyclelnfo £ Speciesinfo

MatingleInfo E Speciesinfo

LifeCycleinfo N Matinginfoc =1
RemovalActivity E Activity

PreventivelActivity E Activity

RemovalActivity N PreventiveActivity =1
PetAdoptationService E AnimalService
VeterinarianServiceService E AnimalService
AnimalShelterService E AnimalService
PetAdoptationService N VeterinarianService =1
PetAdoptationService N AnimalShelterService =1
VeterinarianService N AnimalShelterService =1

Species = ((3 hasEcologicalimpact. Boolean)
N ( VhasInformation. Speciesinfo)
M (3 hasActivity. Activity) N (V hasLocation. Location)
N (3 hasHumaninteraction. Boolean) N 3 hasCondition. (Season)

InsectRemoval
= (((V isTypeOf.Species) N (3 hasLocation. CityProperty)
M (3 hasHumaninteraction. (True) N (EI impose. (Danger))
N (hasActivity. (Remove))

u ((EI hasLocation. PrivateProperty) N (3 hasComplaint. Complaint )
n (3 hasTriggeringevent. Triggeringevent) N (3 initiateEvent. Complaint)
N (3 hasinformation. CitizenInformation) N (hasActivity. (Remove))))

(—Pet Remowval)
= ((V isTypeOf.Species) N (3 hasLocation. Location)
N (3 hasHumanlinteraction. (True)) N (3 impose. (danger))
mn (EIhasActivity. (Remove)) N (3 hasDivision. Division)
M (3 hasCondition. (Season)))

Pet = ((V isTypeOf.Species) N (JhasCitysSrvice. AnimalService))

Table 3.19: Description Logic Representation of Species Knowledge pattern
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3.11.Evaluation of the City Knowledge Patterns

To verify that the CKPs derived from the 500+ web pages chosen in our analysis are
sufficient to represent the remainder of the knowledge in the 21,000 Toronto 311 web
pages, we randomly sampled an additional 100 web pages and determined whether the
existing CKPs cover their content. Since the URL of each of the 311 webpages ends with

a unique five digit number, we use the following random sampling methodology:

1. We first randomly generate a five digit number,
We check the existence of the URL ending with the number generated in step 1,
If the webpage in step 2 exists, we save it as one of the validation samples,

If the webpage does not exist, we discard the number and go to step 1,

A

We repeat steps 1-4 until we have 100 different random webpages.

After the random sampling, we analyzed their content to see if their knowledge is
covered by our CKPs. Figure 3.50 depicts the frequency of the knowledge patterns

observed in these 100 webpages.

29.8%
14.9% 15.7%
12.4%
7.4%
5.8% 5.0% 0 o
I 2.5% 33% 3.3%
2 L < : 2 NS & & ) %
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Figure 3.50: Validation of the Patterns

As can be seen, the frequency of the knowledge patterns in the validation sample is

very similar to the ones in Figure 3.1. Specifically, as before, the Service, Infrastructure,
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Organization, and Public facility Knowledge Patterns are the most frequent ones. The
3.3% webpages under the “others” frequency shown in Figure 3.50 represent webpages
we have not identified in the CKPs. For example, a webpage explaining the legal name
description of the city (City of Toronto), a webpage providing information about the
result of some study (loading space standards across the city), and a webpage providing
external link for a specific topic (healthy measures campaign). This validation indicates
that the 500+ sample webpages used to extract the CKPs is a good representation of the
21000 webpages of the 311 knowledgebase.

3.12.Formalization of the City Knowledge Patterns

We use the Ontology Web Language (OWL) to represent the City Knowledge Patterns.
The current representation of the CKPs contains more than 170 classes and 100 object
properties.

To represent the CKPs, we import and the TOVE Organization ontology, and the
OWL-S service ontology. The latter is used to represent the relationship between city
services (processes) and the activities city organization agents perform on daily basis.
Appendix I contains the full representation of the CKPs.

To check the consistency of the CKPs we used different reasoners provided by
Protégé, i.e., Pellet, HermiT 1.3.8, FaCT++. The consistency check indicates that the
inferred model is consistence with respect to all of the three reasoners.

To further investigate the consistency of the model, we used the DL Query tab in the
Protégé to check the CKP inferred model’s ability in returning simple DL queries. For
example, Figure 3.51 depicts the ability of the model in querying about its properties and
individuals. For example, the query in Figure 3.51 shows the ability of the model in

returning individuals who are type of PublicFacility, and are either reservable or rentable.
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AN Query (class expeession)
» O PermitkKnowledgePattern L
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Figure 3.51: City Knowledge Patterns Sample Inference DL Query



Chapter 4

Comparative Evaluation

In this chapter we employ the City Knowledge Pattern to evaluate the coverage, i.e., the
models’ content cover of the knowledge defined in the CKPs, of four ontologies and

reference models in the municipal government domain.
The models that we consider in our evaluation are:

Government Enterprise Architecture
Municipal Reference Model
TOronto Virtual Enterprise Ontology

o=

Scribe Ontology

These four models were selected for their unique aspects (i.e., domain specific,
generic model of enterprise, and etc.). For each of these models, we first provide a brief
overview. Then, we present a comprehensive analysis of their characteristics based on the

knowledge components of the City Knowledge Patterns.
4.1. Government Enterprise Architecture (GEA)

In this section we compare the City Knowledge Patterns with the Government Enterprise
Architecture (GEA), introduced in Chapter 2. The reasons we choose this model in our
comparison is that GEA is one of the few domain specific ontologies developed for
government (Peristeras & Tarabanis, 2004b), (Sotirios K Goudos et al., 2007). We first

provide a brief description of GEA along with its components. Then, to specify its

112
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usability for municipal government domain we compare its elements with the City

Knowledge Patterns.

GEA is a generic government domain model for public administration. GEA aims at
introducing a consistent set of models that constitute the basis for reference government
domain ontology. Specifically, GEA consists of the following five high-level models
(Peristeras & Tarabanis, 2004b):

1. The GEA Mega-Process Model of the Overall Governance System: this model
consists of three layers that formulate the overall domain of the governance
system: (i) Formulate Public Policy; (ii) Provide Service; and (iii) Support

Operations (shown in Figure 4.126).

Support Operations

Figure 4.1: GEA Mega- Process Model

2. The GEA Interaction Model of the Overall Governance System: this model builds
a high-level interaction diagram between the overall governance process of the
Mega-Process Model and the basic governance actors (society, administration
system, political system).

3. The GEA Public Policy Formulation Object Model (strategic planning): the model
generates a customized data model of the most influential strategic concepts of the

government system for the Formulate Public Policy layer of the Mega-Process

26 This Figure is copied from (Peristeras & Tarabanis, 2004b)
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Model. This model consists of six main components: Culture, Environment,
Knowledge, Organization, Resource, and Functions.

4. The GEA Service Provision Object Model: this model builds an object model for
the Provide Service layer of the Mega-Process model. It consists of two separated
levels: the Operation (transaction) and the Knowledge (planning) layers.

5. The GEA Object Model for the Overall Governance System: this model builds a
top-level object representation for the governance system by aggregating the
Public Policy Formulation and the Service Provision domains of the Mega-

Process Model.

Note that GEA is a generic model of government public administration and it has
been implemented using semantic web service ontologies such as WSMO (Sotirios K
Goudos et al., 2007) and OWL-S. Moreover, Goudos et al., (S.K. Goudos et al., 2007)
propose an OWL-base ontology for the GEA Service Provision Object Model.

We next compare the City Knowledge Patterns with GEA (and its implementations).

4.1.1.Service in GEA

Both the Service Knowledge Pattern (SKP) and GEA contain the following service

knowledge components:

* Both SKP and GEA break down their services into simple activities. (S.K.
Goudos et al., 2007),

* Both models have an outcome knowledge component for their activities.

* Both models have service requester and service provider entities.

* Both models impose constraints on their services (including pre-conditions).

* The GEA has a Corrective Action Program component that is similar to activity
recurrence knowledge component in the SKP.

* Both models use resources to perform their activities.

The main difference, on the other hand, is the lack of the Triggering Event and the
Service Alternative knowledge components of SKP in GEA.
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4.1.2. Permit, Education, and Species in GEA

The Permit, Education, and Species Knowledge Pattern constituents are not considered in

GEA. Note that GEA considers permit and education as types of public services.
4.1.3. Organization in GEA

Recall that the GEA Public Policy Formulation Object Model consisted of six main
components, which define its data model. This object model contains knowledge
components such organization agent, role, mission, vision, needs, values, etc. that are
similar to the knowledge components of the Organization Knowledge Pattern (OKP).
Moreover, similar to OKP, the GEA defines the relationship between activities,

resources, and the organization agent (Peristeras & Tarabanis, 2004b).

On the other hand, unlike OKP, GEA does not consider the skill, responsibility, and
authority knowledge components for its organization agent. It also ignores the different
roles an agent can play as a member of different teams. Furthermore, the organization
structure (e.g., division, unit, and committee) and empowerment knowledge components

are not considered in GEA.
4.1.4 Infrastructure and Public Facility in GEA

The GEA completely ignores the infrastructure and public facility knowledge
components. In GEA, these concepts and their inheritance knowledge are not considered

as government resources or government assets.
4.1.5. Citizen in GEA

Both GEA and the Citizen Knowledge Pattern (CKP) take into account citizen knowledge
components. Specifically, in GEA, the class “ProfileDescription” contains various citizen
knowledge components (e.g., age category, gender, citizenship, health status, etc.). Note
that despite the lack of some of the knowledge components of the CKP in GEA (e.g.,
Medical information and Automobile information), we observe that these classes can be

defined as subclasses of the “ProfileDescription” class (S.K. Goudos et al., 2007).
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The main difference between CKP and GEA, on the other hand, is that the authority
and accessibility components of CKP (for information privacy purposes) are not

considered in GEA.
4.1.6. Complaints/Compliments in GEA

Despite the importance of the complaint/compliment knowledge components in the
quality of the government service delivery, GEA ignores the complaint knowledge

constituents.

Note that in GEA, all public services produce an outcome with a consequence (the
consequence is define as the by-product of service execution in form of information
related to the service). While GEA imposes a condition that clients (service requester) are
not interested in the service consequence, by removing this condition it has the potential

to incorporate the Complaint knowledge components (Peristeras & Tarabanis, 2004a).
4.2. Municipal Reference Model

Municipal Reference Model (MRM) is one of the few reference models designed
specifically for the municipal government domain. This is the main reason we selected it
as one of the models in our comparative study. Before we formally compare the city
knowledge patterns with MRM, we first provide a brief description of MRM and its

architecture.

The MRM is a set of core concepts and tools that can help municipalities define and
describe their businesses in terms of the programs and services that they provide, i.e., in
terms that are most meaningful to municipal clients, residents, taxpayers and
stakeholders. It is based on the Government Canada Strategic Reference Model (1990),
and is compatible with both Service Oriented Architecture (SOA) and the Enterprise
Architecture (EA) standards (Canadian Governments Reference Model (CGRM), 2009),
(MRM Model Principles, Definitions, and Rules, 2011).
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Since MRM contains a small set of core terms or elements that are broadly used, it
can be adopted as a reference model by any municipality (see Figure 4.2°7). These core

components along with their formal definitions are:

* Program: a mandate to achieve Oufcomes by delivering Service.

* Service: a commitment to deliver Qutput that contributes to Outcomes.

* Need: a condition wanting or requiring relief.

* Organization Unit: a point of authority, accountability or responsibility
commanding resources commensurate with its obligations.

* Outcome: a desirable change in the level of a Target Group Need resulted
from Service delivery.

* OQOutput: a unit of value produced by a Service and conveyed to a service
recipient.

* Service Value: the expectations of parties receiving the Service’s Output directly
or indirectly, and ensures their alignment with associated Service objectives and
Outcomes.

* Target Group: A set of parties that share intrinsic or extrinsic characteristics,
causing a Program to identify (target) them (MRM Model Principles, Definitions,
and Rules, 2011).

] Organization Unit Target Group
contrjbutesTo experien{edsy
assessedBy administers
Outcome Need
| E addresses
Jecountableror farviee ProGuces contribufesTo
: | e creates
[ Performance Indicator ] implerfentedsy [ Output }_{ Service Value ]
1

accountableFor l Process | procuces

assessedBy  consufpes

respons bief or I Resource I

assessedBy

Figure 4.2: Municipal Reference Model Core Concepts

*" This Figue is copied from (MRM Model Principles, Definitions, and Rules, 2011)
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As shown in Figure 4.328, MRM shares these core concepts with the Canadian
Provincial Reference models (e.g., Public Service Reference Models (PSRM) by
province of Ontario), and the Canadian Government Reference Model (CGRM). The
usage of a common lexicon increases the interoperability between different levels of

government.
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Figure 4.3: Canadian Government Reference Model-Core Elements

Despite its comprehensive documentation and promising aspects, MRM is an
informal representation of the municipal government domain. Therefore, while some
pioneer cities (e.g., city of Toronto, region of Peel) have implemented MRM, the
implementation technologies (i.e., semantic web technology, ontologies, etc.), applied
tools and methodologies to extend the core concepts for each jurisdiction, or the

efficiency of the extended core model may differ from one city to another.

We next compare the City Knowledge Patterns with the knowledge components of
MRM.

4.2.1. Service in MRM

Similar to the SKP, MRM also considers the following knowledge components:

service, its processes and their relationship with city resource resources, service provider

organization, client organization/entity, and service outcomes.

There are four major differences between SKP and MRM:

28 This Figure is copied from Canadian Government Reference Model (CGRM)-Version 1.0-Final,
http://www.iccs-isac.org/library/2013/01/Canadian-Governments-Reference-Model-Version-1.0-Final.pdf
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1. Unlike SKP in which all services are broken down into activities, MRM only
provides a general understanding of city services and their processes. This
representation does not specify how these processes are executed.

2. MRM does not consider the Service Alternative and the Triggering Event
knowledge components of SKP.

3. Unlike MRM, which distinguishes between city Program and city Service
knowledge components, SKP doe not have a Program knowledge component.
This is due to the fact that despite the use of MRM principles by the city of
Toronto, in our investigation of the Toronto 311 knowledgebase, program and
service knowledge components were used synonymously (see Case 3 in Section
3.8.1 and Case 1 Section 3.9.1), thus increasing the ambiguity of these concepts.

4. Unlike SKP, MRM does not consider constraint for its municipal services (e.g.,
agent constraints, capacity constraints, location constraints, temporal constraints).
However, the MRM has a general understanding of resource constraints in which

the municipal government has the authority to limit the usage of the resources.
4.2.2. Permit, Complaint, and Species in MRM

MRM is the only municipal model that explicitly specifies a separated service category
for permission. It categorizes different permit/license services in its different programs.
For example, the Economic Development program (shown in Figure 4.4) is a program in
MRM that contains permit/license services (business Licensing or Film/Motion Picture

Permission).

Program Name: Economic Development

| Business Licensing | New Business Recruiting
| Film/Motion Picture Permission Tour Coordination

| International Marketing Tourism Information

| Job Training

Figure 4.4: Permit Related Program in MRM

Note that unlike the PKP, MRM does not specifically recognize the knowledge

components of permit/license. Note that the knowledge component “Program” coupled
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with the “Permission” service category allows it to define different permit/license

services, and to link services and processes to a specific permit/license service.

Similar to permits/licenses, MRM does not explicitly recognize the knowledge
components of the Complaint and the Species Knowledge Patterns. However, as
discussed above, by coupling different service categories it can represent services related

to complaint and species.
4.2.3. Organization in MRM

Figure 4.5°° depicts a schematic model of the MRM organization structure. As can be
seen the class Organization Unit is the core of the organization structure. According to
MRM an Organization Unit is defied as: “a point of authority, accountability
or responsibility commanding resources commensurate with its obligations”. It consists
of different Organization Unit Types (e.g., Department, Division, Section, Agency, etc.),
is accountable for different Program, is responsible for Processes based on organization

Role, and has authority for organization Resources.

Given the definition above, both OKP and MRM consider the following knowledge
components: Organization Structure, Service and Process, Resource, Goal, Role,

Mission, Vision, Authority, and Responsibility.

The main difference between the two is that while MRM considers an Organization
Unit as its core, in OKP the organization agent is the central component. The reason why
we consider the organization agent as the core component is that every organization unit
itself consists of different agents who play the organization role. Moreover, in reality,
organization agents can play multiple roles or be members of different Organization
Units. Therefore, it is essential to break down an Organization Unit to its components (its
agents). Another difference between OKP and MRM is that unlike OKP, MRM does not
have the Empowerment knowledge component. As discussed in Section 3.5.2,

considering this component provides the flexibility to create new organization units,

29 This Figure is copied from (MRM Model Principles, Definitions, and Rules, 2011)
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virtual or a temporary teams, and new authority for organization agents based on their

new roles.
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4.2.3. Infrastructure and Public Facility in MRM

The general meta-model of MRM recognizes public facility and infrastructure as city
assets (i.e., as depicted in Figure 4.6%, it considers them as a Resource Type). However,
since they are not defined, as core components of MRM, they are not discussed in detail.
As a result, due to this lack of documentation on infrastructure and public facility, we are

not able to provide a comparison between MRM, IKP and PFKP.

| «Open Vocabulary»
‘)] Resource Type
= Labour
= Capital
= Consumable
= Waste
= Information
= Asset - Facility
= Asset - Vehicle
= Asset - Equipment
= Asset - Animal
= Asset - Infrastructure - Technology
= Asset - Infrastructure - Road
= Asset - Infrastructure - Potable Water
= Asset - Infrastructure - Wastewater
= Asset - Infrastructure - Storm Water
= Asset - Infrastructure - Transit
= Asset - Infrastructure - Electricity
= Asset - Infrastructure - Other

Figure 4.6: Infrastructure and Public Facility in MRM

4.2.4. Citizen in MRM

Although MRM contains concepts such as client organization and individual client,
detailed specification of the knowledge components of clients (individual or

organization) are not considered in MRM.
4.2.5. Education in MRM

Education knowledge component in MRM shows the following similarities with the

EKP:

* Both MRM and EKP contain a service category “Education” for education
services.
*  Both models allow education services to belong to different municipal programs

(e.g., Basic and Advanced Life Support Training service in the Health Program).

%% This Figure is copied from (MRM Model Principles, Definitions, and Rules, 2011)
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* Both models have an organization entity (unit/agent), which runs the education
program.

*  Both models have Target Group knowledge component(s).

»  Service Impact knowledge component in EKP has similar knowledge inheritance

as Service Outcomes in MRM.

The main differences between EKP and MRM, on the other hand, are: MRM does not
consider the Triggering Event, Constraints (Participants, Date, Time, etc.), and

Educational Context knowledge components.

4.3. TOronto Virtual Enterprise Project

In this section we compare the city knowledge patters with the TOronto Virtual
Enterprise (TOVE) project. The reason why TOVE was chosen as one of the models in
our evaluation is that despite its generic domain, it contains many of the fundamental
concepts, attributes, and relationships that exist in the municipal government domain.
Thus, by comparing our knowledge patterns with TOVE we can assess the usability and
extendibility of such generic ontologies for the municipal government domain. We first
provide a brief description of TOVE. Then, we compare its core ontologies with the city

knowledge patterns.

As Figure 4.731 depicts, the overall structure of TOVE consist of different layers: (i)
The core ontologies that capture the generic characteristics of the enterprise (e.g.,
activity, organization, and resource ontologies), (ii) The derivative ontologies that are
specializations of various classes within some of the core ontologies (e.g., goal ontology
is a specification of the goal class defined in the organization ontology) or a derivative
ontology of multiple core ontologies (such as scheduling ontology which is a derivative
ontology of both Time/Activity and Resource ontology), (iii) The Enterprise ontologies,

which are used to define classes of enterprises (Grunninger, 2003).32

31 This Figure is copied from: (Grunninger, 2003)

32 The Enterprise ontologies are designed to increase the reusability and extendibility aspects of TOVE
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Figure 4.7: TOVE Ontology

Core

Ontologies

The core ontologies of TOVE were developed as part of the Toronto Virtual
Enterprise project (Fox & Gruninger, 1998). TOVE currently includes knowledge
representation of activity, time, and causality (Gruninger & Fox, 1994), organization
(Fox et al., 1995), resources (Fadel et al., 1994), quality (Kim, Fox, & Gruninger, 1995),
cost (Tham et al., 1994), product requirement (Lin et al., 1996), trust (Huang & Fox,
2006), and agility (Griininger et al., 2000). Since Activity, Organization, and Resource
ontologies are most related to the municipal government domain we briefly describe

them.

ontologies for different type of enterprises: the Enterprise Design Ontology to define a template used for
modeling any enterprise. The Project ontology captures the constraints of one-of-a-kind manufacturers, and
the Business Process ontology addresses service-based enterprises.
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The Activity Ontology

In TOVE, an activity is the basic transformational action primitive with which processes
and operations can be represented. An enabling state defines what has to be true of the
world in order for the activity to be performed. A caused state defines what will be true of
the world once the activity has been completed. An activity along with its enabling and
caused states is called an activity cluster, which is used to represent an action (see Figure

4.833).

State State

Figure 4.8: Activity -State Model

States in TOVE define what holds to be true before and after an activity is performed.
There are terminal and non-terminal states. Terminal states associate resources with
activities through the four types of states. These four states reflect how a resource is
related to an activity (use, consume, release, and produce). On the other hand, non-
terminal states enable the boolean combination of states (Conjunction, Disjunction,
Exclusive, and Not). Moreover, the status of a state, and any activity, depends on the
status of the resources that the activity uses or consumes, and all states are assigned a
status with respect to a point in time (i.e., status can have one of the following values:

committed, enabled, disenabled, reenabled, and completed).

An activity specifies a transformation on the world. Its status is reflected in an
attribute called status. The domain of an activity status is a set of linguistic constants:
dormant, executing, suspended, reExecuting, and completed. The status of an activity is

defined by the status of its enabling and caused states.

In TOVE, activity clusters may be aggregated to form multiple levels of abstraction to

define new activities. The predicate hassub-activity is used to denote that an activity is a

33 This Figure is copied from: (Gruninger & Fox, 1994).
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subactivity of an aggregate activity (Gruninger & Fox, 1994), (Fox et al., 1995).

The Organization Ontology

TOVE views an organization as a set of constraints on the activities performed by agents.
An Organization consists of a set of divisions and subdivisions, a set of agents who
consumes organization resources in order to perform organization activities, a set of roles
that the members play in the organization and have authorities with respect to their roles,

and a set of goals that the members (agents) try to achieve (Fox et al., 1995).

The Resource Ontology

TOVE defines a resource’s properties as derived from the role an object plays with
respect to an activity, e.g., raw material, machinery, and information. This ontology is
able to answer competency questions regarding divisibility, quantity, location,
consumption, commitment, structure, and capacity. As mentioned earlier, states associate
resources with activities through use, consume, release, and produce terminal states

(Fadel et al., 1994).

In order to compare the City Knowledge with TOVE, we partition the patterns into 2
categories: (i) Knowledge Patterns that are considered in TOVE: the Service,
Organization, Infrastructure, Public Facility, and Permit Knowledge Patterns; and (ii)
Knowledge Patterns that currently do not exist in TOVE, but could be incorporated into
the extensions of TOVE for the municipal government domain: Citizen, Species,
Education and Complaint Knowledge Patterns. We next discussed each of these

categories.

4.3.1.Knowledge Patterns that are considered in TOVE

Since TOVE is a general domain free model of an enterprise, it does not contain domain
specific concepts. Therefore, the core ontologies in TOVE must be extended to be
compatible with the domain under consideration (municipal government domain). As
indicated above, the SKP, OKP, IKP, PFKP, and PKP are partially embedded in TOVE.

We will discuss each of these knowledge patterns separately.
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4.3.1.1. Service Knowledge Pattern

The activity ontology of TOVE shows similarities with SKP. The main similarities are
listed as follows:
¢ Both SKP and TOVE emphasizes on breaking down services into simple
activities.

* Both models define the relationship between activities and resources.

* Both models define the relationship between activities, organization, and
organization agent.

* Both models control resource access through defining constraints.

¢ Both models define various states and state status for their activities.

On the other hand, the main differences between SKP and TOVE are:

*  While TOVE is represented in FOL, we have used OWL to implement the
patterns.

* The following knowledge components are not considered but can be
represented in TOVE: Triggering Event, Service Alternative, and Service

Outcome.

4.3.1.2. Permit Knowledge Pattern

While permit knowledge patter is not explicitly considered in TOVE, it can be
incorporated through TOVE’s Activity ontology (Gruninger & Fox, 1994). Specifically,
in the Activity ontology, permit can be represented as a process that affects its proceeding
processes/activities, i.e., in the Activity ontology the status of the proceeding activities is

suspended until the status of the Permit activity changes.

4.3.1.3. Organization Knowledge Pattern

Since we use the TOVE Organization ontology as a reference model in proposing the
OKP, these two models are almost identical with an exception that in OKP we have
further defined strategic planning concept such as vision, mission, value and beliefs as

subclass of organization goals.
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4.3.1.4. Infrastructure and Public Facility Knowledge Patterns

TOVE’s Resource ontology is a general ontology for representing resources and assets
within an organization. This ontology provides a general understanding of resources,
their quantity, location, capacity, and etc. It also contains attributes that connect resources
to organization and its agents, who perform an activity. As we discussed in the previous
chapter, such attributes are also present in the IKP and PFKP. However, many of the
concepts, attributes, and knowledge components of these two knowledge patterns are not
represented in TOVE Resource ontology. In particular, attributes such as ownership,
juristic division, physical vs. environmental assets, availability, and accessibility are not

represented in the Resource ontology.

4.3.2. Knowledge Patterns that Currently Do Not Exits in TOVE

Since TOVE is a generic ontology, it does not have domain specific concepts. As a result,
municipal government related knowledge components such as species, compliant,
education, and citizen knowledge patterns are not represented in TOVE. Therefore, to
represent such knowledge components in TOVE, a new set of derivative ontologies must
be developed. Once such ontologies are developed, the relationship between them and

the core ontologies must also be defined.

4.4. SCRIBE Ontology

In this section we evaluate the Scribe ontology (Uceda-Sosa et al., 2011) and its
components using the City Knowledge Patterns. The model is part of the ongoing
research on smart cities by IBM research. Despite its lack of a comprehensive
documentation, we select it as one of the ontologies/reference models in our comparison
for the following reasons: (i) Scribe is the only ontology developed and design to
administrate dynamic aspect of city services, (ii) it is designed based on real data and

scenarios collected from different cities.
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The Scribe ontology is a sematic model of data in smart cities. The model is designed
to provide real time solution for complex situations, in both municipal service delivery
and service administration, under large and dynamic data. The goal of the Scribe
ontology is to acquire data through physical instruments, recognize and integrate similar
pattern from multiple sources, and analyze gathered data for intelligent solutions. The
ontology is represented in OWL knowledge representation language and utilizes other

tools and technologies in order to perform its tasks (Uceda-Sosa et al., 2011).

Figure 4.9 34depicts a schematic representation of the Scribe’s upper level ontology
(Scribe Core Base), which includes the common building blocks (e.g., TimeBase,
Geospatial AndGeopoliticalBase) and the customization ability for each city based on its
specific requirements. The core base ontologies are comprised of various fundamental
ontologies such as time ontology, measurement ontology, and geospatial ontology
(shown in red boxes), which are all modified for the Scribe model. Unfortunately, apart
from the abstract visualization, we could not find the specific details of these modified

ontologies and their inter connection to other core bases.

CoreV2:ScribeCoreBase
CoreV2:AssetAndResourceBase
CoreV2:AuxiliaryConceptBase
Com mon CoreV2:DataAndSystemBase

CoreV2:EntityAndRoleBase

bulldlng CoreVZ:Evem‘An.dMessageBas.e.

. ) L _ CoreV2:MeasurementAndKPIBase
! ] ' e CoreV2:OrganizationAndAdministrativeBase
~ SCRIBE Core Model revE PSS
—A‘« = = = ‘ wm‘ii o CoreV2:ProtocolBase
= == e — I == CoreV2:SecurityAndAccessBase
__Citv Customization. Extension EE— ]
e e Cw—— P

Oraanization/Operation

AssetManaaem
Featur BuildinaAndPa
CoreV2:SolidWasteManagement Transportati
CoreV2:TrashCollection Wat
ClearAbandonedCarPrivate (1) Weath

ClearAbandonedCarPublic (1)
CollectlllegalDumping (1)
CoreV2:BulkCollection
CoreV2:DeadAnimalCollection
CoreV2:RecycleContainersCollection
SuperCans (1)
SeasonalCollection (1)

Figure 4.9: Scribe Core Model

34 This Figure is extracted from “Using Ontologies to make Smart Cities Smarter” slides, Useda et al.,
Semantic Technologies (SemTech) conference, June 2012
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Recently, Scribe CoreBaseV2 was developed to addresses some of the main short
comeings of its first version, i.e., many core bases have been added or extended from V1
to V2 (see Figure 4.10%). As an example, the “SCGEO: GeospatialBase” in V1 is

13

changed to CoreV2:GeoSpatial AndGeopoliticalBase” that adds a geo-political
component to the former core base (Uceda-Sosa et al., 2011). However, it is not clear
whether this change address the essential relationships between federal, provincial, and
municipal governments or is referring to political territory of each municipality by using
an extended version of Geospatial ontology. In reality, many federal or provincial

governments are involved in city services and posses some of the resources that are used

to perform these services.

- ScribeCoreBase (69) 4| CoreV2:ScribeCoreBase
- AundiarvC 18 23 CoreV2:AssetAndResourceBase
uxilaryl.onceptbase ( ) CoreV2:AuxiliaryConceptBase
t CityPhysicalBase (1) CoreV2:DataAndSystemBase
+ EntityRoleBase (25) CoreV2:EntityAndRoleBase
+ EventAndMessageBase (19) CoreV2:EventAndMessageBase
+ CoreV2:GeospatialAndGeopoliticalBase
KPIBase CoreV2:MeasurementAndKPIBase
+ MeasurementBase CoreV2:OrganizationAndAdministrativeBase
+ OrganizationBase (11) CoreV2:PhysicalEntityBase
¥ ProtocolBase CoreV2:ProtocolBase
) CoreV2:SecurityAndAccessBase
+ SCGeo:GeospatialBase (1) CoreV2SenviceBase
t TimeBase (14) CoreV2:TimeBase

Figure 4.10: Different Version of Scribe Core Base
(Left) Scribe Core Base V1,(Right) Scribe Core Base V2

One of the unique aspects of Scribe is that it models city operations as the flow of
events and messages. Every event is a work item that has stakeholders, is a subject of a
message, uses city assets, and relates to one of the service areas through a city
organization or entity. While such definition of city operation seems simple,
comprehensive and precise details of the model are not provided. Specifically, the

relationship between different core bases and how they are interconnected is ambiguous.

35 This Figure is copied from:(Uceda-Sosa et al., 2011)
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Another unique aspect of Scribe is that it addresses the compatibility issue between
government ontologies and government standards. Specifically, it captures some of the
core entities of standards that are related to smart cities such as CAP, UCore, NIEM, and
MISA/MRM (see Figure 4.11°°). Using an integrated message-based model, Scribe links
city data with these standards. However, the main concern of such approach is its
extendibility with respect to each city’s needs (this is a main concern with all government

standards and reference models, since it is a time consuming and cumbersome task).

Adrowledoement At 21 Adnowledges recept and acceptance of the message(s) identified in <re...
ACtualMessage

Aot

Alert

responseType: AlCied
responseType:Assess

responseTypeiAvod

& CArRer MESSA0LS

raft 1 MessageStatus for a prelminary template or draft, not actionable n its cu

0N &nd OTHer eNVIronMEntal events

on of the message(s) identified in <references>; explana

Figure 4.11: Scribe and Government Standards Compatibility (CAP)

Moreover, the level of interoperability and inference reasoning abilities of the
ontology, which are one of the main concerns in ontology design, are not discussed. In
summary, despite the expressive representative language and description logic support of
OWL, it seems that the Scribe ontology only uses some of the basic aspects of OWL,

e.g., class hierarchy, subsumption class, and instance inferencing.

Using the City Knowledge Patterns, we next compare and test the various aspect of

the Scribe ontology.

36 This Figure is copied from:(Uceda-Sosa et al., 2011)



4.4.1. Service in SCRIBE

135

One of the main objectives of the Scribe ontology is to structure and reason about data

related to city services. The CityServiceArea module (shown in Figure 4.1237) is a

simplified and abstract model of municipal services in this ontology.

TR = S o O e S I S =

BuildingService
CityFinanceAndBudgetService
CityOperationsService
CityPlanningAndDevelopmentService
CulturalAffairsService
CustomerService

EducationService
EnvironmentalProtectionService
HumanService
InterDepartmentalService
JusticeAndCorrectionsService
PublicHealthAndMentalHygieneService
PublicSafetyService
PublicUtilityService

Figure 4.12: Organization of City Services in Scribe Ontology

As can be seen, this categorization is general enough to capture all aspect of city

services for both public services and internal services purposes. Moreover, it is general

enough to accommodate the fundamental concepts of government standards (such as

MRM). However, some of the main issues in this module are:

* Despite its emphases on the core bases and their importance, the relationship

between ScribeCoreBase and CityServiceArea is not provided. For example,

consider the CityOperationServices (depicted in Figure 4.1338), which is one of

the important sub classes of CityServiceArea. For this subclass, except for some

symmetric object properties such as associatedtoevent and eventassociatedto,

which attributes different service classes to the event class, the specification of

37 This Figure is copied from:(Uceda-Sosa et al., 2011)

38 The Figure 4.13 is extracted from “Using Ontologies to make Smart Cities Smarter” slides, Useda et al.,
Semantic Technologies (SemTech) conference, June 2012



136

how operation services are related to EventAndMessageBase (see Figure 4.9) is
not clear.
* It seems that the CityServicesArea implicitly captures the concepts of city

organization (this will be discussed in details in the organization section).

CityFinanceAndBudgetService
= CityOperationsService
ElectricityManagementService
FireService
ParksAndRecreationService
PoliceService
+ SanitationService
TelephoneAndTelecommunicationsService
= TransportationAndTrafficService
= PublicTransportationService
+ CharteredPublicTransportationService
PublicBusService
RailService
= TrafficService
RoadMaintenanceAndRepair
TrafficManagementService
= CityPlanningAndDevelopmentService

Figure 4.13: City Services in Scribe Ontology

We next list the main differences between SKP and the Scribe ontology:

1. The main difference between the knowledge components of service presented in
SKP and Scribe is their different view of city service and its processes and
activities, i.e., SKP is activity based whereas Scribe is event base. Specifically,
Scribe emphasizes reasoning based on instances of city services, while the
emphasis of SKP is on showing the high degree of similarity between activities
in different services.

2. It seems that Scribe ignores the entire concept of service constraints and their
effects on city services. Specifically, service constraints are not considered as
one of the main components of city services.

3. As discussed in Section 3.3.1, an important aspect of city services in SKP is
Service Alternative. While the knowledge component can potentially increase

service delivery efficiency, Scribe does not include it as an attribute.
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Note that due to lack of documentation, we cannot analyze and compare the resource

aspect of city services discussed in SKP with that of Scribe.
4.4.2. Permit in SCRIBE

As discussed in section 3.3, permit is a type of city services. More accurately, it is one of
the processes or activities required for service occurrence. While such processes could
effect or suspend city service delivery, we found no indication that Scribe considers the

knowledge components of permit.
4.4.3. Organization in SCRIBE

The concept of municipal organization as we define in OKP is not applied in Scribe.
Specifically, while the main components of OKP are service activities, city organizations,
and city resources that are linked with one another through the city organization agent
component, the Scribe links it stakeholders, resources, organization, and entities

separately to its EventAndMessageBase.

Moreover, while the OrganizationAndAdministrativeBase class in the
ScribeCoreBase may be related to some of the OKP components, we are unable to make
a comparison due to a lack of sufficient documentation. Furthermore, we also observed
some evidence that Scribe defines relationship between concepts of agency and city
departments, and their connection with city services. However, it is not clear whether
these concepts are part of CityOperationServices, CityOrganizationAndAdministration

core, or belong to another part of Scribe.

Both OKP and Scribe assume that cities own their data, and that the city data is not
necessarily connected. However, unlike Scribe, OKP accommodates data sharing

between different cities, their province, and/or their federal government.
4.4.4. Infrastructure and Public Facility in SCRIBE

As depicted in Figure 4.10, Scribe has a core class “AssetAndResourceBase”, which
defines city resources and assets. Due to the lack of documentation, it is not clear whether

these resources are described as simple resource or specified as infrastructures and public
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facilities, whether they are distinguished as public or private asset, have jurisdiction

ownership, or if they represent other knowledge components of IKP and PFKP.

Moreover, the ontology does not explain the ability of inference reasoning for its
AssetAndResourceBase. As a result we cannot discuss the inference reasoning aspect of

this core as we did in the TOVE resource ontology.
4.4.5. Citizen in SCRIBE

The components of the Citizen Knowledge Pattern are not discussed in the Scribe
ontology. Moreover, the concept of entity or person considered in Scribe, which could be
a stakeholder, is very general and ambiguous to characterize knowledge components and

attributes of the CKP.

4.4.6. Education in SCRIBE

Scribe defines education as a type of city services. However, the knowledge components
described in the EKP such as: Triggering Event and Educational Context in the city

services (As discussed in Section 3.9.2) are not considered in the Scribe ontology.
4.4.7. Complaints/Compliments in SCRIBE

There are similarities between CoKP components and the knowledge inheritance of
complaint in the Scribe ontology. In both Scribe and the CoKP complaint has a service
category, topic (object or entity), location, date, time, receiving division, and an agent
who is in charge of following the complaint/compliment. However, due to the lack of
citizen knowledge representation in Scribe, it does not represent the information of the

complainer.
4.4.8.Species in SCRIBE

In Scribe, species, its categorization, or its knowledge components as we observe and
discuss them in the SeKP or in any other form (i.e., different categorization, specific or
separated service categorization, additional data about animal related city services) is

completely ignored.



139

4.5. Conclusion

In this chapter, we presented a comprehensive evaluation of the coverage of four
established ontologies and reference models using the City Knowledge Patterns. The

following table summarizes our evaluation:
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Medical, and
Automobile
Cl;g;“ Cgﬁggsiznt&f:egszr Not Considered Not Considered Not Considered
the personal
information privacy
(Authority/Accessibility
) is not considered
Similar knowledge
components except for
Edué;twn Not considered ]]::r(ii;;zlizga]{j\?eﬁtjga Not Considered Not Considered
Constraints( Participants,
Time, Date, etc.)
Similar Knowledge
Complaint / Not considered, but has . . . Components, except
Compliment KP the potential to extend Partially Considered Not Considered for the complainer
info.
Species . . . . .
KP Not Considered Partially Considered Not Considered Not Considered
Representation OWL/OWL-S/WSMO Informal FOL OWL

Table 4.1: Comparative Evaluation of Existing Reference Models/Ontologies based on City
Knowledge Patterns for City Domain

39 Note that the documentation regarding the specification of the Scribe Ontology was limited and some of
its characteristics might not be considered in this comparison.




Chapter 5

Conclusion

In this final chapter, we summarize the work presented in previous chapters, re-state the
major contributions of this dissertation, and present some possible directions for future

work.

5.1. Summary and Contributions

Identifying City Knowledge Patterns to represent the embedded knowledge components
in the city domain: In Chapter 3, we use the Toronto 311 knowledgebase webpages as a
basis for determining the concepts that must be represented in a reference model or an
ontology if it is to be used for representing municipal knowledge. We identify nine
different patterns of recurring municipal knowledge and presented a formal
representation of them using description logic, which we implemented using the

Ontology Web Language (OWL).

Evaluating the conceptual coverage of four existing government ontology/reference
models: In Chapter 4, using the City Knowledge Patterns, we evaluate the coverage (the
models’ content cover of the knowledge defined in the CKPs) of four ontologies and
reference models in the municipal government domain. This chapter illustrates how the
City Knowledge Patterns can be used as a tool for informal conceptual comparison of city
government ontologies/reference models represented in different representation
languages.

We believe the CKPs can be used to identify the knowledge coverage of other

government ontologies and reference models.

138
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Future Work

Four important future research directions on City Knowledge Patterns (CKPs) are:

1.

5.3.

Recall from Chapter 3 that the presented CKPs are the main knowledge patterns
extracted from the 311 knowledgebase. However, there may exist other
knowledge patterns not recognized in our framework. Therefore, by further
investigating the existence of other potential knowledge patterns, it may be
possible to define new patterns, thus increasing the scope of the CKP. For
example, it would be interesting to investigate the existence of knowledge
patterns that represent the relationship between the municipal government with its
business partners and the provincial and federal governments.

Using the CKPs to represent the Toronto 311 knowledgebase webpages to
increase the level of semantics and improve automated reasoning ability of the
knowledgebase.

In Chapter 4, we evaluated four established models in the city domain. It would
be interesting to evaluation other city models/ontologies, using the CKP
framework.

Further work can be done on completing the axiomatization of the CKP ontology

and extending it to capture additional knowledge patterns and their concepts.

Conclusion

The main focus of this research is to identify the concepts required to represent municipal

knowledge. Based on our analysis of Toronto 311 web pages, we were able to identify

nine patterns of knowledge: service, permit, organization, infrastructure, public facility,

citizen, education, complaint/compliment, and species. We then used these patterns to

determine the extent to which four existing reference models and ontologies can represent

municipal knowledge, as defined by the Toronto 311 KB. With these patterns, it is now

possible to evaluate how well a reference model or ontology meets the need of a

municipality. Finally, we provide a formal representation of these patterns using OWL.
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