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Providing an Ontology for Extracting Functional
and non-Functional Software Requirements of an

Online Sales System*

Houbakht Attaran!, Esmaeil Kheirkhah?

ABSTRACT- Incomplete and costly requirements extraction,
especially for complex systems such as online sales applications
within the smart city ecosystem, remains a major challenge in
software engineering. Requirements engineering in smart city
software is often considered the ""missing link™ in development
methodologies. While ontologies have been proposed to address
this, issues with relationship definition and non-functional
requirement (NFR) extraction persist. This paper presents a
comprehensive ontology for an online sales system as a case study.
We detail a structured methodology for ontology development and
demonstrate its efficacy. The results, compared with data from
four commercial software producers, show that the ontology
extracts functional and non-functional requirements with high
coverage, leading to significant savings in extraction time, project
implementation, costs, and reduction of late-stage changes.

Index Terms- Development Methodology, Ontology,
Requirement Engineering, Smart city, Software Development
Lifecycle.

INTRODUCTION

The timely and accurate extraction of both functional and non-
functional requirements is a persistent challenge in software
development, particularly for large-scale applications like those
in a smart city. A smart city, built upon the Internet of Things
(1oT), requires a comprehensive model to describe its entities,
features, and their interactions. An ontological description can
identify software classes, their relationships, properties, and
interactions, forming a structural basis for determining
comprehensive software requirements.

Software designed for a smart city integrates human, physical,
and digital systems. However, existing integration methods
often result in isolated "island" applications that lack
interoperability, suffer from data redundancy, and face potential
conflicts. This fragmentation makes identifying common
requirements difficult. The lack of clarity in required features,
services, and classes challenges software architectures and
methodologies, often leading to project failures.
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Various factors contribute to the failure of projects based on
information technology system. Graphl shows these factors
and the extent of each role and Graph 2 identifies main sources
of failures in projects.
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Graph 1: The impact of various factors on the failure of IT based
projects (CHAOS 2021)
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Graph 2: The main sources of errors in projects (CHAOS 2021)

As evident from these analyses, a significant percentage of IT
project failures stem from weaknesses in requirements
identification and management. Extracting requirements is
time-consuming, costly, and often incomplete at a project's
outset, especially for non-functional requirements (NFRs). The
core problems include:

1. Time-consuming requirements extraction.
2. Incompleteness of extracted requirements.
3. High cost of requirements engineering.
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4. The particular challenge of identifying NFRs early.

To address these issues, this paper proposes and evaluates the
use of ontology. Ontologies play a fundamental role in the
standard description and sharing of domain knowledge [1]. The
primary challenges in designing a requirements extraction
ontology lie in determining classes, their relationships,
properties, and methods. This article contributes a novel
ontology for an online sales system, detailing its development
methodology and evaluating its performance against industry
practices. The results indicate substantial improvements in
requirement coverage, especially for NFRs, and significant
reductions in time, cost, and project churn.

RESEARCH BACKGROUND

This section reviews literature in three focused areas:
ontologies in requirements engineering, ontologies in e-
commerce/smart cities, and foundational smart city
frameworks. The concept of a "smart city" has evolved over
decades, with definitions varying based on community needs
and technological context [2]. Our previous works [3] [4]
provide an ontology-based platform for determining high-level
software classes in a smart city, which serves as the foundation
for this study.

Requirements engineering is widely recognized as a critical
challenge, often termed the "missing link" in software
development methodologies, especially for large projects [5].
Agile methodologies, while popular, also face significant
requirements engineering challenges [6].

Ontologies have been applied to structure knowledge in specific
domains. In education, ontologies like OntoGamif [7] and
instructional design frameworks [8] model domain concepts. In
healthcare, ontologies integrate data from heterogeneous
devices [9] or model smart healthcare systems (SHCO) [10].
For intelligent transportation, ontology-based architectures
describe system components [11]. In urban planning, ontologies
aid building energy modeling [13] and social theory analysis
[12].

Closer to our focus, ontologies are increasingly used in systems
engineering and requirements management. Recent work
includes ontologies for Al-powered system requirements (Al-
REM) [14], ontology-based explainable Al in manufacturing
[15], and ontology embedding techniques [16]. Other studies
explore ontology-based search systems [17], knowledge graphs
for infrastructure resilience [18], and advanced ontology
modeling frameworks [19] [20]. Research also addresses
transforming safety requirements into ontological knowledge
[21], creating digital threads for systems engineering [22],
model-based safety analysis [23], and functional analysis [24].
Large-scale spatial knowledge graphs also rely on robust
ontologies [25].

Despite these advances, a review of the literature reveals a gap:
there is a lack of a detailed, practical ontology specifically
designed to systematically extract both functional and non-
functional software requirements for a concrete system within
the smart city domain. This work aims to fill that gap.

METHODOLOGY

This section details the structured, multi-phase methodology
employed to develop and evaluate the requirements extraction
ontology.

A. Ontology Development Process
The ontology was developed using an iterative, expert-driven
approach:

1. Class ldentification: Core classes (e.g., Administrator,
Customer, Online-Shop, Goods) were identified through
analysis of standard online sales system features and
consultations with three domain experts each having over 15
years of experience in e-commerce software development.

2. Hierarchy and Relationship Definition: The class hierarchy
and relationships (e.g., is-a, has-a) were defined. The high-level
smart city ontology from our prior works [3] [4] provided the
foundational superclass (Store) for the Online-Shop class,
ensuring alignment with a broader smart city context.

3. Property and Constraint Specification: For each class, Object
Properties (relationships between instances) and Data
Properties (attributes like hasName, hasPrice) were added.
Crucially, properties to capture NFRs were explicitly defined,
such as hasMaxResponseTime (Data Property),
requiresAuthentication (Object Property constraint on an
action), or hasAvailabilityRequirement.

4. Tool and Implementation: The ontology was formally
constructed using Protégé (version 5.5.0), enabling precise
definition in OWL. This allowed for logical consistency
checking and the use of reasoning.

B. Requirements Extraction Mechanism
Requirements were extracted programmatically:

1. The populated ontology was exported as an RDF graph.

2. Custom SPARQL queries were designed to traverse the
graph. Different query patterns targeted different requirement
types (see Table 1).

3. Functional requirements were primarily derived from queries
about class methods, actions (canPerform), and sequences of
operations.

4. Non-functional requirements were derived from queries
about Data Properties encoding quality attributes (e.g.,
hasMaxResponseTime < 2s) and conditional Object Properties
(e.g., performAction X only if requiresAuthentication is true).

C. Evaluation and Comparison Method
To validate the ontology's effectiveness, a comparative analysis
was conducted:

e Data Source: Historical project data was collected
from four software companies (labeled C1-C4)
specializing in online sales systems. The data included
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final requirement specifications, project timelines, and
cost breakdowns.

e Comparison Metrics: The ontology's output was
compared against the companies' final, implemented
requirements on several metrics: total functional &
non-functional requirements,  time/cost  for
requirements phase, and the percentage/cost of
changes due to late-discovered requirements.

e Analysis: Quantitative comparison was supplemented
with qualitative analysis to interpret differences in
requirement granularity and classification.

IMPLEMENTATION AND RESULTS OF THE
PROPOSED ONTOLOGY
Based on the methodology, a detailed ontology for an
online sales system was implemented. The overarching
smart city ontology from our prior work [4] providing the
context is shown in Figure 1.
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Figure 1: Proposed ontology of smart city [4]

The core ontology for the online sales system, showing main
classes and relationships, is presented in Figure 2.
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Figure 2: Proposed Ontology for Online marketing

The following figures (Fig3-Fig9) illustrate the detailed
structure for key classes, showcasing properties, methods, and
inheritance:
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aomnsst@tor SubClassOf can_wew_cusiomer_performance_report some
onineshop

admnsstator SubClassOf must_access to_all storages some stare
adminstator SubClassOf can_see the_inventory_of_the goods some
onine-shop

admnstator SubClassOf must_suppit multplatiorms some store
admnsstmtor SubClassOf can_credte new_siorage some storage
aominstmtor SubClassOf can_send_prompt_customers some onlne-shop
administator SubClassOf can_update_the_inventory_of the_goods some
onlineahop

admnistmator SubClassOf must_ensure_secusty by preventing_attacks some
store

admnsstator SubClassOf can_suppont multngualiam some onkine-shop
adminstator SubClassOf can_add_goods to_sie some onine-shop
adminst@tor SubClassOf must_be_wserrendly some siore

SubClassOf _and_slorage
admnstmatar SubCiassOf can_emove_goods_from_ste some onkne-shop
aoministmtor SubClassOf can_see the kst of orediors some cashbox
aommstmtor SubCiassOf can_waste_goods some ondne-shop
admnistmtor SubClassOf must_be _acoessable in_the_pre-define percetage some
slore

aomnstator SubClassOf can_eddt discount_code Some cashbox

asmnistmtor SubCiassOf can_see dally sales_mportsome cashbox

aomnsstmtor SubClassOf can_wew_the sdes report of a_product some

online-shop

aomnstator SubClassOf can_eddt invoices some onine-shop
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slore

asmnstator SubClassOf can_defne_payment_gateway some cashbox
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admnistator SubClassOf can_ssue_invoioes some online-shop

aomnstator SubClassOf can_omit_a good_from_site some online-shop

adminstmtor SubClassOf can_move_goods_between_storages some storage

asministator SubClassOf oniine-shop
SubCiassOf

_and_siore some cashbox
aomnstator SubClassOf can_gve dscount_oode some cashbox
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Disjoint classes:

Figure 3: Methods and use cases for Administrator class

‘cashbox SubClassOf onfine-shop {\\\\ ﬁ///
Disjoint classes: \‘g 7
DisjointClasses: administrator, cashbox. customer, goods, storage. supplier

Figure 4: Online-shop class with store superclass Figure 5: cashbox class with online-shop superclass and disjoint classes
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Superclasses: E/ /i;;/
supplier SubClassOf can_get_back_goods some online-shop =~
supplier SubClassOf online-shop g/

supplier SubClassOf administrator_and_store some onlina-shop
supplier SubClassOf can_supply_goods some online-shop
supplier SubClassOf can_pay_back_money soma cashbox
supplier SubClassOf can_define_payment_type some cashbox
supplier SubClassOf can_gel_money somsa cashbox
supplier SubClassOf customer_and_onlinashop some cashbox
supplier SubClassOf administrator_and_storage some online-shop
supplier SubClassOf can_replace_goods somea online-shop
Disjoint classes:
DisjointClasses: inis cashbox, , goods, storage, supplier

Figure 6: Supplier class with superclass, disjoint classes and methods

storage SubClassOf online-shop goods SubClassOf online-shop
Disjoint classes: Disjoint classes:
DisjointClasses: administrator, cashbox, customer, goods, storage, supplier DisjointClasses: administrator, cashbox, customer,

Figure 7: Storage class with superclass and disjoint classes Figure 8: Goods class with superclass and disjoint classes
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omer
Superclasses:
customer SubClassOf can_retrive_password some onfina-shop
customer SubClassOf can_see_goods_incatagaries some goods
customer SubClassOf can_adit_information some online-shop
customer SubClassOf can_get_money some cashbox
customer SubClassOf can_authenticate soms online-shop
customer SubClassOf can_define_new_address_for_deiivery some goods
customer SubClassOf can_remove_goods_from_shopping_cart some goods
customer SubClassOf can_track_stalus_of_the_order some online-shop
customer SubClassOf can_see_purchase_histary some online-shop
customer SubClassOf can_read_others_comments some onfine-shop
customer SubClassOf can_return_goods some goods
customer SubClassOf can_comment_an_the_goods some anfine-shop
customer SubClassOf can_register some online-shop
customer SubClassOf can_buy_goods._in_shopping_cart some goods
customer SubClassOf can_add_goods_to_shopping_cart some goods
customer SubClassOf can_cancel_pre-purchase some online-shop
customer SubClassOf can_change_goods some goods
customer SubClassOf can_pre-pu _the_good some shop
customer SubClassOf can_confim_final_delivery some goods
customer SubClassOf can_change_password some onlina-shop.
customer SubClassOf online-shop
customer SubClassOf can_edit_reservation some oniine-shop
customer SubClassOf can_reserve_good some onlina-shop
customer SubClassOf can_sae_all_goods_onsorted some goods
customer SubClassOf can_define_payment_type some goods
customer SubClassOf can_define_payment_type some cashbox
customer SubClassOf can_pay_monay some cashbox
customer SubClassOf can_change_goods_in_shopping_cart soma goods
customer SubClassOf can_edit_pre-purchase some online-shop.
customer SubClassOf can_cancel_reservation some onfine-shop
Disjoint classes:
DisjointClasses: administator, cashbox, customer, goods, storage, supplier

Figure 9: Customer class with superclass, disjoint classes and methods

Table 1: Examples of SPARQL Queries for Requirements Extraction.

Query Purpose

Sample SPARQL Pattern

Extracted Requirement Type

List all actions of a class

SELECT ?action WHERE { :Admin :canPerform ?action }

Functional (Admin
capabilities)

Find entities  with
performance constraints

SELECT ?entity WHERE { ?entity :hasMaxResponseTime ?time .
FILTER (?time < 2000) }

Non-Functional (Performance)

Find preconditions for
an action

SELECT ?precond WHERE { :ProcessOrder :requiresAuthentication
?precond }

Non-Functional (Security)

Using the ontology and SPARQL queries, requirements were
extracted. Samples of the output are shown in Figures 10 -13:
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Explanation for: admin Type
admin can_issue_invoices online-shopping
can_issue_invoices Domain administrator
administrator SubClassOf online-shop
online-shop SubClassOf store

Explanation 17

Display laconic explanation

Explanation for: admin Type store
admin a-tel "admin-tel"xsd:string
a-tel Domain administrator
administrator SubClassOf online-shop
online-shop SubClassOf store

Explanation 18

Display laconic explanation

Explanation for: admin Type store

admin can_create_new_storage onlineshop-storage
can_create_new_storage Domain administrator
administrator SubClassOf online-shop

online-shop SubClassOf store

Explanation 19

Display laconic explanation

Explan

or: admin Typ

admin can_define_payment_gateway store-cashbox
can_define_payment_gateway Domain administrator
administrator SubClassOf online-shop

Anlina fhan Cuhflaceanf atarn

Figure 10: Part of Admin functional requirements

online-customer can_see_all_goods_onsorted product
customer SubClassOf online-shop
can_see_all_goods_onsorted Domain customer
online-shop SubClassOf store

Explanation 3

Display laconic explanation

Explanation for: online-customer Typ
online-customer can_retrive_password online-shopping
can_retrive_password Domain customer
customer SubClassOf online-shop
online-shop SubClassOf store

Explanation 4 Display laconic explanation

Explanation for: online-customer Type store
online-customer can_read_others_comments online-shopping
can_read_others_comments Domain customer
customer SubClassOf online-shop
online-shop SubClassOf store

Explanation 5

Display laconic explanstion

Explanation for: online-c

ner Type
online-customer can_remove_goods_from_shopping_cart product
can_remove_goods_from_shopping_cart Domain customer
customer SubClassOf online-shop

Figure 11: Part of customer functional requirements

Explanation 1

Display lsconic explanstion

Explanation for: product-supplier Type store
product-supplier Type supplier
supplier SubClassOf online-shop

online-shop SubClassOf store

Display lsconic explanstion

Explanation 2

Explanatio ct-supplier Typ

re

n for: pre
product-supplier can_define_how_to_get_money store-cashbox
supplier SubClassOf online-shop
can_define_how_to_get_money Domain supplier

online-shop SubClassOf store

Explanation 3

Display laconic explanation

Explanation for: product-supplier Type store

product-supplier can_get_back_goods online-shopping
supplier SubClassOf online-shop
can_get_back_goods Domain supplier

online-shop SubClassOf store

Explanation 4 Display laconic explanation
Explanation for: product-supplier Type store

product-supplier s-adds "supplier address™xsd:string

supplier SubClassOf online-shop
s-adds Domain supplier

Figure 12: Part of supplier functional requirements

Explanation for: NFRs Type store
must_provide_a_response_time_of_less_than_define_time Range store
admin must_provide_a_response_time_of_less_than_define_time NFRs

Explanation 8

Display laconic explanation

Explanation for: NFRs Typ

must_ensure_securite_with_encryption Range store
admin must_ensure_securite_with_encryption NFRs

Explanation 9 Display laconic explanation

Explanation for: NFRs Type store
must_supprt_multiplatforms Range store
admin must_supprt_multiplatforms NFRs

Explanation 10 Display laconic explanation
Explanation for: NFRs Type store
admin must_be_user-friendly NFRs
must_be_user-friendly Range store

Explanation 11

Display laconic explanation

Explanation for: NFRs Type store
must_be_accessable_in_the_pre-define_percetage Range store
admin must_be_accessable_in_the_pre-define_percetage NFRs

Figure 13: Part of non-functional requirements.

A SPARQL query (COUNT on owl:ObjectProperty) shown in
following code, determined the ontology could yield 79 distinct
requirement elements (Figure 14).

PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#>
PREFIX owl: <http://www.w3.0rg/2002/07/owl#>

PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>
PREFIX xsd: <http://www.w3.0rg/2001/XMLSchema#>
SELECT (COUNT (DISTINCT ?p) AS ?totalProperties)
WHERE {

?pa owl:ObjectProperty

}



COMPARISON AND PROOF OF EFFECTIVENESS
totalProperties
“T9"M<http:lwww.w3.0rg/2001/XMLSchematinteger= The ontology's performance was compared against the final
project outcomes of four companies (Companyl-Company4).
The key comparison is between the total requirements
Sample instances extracted via queries like the following query, identified by the ontology and the total requirements ultimately
are shown in Figures 15 & 16. Also, the following code snippet ~implemented by the companies. The evaluation metrics are

Figure 14: Number of extracted requirements

was used in SPARQL to extract the requirements: defined in Table 2.
PREFIX rdf: <http://www.w3.0rg/1999/02/22-rdf-syntax-ns#> e Number of functional requirements extracted during
PREFIX owl: <http://www.w3.0rg/2002/07/owl#> project execution (Np)

EEEE& ;cizs :r:mtttﬁllllwwwwv\:lv\yvv; grrgllgggf/g(zll\zrg-sﬁsﬁqn;;? ¢ Total number of non-functional requirements (Nnon)

SELECT ?individual 2type o Total number of final requirements (Ntotal)

WHERE { ¢ Total time spent on requirements extraction (Te)

?individual a ?type . Cost spent on requirements extraction (Ce)

¥ Percentage of changes in design and implementation with
discovery of new requirements (CHp)

T e Time required to implement changes (Tch)
individua ; .
customer_and_onlineshop e Cost spent on implementing changes (Cch)
can_pre-purchase_the_good
can_get_money
can_edit_information i
can_define_how_to_get_money Table 2: Comparative parameter values
can_omit_a_gooq_from_siFe olalalnla
can_see_goods_incatagories Eie|ele|e
; EIE|EE
customer_and_onlineshop _0_.;-5 = e e
can_reserve_good q?, EIEBIBIB
hange_goods_in_shopping_cart <EIEE=
can_change_g —In_shopping_| SN DIV N
can_see_purchase_history
can_view_supplier_performance_report ol|w||w]z
can_pay_back_money 1= | 19T
can_remove_a_storage
; R e e )
can_see_purchase_history e
must_ensure_securite_with_encryption 8
can_change_goods_in_shopping_cart
' 1|20~y
can_see_the_list_of_debtors clalel2 s é
can_change_goods =1
. . )
Figure 15: A sample of extracted requirements by SPARQL v
vt s | CD | \O | 4=
=1FN = :;]
individual © “
can_edit_information oll=||m|A
can_see_goods_incatagories —_ w|to|in|o
can_calculate_profit_and_loss
i i O e s (OO
can_change_goods_in_shopping_cart SlaI®is 2
can_get_back_goods S d° ° 69'5'
can_see_the_list_of_creditors
can_create_new_storage (=R N L L N
NN O A
can_send_prompt_customers =
can_change_goods
can_support_multilingualism ope o ] Q
can_reserve_good =

must_be_user-friendly

can_supply_goods

can_edit_pre-purchase The following charts visualize the comparison:
customer_and_onlineshop

must_provide_a_response_time_of_less_than_define_time

can_see_daily_sales_report

must_supprt_multiplatfiorms

can_comment_on_the_goods

can view periodic sales report

Figure 16: Another sample of extracted requirements by SPARQL
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CHp
Np

Ontology Co1 Co2 Co3 Co4

Ontology Co1 Co2 Co3 Co4
Chart 6: Percentage of changes in design and implementation due to discovery

Chart 1: Number of functional requirements extracted during of new requirements
project execution

Nnon Tch

3 =
Co3 Co4

Ontology Cofl Co2 Ontology Coft Co2 Co3 Co4

Chart 7: Time required to make changes

Chart 2: Total number of non-functional requirements

Ntotal
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Chart 3: Comparison of Total final requirements

Ontology Co1 Co2 Co3 Co4

T
¢ Chart 8: Cost spent on making changes

120

100

? DISCUSSION
This section interprets the results, addresses the research
questions, and examines the study's limitations.
Co3 Co4

Ontology Col  Co2 A Interpretatio_n of Result_s
i i i ) The comparative analysis shows that the ontology-based
Chart 4: Total time spent extracting requirements . Lo . .
approach identified a comprehensive set of requirements early
in the lifecycle. Key findings include:

&

&

Ce

e High Coverage: The ontology's total requirement
count (79) closely aligns with or exceeds the final
requirement count of the companies (range: 72-82),
indicating high coverage. The slightly higher count in

_— some cases is attributed to the ontology's more

granular  decomposition of some composite

requirements.

Ontology Co1 Co2 Co3 Co4
Chart 5: Cost spent on extraction requirements



e Early NFR Identification: As shown in Chart 3, the
ontology successfully identified a substantial set of
NFRs upfront, whereas companies discovered many of
these later during development (contributing to CHp).

o Efficiency Gains: Charts 5, 6, 8, and 9 demonstrate
dramatic reductions in time and cost for both the initial
requirements phase and for implementing changes,
directly addressing the core problems outlined in the
introduction.

B. Answering the Research Questions
The study set out to address the challenges of requirements
engineering for smart city software. The results confirm that:

e A well-structured ontology can systematically extract
both functional and non-functional requirements.

e  This method leads to more complete early requirement
specifications, reducing late discoveries and their
associated costs.

e The approach is practically effective, as evidenced by
favorable comparisons with industrial practices.

C. Threats to Validity

e Construct Validity: The use of "number of
requirements" as a primary metric may not fully
capture requirement quality or priority. Future work
should include qualitative assessments by
practitioners.

e Internal Validity: The study relies on historical data
from a limited number of companies (four). While
efforts were made to verify data accuracy, potential
recall bias exists. The ontology's development
involved expert judgment, ~which introduces
subjectivity, though we mitigated this through
multiple experts and iteration.

e External Validity: The current evaluation is focused on
the online sales domain within the smart city context.
Generalizability to other smart city subsystems (e.g.,
smart grid, traffic management) requires further
validation through additional case studies.

CONCLUSION AND FUTURE WORK

This paper presented a novel ontology-based framework for
extracting software requirements, demonstrated through an
online sales system case study. By detailing a rigorous
methodology and providing a fair comparison with industrial
data, we showed that the approach achieves high requirement
coverage, particularly for non-functional requirements, while
generating significant savings in time, cost, and project
instability.

Future work will focus on: (1) extending the ontology to other
smart city domains to test generalizability, (2) developing a
semi-automated tool that integrates this ontological approach

into standard requirements management platforms, and (3)
conducting longitudinal studies to measure the impact on
project success rates.
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