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Abstract

Electronic commerce (e-commerce) is getting more and more important in people’s every day shopping
routines. Vendors who want to establish an online channel besides their traditional retail practice have to
integrate the two supply chains. The underlying information technology systems should be able to support the
integration of the new and old processes. While reference models are a popular means in designing this type of
systems, the existing reference models in the field of e-commerce only give insight into the business processes
and ignore the entire enterprise architecture. In this paper we address the lack of such a comprehensive
reference architecture. Based on a systematic literature review, on current trends, and best practices in e-
commerce landscapes we derive a reference model for service-oriented e-commerce architectures. The
proposed architecture integrates new business partners and customers into the internal processes.

Keywords: E-commerce, Systematic literature review, Reference model, Reference architecture,
Systematic literature review, Reference model, Reference architecture, Enterprise architecture
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1 Introduction

Market reports show a significant (above average) increase of online sales. While traditional retail sales are declining,
[9] reports a continuous growth in the e-commerce market since 2007 with a raise of 8% in the first quarter of 2013.
The success of this relatively new distribution channel seems to be dependent on the supply-chain performance from
the supplier to the package delivery service. Without a proper coordination of these processes, effects like out-of-
stock or higher prices will influence the customer satisfaction, customer loyalty [59], [70], and, eventually, the
retailer’s financial performance [78].

This coordination is made possible for each and every e-commerce company by different software components with
specific functionality. A single e-commerce transaction involves many software components that provide different
services such as searching and browsing products, initiating a transaction or payment of an order. Often these
components are bundled into a single software application which makes it challenging to change or add services to
the existing landscape. However, in recent years the lack of flexibility of the monolithic software platforms has been
addressed through a new software development paradigm, namely the service-oriented architecture approach [54].

Similar to the growth of the online market, the sheer amount of approaches and technologies has increased as well.
This makes the development of an aligned, change responsive, and efficient software architecture more difficult.
Especially small retailers that want to establish an e-commerce channel along with their traditional business struggle
to overlook the large amount of available products and architectures, from both the functional and technical expertise
points of view. The emergence of technologies such as cloud computing, and approaches like service-orientation
complement and compensate traditional silo applications, but still require a profound understanding of many
technical and architectural aspects.

The change and the variety of the user needs is another source of challenge. One can expect, that users shift more
and more in their expectations from an old-fashioned web application to a fully-functioning mobile application. With
this development offline and online shopping experience will merge and bring new challenges and opportunities for
retailers. According to [25], 56% of the European Union citizenships are expected to buy goods using e-commerce in
2015. Following the internationalization, additional challenges and competition for e-commerce companies exist.
These challenges range from supply, delivery to the payment issues. According to [75], the dropout rate because of
the mode of payment varies between 1% and 88%. Given the fact that the preference for different modes of payment
differs significantly per country (e.g., the Dutch’s prefer their national solution iDEAL [10] while Germans prefer to
purchase on account [75]), satisfying the customer is an ongoing challenge.

The emerging challenges can be summarized, as lack of:

e Flexibility of the existing, monolithic systems

e Insight into all application and technology components due to the lack of existing reference architectures
e Knowledge regarding the impact of emerging technologies on current architectures

e Integration between online and offline channels

The concept of service-orientation is able to overcome these challenges as it makes currently bundled services
explicit, and gives insights into what components existing architectures are built upon. It also allows to plan and
implement new technologies and the integration with other previously separated systems. In order to come up with a
suitable service-oriented reference model for e-commerce first an overview of all the architectural building blocks and
offerings is required. Such an overview allows for making the right choices when designing an e-commerce
architecture and is therefore put forward as research goal of this study. In the remainder of this paper we discuss
currently used e-commerce architectures and derive best architectural practices from them. The term architecture is
used here in a broad sense, as "the fundamental organization of a system embodied in its components, their
relationships to each other, and to the environment, and the principles guiding its design and evolution" [40]. Our
main contribution is an exhaustive study of the literature on e-commerce architectures, which is complemented by an
E-Commerce Reference Architecture (ERA) that extends the known models with a concrete catalog of architectural
artefacts and their relationships. The proposed architecture gives an overview of the functional building blocks which
are required to fully support the execution of an e-commerce transaction and of all other related activities (e.g.,
fulfilment, customer support, returns, etc.). It should be noted that we are not concerned with the exact
implementation of the afore-mentioned building blocks, as we assume (in the vein of the service-orientation thinking)
that such concrete implementations might be available on the market in the form of (web) services (e.g., payment
services). For the formal specification of the proposed reference architecture we choose to use the international
architecture modeling standard ArchiMate [37].
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The amount of literature on e-commerce is vast and the relevant information is scattered. Additionally the main
themes of this study, such as platform, architecture or services tend to be overloaded as they are applied
distinctively across the different subdomains of information system research: architecture can refer to business or
enterprise architecture, to application architecture in the context of software engineering but also to infrastructure
architectures, such as networking or even hardware. Thus the chosen approach for this study has to be extensive to
the extent that no relevant publications are overseen and strictly selective to limit the scope to the research
questions. Thus, we carry out a systematic literature review, such as proposed by [45], which defines two distinct
phases for the search strategy and the study selection. We apply a double coding strategy to minimize subjectivity
during the selection phase. The data extraction goes beyond a list of discussed categories and themes in e-
commerce, as we are going to derive a reference model based on our findings. For the introduction of a new
reference architecture we are going to make use of design science research methodology as covered in [57].

2 Research Design

Our research is twofold and it combines a literature study, which aims at identifying the current state of the art in e-
commerce architectures with the development of a reference architecture. For this purpose, a multi-method
approach is applied consisting of a systematic literature review nested into a design science research cycle.

Figure 1 visualizes the process we followed in this study: The design science research methodology described by
[57] includes the following phases: 1) problem identification, 2) definition of objectives, 3) the development of an
artifact, and 4) its validation. The artifact that is proposed in this study is an architectural model that outlines all the
building blocks for an e-commerce solution and is based on the architectures proposed in current academic
contributions in the field of e-commerce. The list of relevant literature and its categorization is presented as an
intermediary artifact prior to the development of the actual architecture.

To systematically analyze the existing literature we follow the approach of [45]. This means that the process
incorporates three steps: study selection, study qualification, and data extraction. The study selection is further
divided into the definition of search criteria, the collection of the papers, and the application of the selection criteria.

First Selection Phase , O
, Apply Selection O
[ Define Search O Collsct Papers O Criteria filier

Sratogis P N .
l generate
Second Selection Phase Oﬁ
Apply Selection
E""g‘;se‘?’:‘h © Collect Papers O Criterria
teg ) (Double Coding)

[Tt P Literature List

Figure 1: Overall methodological approach
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The remainder of this paper is structured according to this research process. In the next section we elaborate on the
objectives of the research and the nature of its contribution. In Section 4 we describe the literature review process in
depth and explore the qualitative and quantitative aspects of the literature list. In Section 5 we come up with the
reference architecture as the main contribution presented in this paper. In Section 6 we are evaluating the
architecture and, at the same time, the state of the art in e-commerce architectures.

3 Objectives

Similar to design patterns used in software engineering, reference models share the goal of providing a working
solution for a common class of design problems. To achieve this goal, reference models adhere to three
characteristics, namely covering best practices for solving problems in practice, being general by being applicable to
a class of problems and not only one specific business case, and being reusable and customizable or adaptable to
different implementation scenarios [27].

The presented architecture can be equally used by scholars and practitioners to further investigate the topic or to
build solutions based on the aggregated knowledge on e-commerce architectures. As the architecture is derived
from the current e-commerce research, it also gives insights into which aspects are over- or underrepresented in the
current papers in the field of e-commerce.

Fettke et al. propose a framework to approach reference modeling by looking at the context, existing reference
models and the modeling language [27]. In the remainder of this section we use this framework to outline the
objectives for the e-commerce reference architecture model.

3.1 Context

The context of the reference model describes the technical, organizational and economic scenario in which the
modeling process is embedded. According to the motivation for our research we focus on an e-commerce scenario
in a retail context, where the business model of the retailer is to buy and store a large quantity of goods, and resell
them in smaller quantities. This e-commerce process does generally not include production of goods but can include
certain activities of finishing or customization. It usually includes additional services before, during and after the
selling of goods. The process includes business-to-customer (B2C) as well as business-to-business (B2B) e-
commerce transactions, between the e-commerce company, its suppliers, partners and customers.

In this study we are focusing on an enterprise architecture that reflects business processes and the required IT
resources. The latter should be identified in a service-oriented manner in order to allow the users of the model to
escape from the application centered thinking when designing their landscape. Neither the implementation of the
services, nor how they might be bundled in various application systems are important. The system owner should be
able to choose and exchange the IT services according to the business needs and overcome the limitations of
monolithic business applications. We are going to cover internal business services, and more importantly, services
that allow communication with business partners such as suppliers and logistic service providers.

3.2 Existing Models

A number of related reference models can be found in the scientific literature. Those models mostly focus on the
business process of an e-commerce scenario and do not present a comprehensive architecture for e-commerce. In
the following we present those models, discuss their limitations with regards to the context of this study as well as
their potential reuse in the architectural model.

Becker’'s H-Model for retail [8] provides a domain-specific reference architecture for retail enterprises. The model
describes eleven tasks within the three major groups of procurement, storage and distribution (Table 1). Different
views allow the extension or simplification of the model according to business requirements. The model is based on
the Architecture of Integrated Information Systems (ARIS) framework and contains three viewpoints which are
business functions, processes and static data. The model originates from a traditional retail business model and
ignores some functional tasks that are specific to e-commerce.

Frank’'s E-MEMO - Reference Business Processes and Strategies for E-Commerce [29], [30] contains a library of 85
business process models divided into nine business functions. Table 1 shows a mapping of these business functions
to the functional tasks of the H-Model.

In [11] Burt and Sparks investigate the impact of e-commerce on the retail process. Their procedural model is used
as a framework to compare activities, ownership, costs and efficiency in an e-commerce setting against traditional
retail. According to this model the retail process comprises five business functions, which we mapped as well onto
the previous models in Table 1. This procedural view on the retail process is more or less in line with the 8 business
functions identified by [33] for a similar purpose.
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Some other reference models such as [20] exist and provide a specific focus on parts of the overall business process,
such as order fulfillment and supply chain matters. These reference processes might be relevant on a more detailed
level of the ERA.

Table 1: Business functions in the existing reference models

Becker [8] Frank [29], [30] Burt [11] Gunasekaran [33]

Contracting Supplier

Order Procurement Sourcing Development

Management Purchasing

Goods Receipt Reception

Invoice Auditing Pavment

Accounts Payable Y

Warehousing Stockholding Warehousing
Pre-sales . .

Marketing communication I\B/Iraarrlfgitrl]ng II\D/IZTII(%Qi n
Customer Relations 9 g

. S . Customer Selection

Selling Initiation and Pricing (Pick and Pay) Sales

giﬂ%dglssue Order Processing Distribution Distribution

Accounts .

Receivable Collection --- ---

Return Handling

(in Good Issue)

Customer Service

None of the above mentioned models considers return handling activities as a primary business function. Compared
to traditional retail, return handling is a critical activity, as the volume of returned goods is much higher in online
shopping. A proper return handling strategy is essential for online retailers in order to limit the expenses caused by
these high volumes. In three of the models we are also missing an explicitly defined customer service business
function. Other than in offline retailing, online customers need to be provided with a hotline and e-mail help center in
case of any individual inquiries or exceptions from the regular transaction process, which does not involve any
personal contact as opposed to a brick and mortar shop.

Apart from these minor functional gaps, existing retail models do not cover IT aspects such as application layer and
technology components that make up a complete enterprise architecture. Building information systems based on the
available models will eventually lead to information systems that support either one specific business function or the
end to end process. These are in most cases either a bunch of horizontally oriented systems that support one
business function only or monolithic systems that are not able to support the integration of specific application
services. In order to overcome this development a reference architecture model that includes all required IT services
which can be reused across business functions will lead to an agile and open architecture.

3.3 The ArchiMate Modeling Language for Enterprise Architectures

The modeling language of a reference model is important because it sets the formal framework and viewpoints taken
in the specification of the systems. The H-Model and the E-MEMO model for example are using the ARIS framework
and the process modeling language MEMO-OrgML respectively. To facilitate the shift from this process centric
modelling frameworks to a more comprehensive view of the enterprise architecture, the ERA presented in this paper
is specified using the ArchiMate language [37] which was developed to model all the aspects of complex
organizations.

Figure 2 shows a simplified version of the ArchiMate core meta-model. The language distinguishes between three
layers: the business layer, the application layer, and the technology layer. Within each layer, ArchiMate considers
structural, behavioral, and informational aspects. It also identifies relationships between and within the layers. Each
layer is a means to provide services to the next higher level where the highest level provides business services to
the customer. For a full description of the language, we refer to [37].
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Figure 2: Simplified archimate meta-model

4 Systematic Literature Review

Lee et al. presented an overview of literature studies on the e-commerce topic in [49]. According to Lee et al. existing
literature reviews fall into either of the following two categories: generic reviews identifying themes and methods in e-
commerce across disciplines [19], [48], [56], [69], [74] or studies focused on one specific aspect of e-commerce
namely economic theories [43], marketing [63], customer relation and satisfaction [15], [60], adoption [16], payment
[21] and marketplaces [71].

According to this categorization our contribution falls into the category of studies aggregating existing knowledge
from literature with regards to one specific theme. Other than the existing literature reviews our focus lies on the
identification of building blocks for e-commerce architectures discussed in recent e-commerce studies. These will
allow us to develop a state of the art e-commerce reference architecture based on the knowledge of the last decade.
In this section we are going to describe how this research was carried out.

4.1 Data Sources and Search Strategy

In order to capture a maximum number of relevant sources we carried out two selection cycles. The search query for
the first selection cycle was developed collectively by the authors. The search query of the second selection phase
reflects synonyms and related terms that where found during the first selection phase. The following search query
was defined for the first selection phase:

(E-commerce OR electronic commerce) AND (architecture OR SOA OR EA OR reference model OR platform)

To increase the ratio of relevant contributions and due to the generic nature of some of the used search terms we
limited the search to the title and abstract of the publications. We also limited the search to publications that where
published within the last 10 years as we want to investigate on the state of the art. The literature review was carried
out in 2013. The year 2003 can be considered as an adequate time horizon as the modern web (web 2.0 and web
services) was born around that time. To find scientific literature that matches the search query we have been using
six electronic indexing sources. Due to the high number of duplicates during the first selection cycle we conclude that
adding more search sources to the list will not significantly increase the number of relevant papers. The indexing
sources we used are:
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1. Web of Science (Site 1)

2. CiteseerX (Site 2)

3. ScienceDirect (Site 3)

4. |EEEXplore (Site 4)

5. Association for Computing Machinery (ACM) Digital Library (Site 5)
6. Springer Link (Site 6)

Some of the above mentioned literature search services allow the direct entry of the search query, some require
multiple searches to achieve the same. After omitting the duplicates and scanning the titles 880 documents were
taken into the selection phase described in Section 4.2.

After selecting the papers the search terms have been extended to cover synonyms and related terms that turned
out to occur often in the abstract of relevant publications. In the second selection phase the following query was
applied:

(E-commerce or ecommerce or electronic commerce) and (component or model or process or framework or platform
or service o cloud)

After pre-selection and removal of duplicates 3292 additional papers entered the selection phase.

4.2 Study Selection and Study Quality Assessment

To select relevant publications from the large list of found documents we filtered them based on their title, abstract
and available meta-information by using the following inclusive criteria:

e The document is published in a journal, conference, workshop, as a technical report, thesis or book
(chapter) to ensure that search results meet certain academic quality standards and have been peer
reviewed.

e The document proposes an architecture for e-commerce scenarios or discusses design principles or best
practices.

All papers have been scanned independently by the first two authors to increase objectivity of the results. After
applying the above filtering criteria a list of 864 papers has been generated. To further limit the amount of papers
considered for this study the papers have been rated with scores from 1-5 by scanning the full content of the paper:

e 1 Pts Has no relationship to e-commerce architecture at all

e 2 Pts Discusses one aspect of e-commerce architecture

e 3 Pts Discusses several aspects of e-commerce architecture
e 4 Pts Proposes a partial architecture

e 5Pts Proposes a full architecture

The results of the scoring of both authors have been then merged: papers where the scores differed by more than 1
point have been further discussed resulting in an agreed upon adjustment of the score. All papers with an average
score of more than 3.5 are included in the final literature list resulting in a total of 48 papers [1]-[4], [6], [7], [12]-[14],
[18], [22]-[24], [26], [28], [29], [31], [32], [34]-[36], [38], [39], [41], [42], [44], [46], [47], [50]-[53], [55], [58]. [61], [65]-
[68], [72], [73], [76], [79]-[84].

Based on the papers of the final selection of literature we have carried out the literature review. This has been done
by using a coding technique that extracts categories from the paper [62]. By using in-vivo codes the authors
extracted the relevant architectural concepts from the papers and later grouped them into semantically identical
categories. This way we maximize objectivity while identifying the architectural building blocks and minimize the
effect of projecting the authors’ assumptions on e-commerce architectures when applying predefined criteria to the
sample. In the next section we are going to present the results of the coding.
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4.3 Results

The purpose of this section is to give an extensive overview of the academic research on e-commerce architectures
since 2003. In order to do so, both a qualitative and a quantitative analysis are carried out. We deem both analyses
as necessary because the quantitative analysis helps us to get a general overview of the trends and topics in
academic research on e-commerce architectures, while the qualitative analysis gives insights into the content of the
papers and forms the base for the identification of artefacts belonging to the reference model. Four different
perspectives are taken that are used to classify and analyze the selected literature.

In the first place, the papers are analyzed from a technological point of view. This first dimension describes the
underlying software technology or the framework used to design the solution. Both are included, since not all papers
design a technology oriented architecture, but may take other perspectives such as knowledge, stakeholders, or
process perspectives. By doing this, we provide an overview of the used technology and extract relevant information
for the reference model. Secondly, the different types of artifacts have been proposed by the various authors (e.g.,
an architecture description, model, or a framework). Thus, the second dimension aims at classifying the selected
papers according to the type and nature of the proposed artifact. The third dimension is concerned with application
functionality, i.e. the functional building blocks (e.g., the application services) of the proposed solutions. According to
the ArchiMate meta-model these could be components, services, application functions, objects etc. of the proposed
solutions. Extracting them from the selected literature provides us with an overview of the most relevant and most
discussed functional building blocks which will be further used as the basis for the application layer of the reference
model. Similarly, the fourth dimension is concerned with technological building blocks of the proposed solution such
as devices, nodes, system software and infrastructure functions. These form the basis for ERA’s technology layer.

The analysis of the papers in scope with respect to the used technology (see Figure 3) revealed the extensive use of
service-oriented technologies in e-commerce. Out of the 48 papers, 28 are related to service-oriented architecture.
Therefore, one can say that academic research is particularly focused on service-oriented technologies. The second
most frequently mentioned technology is component-based with six papers. Only three of the analyzed papers
discuss agent-based architectures. Two papers have focused on processes and another two on workflow
architectures. Please note that papers, which include more than one technology (e.g. [13]), are only represented
once depending on the main technology. Two papers (knowledge-based and stakeholder-viewpoint) take a unique
viewpoint and use approaches, which are normally outside the scope of enterprise architectures. Four papers do not
mention any technology, and propose a generic and high-level architecture. In such case a mapping to a specific
technology was not possible.
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Figure 3: Number of articles per technology

In the selected articles, authors referred to technologies in relation with the development of different artifacts (Figure
4). 22 papers proposed an architecture, in which they define how their services, components, etc. interact with each
other, and how they are layered. Five papers analyzed commonalities of architectures (namely by proposing
reference architectures). In terms of frequency, the architecture papers are followed by eight model papers and three
reference model papers, which propose specific designs. The five framework papers focus on the role of the services,
components, etc.
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When analyzing the selected articles from a functional perspective, one can see a great variety of the implemented
functions. A total of 85 functional features are proposed. The 85 features are mentioned in 37 articles (10 articles do
not propose any functionality). Table 2 shows the functions mentioned in at least two papers. These are 19 functions
(22.4% of the total amount of functions). Looking at the most frequently analyzed features (occurring in more than 3
articles) one gets an overview of the main application layer concepts supported by e-commerce solutions. Especially
order (18 articles) and payment (13 articles) functions are popular and analyzed by many authors. While most of
these functional building blocks are common to traditional shops as well, search and product information are rather
technical and specific to the electronic-channel.

Table 2: Publications per application layer concept

# Articles Application # Articles Application
Art. Concept Art. Concept
18 | [2], [3], [13], [22], [32], Order 3 [29], [66], [83] Sales

[38], [42], [46], [47], [50]-
[52], [61], [66], [68], [72],

[76], [80]

13 | [7], [26], [38], [39], [41], Payment [46], [52], [53] Shipping
[46], [47], [50]-[53], [58],
[84]

8 [7], [26], [41], [46], [50], Logistics 2 [80], [83] Bank
[67], [81], [83]

6 [55], [61], [67], [76], [79], Finance [39], [53] Billing
[82]

5 [13], [46], [50], [51], [61] Product [6], [28] Contract

information

[6], [39], [51], [53], [72] Negotiation [18], [66] Customer Service

4 [2], [23], [55], [67] Procurement [23], [55] Fulfillment
[7], [50], [51], [67] Search [47], [58] Product

3 [7], [26], [80] Authentication [3], [53] Purchase
[29], [42], [52] Production [29], [67] Sourcing

10 [1], [4], [24], [31], [34]-[36] | None
[44], [65], [73]

Categorizing the articles into functional categories across the supply chain gives additional insights (Figure 5). While
only seven of thirty-seven articles cover the upstream supply-chain activities (procurement), 36 of 37 articles analyze
the downstream activities (distribution). The only paper, which discusses functional aspects but leaves out
distributive parts, is [17] with a focus on customer service and integration. 16 articles discuss customer service
related functions such as customer relationship management. Three articles discuss warehouse related topics, such
as stock management. 22 articles analyze functions, which do not fit into this scheme. These functions vary from
business related topics, such as general audits to technical topics, such as certificates or central processing.

34

Fabian Aulkemeier
Milan Schramm
Maria-Eugenia lacob
Jos van Hillegersberg

A Service-Oriented E-Commerce Reference Architecture




Journal of Theoretical and Applied Electronic Commerce Research This paper is available online at

ISSN 0718-1876 Electronic Version www.jtaer.com

VOL 11 /ISSUE 1/ JANUARY 2016 / 26-45 DOI: 10.4067/S0718-18762016000100003
© 2016 Universidad de Talca - Chile

35
0 II-

Distribution Customer  Procurement Warehouse Other None
Service

No. of Articles
= = N N
o (6] o ol

al

Functional Category
Figure 5: Number of articles per functional category

Besides a main technology, we also identified specific technology related concepts discussed in the selected papers.
Those concepts form the basis for the technology layer of the reference architecture. 15 different concepts have
been covered in the papers, which is significantly less than the functional concepts we discussed earlier. Also the
consensus between the different papers is higher in this respect as only three concepts have been found in less than
2 papers. The results are presented in Table 3.

Table 3: Publication per technology layer concept

# | Articles Technology # Articles Technology
Art. Concept Art. Concept
29 | [1]-[3], 6], [7], [13], Integration and 6 [4], [26], [44], [58], [61], | Network Infrastructure
[18], [22], [23], [26], message based [84]
[28], [32], [35], [38], data exchange
[42], [46], [47], [51]- 4 [35], [47], [53], [83] Process and Service
[53], [55], [61], [66]- Monitoring and Analytics
(68], [73], [80], [81],
[83]
21 | [1], [7], [12], [14], Frontend 3 [4], [58], [66] Server
[18], [26], [31], [32], Applications/ Hardware/Virtualization
[38], [41], [42], [44], Web Portal [26], [31], [58] Security/User
[46], [47], [50]-[52], Management
[58], [76], [80], [84]
[% [1212, [1g]é [22]1, Database 2 [12], [38] E-Mail
42] {4a]. {4 147] [46], [58] Operating
[51]-(53], [58], [61], System/Virtualization
[66], [76], [80], [83] [52], [76] Business Rule Engine
10 | [29], [44], [47], [52], Workflow/ 1 [38] Printing
Eg} {gg} [61], [68], Process Engine [13] Legacy Systems
' [65] Cloud Based Systems
8 [2], [18], [23], [31], Backend 6 [24], [29], [34], [39], None
[32], [38], [46], [53], Applications [72], [82]
[58], [80]

5 Reference Architecture

Reference models are a means to facilitate the process of information system design by providing enterprises with a
reusable and adaptable blueprint for a class of domains. It helps to validate current solutions and supports the
development and selection of new applications [27]. Especially organizations with limited resources can profit from
such models [29]. Their benefits are lower costs, less expertise needed, and less time to design the architecture. A
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model discussed and accepted by the e-commerce community is likely to lead to less error prone architectures as it
reduces the risk of failures or gaps.

In this section, based on the four reference models discussed in Section 3.2 and the conclusions of the literature
review, we propose a new extended ERA. The main distinctions between our model on one hand, and the existing
models on the other hand reside in the scope and in comprehensiveness: all existing reference models are in
essence process models while ours is a reference architecture model that goes beyond business process
specifications. More precisely, in this section we cover the concepts belonging to the business, application and
technology layers, i.e., the application services proposed enabling business processes, and the technology services
that are used internally and enable the provisioning of the application services.

The approach we followed in designing the new reference architecture is based on the methodological foundation
described in Section 3.3. The business layer of the ERA is based on the context and the existing process models
presented in Sections 3.1 and 3.2. The application and technology layers are then derived from the findings of the

literature review in Section 4.3. Figure 6 shows the three layers of the ERA as well as the relationships within and
across the layers. In the following we are going to elaborate on each layer individually.

5.1 External Business Services

On the business layer, from an external viewpoint and according to the context of our model the online retailer
provides three main services. Similarly to [51], we make a distinction between pre-trade, trade and post-trade in e-
commerce. A more in depth investigation of activities and tools for external e-services in e-commerce is provided by
[64]. In an online retail scenario pre-trade are product information services and encompass all activities in which the
end customer gathers information and consultancy about available products leading to a possible buying decision.

Product Information Services are services offered by the e-commerce company prior to the sales transaction, such
as:

e Searching for products to get specifications of the product and the offered price
e  Getting subjective information on the products, such as reviews from other customers or the retailer

e Generating product recommendation based on customer profile information, especially on past purchases

Product Purchase Services, are the services which allow the customer to purchase the product. Those are:

e Order entry allowing the customer to close a buying contract
e Payment allowing the customer to settle purchases

o Fulfillment of the contract concerning the home delivery service of products to the customer

Post Trade Services are all the services which take place after the purchase, including:

e Warranty processing services such as repair or exchange of defect products
e  Support services, e.g. troubleshooting problems or software updates

e Return services for damaged products or reverse transaction of purchased goods
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Figure 6: Extended e-commerce reference architecture

5.2 Online Retail Process

Besides the high level external business services, an internal view of the business is provided which is based on the
existing reference models presented in Section 3.2. This is realized by building clusters of identical or closely related
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tasks such as Warehousing identified by [8] and Stockholding proposed by [11]. A complete set of ten business
functions have been included in the ERA.

The model proposed in [8] is categorizing the business functions into procurement, warehousing and distribution
related tasks. The other three models do not propose any categorization of business functions. In our model we
position on the left side business functions that are directly contributing to external customer services. These are: 1)
marketing and branding which includes all tasks to attract and inform customers, 2) pricing and selling which
includes all tasks of the actual sales transactions, and 3) customer services which includes the tasks of
communicating and responding to the customers inquiries. On the right side of the model the internal logistic value
chain is presented and includes: 1) the receipt of ordered goods, 2) stockholding, 3) distribution of stored goods, and
4) handling of return shipments.

Further business functions include back office activities such as financial matters, for example: payment, collection
and accounting. Finally, supplier development, assortment planning and procurement can be considered as the main
strategic business functions.

5.3 Application Services and Components

The application layer describes the software artefacts used by the internal business users, customers and partners
to achieve their business goals. Active structure elements of this layer are application components which are self-
contained units of functionality. They include, among others, behavioral elements such as application functions, and
services. Passive structure elements are data objects.

As a result of the literature survey in Section 4.3 we have identified 19 different concepts that are mapped onto the
different element types of the ArchiMate language. More precisely, six main application components have been
identified, namely Procurement, Sales, Customer Service, Logistic, Finance and Production. The latter has only
limited applicability to e-commerce (see Section 3.1), which is confirmed by the limited contained functions and
services discussed in the literature. Components such as Sales and Procurement provide a couple of application
services. However, the application functions implementing those services have not been discussed in the literature.
Although in general e-commerce literature provides an overview of the main application components, we get little
insight into the specific details of these components.

Besides the main application components, other generic components have been mentioned in the literature, such as
Authentication, and Search. These components are characterized by their universal applicability across the business
specific applications. We argue that the list of such generic components could be extended with Communication, and
Collaboration (including documentation), Policy Automation, and Business Rules, or Data Analysis and Reporting to
name just a few.

Another building block contains the Product Information service based on the actual product data. We put these
components separately as we think they do not belong to one specific application component but are shared
resources across specific application services and functions. Furthermore, Product Information can be considered as
just one out of a number of other shared resources in the e-commerce landscape. Trading Community data
(customers, suppliers and partners) and Sites are other examples of master data that are used across application
components.

A mapping of Business Functions to the Application Components has been carried out in order to identify gaps
between the two layer models, and to find out if there are any business functions that are not supported by the
application layer of the model or vice versa. Table 4 shows the result of this exercise. As mentioned in Section 3.1
production is not a critical business activity in the context of this study as we mainly deal with the retailing of finished
goods. Only finishing or customization steps are considered as production activities in this context. Nevertheless
production components have been mentioned in a number of e-commerce studies and, therefore, we consider them
relevant during sales and order fulfillment. The procurement component is used in particular on the supply side, i.e.
when purchasing, receiving, and paying goods. The sales component is critical throughout all other business
functions that deal with the actual marketing, selling, and distribution activities. We also consider it for warehousing
and receivables as stock levels and reverse sales transactions should be reported to the actual sales data. Customer
service is relevant in pre-sales or marketing activities, during sales, and to provide after sales service, or returns. The
logistic component is used for inbound, outbound, stockholding, and returns handling. Finally, the finance component
handles accounting such as receivables and payables. It should also be able to enable monetary aspects of sales
and reverse transactions.

5.4 Technology Services and Components

To complete the architectural model, a mapping of the concepts in Table 3 to the technology layer of the ArchiMate
meta-model has been carried out. Despite of this classification, these concepts are connected to each other.
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Table 4: Mapping of business functions to application components of the ERA
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Hardware and Network infrastructures act as fundamental basis for other concepts. Supported by these
infrastructures, technological advances emerge; these advances started by Legacy Systems, which are a special
type of systems that is characterized by its use of outdated technologies and its potential replacement; and
continued by Cloud Systems, which can be considered as an alternative to on-site systems, and as a special type of
virtualized hardware infrastructure. Both have been discussed only in one study, [13], [65], respectively.

Furthermore, four main active structure elements in the technology layer discussed throughout the reviewed papers
are Application Server, Database, Workflow and Business Rule Engine nodes. They provide the Web Frontend and
Backend Application services as well as other services such as Process and Service Monitoring and User
Management. Other services, such as Printing and E-Mail, have been mentioned in the literature without discussing
the underlying components.

The by far most popular state of the art method for integration of internal and external systems is Message Based
Integration, such as Electronic Data Interchange (EDI), web services or other more specific message oriented
middleware. More recent approaches (e.g. Representational State Transfer) or traditional technologies such as file
transfers have not been found in the e-commerce literature.

6 Validation

To validate the ERA we carried out a single case study as proposed by [77]. The goal of the case study is to map the
ERA to a real world case in order to identify potential gaps in the model. The chosen case originates from the order-
to-delivery practice of a major Dutch online retailer for media and books. The architecture of the various key
processes was gathered during a series of workshops in cooperation with the head of the organization and the IT
architect. In the following we are going to present the high level architecture including four key processes, as well as
the executing and contributing IT components.

6.1 Case Study

The case study consists of four core processes, and the required IT systems. The four processes are chosen with
the goal of obtaining a comprehensive view of all IT systems, i.e., adding another core process to the architecture
will not lead to any changes in the application layer. Figure 7 shows an overview of processes and systems. It
includes pre-sales activities in the form of sales campaigns, the actual sales transaction and the customer credit
check, as well as the picking and packing of the orders. In the following we are referring to the different layers of the
ERA for validation.

6.2 Retail Processes

The ERA contains ten different business functions, which are responsible for the various processes. These are: three
front office business functions responsible for pre-sales, sales, and post sales activities, three back office business
functions, which can be further divided into strategic and operational functions, as well as four different supply chain
functions.
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The four core processes of the case study can be unambiguously mapped onto these business functions. The goal
of the run campaign process is to increase sales through marketing initiatives which can be special offers, or other
programs offered to a specific group of existing customers. The process encompasses the identification of the target
customer group, selection of the customers, and the communication to the customer through various online channels.
These pre-sales, front office activities are part of the marketing and branding business function of the ERA. The sell
product process allows the customer to place an order providing delivery and payment information, and ends with
the order confirmation. In terms of the ERA it is a front office sales activity and belongs to the pricing and selling
business function. The purpose of the credit check is to approve the payment method for the transaction. Based on
the past payment behavior of the customer and the information provided by an external credit agency certain
payment methods such as purchase on account will be granted or not. The process can be considered as a back-
office activity and is part of the collection and receivables business function. Finally, the pick and pack process is
part of the order fulfillment business function which is one of the four supply chain activities of the ERA. This process
encompasses the split and combine logic for orders with more than product, box size determination, picking of
product and printing of invoices.

[ RunCampalgn'zPJ ( Sell Product -ﬂ [ Check Credit -=€>j [ Pick and Pack =1>J

Sales Campaign @ Transaction @@ Credit Check @ Order Eulfilment @

Data Warehouse & ( Payment Service :] Credit Agency Print %1
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Figure 7: Processes and application systems

6.3 Application Services

Each of the described business processes is supported by a collaboration of application components. Within the
collaboration one main component manages the overall process execution while the other components deliver
additional logic or data. For example the sales transaction is handled by the web shop while the external payment
service and the product catalog are providing additional payment functionality and product information. The
provisioning of higher level services by composition of various services is reflected on the application service layer of
the ERA. However most of the literature proposes distinct, generic business process management services
responsible for orchestrating the various business services. This approach can be beneficial to support the
centralized management of the business process life cycle including design, development, execution monitoring and
improvement, but has not been globally adopted in practice.

The application services covered by the ERA include front office, back office, and supply chain services. However,
on a more detailed level only particular services have been covered in the underlying literature. While for example
the back office services for negotiation, contracting, sourcing and purchase are covered, sales and accounting
related back office services from the case study have not been found. The same applies for the supply chain
services where the warehousing service related topics are not being discussed in the reviewed e-commerce
literature. One can argue that those topics are not specific to e-commerce as warehouse management is a generic
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topic. However split and combine logic, box sizes calculation, and parcel registration require specialized functionality
for e-commerce compared to other warehousing practices.

6.4 Application Components

When it comes to the actual application components providing the various application services the ERA contains
eight main components. In the case study on the other hand nine different components are used. In Table 5 we map
the application components of the case study to those included in the ERA.

The most dominant application component in the case study is the enterprise resource planning (ERP) system which
covers financial, procurement and sales functionality. It also is the de facto master data management system. While
the e-commerce literature differentiates between these components, in practice much functionality is bundled into
one system and provided as modules. However, other components mentioned in the literature are more complex and
are handled by a number of different systems. For example the logistic component consists of a warehouse
management component, on the one hand, and the warehouse control system, on the other hand. In the same way
the sales component consists of a web shop, a separate product catalog, and the sales module of the ERP system.

Table 5: Application components of the case study mapped to the ERA

Case study application components | ERA application component
Webshop Sales

Catalog

ERP

ERP Finance

ERP Procurement

ERP Master Data Management
Warehouse Control Logistic

Warehouse Management

Email Marketing Software (EMS) Generic Components
Data Warehouse

Print

Production

Customer Service Customer Service

6.5 Technology Services and Components

The ERA provides four different technology layer services. The application services and data services are consumed
by the various business applications of the case study. As mentioned earlier the organization has not implemented a
dedicated master data management system. Thus, there is no application layer counterpart to the technical data
services. The same applies for the business process services were the company uses the build in functionality of the
applications to support the process lifecycle. Accordingly the underlying technology components are less
differentiated compared to the ERA. The various applications rely on various application server, and database nodes.
One exception is the customer service application, which is entirely cloud-based, and has no footprint on the
technical layer, a scenario which is also reflected in the ERA. However, the company operates advanced printing
facilities, which are required for printing invoices and the production of flyers and leaflets that are included into the
shipments. This component has not been found in the e-commerce literature and is not part of the ERA.

7 Conclusions

In this paper we have shown how traditional, process oriented e-commerce models can be extended to get insight
into the application and technology layer services and components. We have studied relevant literature since 2003
and came up with an enterprise reference architecture, which is specified in the ArchiMate language. The reference
architecture can be used for several purposes:

e |t can be implemented in various ways. In particular the implementation of a service-oriented e-commerce
platform is an upcoming research endeavor of the authors.

e |t can be used to validate existing solutions with regards to their comprehensiveness.

e The architecture also gives an overview of the state of the art in e-commerce research and points out gaps
as mentioned in Section 6.

The proposed architecture is drawing exclusively on components exposed in the academic e-commerce literature,
and uses a well establish framework to structure them. The architecture can, thus, be considered as objective, as it
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excludes authors’ or any biased parties’ assumptions on e-commerce architectures such as platform or software
vendors. On the other hand the architectures proposed in the literature might focus (due to topical trends or expected
research value) on certain aspects and leave out some components that should belong to a comprehensive
architecture. In the following we are discussing each architectural layer in this respect.

The business layer of the architecture is based on a number of existing reference models. The most dominant model
in this collection is the Retail-H from [8]. The other models are matching all, a subset, or a specialization of the
business functions identified by the Retail-H. The only exception to this is the customer service function which is only
mentioned explicitly by the model by Frank [30]. We think this is due to the origin of the Retail-H model in a brick and
mortar setting where individual customer communication is an inherent part of the sales process, which happens
face to face. Frank’s model in contrast focuses specifically on e-commerce and considers the fact that the sales
process itself is automated, and individual communication requires a distinct practice, such as a call center.

The application layer of the ERA is based on the literature review, and proposes six main business specific
application components. Furthermore, master data and generic constructs can be found in the model. As mentioned
before the containing services can only be considered as a placeholder for further master data and generic services.
Some of the main application components contain in turn further services, especially sales and procurement
applications are discussed in more detail in the e-commerce literature. Other applications such as customer service
or logistic are not very elaborated. This might be due to their extensive applicability in broader contexts than just e-
commerce settings. Further investigation of those topics in specific literature for customer service and logistics could
be helpful to analyze in detail these application components, but is beyond the scope of this study. Nevertheless,
from an enterprise architecture perspective, a good overview of the application layer is provided in the existing e-
commerce literature.

The technical layer of the proposed reference architecture contains the most common middleware nodes, the
underlying infrastructure, and the services used by the different application layer components. The implementation of
all the services is not described in detail. For example, security and user management is described in various studies,
but we learn very little about how these are implemented in an e-commerce context (for example what encryption
techniques are applied or how users are managed across applications). The e-commerce literature is not going
much into detail here, probably assuming that the implementation of those technical services does not differ from
those used in other domains. Similarly to the application layer, going into the details about printing or user
management systems would be beyond the scope of this study.

The comprehensive view of the overall process and data has led to large end-to-end monolithic software solutions in
the past. Nowadays companies are struggling to maintain and to replace those legacy applications with new systems
or cloud-based offerings. The shift from modeling application functionality as self-contained services may help
companies to build their systems in a way that pluggable components can be exchanged more easily with new
offerings based on the business needs and without architectural constraints.

The surveyed literature helped us identify the most important functional and technical building blocks facilitating e-
commerce operations. These findings helped us transform existing reference models and identify required services.
The evaluation has shown that there is no gap between the systems covered in the case study and the reference
model layers. Further evaluation of the architecture is possible through validation by experts or an analysis of
existing solutions on the market. While the latter is subject to another future research by the authors, we think it has
a higher risk of subjectivity then the presented approach.

When shifting from monolithic systems to integrated self-contained services new challenges will arise. To assure
variety and flexibility in a system, a platform is required as a stable unit among the evolving services [5]. Building a
service platform for e-commerce that allows to integrate the functional building blocks identified in this study will help
retailers and partners to achieve more flexibility and sustained innovation. While platforms are slowly evolving in the
industry no research has been carried out on what components such service platforms require. The quality,
complexity, and pluggability of the resulting system, and its downsides are subject for future research.
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