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It is proved that cloud computing has many benefits, and cloud services with flexible licensing model and cost saving features bring 
opportunities to enterprise's IT operations. Conventional ERP system, an important component of enterprises, is impacted by 
on-demand cloud services also. Integrating conventional ERP system with cloud services becomes a trend because it brings new 
processing capabilities without introducing significant changes to existing system. But previous studies about integrating ERP and 
cloud usually focused on SaaS (Software as a Service). PaaS (Platform as a Service) and IaaS (Infrastructure as a Service) are not 
discussed much. People sometimes even confuse cloud service with SaaS. Therefore, the objective of this paper is to present a 
framework that can describe respective implications of integrating ERP with three types of cloud services: SaaS, PaaS and IaaS. 
Qualitative methods such as systematic literature review and interviews are adopted to execute the research, so data collected through 
different sources can complement each other in order to support presenting the framework of integrating conventional ERP system 
and cloud services. The integration at SaaS level is for achieving immediate business value and productivity enhancement. At PaaS 
level the objective of integration is to enhance software development life cycle management. And the main integrating intent at IaaS 
level is to enable scalability and reliability of hardware resources without changing existing IT infrastructure. Furthermore, challenges 
and opportunities for integrating ERP with different cloud services are studied and motivation is derived from analyzing. Finally the 
key points are arranged in the presented framework of integration between conventional ERP systems and cloud services. 
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I. INTRODUCTION 

Integrating conventional ERP system with cloud services is 
an emerging topic nowadays as IT technologies are 
developing very fast. To begin with this paper, a brief 
background on the usage of ERP system in enterprises and the 
need of integrating with cloud services is provided. According 
to Michael Rosemann, Enterprise Resource Planning (ERP) 
has a pedigree in large, packaged application software that has 
been in widespread use since the 1970s [1]. And most very 
large organizations world-wide have already adopted ERP, 
and increasingly small- and medium-sized enterprises (SMEs) 
too are finding it cost effective and a competitive necessity to 
follow suit [1]. For most enterprises using ERP systems, this 
system is not just simple software. ERP system is closely 
related to their business process and productivity. Despite of 
decades of using ERP system,   in a recent study, Paul 
Hofmann [2] indicated that ERP systems are undergoing 
commoditization just like other mature technologies, and big 
changes of technology and business model are coming for 
ERP.  

In the day and time, cloud service is the important enabler 
of these changes. In simple terms, cloud service is obtaining 
IT capabilities from an external provider [21], typically 
classified as Software as a Service (SaaS), Infrastructure as a 
Service (IaaS) and Platform as a Service (PaaS). Jan Aalmink, 
et al believes that cloud service can bring the following 
benefits [3]: 

 Location independent 
 Shared servers provide services 
 On demand 
 Virtualization and utility computing 

However the nature of cloud services has the following 
identified weakness: security and stability issue [4], data 
transfer bottlenecks and performance unpredictability [5], and 
user habits accustomed though the ages. To bring the benefits 
and avoid weakness, integrating conventional ERP system 
with cloud services is a compromise solution that takes 
advantage of cloud services with lower investment, especially 
for the enterprises that have been running ERP systems for 
years. 

However, existing literatures mostly focus on SaaS level, 
but PaaS and IaaS are left out. This is mainly because PaaS 
and IaaS are the latest technologies provided by only a few 
numbers of pioneer companies. Besides, there’s no 
comparison among integrating ERP with different types of 
cloud services. New technologies can certainly introduce 
opportunities to users but changes can also bring challenges. 
This paper means to bridge above-mentioned gaps by studying 
implications of integrating ERP conventional system with 
different cloud services. In this paper, literature reviews and 
empirical study of interviews are conducted to present a 
framework of characters, opportunities, challenges and 
motivation of integration between conventional ERP system 
and cloud services. 

A. Research Area 

In this paper, the research area focuses on the integration of 
conventional ERP system, and different type of cloud services. 

Conventional ERP systems usually run on the basis of a 
privately owned hardware resources. Enterprise users purchase 
permanent licenses of the commercially available software and 
their in-house teams maintain the application and the 
infrastructure associated with it. In this paper, “conventional 
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ERP system” is an emphasized parlance for distinguishing 
traditional ERP system from cloud ERP system. Conventional 
ERP system is being used widely by various enterprises. It 
includes the software, the hardware and the operating 
environment, excluding the ERP services offered through 
cloud.  

Cloud computing, based on pay-as-you-go or on-demand 
model, in which the dynamically scalable resources are 
provided over the Internet as cloud services [7][8]. Clouds can 
be classified in terms of who owns and manages the cloud [9]; 
a common agreed distinction is Public Clouds, Private Clouds, 
and Hybrid Clouds. Since the resources offered by cloud 
mostly encompass applications, programming environments 
and hardware, the cloud services can be classified into 
Software as a Service (SaaS), Platform as a Service (PaaS) and 
Infrastructure as a Service (IaaS).  

Integration is defined in conventional dictionaries as the 
making of a whole entity by bringing all of the components of 
that entity together. In other words, integration involves 
blending, coordinating, or incorporating components into a 
functioning whole [10]. Integrating conventional ERP system 
and cloud services means to combine their applications and 
coordinate their operations, so as to provide services to end 
users as an integral entirety. 

B. Research Questions and Objectives 

Integration becomes popular for those who already own an 
ERP system but are willing to use emerging cloud services. 
Significant development of information technologies in the 
past few years enabled service providers to offer various types 
of cloud services. For example, IaaS will bring new H/W 
resources to enhance existing computing capability and 
reliability while PaaS offers an environment supporting 
complete software development lifecycle management, and 
SaaS provide ready-to-use features that can be used 
immediately to gain business value. However, previous studies 
took no account of the impact of different cloud types to 
integration. Since PaaS and IaaS are the latest technologies, 
there was not too much study about them. And  the concept 
of SaaS was often mixed with cloud service. Besides, there 
was no comparing among the integration between ERP 
systems and cloud services at IaaS, PaaS and SaaS levels. 

Therefore, this paper is intended to capture the implications 
when integrating conventional ERP system and cloud services, 
so as to answer: 

What are the implications of integrating conventional ERP 
and Cloud services? 

Before adopting a new technology, it’s wise to look into it 
thoroughly. Factors such as risks, benefits, acceptance of users 
should be thought through. Generally speaking, implications 
should be taken into account are either opportunities or 
challenges. Knowing what pros and cons of integrating ERP 
with different cloud services are will assist decision makers 

make a good choice and be prepared. 

The objective of this paper is to present a framework that 
can describe implications of integrating conventional ERP 
with SaaS, PaaS and IaaS. This framework will also show the 
motivations and characteristics of integrating different types of 
cloud services with conventional ERP. With this framework, 
enterprises will be able to understand the situations and make 
proper decisions before implementing ERP-Cloud integration, 
and ERP-Cloud integrator will get meaningful information 
about customers’ requirements and grasp their concerns. In 
addition, previous studies will be complemented by 
researching into ERP-Cloud integrations on PaaS level and 
IaaS level as well as comparing them with integration on SaaS 
level.  

C. Paper Structure 

This paper is structured with seven chapters.  

Chapter I states the problem, restricts research area, raises 
the research questions and objectives, and describes the 
overall structure of this paper.  

Chapter II introduces relevant theories and concepts 
provided in previous research papers, whitepapers and vendor 
case studies. This chapter will provide a theoretical foundation 
for subsequent research. 

Chapter III introduces the methodology that includes 
research method, data collection method and research design. 
Moreover, alternative plans and motivates are discussed in this 
chapter.   

In chapter IV, the results from interviews are recorded in 
order to get what opportunities and challenges are when 
implementing integration and what stakeholders concern 
about.  

In chapter V, after analyzing results from literature review 
and interview, the framework of integrating conventional ERP 
system and cloud services is presented. 

Chapter VI lists empirical findings and related theoretical 
findings together so to find their relationships. 

Chapter VII compares this research paper with previous 
work. It discusses the research’s limitations and limitations 
due to research methods. Also, a further study is suggested in 
this chapter.  

Chapter VIII concludes this paper and states main 
contributions.  

II. LITERATURE REVIEW 

In this chapter, conventional ERP is studied from its 
evolution to concepts so as to elicit why conventional ERP 
systems need integration. Study about cloud is carried out in 
terms of cloud types and cloud service types.. These findings 
from literatures are the theoretical ground of this study and 
help to organize the empirical part. In addition, research on 
previous work about integration establishes a foundation for 
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the result of ERP-Cloud integration framework.  

A. ERP 

1) ERP: evolution and bottlenecks 

Before the standard ERP concept coming up, it had been 
evolving for several generations. As mentioned by Roborts et 
al, ERP is originated from MRP (Material Requirements 
Planning), which was born in the late 1960s and developed in 
1970s [11]. The goal of MRP is to achieve ensuring the 
enterprise production operations while controlling the 
inventory. The move beyond MRP that occurred in the late 
1970s and early 1980s was driven by a need for stronger 
integration between the functional enterprise silos that 
dominated firms throughout this period [11]. Production 
management is only one of the aspects in enterprise 
management, and the cash flow that closely related to the 
operations is often administrated separately by the financial 
functions, which will result data duplication, even data 
inconsistencies. So the MRPII (Manufacturing Resource 
Planning) system was developed in 1980s for effective 
planning of all resources of a manufacturing company [12]. 

Though MRPII was efficient for manufacturing planning, 
profitability and customer satisfaction are objectives to the 
entire enterprise, which extended beyond manufacturing, and 
encompassed finance, sales and distribution, and human 
resources [1]. A totally integrated enterprise solution was 
raised in 1990s [11] and the concept is called ERP now [1].  

The ERP systems allow centralization and standardization 
of the information and they are also used as strategic business 
solutions [13]. Managers can access to the important and right 
information more easily with ERP, so that appropriate 
decisions can be made faster, which lead to enterprise 
competitiveness improvement finally [13].  

Although ERP systems are the well-structured, reliable IT 
backbones [2], and deliver many benefits such as low 
operating costs and improved customer service, thus enhances 
their business operations in many areas [1], it also holds some 
disadvantages: 

 High cost: to deploy and implement ERP system is 
very expensive, and customization is costly too. 
Moreover, maintenance that needs long term 
investment may cost more.  

 Long implementations: implementing ERP system is 
a long process. Sometimes it may slow down the 
routine works within an organization [14].  

 Inflexible licensing method: conventional ERP 
systems are usually issued by perpetual licenses. The 
user pays on time and run the program as long as 
he/she chooses [15]. Upgrades are typically sold 
separately.  

 Upgrading issues: upgrading process is tedious for 
both vendor and consumer, and it’s expensive for 
upgrading. 

Cloud can make up conventional ERP systems, and details 
are discussed in section B of this chapter.   

2) ERP: concepts and architecture 

After 20 years of evolution, ERP systems tend to more 
complete and integrated. Traditionally, ERP is the software 
package that can support manufacturing and other business by 
a broad set applications including product planning, parts 
purchasing, inventory maintaining, order tracking, suppliers/ 
customer service, etc. The functional areas of ERP can also 
include finance and human resources. Now there are quite a 
lot of papers and articles Classified CRM, SCM into ERP. In 
this paper, the concept in a wide sense is adopted, that CRM 
and SCM are functional areas of ERP. 

One of the definitions in a global vision states ERP systems 
is a set of packaged enterprise application software modules, 
with an integrated architecture that can be used by 
organizations as their primary engine for integrating data, 
processes, and information technology [16]. 

In figure 1, the concept of ERP system is illustrated. In 
back-office, ERP system manages and coordinates the 
enterprise operations such as financial, manufacturing, 
inventorying etc., which interacts closely with suppliers. In 
front-office, it mainly faces to customers, and applications that 
are related to customer such as sales, distribution, services etc. 
are administered by ERP system. Corporate reporting and 
human resource management are throughout. The resulting 
data are stored in central database, which can be monitored 
and audited.  

 

 
Figure 1: ERP systems concept [18] 

 

Usually, ERP systems have the following key components 
client/server system, applications modules and enterprise-wide 
database [14].  

 Client/Server system: the applications of ERP are 
most commonly deployed in distributed and often 
widely dispersed manner. While the servers may be 
centralized, the clients are usually spread to multiple 
locations throughout the enterprise [14]. 

 Enterprise-wide database: database interacts with all 
the applications in the system, thus, there are no 
redundancies in the data and its integrity is ensured 
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[14].  
 Applications modules: ERP vendors provide different 

kinds of ERP application modules that are integrated 
software packages for individual business units, and 
users should comply with the processes and 
procedures as described by the applications [14]. 

 

Three-layer architecture can show the relationship of these 
three components [14], which is the common logical ERP 
model for performing client/server systems functions [13]. As 
presented in figure2: the clients establish communications 
with the application server initially, then application server 
creates a second communication to the database server. 

 Presentation Layer: For data entry or system 
functions accessing with graphical user interface [13]. 

 Application Layer: All application logic is processed 
by the application server [17]. 

 Database Layer: Store and manage all operational 
and transactional data including metadata [13] [17].  

 
 

 
Figure 2: Three-Tier ERP systems architecture [18] 

 

B. Cloud Computing 

Though quite a lot of people are talking about Cloud ERP, 
Cloud ERP is a hot spot rather than a concept with precise 
definition. There is even no definition about cloud ERP in 
academia. On cognizance of cloud ERP, there is a gap 
between industry and academia. In this paper, to avoid 
ambiguous, the term Cloud ERP is circumscribed as ERP in 
the Cloud environment. And discussions are around cloud and 
cloud service. 

1) Cloud: concept and features 

The name “Cloud Computing” is a metaphor for the 
Internet, and A Cloud shape is used to represent the Internet in 
network diagrams to hide the flexible topology and to abstract 
the underlying infrastructure [9]. However cloud computing is 
still evolving and there exists no widely accepted definition 
[19], and a common definition of cloud computing is yet to be 
established as various experts share different opinions [20]. 
Following are the definitions proposed by previous 

researchers: 

 A computing Cloud is a set of network enabled 
services, providing scalable, QoS guaranteed, 
normally personalized, inexpensive computing 
infrastructures on demand, which could be accessed in 
a simple and pervasive way [19].  

 Cloud computing is a concept of web-based services 
available on-demand from an optimized and highly 
scalable service provider [20]. 

 Cloud Computing concerns the delivery of IT 
capabilities to external customers, or, from the 
perspective of a user, obtaining IT capabilities from an 
external provider, as a service in a pay-per-use manner 
and over the Internet [21]. 

 A large-scale distributed computing paradigm that is 
driven by economies of scale, in which a pool of 
abstracted virtualized, dynamically-scalable, managed 
computing power, storage, platforms, and services are 
delivered on demand to external customers over the 
Internet [22]. 

Although these definitions are various and from different 
perspectives, they directly or indirectly mention the following 
key words in common: services, on-demand, scalable, and 
Internet. So, in shortly, Cloud computing means a set of 
scalable services delivered on-demand over Internet.  

Cloud Computing is new in hardware provisioning and 
pricing, and it enables users to access various computing 
resources simply. Moreover, with its features, cloud 
computing provide many benefits: 

 Less investment: clouds provide affordable solutions 
that handle peaks, or scale easily at a fraction of the 
traditional costs of space, time and financial 
investment [9].  

 Fast implementation: the appearance of infinite 
computing resources available on demand, quickly 
enough to follow load surges, thereby eliminating the 
need for cloud computing users to plan far ahead for 
provisioning [5]. 

 Flexible licensing and payment: the ability to pay for 
use of computing resources on a short-term basis as 
needed (for example, processors by the hour and 
storage by the day) and release them as needed [5]. 

 Flexible upgrading: cloud computing eliminates the 
up-front commitment by cloud users, thereby allowing 
companies to start small and increase hardware 
resources only when there is an increase in their needs 
[5]. 

Due to these significant advantages, cloud is cloud is 
recognized as complement of conventional ERP system. 

2) Cloud service types  

In cloud, resources and applications are provided as 
services, and when these services are offered by an 
independent provider or to external customers, Cloud 
Computing is based on pay-per-use business models [21]. 
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Services provided by cloud are various, such as data Storage 
as a Service (dSaaS) by Furht [24], Architecture as a service 
(AaaS) by Bhaskar et al. [25], Hardware as a Service (HaaS) 
and Data as a Service (DaaS) by Lizhe Wang [19] and so on. 
Vaquero et al even cited that in Cloud Computing everything 
is assumed as a service (XaaS) [26].s Though the types of 
cloud service are omnifarious in previous work, the most 
common cloud service types agreed by researchers are: 
Software as a Service (SaaS), Platform as a Service (PaaS) and 
Infrastructure as a Service (IaaS).  

a) SaaS 

SaaS appears in 2000s, and sometimes referred to as 
“software on demand”. It has become a common model for 
many business applications including ERP. According to this 
model, software is deployed over the Internet, and the 
customer can rent services from the provider, or in other 
words, customers could be licensed the applications through 
subscription. This is the multi-tenancy model allowing all 
users share the same codebase and instances of application, 
which enables large economies of scale [53]. However, this is 
means the shared codebase cannot be changed for each 
tenant’s customization. 

SaaS becomes so popular because of its significant benefits 
for both vendors and consumers. For the consumers, there’s no 
need to deploy servers or purchase full copies of software, so 
the Capital expenditure will be reduced [24]. In addition, it 
will be faster to implement deployment and easier to maintain 
the application for SaaS users, because no local installation is 
required. For the vendor, the applications and services are 
shared by multi-customer, which improve the reusability. And 
the upgrading and upgrade timing can be controlled centrally. 

However, many people confuse SaaS with Cloud, like 
Oracle’s CEO Larry Ellison complained, “we’ve redefined 
cloud computing to include everything that we already do…. I 
don’t understand what we would do differently in the light of 
cloud computing other than change the wording of some of 
our ads.” [27]. Actually, Cloud is a broader concept than SaaS, 
and SaaS is one type service of cloud.   

b) PaaS 

PaaS service is software developer-oriented [28]. It 
provides integrated development environment including data 
security, backup and recovery, application hosting, and 
scalable architecture [21]. Service includes programming 
languages and tools and an application delivery platform 
hosted by the service provider to support development and 
delivery of end-user applications [19]. Ivo Stankov stated that 
PaaS allows software developers and vendors to concentrate 
on the quality of their products by removing the need to deal 
with problems and uncertainties of the delivery options [54]. 

c) IaaS 

Infrastructure-as-a-service (IaaS) refers to computing 
resources as a service, which includes virtualized computers 

with guaranteed processing power and reserved bandwidth for 
storage and Internet access [24]. Typically, in IaaS, 
infrastructure resources that include CPU, memory, network 
interface card, disk, etc. are pooled and packaged by 
virtualization technologies. This technology is to solve 
compatibility issues because applications and operating 
systems are supposed to hide hardware from customers [4]. 

 

The three cloud services compose the IT-as-a-Service 
architecture: IaaS offers basic computing and storage 
capability, PaaS provides packaged IT capability or some 
logical resources, SaaS is the top that users can consume. This 
three-layer architecture is illustrated in figure 3 by IBM [29]. 
However, previous works about integrating ERP and cloud 
usually focus on SaaS layer, but barely on PaaS or IaaS. In 
this paper, panorama integrating framework that not only 
includes SaaS but also extended to PaaS and IaaS is discussed. 

 

 
 

Figure 3: The layers of IT-as-a-Service [29] 
 

3) Cloud types 

Clouds can be classified in terms of who owns and manages 
the cloud [9]. Typical cloud types are introduced as figure 4:  

 Public Cloud: services are made available to the 
general public in a pay-as-you-go manner [9]. 

 Private Cloud: the cloud infrastructure, proprietary 
network or data center, is operated solely for a 
business or organization, and serves customers within 
the business fire-wall [9]. 

 Hybrid Cloud: a composition of private Cloud and 
public Cloud that the private Cloud can scale up the 
system with resources provisioned from a public cloud 
when there are rapid workload fluctuations or 
hardware failures [9]. 

The classification of cloud type is from the perspective of 
cloud ownership, but they will not be discussed in detail in 
this paper because this paper mainly focus on integration from 
the perspective of cloud service type, cloud ownership is not 
closely related to the topic in this study. 
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Figure 4: Cloud classification [9] 

C. Integration 

Integration is being able to share information across an 
organization to meet information needs of individual business 
units [30], and system integration is the successful putting 
together of the various components, assemblies, and 
subsystems of a system and having them work together to 
perform what the system was intended to do [31]. In other 
words, integration involves blending, coordinating, or 
incorporating components into a functioning whole [32]. 

For the companies have deployed conventional ERP 
systems, integration is the solution to benefit from cloud as 
while make up for disadvantages of ERP system. According to 
AMR research [33], more than 70% (559 out of 639) 
companies expect that the SaaS solution can be integrated with 
their conventional legacy applications or other SaaS solutions.  

In this case, a framework that can describe ERP-Cloud 
integration implications is necessary. But there’s few 
discussion directly on integrating conventional ERP system 
and cloud services in previous work. Therefore, integrating 
about ERP system and integrating about different cloud 
services are recounted respectively.  

1) Integration of ERP 

Enterprise Application Integration (EAI) is a new class of 
integration software that leads to the development of strategic 
business solutions by securely incorporates functionality from 
disparate applications [34]. Marinos [34] et al illustrated 
integrating ERP with EAI. Firstly EAI extracts data from 
data-source such as database or application. The extracted data 
should be translated into a recognizable form for the target. 
Mapping techniques or intermediary languages are used to 
achieve this translation and format extracted data, so two 
translation steps are executed: from source format to 
intermediary language and then to target format. Data 
translated into target format can be inputted into target 

database, data stream, application or object. 

Service-Oriented Architecture (SOA) is an architectural 
approach that improves business agility by building systems 
with reusable, and loosely coupled services [36], and one of 
basic SOA technologies is web service [37]. António [38] et al 
described integrating ERP with SOA. A connector is adopted 
for mapping ERP specification to SOA end-product 
specification. In another word, the connector is an accelerator 
to the repetitive and time consuming tasks of the integration. 
ERP and the end product of SOA are connected by 
communications features, e.g. SOAP.  

2) Integration of SaaS 

Zhiliang Zhu [35] et al provided two patterns of integrating 
SaaS and other applications. One is the SOA method that 
applications and SaaS are encapsulated by the same standard 
so that they can interoperate each other. The other is to 
re-architect applications by SaaS architecture, and related 
configurations are required on each of SaaS three layers: user 
interface layer, business logic layer, database layer. 

Wei Sun [39] et al discussed the integration would happen 
in all the three layers of the SaaS application: user interface 
integration, process integration, data integration.  

Feng Liu [40] et al raised the challenges when integrating 
SaaS: 

 Security: data may be exposed to the outside cloud. 
 Performance: scalability and latency issues are often 

the bottlenecks in SaaS integration. 
 Web and web service support: SaaS integrations 

usually adopt interface of web service, so HTTP(S) 
protocol should be supported.  

Henry Hai stated that without integration with their 
back-office systems and on-premise applications, SaaS have 
little to no value [53]. 

3) Integration of PaaS 

Windows Azure is one typical PaaS. In the System 
Integrator Whitepaper [49], how integrator using PaaS to 
develop applications and services that are quick to deploy and 
easy to manage is described.  

System integrators can develop cloud-based applications 
and service offerings in PaaS. They can more readily offer 
their clients options for moving all or part of on-premises 
applications to the Web, for extending existing applications’ 
functionality with new Web-based features, and for enhancing 
current on-premises operations with the benefits of 
software-plus-services. 

System integrators can concentrate on designing and 
building applications and services that their clients need 
without committing resources to the operational tasks involved 
in deploying, managing, and hosting those services 
themselves. 
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4) Integration of IaaS 

GoGrid is one of the largest IaaS providers. In its case study 
[50], integrating between IaaS and on-premises resources is 
described. GoGrid offers computing capability via virtual 
servers, and it provides a private VLAN for linking virtual 
servers and customer co-located physical servers. So the 
customer existing physical servers can rapidly scale for 
handling traffic spikes. 

Amazon is another prime IaaS provider. Amazon EC2 is an 
IaaS product that can provide resizable compute capacity in 
the cloud. In Amazon case studies [51], after integrating with 
Amazon EC2, customer can run multiple applications in the 
Amazon EC2 instance, and the processing duration is 
shortened compared to using sole traditional in-house 
infrastructure. 

III. METHODOLOGY  

Research methodology is a way to systematically solve the 
research problem as Dr. C R Kothari defined in his book [52]. 
Among various ways of doing research, the mostly used two 
are quantitative research and qualitative research. In the 
following sections of this chapter, the methodology applied in 
this study and the motivation of applying is explained into 
details.  

A. Research Methods 

One popular way to group diverse research methods is 
distinguish them by quantitative research and qualitative 
research.  

This paper adopts a qualitative approach including literature 
review and semi-structured interview (briefly mentioned as 
interview in the following part of this paper), because 
qualitative method is suitable for discovering new knowledge 
and developing original framework [42]. 

Quantitative methods are research techniques that are used 
to gather quantitative data – information dealing with numbers 
and anything that is measurable [41]. Experiments and Survey 
are the typical quantitative data collection methods. 
Quantitative method relied on statistics, which is accurate and 
could be verified repeatedly. But quantitative research method 
is not good at describing the relations of objects.  

Qualitative research is intended to penetrate to the deeper 
significance that the subject of the research ascribes to the 
topic being researched [42]. It involves an interpretive, 
naturalistic approach to its subject matter and gives priority to 
what the data contribute to important research questions or 
existing information [42]. There are several qualitative data 
collection methods including semi-structured interviews, 
observations and documents study. [43].  

Literature review is the theoretical part of this study so that 
theoretical foundation about conventional ERP system, cloud 
computing and integration is established. The characters of 
integrating conventional ERP system and cloud services will 

be observed. And the motivations of integrating can be 
conjectured through literature review. In addition, the 
theoretical findings are used to give directions of composing 
the questionnaire of next step interviews.  

Interview is the empirical part of this study so as to verify 
findings from literatures and discover new knowledge in an 
empirical way. The interview questions are based on literature 
review and limited within specific scope. Through interviews, 
conjectural integrating motivations will be verified. Moreover, 
implications of ERP-cloud integrating, i.e. opportunities and 
challenges, will be obtained by interview. 

Both literature review and interview are necessary for 
presenting the expected framework. 

B. Research Design 

In this study, the research strategy is survey research design. 
There are several types of survey: questionnaires, interview, 
documents and observations [59]. The most suitable survey 
type for this study is interviews. It is because interviews are 
particularly good at producing data which deal with topics in 
depth and in detail [59]. Face-to-face interview is preferred 
because it involves direct contact between the researcher and 
the respondent.  

The reason for using survey research design and interview 
as the main method is that this study is mainly an explorative 
research. The integration between cloud services and 
conventional ERP systems has not been clearly defined. This 
research design and data collect method can help to obtain 
new knowledge unknown to the researcher. In order to avoid 
the limitation of researcher’s own knowledge, semi-structured 
interview is the best choice. This is discussed in the interview 
section later. 

C. Data Collection 

1) Literature review strategy 

Understanding just concepts of Cloud computing and ERP 
is far from enough for building theoretical foundation. 
Shortcomings of conventional ERP and advantages of cloud 
that can make up conventional ERP system’s bottlenecks 
should also be found to address why conventional ERP 
systems need integration. Characters of different cloud types 
and cloud service types should be researched to address 
research question 2. Thus, the systematic literature review 
(SLR) process is used as literature review strategy. SLR is a 
defined and methodical way of identifying, assessing and 
analyzing published primary studies in order to investigate a 
specific research question [46]. 

According to SLR, the first step of literature review is to 
address research questions. The next step is to organize the 
research process, during which search terms and search 
strategies are constructed. Terms: “ERP”, “cloud”, “cloud 
ERP”, “cloud service”, “SaaS”, “integrating”, “integration”, 
“conventional system”, “conventional ERP”, are permuted and 
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combined with Boolean operators. Databases include ACM 
Digital Library, IEEE Xplore, NetLibrary, ScienceDirect, 
SpringerLink are the main data source. Google scholar is also 
used as searching tool. Finally, it’s to create inclusion and 
exclusion criteria. Since the limited resources, search scope is 
extended to industry reports, vendors’ whitepapers, news and 
statistics or forecasts from professional companies. 
Information before 2000 will be adopted selectively because 
computer science is developing so fast. 

Because SLR focused on research question, high quality 
research evidence relevant to the research question will be 
identified and collected.  

Drawbacks of literature review method are: the knowledge 
may be out of time, the information may be short in practice. 
Therefore, empirical information is necessary.  In this study, 
empirical study (interview) is introduced to complement the 
research from the view of practical in a real world and 
up-to-date environment. 

2) Interview 

Information obtained from literatures is rarely reflected 
practical implementing. First-hand information such as the 
differences of implementing integration with different type 
cloud services, their specific opportunities and challenges, the 
particular techniques employed, the stakeholder concerns and 
so on should be collected. Therefore, interviews are taken 
among relevant industry practitioners to get knowledge from 
practical perspective and fill literature’s blanks.  

Instead of well-prepared pre-questionnaire, open-ended 
interview is adopted. And a guideline [Appendix A] of 
interview is constructed to ensure the same general areas of 
information are collected from each interviewee. Similar 
open-ended questions are asked to all interviewees, but it 
could be randomly according to interviewee’s response. This 
will facilitates faster interviews that can be more easily 
analyzed and compared. 

The first question to start the interview is about what cloud 
is and what is brought to enterprise IT. Because “cloud 
computing is still evolving and there exists no widely accepted 
definition”[19]. Therefore, understanding the knowledge 
ground of all interviewees is important. The next few 
questions are about what interviewees consider when 
integration happens. The intention is to understand the 
opportunities and challenges from the interviewees’ point of 
view. Opportunities and challenges are import parts of the 
framework in the result section. Since semi-structured 
interviews are used to collect data, further questions about 
SaaS, PaaS and IaaS are allowed to be brought up. Because 
there is very little study before, some questions are designed 
according to the researchers own experiences. 

In this study, I conducted 4 interviews. The selection 
strategy used in this study is convenience sampling. They are 
all senior stuffs from named enterprises:  

 Richfit is ERP consumer; concentrates on providing 
ERP implementing and consulting in oil and gas 
industry. 

 Company U is ERP vendor and integration service 
provider; provides their own ERP products and related 
services. 

 IBM is ERP integration service provider, provides 
whole ERP solution for varied enterprises.  

The restriction in the selection procedure is that the 
interviewees must have at least 5-year experiences in ERP 
implementing or consulting. All respondents interviewed are 
all with ERP systems and cloud services related background, 
so that information collected is from a practical point of view 
and with guiding significance. The respondent positions 
include ERP consumer, ERP vendor and integration service 
provider, so obtained data can involve different stakeholders’ 
opinions. The interviews are applied to address research 
question with a macroscopic view, because knowledge about 
some specific cloud ERP product does not make sense for the 
original intention of this article. The interviews were 
conducted at their office or place specified by the respondents. 
The duration was around forty minutes to one hour. 

Initial questions are designed to guide the direction of 
interview. New questions are allowed to be brought up. 
During my interview, the interviewees are given the chance to 
reply based on their own thoughts and what they want to say.  

At the beginning, I contact them in advance and introduce 
myself by email or follow up with a phone call to further 
communication with the reason for the research and the aim of 
the interview. 

Before the beginning of interview, I asked the permission of 
my interviewees to tape record the interview and mention 
them by names in my work. And I also asked that mention the 
organization name in my thesis.  

During the interview, I asked the question one by one. My 
interviewees also provided more information to answer my 
research question. Initial questions are used to guide the 
direction and interviewees are allowed to tell more if they 
want to say.  

When transcribing the interview text, I putted more 
attention to contention that it is important that the written text 
reproduces exactly what the interviewee said word by word, 
and in the case the audio sound is poor the researcher should 
not attempt to guess and conjecture anything; instead the 
research should indicate in the transcript that there is a missing 
word. 

However, the interviews were conducted in local language 
to let interviewee felt close and relax. The interviews are 
recorded, transcription are initially in local language and then 
be translated into English. 

It’s not easy to carry out interview method, because the 
respondents unwilling to accept an interview due to some 
confidentiality concerns. In proportion, interviewer has to 
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spend much effort on recording and organizing the transcript. 
Therefore, compared to send out hundreds of questionnaires 
method, data sample from interview is usually smaller. 

3) Alternative and motivation 

Questionnaire is one alternative data collection method that 
requires a lot of samples. But people who know ERP and 
cloud computing well are not always acquainted of integrating, 
so it’s difficult to identify the target audience when deliver 
questionnaires. Moreover, it’s hard to ensure the quality of 
returned answers, at least identifying valued information from 
mixed results can cost a lot of time. In addition, open 
questions that require professional interpretation are 
ineluctability, whereas it’s hard to carry out discussion or 
comparison with questionnaire method. Consequently, 
semi-structured interview method is more suitable for 
effectuating this research than questionnaires. 

Another alternative is to perform the research based on real 
cases, which means collecting cases of integrating Cloud ERP 
and ERP conventional systems, detecting success factors and 
main failures, and find out integration patterns. However, in 
this area, the resources are too scarce to elicit such patterns, 
and collect real cases could be very expensive plus very 
time-consuming. 

 

By implementing literature review, a theoretical foundation 
of this study will be built and qualitative data from theoretical 
perspective will be collected. Implementing interview and 
getting first-hand empirical information will fill literature’s 
blanks. Through analyzing results of interviews, a framework 
of integrating conventional ERP system and cloud services 
will be presented.  

Moreover, empirical findings and related theoretical 
findings will be listed and compared so that it’s easy to find 
their relationships.  

D. Data Analysis 

The data analysis process starts from searching for core 
elements and looking for themes that recur in raw data 
(transcribed interview text)[59]. There are mainly three stages 
to analyze the data: coding, categorizing and finally arrive at 
concepts.[59] Here in this study, these tasks are done as 
described below: 

Coding the data 

The first step is to code pieces of words in the raw data. 
Opinions given by interviewees are marked in the 
transcription text. Similar opinions in different interview 
transcripts are tagged with a tag name to identify their 
similarity. 

Categorizing the data 

The second step is to categorize the marked and tagged 
opinions according to the three levels of cloud services: SaaS, 
PaaS and IaaS and three aspects of integration between cloud 

services and conventional ERP systems: characters, 
opportunities and challenges. To record the result of this step, 
categorized points are put into a two dimensions table. 

Conceptualizing the data 

The aim of coding and categorizing the data is to arrive at 
concept that helps to explain the phenomenon [59]. The work 
in this step is to conceptualize similar opinions so that it can 
describe generalized phenomenon. In this study, the main 
purpose is to find out new knowledge about integration 
between cloud services and conventional ERP systems. So that 
categorized points are compared with literature findings. Then 
both empirical findings and theoretical findings are combined 
into one framework. 

E. Ethical considerations 

According to Frankfort-Nachmias et al, there are four 
ethical considerations in social science research[58]. These are 
explained under the following bullets. 

1) Cost and benefits of interviewees 

In this study, the interview takes forty minutes to an hour. 
Since this is an academic research, there is no funding to 
support research activities. The interviewees know this and 
they don’t expect financial return. However, they all have 
work experiences in the subject area. So that they are willing 
to receive the result of this study. This is the main benefit to 
the interviewees. 

2) Informed consent of interviewees 

Each interviewee is informed with the identity of the 
researcher, the aim of the research and the approximate length 
of interview. They are also informed with that the 
conversation is recorded and transcribed word by word. They 
are also aware that their name and company name are 
mentioned in the paper. In fact one of them prefers to be 
anonymous. 

3) Privacy of interviewees 

The interviewees are free to pick and choose for himself the 
time and places where the interview happens. Although it’s 
preferred to be a face-to-face interview, due to the privacy 
consideration, interviewee via telephone is accepted. The 
researcher intend to keep question away from sensitive 
information and allow interviewees not to answer if they feel 
not comfortable. For example, information regarding to trade 
secret and patented technology. 

4) Anonymity and confidentiality of interviewees 

The researcher tells the interviewees that their name and 
company name are to be mentioned in the paper. So that it’s 
not anonymous. However one of the interviewee doesn’t want 
to be mentioned and his identity keeps anonymous. Their 
conversations are recorded and transcribe. But the transcripts 
are only used in current study and will not be published in the 
future. The interviewees are aware of this and give their 
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permissions. 

 

The researcher is a master degree student with 3 years of 
work experiences. The researcher’s knowledge and 
experiences may limit the study process and generalization of 
the result. Besides, the researcher’s native language is not 
English. This is one disadvantage while writing this thesis. 
Misleading words may exist in this paper.  

In this study, interview is the method used to collect 
qualitative data. This method can only generate data that 
covers very small numbers of participants. And this method 
can’t provide a large sample to be statistically analyzed. But 
it’s a good method to enable in-depth study of the research 
topic. 

IV. RESULTS 

In this chapter, the results of the interviews with four 
system integration project managers are presented. Detailed 
profiles of interviewees are listed in Table 1. To ensure the 
same general areas of information are collected from each 
respondent, a guideline of interview is prepared. It’s unlike an 
open conversational interview, but still allows a degree of free. 
The guideline questions are all around characters, challenges 
and opportunities of ERP-Cloud integration. For further 
analysis, respondents are required to give some examples too. 
This chapter is divided into three parts. By investigating 
enterprises’ demands about ERP-Cloud integration, challenges 
and opportunities of integrating with different types of cloud 
services are found. Through conducted interviews, more 
information about integrating characters is revealed and 

findings through literature review are enriched.  

A. Characters of Integrating Conventional ERP with 
Different Types of Cloud Services 

Integration between Conventional ERP systems with cloud 
services is to establish connections. These connections 
between systems enable automation of data exchanging, 
business processing and resource leveraging. Generally 
speaking, interviewee1 consider integration with cloud 
services is similar to integration with non-cloud systems. 
However, other respondents give different opinions. 

Interviewee3 states that integration with cloud services 
usually bases on different network environment. Cloud 
services are usually provided by external service providers and 
data exchange are on the internet. Interviewee3 concerns about 
this difference. It’s because within a company’s local area 
network (LAN) security is less vulnerable than it is on the 
internet. Another issues may be raised is performance. It’s 
because LAN usually has broader bandwidth. 

The next few sections are summarized from interviews. 
They are presented in the way of different type of cloud 
services. Each section contains one or more key points given 
by interviews. 

1) Integration between ERP and SaaS 

a) Point to point integration 

According to the empirical findings given by interview 
respondents, integration between conventional ERP systems 
and SaaS is eventually to establish links between separate 
functions from ERP side and SaaS side. 

 

Identifier Interviewee Company Position Organization Type of organization 

Interviewee1 Qi Wei Richfit Project Manager ERP development Oil and Gas Company 

Interviewee2 Mr. Shi Company U* Product Manager Product Design ERP Provider 

Interviewee3 Chen Wei IBM 
System 

Integration 
Project Manager 

System Integration IT Solution Provider 

Interviewee4 Zhang Liu Richfit Project Manager ERP development Oil and Gas Company 

 
Table1:  The reference of the interviews 

*Company U is anonyms, it’s one of primary ERP providers in China and it provides cloud ERP also 
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Interviewee2’s point of view is that integration at SaaS 
level is driven by requirements. This means that such links are 
usually established to meet certain requirements. For example, 
a link can be established to connect one part of business 
process chain in ERP systems and another part of business 
process chain provided by SaaS. Technically, this is done by 
deploying a program that can receive data from one system 
and send the data to another system. According to 
interviewee4, SaaS usually provide read-to-use services. Such 
services can be used by sending data to or reading data from 
provided functions. Each service is specifically connected to a 
point of the ERP system function. 

Although there are different levels of integration mentioned 
by different interviewees including data level, business level 
and user interface level, integration between conventional 
ERP systems and SaaS are all similar. Even though more than 
one different technology such as Service oriented architectures, 
SOAP protocol, web service and Single Sign On are used to 
establish various links; the essential method is to develop 
computer programs. This is the key idea of point to point 
integration. 

b) Service contracts 

Most SaaS are provided by service providers commercially. 
This leads to new pricing methods different from conventional 
software licensing models. The pay-per-use principle 
mentioned by interviewee2 is widely used by SaaS providers. 
This is also confirmed by various literatures. This is important 
because service contract determines how integration programs 
are developed. Interviewee2 gave an example, if the main 
pricing condition is the number of system users, the way of 
integration should be optimized to keep the minimum number 
of users. Therefore, service contract is another key issue when 
integration between conventional ERP systems and SaaS 
happens. 

2) Integration between ERP and PaaS 

a) Not for business process integration but for 
development environment 

Integration between ERP and PaaS is not as popular as SaaS. 
But apparently, all interviewees agree with that such 
integration is not for business process. According 
tointerviewee4’s answers, integration at PaaS level is to bring 
development platforms together. Interviewee1 explained at a 
further step. When PaaS is introduced to enterprises, 
developers need to develop programs, test it and finally deploy 
programs on the platform. At the same time, they still need to 
maintain original platform to support their conventional ERP 
systems. Integration platforms from both sides can establish an 
easy way to deploy programs at both platforms at the same 
time. Such integration enables that development lifecycle 
(coding, testing and deploying) can be managed centrally. 
However, interviewee1 stated that, in his experiences, there is 
no need to integrate conventional ERP with cloud services ad 

PaaS level because existing development platforms are good 
enough. 

Interviewee4 gave an example: by integrating with PaaS, 
ERP development process will be well facilitated. He said: 

Another example is, we usually need to do development 
work at multiple platforms, including ERP systems and 
the other end of integration. We tried to establish 
connections between the systems so that the platforms 
are bound together. Then some of software development 
process can be automated. For example, a pair of 
software components is deployed one after another 
system and gets verified at both systems. I think this is 
some kind of PaaS integration with conventional ERP 
systems. Of course this must be enabled by proper 
service interfaces provided by both end. 

3) Integration between ERP and IaaS 

a) Not connected to the ERP system itself but to the H/W 
necessary to operate the ERP system 

Infrastructure usually refers to the server, storage and 
network. According to interviewee2, the IaaS may be provided 
by different suppliers, so “they need to adapt different cloud 
services of infrastructures provided by different suppliers”. 
Interviewee3 mentioned that integrating IaaS is achieved by 
virtualization technologies and distributed technologies. 
Virtualization technologies allow system administrators to 
establish many virtual servers based on a pool of hardware 
resources. But the virtual servers are not bounded to specific 
physical devices. Distributed technologies are used to allow 
data to be stored at different physical devices but can still be 
used as a whole one. Interviewee3 also stated that with the 
help of these technologies, integration between conventional 
ERP systems at IaaS become easier because existing ERP 
systems can be upgraded without any change to software and 
applications. Storage capability and computation units are 
easily extended. Interviewee1 described the situation: 

Once the system starts running, data is increasing 
exponentially, and the cloud computing becomes 
important because not all the hardware are in the same 
location […], package all of these machines […] without 
caring about where the data will be stored”, and the 
benefits are “make full use of hardware resources, […] 
good for disaster recovery. 

For the ERP system, servers are very important.  At some 
certain time, the workload of servers may exceed usual 
required capacity. Interviewee3 figured that clustering 
technology is required to allow workload balancing among 
different servers provided via cloud: 

Clustering can full use of the servers, and with load 
balance techniques, the utilization can be optimized. In 
ERP system, all the computing and processing are done 
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on servers instead of on clients, by clustering and load 
balance, some server or computing resource cloud be 
automatically allocated to ERP system dynamically.   

Data synchronization should be considered when 
integrating IaaS and ERP. Interviewee2 gave an example 
about SAP Business Warehouse (BW), in which case, the 
process is: extract data directly from the database, extract 
specific forms sometimes, and merge the data source with 
ERP system. Interviewee1 emphasizes that for implementing 
IaaS integration, a very good network is required, and it is a 
very important point.  

Integration at IaaS level extends computation capacity 
undoubtedly. But all respondents’ opinions are similar at one 
point: integration between ERP and IaaS is not about ERP 
system itself but to the hardware resources underlying. 

B. Opportunities of integration between Conventional 
ERP System and Cloud Services 

1) Integration between ERP and SaaS 

SaaS is the most well-known type of cloud service. In the 
past few years, many SaaS products has been lunched and 
more and more service providers entered into this market. 
Some benefits brought by SaaS are: low implementation cost 
for small to medium sized enterprises (interviewee1, 2, 3, 4), 
quick start to utilize ready-to-use functionalities (interviewee1, 
2, 4) and require less in-house technical support team 
(interviewee1, 4).  

However, the focus point of this paper is to find the 
opportunities brought by integration between ERP and SaaS. 
And interviewees gave many valuable answers to this point. 

a) Enhance business productivity 

According to interviewee1, integration between ERP 
systems and SaaS could be done at three different layers: data, 
application and user interface. At the data layer, integration 
allows data sources from both ERP side and SaaS side to be 
joint together. So that stored data can be managed unitedly and 
synchronized, eliminating variance and redundancy. 
Interviewee1 emphasized on this because he said consistent 
data are vital to IT operation success in an enterprise.  

At application layer, interviewee4 stated that integration 
between ERP and SaaS can insert functionalities provided by 
SaaS into existing business process provided by ERP system. 
Such insertion are established on a basis of automated data 
exchange techniques, such as web services, XML and SOAP 
protocol. Interviewee4 emphasized on this point because he 
thinks automated business process reduce chances of making 
mistakes by manual work and time consumption. Then labor 
costs are reduced.  

At user interface layer, interviewee3’s opinion is that 
integration can make two separate systems become a whole 
one. So that users feel seamless while switching from one 
system to another system. An example given by inerviewee3 

is Single Sign On (SSO) technique. SSO allows ERP and SaaS 
accept user account information for the other side. So that 
users are only required to enter user name and password once 
but are able to use two different systems. 

Besides these opinions, all respondents agree to this: 
integration between ERP and SaaS allows enterprises to 
enhance business productivity. 

b) Maximize the value of SaaS purchasing 

According to interviewee2, SaaS is usually provided at a 
price in accordance with a given limit. For example, the total 
number of users and maximum number of visits are 
constrained in a certain periods. This is also known as 
pay-per-use model. However, as interviewee4 stated that 
contract limitation is always hard to be reached if only 
“human users” use the SaaS functionalities. Because manual 
work is much slower that computers can perform. On the other 
hand, interviewee1 stated that integration can reduce manual 
workload and mistakes. SaaS functionalities can be utilized 
with less labor work. Therefore, the money spent on 
purchasing SaaS has the best reuturn of investment (ROI) in 
this case. 

2) Integration between ERP and PaaS 

a) Facilitate and make integration more efficient 

PaaS is essentially platforms provided by a third-party 
service provider. ERP system also relies on some certain 
platform according to interviewee3. According to 
interviewee4, PaaS is used by programmers to develop 
customized applications and once they are deployed on the 
platform, the applications are similar to SaaS. Interviewee4 
emphasizes on its importance for enterprises when they want 
to extend existing ERP system’s functionality but don’t want 
to purchase hardware resources by themselves. The hardware 
resources behind PaaS are managed and provided by a service 
provider. Inerviewee1 also stated that: 

If I need a new development platform, I don’t have to 
establish one by myself. Or maybe I don’t have a 
in-house team to do this. Therefore, I can use a PaaS 
product provided by others. 

To support an ERP system, there is always an existing 
developing environment (interviewee1). According to 
interviewee2: 

 “The developing environment includes developing tools, 
API services, etc., it even also includes test, release, 
deployment, configuration, and management of cluster”.  

Interviewee2 also points out that in PaaS, “all of above are 
different”. According to interviewee4, when integration 
between ERP system’s platform and PaaS is done,  
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“Some software development process becomes 
automated.” 

With the help of integration at PaaS level, integration 
between ERP systems and cloud services become more 
efficient. This is because developed programs can be deployed 
faster on integrated platforms than on separated platforms. 
Interviewee4 agreed with this point. 

3) Integration between ERP and IaaS 

a) Upgrade performance for existing ERP system 

From literature reviewing, it’s a fact that in most enterprises, 
ERP system has a long history. During years of running, 
hardware capability may become less enough because of data 
storage increase and business growth. Interviewee1 states that 
integration at IaaS level allows new and external hardware 
resources to join existing hardware resources pool for existing 
ERP system. Therefore performance of existing ERP systems 
are upgraded in terms of computing units, storage capacity, etc. 
According to interviewee4, such integration is enabled by 
virtualization technologies. Virtualization technologies are 
able to allocate hardware resources to ERP system runtime 
requirement despite of physical location. When necessary, 
hardware resources can be automatically utilized and released 
after tasks are done. Therefore IaaS can be integrated to 
existing infrastructure seamlessly.  

b) Simplify server maintenance and decrease local IT 
personnel 

Similar to other type of cloud services, IaaS is provided by 
a third-party service provider. According to interviewee2, IaaS 
belongs to vendors and maintenance is done by the service 
provider. Hardware resources are provided as service to 
customers and there is not much work to do at the customer 
side. Interviewee3 also gives an example from IBM. A 
scalable storage virtualization service is provided by IBM. 
This solution allows customer to use external storage without 
the effort to maintain a server by themselves. Interviewee4 
also gives positive opinion on IaaS integration because the 
services are provided as a ready-to-use state. This significantly 
decreases the need for local IT personnel. 

C. Challenges of integration between Conventional ERP 
System and Cloud Services 

In the interviews, security and performance are the most 
concerned issues. All respondents emphasize on them. Besides 
these, from the perspective of developers, interviewee1 
mentions the system stability problem. He worries about that 
external service provider are risky because they are not under 
enterprise’s control. And stability is the most important issue: 

To our developers, the system stability is most important, 
and then is the performance, and security. Because the 
enterprise has strong need for information, the 
integrations of enterprise systems are real-time now. If 

the system is unstable, it will impact on the business 
process badly. 

However, these challenges are more related to the cloud 
service itself. In the next few sections, several key points 
closely related to integration between ERP and cloud services 
are presented. They are collected in the interviews and 
summarized. 

1) Integration between ERP and SaaS 

Undoubtedly, SaaS brings a lot of benefits to enterprises 
and integration enhances business productivity especially. 
However, in the interviews, there are several challenges 
mentioned by interviewees.  

a) Could pose a lot of point to point integrations 

According to interviewee2, integration at SaaS is done to 
meet specific requirements. For instance, a piece of data need 
to be transferred from ERP to SaaS automatically, a business 
process needs to be triggered after a SaaS functionality is 
performed, etc. Although interviewee1 stated that there is no 
difficult to do integration to meet a specific requirement 
because current technical standards for exchanging data is 
widely accepted by most software products, emerging 
requirements result in more and more integration points to 
meet requirements one after another. 

b) Performance is limited by SaaS mechanism 

According to interviewee2, pricing model of SaaS is 
different from traditional software products. Customers 
usually pay for limited capacities, for instance, a certain 
number of users, a maximum number of concurrent visits per 
minute, etc. Although integration allows systems to maximize 
the value of purchasing by reaching the limitation, compare to 
integration at PaaS or IaaS level, performance of ERP system 
could be limited to SaaS mechanism. Because conventional 
ERP system usually runs on customer hosted hardware 
resource. ERP system can perform up to hardware limitation 
which is usually better than the SaaS service contract 
limitation. Another concern given by interviewee4 is that SaaS 
usually has multiple tenants. They share hardware resources. 
Therefore, performance of SaaS is not that stable but customer 
has no control on this. 

c) Not enough ability to develop customization 

SaaS is usually standardized services provided to customers. 
Interviewee4 emphasizes his concern on only few 
customizations could be done for integration at the SaaS side. 
According to interviewee1 and interviewee3, when perform 
integration at SaaS level, most works are to learn data 
structures, service interfaces and technical specification 
proivded by SaaS. Almost all work has to be done at ERP 
system side. This leads to impossible mission sometimes.  
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d) Hard to test programs at SaaS side 

Interviewee2 stated that it’s very hard to do testing at SaaS 
side because:  

“It’s (SaaS) not completely within the enterprise, we can’t 
detect if the problem is in cloud. And it’s hard to have full 
control at the cloud service end”.  

According to interviewee2’s concern, SaaS runs on a 
platform that belongs to service provider. Interviewee2 also 
stated that SaaS is running on multi-tenent model which 
means not only one customer uses it. This is also a constraint 
for developers to change SaaS in order to do testing. 

2) Integration between ERP and PaaS 

a) Leads to new competence requirements on IT 
personnel 

According to interviewee1 and interviewee2, integrating 
platforms is too difficult. In interviewee1’s opinion, there is no 
obvious value of integrating platforms because currently even 
separate platforms satisfy development lifecycle well. Another 
reason given by interviewee1 is that there are too many 
differences between development platforms. Interviewee2 
gives similar response of integration at PaaS is less used 
because of too much difference exists and it’s much more 
challenge than any other kind of integration. Even 
interviewee4 believes in some certain benefits that integrating 
PaaS can bring in, he stated that to overcome many difficulties, 
integrating PaaS may lead to new competence required to 
perform the integration and technical support.  

b) Small defects on PaaS may result in significant issues 

Another concern of integration at PaaS level is it’s stability 
and vulnerability. Interviewee4 worries about even small 
defects in either the integration or any single platform may 
spread to the whole system. For instance, an automated 
deployment process may quickly transfer a defected program 
to all integrated platforms. 

3) Integration between ERP and IaaS 

a) Vendor lock-in problem 

During the interviews, interviewee1 states that it should be 
very cautious to choose an IaaS provider because it’s very 
hard to change to a different one. This is known as the vendor 
lock-in problem. Interviewee3 has abundant experiences in 
ERP related integration projects. He says that ERP system is 
very complex. It consumes storage spaces, computing process 
units and memory hundreds times larger than normal personal 
computers. Once IaaS is integrated with existing infrastructure, 
migrate consumed resources is a difficult thing. Being a 
member of ERP user enterprise, interviewee4 states that his 
company expects possibility to choose vendor but not locked 
in a certain vendor. 

b) Compatibility issues 

All interviewees agree to that virtualization technologies are 
used to overwhelm difference among physical devices. The 
most concerned issue at IaaS level for interviewee3 is whether 
the difference between hardware of ERP system and IaaS is an 
obstacle to perform integration. This is the compatibility issue. 
Interviewee1 mentioned that the well-known companies such 
as Microsoft, IBM and Oracle all privdes their own 
virtualization techniques. Although within their own product 
line, compatibility issues are maximally eliminated, it’s still a 
problem for infrastructure solution with multiple vendors. 
Interviewee3 emphasizes on this point because he thinks that 
incompatible hardware resources may cause performance 
issues and the infrastructure become less stable. 

V. ANALYSIS 

Theoretical and empirical findings collected from literature 
reviews and interviews are analyzed in this chapter. It is the 
main purpose of this paper to present a framework (Table 2) of 
integration between conventional ERP systems and cloud 
services in terms of characters, opportunities and challenges of 
integration. Motivations of integration are also analyzed and 
presented in the framework. But motivation is not given by 
interviewees. It’s derived from the analysis of characters, 
opportunities and challenges. In the following sections, 
discussion is done around this framework about three types of 
cloud services namely SaaS, PaaS and IaaS.  

A. Characters of integration between Conventional ERP 
System and Cloud Services 

Generally speaking, all the interviewees have a common 
understand of integrating conventional ERP system and cloud 
services. Such integration is to utilize functionalities provided 
by third-party service providers to enhance both technical and 
business capability of existing ERP systems. However, 
characters of integration at each level of cloud services are 
truly different from each other. This is analyzed in the 
following sections. 

1) Integration between ERP and SaaS 

The character of integration between conventional ERP 
system and SaaS is essentially point to point integration based 
on service contract. The “point to point” character is decided 
by the nature of SaaS. Borko Furht[24] mentioned that “SaaS 
reduced the user’s physical equipment and management costs” 
in his book of “Handbook of Cloud Computing”. The 
responsibility of hardware resources and maintenance is taken 
by service providers. So the main thing to do for enterprise 
users is to “embed” SaaS functions into existing business 
process. In this context, “embed” is done by “point to point 
integration”, technically meaning to develop specific programs 
at the ERP system side. The programs are used to invoke 
service interfaces provided by the SaaS application 
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respectively. 

The reason of emphasizing “based on service contract” is 
that the type of payment is an essential influence factor to 
users. Typical payment methods mentioned in literatures are 
pay-per-user [21], pay for used resources on a short termed 
basis as needed [5]. These methods provide chances for 
customers to choose the most proper one for their purpose. 
This is discussed further in the opportunities section. On the 
other hand, service contract may also contain limitation of 
using such as maximum visits per minute. This also affects the 
way of integration and performance. 

When implementing, “Point to point integration” should 
comply with both business and technical specifications given 
by SaaS provider. Integration with SaaS happens at three 
levels at the ERP system side. The first one is about 
integrating user interfaces. An example given by interviewees 
is single sign-on (SSO) technology. SSO ensures a consistent 
identity management and avoid entering user name and 
password all the time. At the application level, extra 
functionalities provided by external Saas can be linked to an 
existing business process in ERP systems. With the help of 
programming and configuration, the integrated functions are 
triggered automatically by ERP systems. At the data level, by 

developing synchronizing functions, data can be shared 
between ERP and cloud services. By these means, 
functionalities of conventional ERP systems are extended and 
business processes become automated, data can be 
synchronized and user interfaces are integrated seamlessly. 

2) Integration between ERP and PaaS 

According to the findings of literature review [19, 21, 28], 
PaaS is developer-oriented to provide full life cycle 
management of software development process. The natures of 
PaaS lead the integration between conventional ERP systems 
and PaaS to integrating development platforms at both side 
and help to coordinate the development lifecycle. This is also 
confirmed by interviewee2 and interviewee3. Once standard 
SaaS doesn’t fit user’s requirements, users tend to use PaaS to 
develop their own applications instead of using standard 
services. Since at both ERP systems and cloud service side, 
development platforms are used by developer teams to 
develop, test, deploy and maintain applications that can be 
integrated with ERP conventional system if necessary. As a 
result, the integration between conventional ERP system and 
PaaS mainly brings multiple development platforms together. 
This is all about technical things but has nothing to do with 
business functions. (Interviewee4) 

 

Service 
Type 

Characters Opportunities Challenges Motivation 

SaaS 

 Point to point 
integration based on 
service contract 

 Enhance business 
productivity 

 Maximized the value of 
SaaS purchase 

 Could pose a lot of point 
to point integrations 

 Performance is limited by 
SaaS mechanism 

 Not enough ability to 
develop customization 

 Hard to test programs in 
SaaS side 

 To extend ERP 
System's specific 
functionalities 

PaaS 

 Not for business process 
integration but for 
development 
environment 

 Facilitate and make 
integration more efficient 

 Leads to new competence 
requirements on IT 
personnel  

 Small  defects on PaaS 
may result in significant 
issues 

 To provide ability of 
centralized developing 
life cycle management 

IaaS 

 Not connected to the 
ERP system itself but to 
the H/W necessary to 
operate the ERP system  

 Upgrade performance and 
simplify server 
maintenance. 

 Decrease local IT 
personnel 

 Vendor lock-in 

 Compatibility issues 

 To enable scalability 
and reliability of H/W 
resources 

 
Table 2, Framework of Integrating Conventional ERP System and Cloud Services 
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3) Integration between ERP and IaaS 

Integration on IaaS is not connected to ERP system itself 
but to Hardware resources in essence [50, 51], which enables 
operating ERP system. IaaS provides computing capability 
and storage capability as a service [24]. In other words, 
integrating ERP with IaaS is hardware integration.  

IaaS should make sure servers offered by different vendors 
can work together in a concerted way. It can be achieved by 
clustering technologies and load balance technologies as 
interviewee3 suggests. 

Clustering means compose a loose coupling system with 
multiple processers, and computing capability of the cluster is 
much better than any single server. Clustering can be achieved 
by some special software or just by operating system. Through 
servers are offered by different vendors, or offered by same 
vendor but in different types, they can be congregated by 
standard interfaces.    

Load balance technologies can help allocate tasks and 
optimize resources. In case some servers are unoccupied while 
some other servers are overload. 

B. Opportunities of integration between Conventional 
ERP System and Cloud Services 

By employing cloud services, enterprises gain many 
benefits. Some known benefits are reducing initial investment 
[9], extending existing business process, short implementation 
period compare with make a new one by themselves and 
maximum flexibility of payment and easy to perform system 
upgrading [5]. These opportunities are also mentioned by each 
interviewee. However, whether these benefits can be fully 
gained depends on the integration between conventional ERP 
systems and cloud services. In this section, opportunities 
brought by integrating are analyzed at three different cloud 
service levels. 

1) Integration between ERP and SaaS 

As discussion in previous sections, SaaS brings new 
functions and the integration between conventional ERP 
systems and SaaS enables business process automation, data 
synchronized and seamless user interfaces. Two opportunities 
should be paid attention to. The first one is that business 
productivities are enhanced because automated business 
process requires less manual efforts, and data synchronizing 
mechanism reduces data inconsistence. In this case processing 
duration could be shortened and occasional errors caused by 
manual work could be eliminated. For example, by 
transferring sales order records from SaaS application back to 
ERP financing module automatically, the billing process will 
not be interrupted by waiting for manually entering the data. 
Moreover, seamlessly integrated user interface will help to 
improve user experiences which could also contribute to 
business productivity enhancement. A typical integration case 
is integrating logon and authorization features, so that users 
don’t need to enter username and password when switching 

from ERP to SaaS application. The second one is, the value of 
SaaS purchase is maximized because SaaS functionalities 
could be better utilized up to the service contract limitation. 
For example, service contract may give a limitation on 
requesting frequency of 100 times per hour which is far 
beyond human being’s capability, while requests initiated by 
the ERP system could easily reach this threshold. 

2) Integration between ERP and PaaS 

The nature of PaaS is all about development lifecycle but 
not business process. This point is commonly confirmed by 
interviewee1, 2 and 4. It then leads to a fact that enterprise 
users may not gain benefits from integrating directly related to 
business performance. However, integration between ERP 
system development environment and PaaS truly affect all 
aspects of technical management including programing, 
testing, deploying and maintaining. If looking into how 
integrated development platforms works, it’s easy to 
understand that the major opportunity here is to make 
deploying process more efficient and reliable. For example, a 
pair of new applications can be automatically distributed to 
both ERP and PaaS sides respectively. This automated process 
is helpful to reduce manual work for developers and also 
eliminate human being’s mistakes.  

3) Integration between ERP and IaaS 

Hardware resources are runtime environment of ERP 
systems. Although IaaS is not directly related to ERP systems, 
it does affect many aspects of ERP systems such as the IT 
personnel and the performance. Therefore, integrating with 
IaaS brings the following opportunities. The first one is that 
extra hardware resources are brought into existing 
infrastructure but not need to maintain self-hosting servers. 
This enhances the capability of ERP systems so that 
performance can be upgraded. The second one is that IaaS 
provider takes the responsibility of maintaining resources 
outside the enterprise, so in-house maintenance work will be 
simplified. As a result, integration with IaaS decreases the 
demand on local IT personnel. 

However, like every coin has two sides; integration between 
conventional ERP systems and cloud services brings 
challenges as well. In the next section, challenges are 
discussed fully. 

C. Challenges of integration between Conventional ERP 
System and Cloud Services 

As stated at the beginning of this paper, cloud computing is 
new to most people even researchers and enterprise 
practitioners. When integrating conventional ERP systems and 
cloud services becomes a solution, challenges must be dealt 
with carefully. Properly handling the challenges helps to 
overcome difficulties during development and implementation 
phases and maximize the benefits discussed in previous 
sections. Challenges are discussed at each level of cloud 
services in the follow sections. 
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1) Integration between ERP and SaaS 

When the “point to point” nature of integration with SaaS 
reduces implementation cost and time, enterprise users may 
have to face to a lot of point to point integrations at the same 
time if they want to adopt several SaaS applications. As the 
complexity of integration grows, development and 
maintenance workload increases so fast that the situation will 
become unmanageable.  

Secondly, integration mechanism provided by SaaS, such as 
pricing model and service level agreement, limits integration 
capabilities. A quick example is that if the SaaS holds a 
limitation of processing 60 requests to retrieve sales order 
records per hour, there will be no possibility for the ERP 
system to get sales order records more than 60 times per hour. 
And if the SaaS is tightly linked with business process in ERP 
system, the performance of the whole business process are 
constrained. Besides this, any failures caused by SaaS also 
raise issues in ERP performance.  

The third one is that SaaS is usually lack of customization 
capabilities. This is mainly because SaaS providers generally 
provide standard functionalities to many different users. This 
is actually the reason that service provider can offer 
competitive prices. Although standardized user interface and 
functionalities are less flexible to meet customer’s 
requirements, these standards do help customers to save 
budgets. Therefore it’s a paradox for user to balance 
customization ability and implementation cost. For enterprises 
with complex business process and requirement, lack of 
customization is really a challenge to do integration. 

The last one is that testing becomes hard when such 
integration happens. Developers from the customer side 
usually have very little control of SaaS runtime environment. 
A necessary work to do testing is debugging, which means 
monitoring the insight stats of runtime program behaviors. 
Therefore, developers can only rely on the output of service 
interfaces. But this is not the runtime feedback.  

2) Integration between ERP and PaaS 

Integrating with PaaS should be the most controversial one 
among all three levels. While interviewee4 holds an opinion of 
“helpful to development lifecycle”, interviewee2’s opinion is 
that platforms are usually too different to beintegrated. Despite 
of the benefits mentioned previously, integrating at PaaS level 
may bring new competence requirements on IT personnel with 
extra skills and knowledge areas. This is because knowledge 
of how development platforms work is not necessarily in 
developers’ skill sets and not too much people know that. If 
such integration requires company to invest in either hire new 
people or train existing team to do this, there is a question of 
whether it worth to spend this money. A common 
understanding is that company shouldn’t waste money on 
unnecessary effort.  

All the interviewees and literature findings are in 
accordance with that integration with PaaS involves the key 

phase of development life cycle. The key phase is the 
deploying programs. Since a major consequence of integration 
is automated deployment process. Defected programs 
deployed automatically may be spread much faster than done 
by developers one after another manually. As a result, small 
defects can lead to significant issues. To prevent this potential 
damage, proper management policies and control process 
should be implemented. Closely monitoring important process 
is also a good way to discover problems and fix as soon as 
possible. 

3) Integration between ERP and IaaS 

Integration with IaaS is mainly about introducing new 
computation resources from an external service provider [24]. 
No matter whether new resources are hosted on the internet or 
in a LAN environment, compatibility issues need to be 
considered in advance. Although service providers tend to 
provide virtualization technologies to avoid compatibility 
issues at hardware level [4], there are still several different 
virtualization technologies such as Microsoft, IBM, etc.  
Incompatible resources usually lead to performance 
downgrade issues and extra work to make them work together.  
Technically compatibility issues are not that hard to overcome 
(interviewee4). However this is an issue related to company 
strategies and industry barriers. When being asked about why 
the products have different standards, interviewee3 states that 
the companies providing hardware resources are essentially 
competitors and they tend to promote their own products and 
raise barriers for other competitors. 

Another challenge brought by integration at this level is 
vendor lock-in issue.  This issue causes problem of relying 
on specific vendor to provide further services and products 
instead of freely choosing other service providers. This is 
especially important when upgrading performance of ERP 
system or if a current service provider is supposed to be 
replace by others. The reason is that migration of data and 
applications are always costly. Interviewee1 states that ERP 
system is a very large and complex system. It relies on a large 
amount of computation resources and storage spaces. To move 
thousands of terabyte (TB, 1 TB = 1024 GB) data may require 
a team to work a couple of months. And the enterprise’s 
business has to be affected during the migration period. 
Therefore, IaaS service provider may have more power of 
pricing in further negotiation and the customer has less choice 
to switch between service providers. This is not expected by 
users also because it may lead to higher total cost of 
ownership for IT systems. To solve this problem, a possible 
way is to keep integration at IaaS level as simple as possible. 

D. Motivation of integration between Conventional ERP 
System and Cloud Services 

Implementing ERP-Cloud integration on different cloud 
service level assists to achieve different goals. SaaS provides 
customers access to business functionality remotely [39], PaaS 
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provides integrated development environment [21], and, and 
IaaS offers basic computing and storage capability [29]. 
Empirical findings through interviews confirm these 
theoretical points and the interviewees discussed motivations 
of integrating ERP with every cloud services. 

The intention of integrating with SaaS is that it will extend 
functionalities of ERP system.  Frequently upgrading and 
deployment will bother not only consumer but also vendor. 
SaaS offers a flexible way to access up to date applications, so 
that conventional ERP system can be enhanced much easier.  
Interviewee1 also confirmed the motivation is “enhancing 
ERP’s functional abilities”. 

Unlike SaaS, PaaS offers developers a developing 
environment with full life cycle developing management 
rather than simple software. Integrating PaaS and conventional 
ERP system could involve multiple development platforms. 
As interviewee4 mentioned, when developing at multiple 
platforms, connections between the systems should be 
established so as to bound platforms together and achieve 
automated development process. Therefore, the integration 
motivation of PaaS is to improve developing life cycle of ERP 
conventional system by providing centralized management 
ability.  

IaaS refers to computing and storage resources [25] [29]. 
Computing capability and storage capability are provided as 
services, and applying IaaS will make the conventional ERP 
system scalable. Besides, as interviewee1 described, hardware 
may be in the different locations, with virtualization 
technologies, the hardware can provide services like a single 
one, even servers in some location have problem, and the 
whole system can keep working. With distributed technologies, 
important data is stored dispersed with redundant, so as to 
ensure the data reliability. Therefore, the motivation of 
integrating conventional ERP and IaaS is to enable its 
scalability and reliability of H/W resources. 

VI. COMBING THEORETICAL AND EMPIRICAL FINDINGS 

In this chapter, empirical findings and related theoretical 
findings are listed together so that it’s easy to find their 

relationships. There are 3 tables listing derived implications 
and their references both from interviews and literatures. 
However, some cells are blanks because there are no directly 
related theoretical findings during literature reviewing. In 
addition to the literature review part, there are another five 
papers ([53], [54], [55], [56] and [57]) are reviewed. In each 
table, every derived implication from interviews is compared 
with literature findings. Some are able to confirm previous 
study results but some can’t, while there are some new 
opinions different from existing findings. 

In previous study, there is very little discussion about 
integration between conventional ERP systems and various 
cloud services. It's a new research area. Therefore in Chapter 
II, the literatures selected are mainly about what could service 
is, opportunities and challenges of cloud service and general 
concerns of integration between other systems and cloud 
services. These theoretical findings constitute a great basis of 
research questions in this paper, though they are not precisely 
about integration between conventional ERP systems and 
cloud services. 

A. Characters of Conventional ERP with Different Types 
of Cloud Services 

In the table 3, each implications derived from interviews is 
able to be linked with at least one existing finding 
theoretically. This means the concept of each type of cloud 
services are well accepted by the interviewees and are 
confirmed well.  

At SaaS level, interviewee 2 and 4 described the way of 
integration between conventional ERP systems and SaaS 
services as point to point integration. And this is in accordance 
with Zhiliang Zhu’s description of SOA method for 
integration. Another point at SaaS level is that such integration 
is usually based on service contracts. This is mentioned by 
Interviewee2 and confirms one way of SaaS service contract 
given by Katarina Stanoevska[21]. It is pay-per-use. Both 
empirical finding and theoretical finding confirms that service 
contract type is very important to integration at this level. 

Service 
Type 

Derived Implications of characters 
Empirical 
Findings 

Theoretical 
Findings 

SaaS 
 Point to point integration Interviewee2, 4 [35] 

 based on service contract Interviewee2 [21], [9] 

PaaS 
 Not for business process integration but for 

development environment Interviewee1, 4 [19], [28], [54] 

IaaS 
 Not connected to the ERP system itself but to 

the H/W necessary to operate the ERP system Interviewee2, 3 [4], [24] 

 
Table 3 Derived implications of characters (combing empirical and theoretical findings) 
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Service 
Type 

Derived Implications of opportunities 
Empirical 
Findings 

Theoretical 
Findings 

SaaS 
 Enhance business productivity All Interviewees [24] 

 Maximized the value of SaaS purchase Interviewee2, 4  

PaaS  Facilitate and make integration more efficient Interviewee1, 4 [54] 

IaaS 

 Decrease local IT personnel* Interviewee2, 3 [55], [56] 

 Upgrade performance and simplify server 
maintenance. Interviewee1, 4 [55] 

 
Table 4 Derived implications of opportunities (combing empirical and theoretical findings) 

*At this point, empirical findings and related theoretical findings are in conflict 
 

 

Service 
Type 

Derived Implications of challenges 
Empirical 
Findings 

Theoretical 
Findings 

SaaS 

 Could pose a lot of point to point integrations Interviewee2 [53], [57] 

 Performance is limited by SaaS mechanism Interviewee2, 4  

 Not enough ability to develop customization Interviewee1, 3, 4 [53] 

 Hard to test programs in SaaS side Interviewee4  

PaaS 

 Leads to new competence requirements on IT 
personnel Interviewee1, 2, 4 [54] 

 Small  defects on PaaS may result in 
significant issues Interviewee4  

IaaS 
 Vendor lock-in Interviewee1, 3  

 Compatibility issues Interviewee1, 3 [4] 

 
Table 5 Derived implications of challenges (combing empirical and theoretical findings) 

 
At PaaS level, interviewee1 and 4’s opinion of integration is 

not for business process but for development environment. 
Their opinions confirm findings from literatures by Gregor et 
al [19] and Jinzy Zhu[28]. They pointed out that PaaS is 
hosted by the service provider to support development. 
Another new literature by Ivo Stankov[54] about how PaaS 
works for global software delivery support the two 
interviewee’s point even better. 

At IaaS level, interviewee 2 and 3’s opinion of “underlying 
hardware resources integration” confirms the descriptions of 
what IaaS is in previous studies [4] and [24]. The technique of 
IaaS is to solve the problem of hardware resource sharing and 
extending with high initial investment and interviewee 2 and 3 
holds similar opinion that it is not close related to software 
systems. 

B. Opportunities of Conventional ERP with Different 
Types of Cloud Services 

In the table 4, derived implications of opportunities are 
listed with corresponding interviewees and related theoretical 
findings. Among all points in this section, there is one point 
worth mentioning firstly. 

At SaaS level, all respondents have a common 
understanding that integration at SaaS level enhances 
companies’ business productivity. This empirical finding is in 
accordance with most existing literature findings, for example 
[24]. The nature of SaaS is an complementary of conventional 
ERP systems and integration enables seamless connected 
business process and user interfaces. 

The second point at SaaS level is that the integration 
maximizes the value of SaaS purchase. The two respondents 
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believe that integration between systems make full use of SaaS 
service. This is new and not mentioned by any one of 
reviewed literatures. The new finding of empirical study gives 
a practical idea of integration at SaaS from the customer side. 
Once a SaaS is purchased, not only the functionalities are 
bought, but also the technical performance limitations. If the 
limitation is not reached, the value of purchasing is not 
maximized. The respondents’ industry background 
complements researchers’ academic background. 

At PaaS level, interviewee 1 and 4’s opinion of facilitating 
and making integration more efficient confirms Ivo Stankov’s 
study [54] result. Ivo stankov believes that PaaS is an enabler 
for global software development and delivery and is able to be 
integrated into conventional development processes by 
embedding PaaS into an integrated development environment 
(IDE). Interviewee 1 and 4 obviously realized the 
opportunities of integrating at PaaS level. 

At IaaS level, integration decreases local IT personnel is an 
agreed fact by interviewee2, 3 and literature [55] and [56]. But 
their opinions are different. In literature [55], the author 
considers the department downsizing is a source of risk by 
stakeholder impact analysis but this is considered as an 
opportunity by the two interviewees. Although the author of 
[56] holds similar opinion with the two interviewees, this 
difference shows it worth more attention when integration at 
this level happens. By investigation of the background of 
respondents, it’s obvious that they are both from the vendor 
side. But the author of [55] takes multiple stakeholders into 
consideration. This conflict indicates the impact of decreasing 
local IT personnel is a controversial point to companies. 

The other point of upgrading performance and simplify 
server maintenance mentioned by interviewee 1 and 4 are in 
accordance with theoretical findings in [55]. 

C. Challenges of Conventional ERP with Different Types 
of Cloud Services 

In the table 5, derived implications of challenges given by 
interviewees are linked to theoretical findings. But some 
empirical findings are missing in previous studies.  

Firstly, there are four missing points given by interviewees 
but doesn’t exist in reviewed literatures. At SaaS level, 
interviewee4 mentions that it’s hard to test programs in SaaS 
side because SaaS service is hosted by a third party vendor 
and the hosting environment is not open enough to customers. 
Interviewee4 is a project manager of an ERP development 
project. His opinion is very practical. Although the reason of 
hard to test is mentioned by some researchers, none of 
reviewed literatures contains a similar challenge related to 
testing work. Interviewee4 consider it as a challenge because 
in a development life cycle, testing is necessary and the 
business model of SaaS and integration model makes it 

difficult to trace how programs work. Another missing point at 
SaaS level is that interviewee2 and 4 mentions performance 
issue caused by SaaS mechanism (pricing model, service level 
agreement and usage limitation). This is different from mostly 
mentioned performance issues caused by techniques such as 
network latency.  

At PaaS level, the missing point is that on an integrated 
development environment, small defects on PaaS (out of 
control) may result in significant issues. This is given by 
interviewee4. But it doesn’t exist in any reviewed literatures. 
Interviewee4 has about 3 years experiences in ERP 
implementation projects. He has experiences in suffering 
heavy loss caused by a programmer’s mistake. Then the 
mistake spread to many connected systems because the 
deployment process is connected and automated. Academic 
research may ignore this point because it’s not directly caused 
by a PaaS failure but a chain of negative effect. But 
empirically, it’s possible to observe such thing by involved 
person. 

At IaaS level, interviewee1 and 3 mentions a vendor lock-in 
issue. Vendor lock-in problem is missing in IaaS related 
research but found in an article about PaaS research [54]. 
Some unofficially published webpages also remind companies 
to pay attention to the risk of vendor lock-in problem in IaaS 
integration projects. The missing of this point in officially 
published papers might be caused by the lack of research 
effort in this area. Among three levels of cloud service, IaaS is 
the least mature one and only very few pioneer companies 
release products. Academic researchers have very few chances 
to have a deep investigation into such scenario. However, as 
practitioners, interviewee1 and 3 realizes the risk of vendor 
lock-in may lead companies has little choice in the future 
because of high cost of migration from one platform to 
another. 

Secondly, other derived implications of challenges confirms 
theoretical findings accordingly. At SaaS level, interviewee2’s 
worry about integration at SaaS may pose a lot of point to 
point integrations confirms study results of H Hai et al [53] 
and Feng Liu et al [57]. H Hai et al stats that the integration 
between SaaS and conventional systems is to leverage a set of 
standard web service application programming interfaces 
(APIs) published by SaaS solution provider. This is the cause 
of point to point integration. Feng Liu et al describe a similar 
integration approach which may cause the same problem. 
Interviewee 1, 3 and 4 all mention a challenge: SaaS doesn’t 
have enough ability to support customized development. Their 
concerns confirm H Hai et al [53]’s study result. H Hai stats 
that only standard web service application programming 
interfaces (APIs) are provided by SaaS providers. Such 
integration approach significantly constraints development 
customization at the customer side. Customers are required to 
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follow given standards but not able to change it to meet 
special requirements.  

At PaaS level, the challenge of integration with PaaS 
service leads to new competence requirements on IT personnel 
is mentioned by interviewee1, 2 and 4 and confirms the study 
result of Ivo Stankov[54]. The interviewees agree with that 
PaaS integration is helpful to development lifecycle but they 
really worry about such integration is too difficult because 
additional knowledge and skillset is required. Ivo Stankov 
mentions his similar opinion: PaaS and integration with 
convention development environment is very new, also very 
dynamic and open for innovation, change and research. Both 
theoretical and empirical findings consider integration at this 
level a very challenging process. 

At IaaS level, integration faces compatibility challenges. 
This is mentioned by interviewee1 and 3 and confirms James 
Staten [4]’s study result.  

VII. DISCUSSION  

Since cloud computing is an emerging technique, not many 
previous works focus on studying integrating conventional 
ERP system and cloud services. However it is necessary 
because of various benefits of cloud services. Framework 
presented in this paper is the first one that can describe 
implications of ERP-Cloud integration from the perspective of 
cloud service type. The framework illustrates ERP-Cloud 
integration from characteristics, motivations, opportunities and 
challenges allowing the audiences to understand ERP-Cloud 
integration in context.  

Although the benefits and challenges are clearly placed into 
the framework presented in analysis section, during the 
interview and literation review period, cloud service level are 
not the only influence factors to making decisions. Using 
private or public cloud is always a paradox to both enterprises 
and service providers.  

At one hand, private cloud is more secure and easier to take 
full control of cloud services while on the other hand private 
cloud requires in-house team to provide technical support. The 
other issues regarding to private-public paradox is 
performance and stability of cloud end services. In a private 
cloud environment, hardware resources are dedicated for 
specific use and local area network (LAN) provides high 
performance network connections. Such advantages don’t 
exist in public cloud environment since public internet is not 
reliable for many reasons.  

As a result, mostly a hybrid solution is adopted by most 
enterprises, which is the hybrid cloud. This has been studied 
and proved by researchers and all interviewees gave positive 
response to such solution.  

Another paradox is about the significance of customer 

enterprises. During the interviews, when interviewees gave 
their own opinions, they usually indicated the best suitable 
size of companies such as small to medium size company or 
large enterprises. It’s necessary to take this into consideration 
because this is probably the initiation of how cloud services of 
SaaS, PaaS and SaaS are divided. Although there is no 
reviewed literature gave such statement, in this study, the 
advantages of different cloud services are good reason to 
explain this. As a result, when the discussion of which level of 
service should be the integration is carried out, user 
significance should also be brought into consideration. 

In this study, there are mainly two limitations: 

This research stopped on identifying integration features by 
different cloud service types. Considering the cloud ownership 
(cloud type) can affect ERP-Cloud integration not only in 
techniques aspect, but also in social environment aspect, a 
further study that research ERP-Cloud integration features 
under different cloud types is suggested for the latter 
researchers. 

Due to the lack of published research papers directed to the 
latest technologies, the theoretical ground of this study still 
needs to be strengthened. Although white papers from service 
providers are involved to reinforce the theories, they are not as 
precise as researchers’ scientific study findings. Due to the 
shortage of interview method, numbered respondents may lead 
to some deviation without huge population. And because all 
respondents provided information from expert perspective, the 
results may be in lack of business view. 

The validity of this study result mostly relies on the 
verification among different interviewees and theoretical 
findings. In the result section, each empirical finding is listed 
with corresponding supporting interviewees and literatures. 
And most points got support by both parts. But some new 
opinions still need further study to confirm its validity. If a 
further step of survey in a larger group of people can be 
performed, the validity can be demonstrated better.  

There are two main concern regarding reliability of this 
study. Firstly, interviewees’ experiences only cover SAP ERP 
and U* ERP (a local product in China) products. There are 
also some other ERP products such as Oracle ERP left behind 
this study. This means that the interviewees’ answer may not 
be comprehensive. People with other experiences may give 
different answers to some questions. Secondly, IT technology 
develops very fast. New techniques may solve current 
problems and trend may become a popular and common way 
very soon.  

All in all, combing with the four interviews in empirical 
study period, the framework is successfully portrayed and 
presented to readers to this paper. Both findings from 
theoretical study and knowledge from empirical study are well 
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organized in the framework at different integration level. 

There are two ethical considerations regarding to the result 
worth to be mentioned. Firstly, all interviewees are employees 
in commercial companies and from the service provider side. 
Bias may exist because there is no interviewee from the 
customer side. Secondly, all respondents reside in China. 
Therefore the generalization from this study should take these 
points into consideration. 

VIII. CONCLUSION 

Decades years of conventional ERP systems are still in use 
while the new technology of cloud computing is a good 
complementary solution. Both theories and industry users 
agree to the trend of integrating conventional ERP system with 
cloud services.  

This trend may lead to the following ethical and social 
consequences.  

On one hand, the trend can bring positive consequences. 
Firstly, development lifecycle maybe reduced because cloud 
services are ready-in-use usually. Therefore, the organization 
may change faster when necessary. Secondly, the initial 
investment of adopting new functions is less than development 
and implementation of conventional ERP systems. Thirdly, 
new types of service provider are brought into, which can 
make more employments.  

On the other hand, some negative consequences are brought 
up as well. At first, these new cloud service providers will 
continuously be involved in the whole life cycle of ERP 
systems because cloud services are not a one-off project. 
Compare to traditional situation, cooperative and financial 
mechanism have to be changed. Secondly, involvement of 
external cloud services may lead to changes of existing 
in-house team. Existing team maybe reduced which means 
people lose jobs. Thirdly, connecting ERP systems with 
external cloud services requires physical communication 
between the inside and outside of the firewall and data may be 
stored on the internet. Due to the increases of the information 
leakage risk, organization needs to hire IT security experts to 
protect their intellectual property.  

When it comes to the time for integration between them, 
understanding what ERP-Cloud integration really is, what 
challenges are met and benefits are expected become 
important for enterprise users. The framework of integration 
implications presented in this paper will help enterprises in 
judging their situation and take key issues into consideration 
fully before making any decisions.  

With this framework, enterprise or project sponsors can find 
out possible alternatives at different integration level and then 
be able to perform review, compare and decide the most 
suitable one for their current situation. For the researcher 
audience, this framework also is a good reference because of 
delivering practical experiences in industrial viewpoints. 

Besides answering the research question with the 
framework, this paper also contributes in clarifying SaaS 
versus cloud service, which were usually mixed up in some 
studies. In addition, it complements ERP-Cloud integrating on 
PaaS and IaaS, which was not mentioned in previous work.  

In this study, the researcher takes the responsibilities of 
reviewing related literatures, sorting out theoretical findings, 
interviewing practitioners to discover the practical opinion and 
put all of the findings together in a framework to describe the 
integration between conventional ERP systems and cloud 
services. The researcher doesn’t generate new ideas without 
proof. But the researcher does design the interview and 
questions according to theoretical findings and assumptions. 
Only assumptions confirmed by interviewees are put into the 
framework. In one word, the result is consists of only 
theoretical findings, researcher’s idea confirmed by 
interviewees and new opinions given by interviewees. 

All in all, the key to this topic is the motivation from the 
user side. Integration conventional ERP systems at SaaS level 
extends ERP System's specific functionalities while at PaaS 
level, it provides the ability of centralized developing life 
cycle management. And integration at IaaS level enables 
scalability and reliability of H/W resources. Both benefits and 
challenges can be taken into consideration and the characters 
of different level of integration are what the integration really 
is. 
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APPENDIX 

A. Interview guideline 

 To your understanding, what is Cloud and what will cloud bring to the enterprise IT?  

 For the ERP system, in vertical, there are presentation layer, application layer and database layer, in horizontal, there are 

financing module, HR module, CRM module, manufacturing module and so on. When integrating the  ERP legacy 

system with cloud service, what should be considered? (on experiences or knowledge) 

 Give some examples or imagine some specific cases.  

 Compare to integrating non-cloud system (on premise system / legacy system), what are the differences when integrating 

with cloud service? 

 On the platform layer, what should be considered when integrating? 

 For implementing the ERP system, what kinds of infrastructures are needed? 

 On the infrastructure layer, what should be considered when integrating? 
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B. Transcription 

 
Transcription Respondent Company Page Number 

1 Qi Wei Richfit Page 25 to Page 28 
3 Mr. Shi  Company U Page 29 to Page 31 
2 Chen Wei IBM Page 30 to Page 36 
4 Zhang Liu Richfit Page 37 to Page 39 

 
 
 

Interviewee: Qi Wei 
Company: Richfit 
Title: Project Manager 
Qi Wei is the project manager of ERP R&D department in Richfit. He mainly takes responsible of SAP ERP developing, 
especially in systems integration.  
* In this document, Q is stands for the respondent Qi Wei. 

 
S:  
Thank you for accepting this interview, the study is focus on the integration of ERP legacy systems and cloud services. 
We’d like to learn the characteristics when integrating ERP legacy system and cloud service and its differences from 
other kind of integrations from the enterprise perspective, or we can say from your perspective. Based on the interview, 
we will further analyze and get a framework of integrating ERP legacy system and cloud services.  
So my first question is: based on your understanding or experience, what is the cloud? What can it bring to the 
enterprise?  
 
Q:  
Actually, in the market cloud is still a concept, when it comes to the cloud, it always means IaaS (Infrastructure as a Service), 
PaaS (Platform as a Service) and SaaS (Software as a Service). Here already are some products or applications of IaaS, extract 
the database, storage, etc. All the hardwares and the infrastructures could be opened. Nobody care where the data will be stored. 
For example, if we need to store a document, the document may be stored in Shanghai or Beijing, but the end user doesn’t need 
to know. There are some related products and also some cases about the center of cloud storage.  
 
For the platform, if I need a platform, I don’t have to build it myself, or maybe I don’t have enough resources to do it, but I can 
just use some services provided by this platform. Using the existing framework, to build the services I need, and the ultimate 
consumables are services. But, how to implement these services in the background won’t be concerned about. At this moment, 
relatively speaking, there are not many platform applications, and software as a service is applied more. Many small or medium 
size enterprises do not have enough implementation costs, or not have enough human resources to engage in this matter. 
Fortunately, there are many companies gproviding these kind of services, such as small-scale CRM product, SRM products, ERP 
products, etc., they also provides a number of standard operating interfaces. The SMEs can just operate via those interfaces and 
achieve the functions required, which is applied in practice very common. 
 
For those large enterprises, especially in ERP applications, the cloud technology is mostly applied in infrastructure, because in 
large or medium enterprises, they often have invested a lot on ERP and have comparatively complete facilities. For these 
enterprises, their requirements of cloud technology are generally concentrated in storage and data, because the growth of data 
increase and unstructured documents coordination is the explosive. Once the system starts running, data is increasing 
exponentially, and the cloud computing becomes important because not all the hardware are in the same location. It is likely that 
the hardwares located in various parts of the country, for example, in Beijing, a machine has been full load, but in Shanghai or 
Nanjing or elsewhere, there may have many vacant machines. So we can package all of these machines into a private cloud, and 
only open the service to outside, then the user only need to apply this service without caring about where the data will be stored. 
The biggest benefit is that we can make full use of hardware resources, and on the other hand, it’s good for disaster recovery 
since data is not stored in only one location. Even catastrophic happened, such as earthquakes, only parts of data will be lost, the 
data stored in other places still exist and can help recovery the lost data. So for the large companies, they will do more cloud 
applications on infrastructures, and PaaS and SaaS more used in small enterprises.  
 
S: 
So, no matter large enterprises or SMEs, they all have certain needs for cloud services. For small and medium 
enterprises, they tend to SaaS applications, that is, the applications on public cloud; for large enterprises, they emphasis 
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more on the applications of data and storage, i.e. IaaS, that is integrating the enterprise resources into a huge private 
cloud.  
 
Q:  
Yes, that’s right. 
 
S: 
Because of the characteristics of the cloud, SaaS, PaaS or IaaS, it may impact ERP , could you talk about the impacts and 
changes brought by cloud to the ERP ? 
 
Q:  
ERP is not all but a part of the whole business management and IT construction. For supply chain, ERP is just one part, and it 
cannot cover the entire process. Other IT facilities will be involved. So after the ERP built, it need to be improved and definitely 
will use the cloud-related services. As information technology has been for a long time, it’s not need to do everything from very 
beginning. Instead, we can make use of some existing public services or achievements, and integrate and package them to 
provide unified services. The advantages are integrating existing enterprise resources, and doing upgrade to the ERP.  
 
S: 
In another words, it is combined with the advantages of both ERP legacy system and cloud service to make an upgrade 
without wasting the existing resources. Is that right? 
 
Q: 
Yes. 
 
S:  
We know that the ERP system is very large and complicated. It has data layer, application layer and presentation layer, 
and there are also many different modules. So from the engineering point of view, what should consider for integrating 
ERP legacy system and cloud services? 
 
Q:  
Just like you said, we need to consider three levels of integration: data, application and interface. When we talking about data 
level, it doesn’t mean data storage, but mean the extraction and analysis of existing data. Find certain KPI, so that to help the 
decision makers making decision. Now there has many application systems on the application level, but if operate each system 
separately, the entire process is not running through. So on this level, integration mainly means join the business process, to get it 
through in both horizontal and vertical, and it will become a complete process. Based on the above two levels, the user interface 
layer is exposed, for the users, it’s not important which system application corresponds to which system, they only need a 
facilitated unified interface, which is based on the above two.  
 
S: 
Then, at different levels, what kind of technologies should be applied?  
 
Q:  
On data level, it will need business intelligence or we called BI products, to extract data, clean data and analyze data. There are 
some inherent Key Performance Indicators for sales, finance, etc., and these indicators are useful for analyzing the companies’ 
life cycle. On application level, the integration generally is related to the actual requirements, so BPM (Business Process 
Management) products will be used to manage the business, also ESB (Enterprise Service Bus) and SOA (Service Oriented 
Architecture) will be applied. The application integration is implemented on the basis of above techniques. For the interface, 
users are more concerned about unified log-in and easy operation, so the unified portal will be applied, and interface 
optimization techniques such as Flax, Java, etc. will be used also to provide user better experience.  
 
S: 
That is, for ERP integration, generally divided into three levels. The bottom one is the data level, at which the user mostly 
concern about KPI, so it is necessary to process data at this level for further analysis. Next is the application layer, it’s 
mainly need to make the entire business process completed and orderly, so products such as BPM and SOA are applied 
for helping integration. Finally the interface, because users want to log in from a single interface, optimization 
technologies are required, which make the users cannot feel back-end services, but operate it as an entirety. Is that so? 
 
Q: 
That’s correct.  
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S: 
There are some special functions in ERP system, e.g. CRM. If integrate the functional module with cloud services, is there 
any special requirements?  
 
Q:  
For different functional modules, there’s no difficulty in integration. Most companies will use SOA for the cloud services, they 
won’t start from beginning, but use existing services, so the point is there should exist a standardized platform.  
 
S: 
Could you please give some examples? 
 
Q:  
We have some applications in storage, now we use the Oracle platform. Unstructured documents, such as Word, Excel, Ppt, etc. 
are stored not only one machine, but distributed. The distribution is coordinated by cloud automatically, we don’t know without 
where the data, maybe in Beijing, maybe Jilin, anywhere. A very important point is that the network should be very good, in our 
company, we have two dedicated lines.  
 
S: 
Compare to the integration of non-cloud services, what is the difference from integration of cloud services?  
 
Q:  
From the perspective of integration, the cloud services have not too much difference compared to traditional non-cloud services. 
Now, we use the services of cloud, like SaaS, are consistent with industry standards, so there is no difficulty in integration, and 
standardization of cloud services could be even better.  
But because the cloud is opaque to the outside world, we need to care about its stability and efficiency. There are many 
companies choose not to use cloud services just because they worry about data leakage.  
 
S: 
Is there any solution that can deal with it?  
 
Q:  
On one hand, it depends on the quality the cloud service offered by the vendors, and on the one hand we can encrypt the data.  
 
S: 
We have discussed SaaS, and would you talk about the PaaS please?  
 
Q:  
I believe in the future, PaaS will be applied more, because the applications are deployed on the platform, if the platform can 
serve as a cloud, then the deployment will be more streamlined, so that to save significant cost for companies. Meanwhile, the 
requirement about cloud stability will be urgent, e.g. the application must be continuous 24 hours a day, and the platform must 
also be continuous for 24 hours a day. The stability is very important for platform-level services. 
 
S: 
Is there any possible to integrated platforms directly?  
 
Q:  
To integrate platforms directly is very difficult, and can you tell me what the return is? We cannot see the value of integrating 
platforms. Currently, the commonly used platforms are J2ee, .Net, Sap ABAP, etc., since these general platforms can meet our 
requirements, then integrating seems not necessary.  
 
S: 
If the cloud services are provided by different vendors, and those services may run on different platforms with their own 
standards. And the company also has its own platform, taking into account the stability and security, is there any possible 
to develop and encrypt by themselves, but deploy on platform in the cloud, is there any solution?  
 
Q:  
Perhaps the future it will become a case, but currently we don’t have that consideration. If we need to solve it in the future, I 
think we can work together with the cloud service providers and deal with it.  
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S: 
What kind of infrastructures will be needed for implementing an ERP system?  
 
Q:  
For the hardware, you need network connection, storage, process units and so on. For the platform, you need database, 
application server etc.  
 
S: 
Would you talk about the integrating progress?  
 
Q:  
Cloud is also provided as a service, so when integrating cloud services it similar with the traditional procedure.  
Integration is to completely join two or more systems. So first of all, the standards of these systems for exchanging data must be 
consistent. That is the dialogue between systems, should be understandable for each other. If the standards are inconsistent, a 
common standard must be found or created. That’s the precondition for further integration.  
Secondly is the data consistency, that is the primary data must be consistent. For example, if a screw code-named S in one 
system, but in another system, code-named F, then the integration cannot keep on, so the master data encoding should be 
consistent. Here are some solutions: opening a new code, or picking one of the system’s codes and change the other systems.  
The next step is communication. Now web service is supported generally by systems, so there’s not much difficulty on 
communication integration. 
The entire integration is achieved if all above three steps are completed.  
 
S: 
Could you explain the non-functional requirements when implementing the integration?  
 
Q:  
To our developers, the system stability is most important, and then is the performance, and security.  
Because the enterprise has strong need for information, the integrations of enterprise systems are real-time now. If the system is 
unstable, it will impact on the business process badly. However, the stability mainly depends on the products offered by 
hardware providers, but not development.  
And is the performance, like processing time, e.g. if implemented integrating, the update should be within 1s. Optimizing the 
developing structure can improve the performance, in addition, to investment in hardware can improve performance too.  
If the integration is among multiple systems, there must exist data flow between systems, which may result data exposure, and 
the data can be intercepted easily then. Now some of the technologies such as digital signature, digital certificate, can guarantee 
the security within certain extent. 
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Interviewee: Shi Zhoujun 
Company: Ufida 
Ufida is the biggest ERP vendor in China, and it provides ERP products, ERP solutions, ERP consultant services and so on. 
Shi Zhoujun works in Ufida and he takes responsible for product new release and next generation product design.  
* In this document, Z is stands for the respondent Shi Zhoujun. 

 
S: 
Based on your understanding or experience, what is the cloud? What can it bring to the enterprise?  
 
J:  
To the ERP providers, or the ERP software vendors, the content of cloud computing is different from other types of enterprises. 
Commonly, the enterprises only focus on application without care about the inner structure, but the software vendors must know 
it. Take IaaS for an example, they need to adapt different cloud services of infrastructures provided by different suppliers, such 
as infrastructure from IBM, SUN, EMC and so on. The software vendor firstly needs to make an abstraction based on the 
services of infrastructure on their cloud platform, and then, after adapting, they could be separated with one PaaS platform, no 
matter which vendor the IaaS belongs to. On the other hand, from perspective of the software vendors, they don’t want to be 
bound to specific hardware.  
 
For the PaaS, it comes down to “developing environment”. The developing environment includes developing tools, API services, 
etc., it even also includes test, release, deployment, configuration, and management of cluster. Cluster means the group of 
released applications, such as application server cluster, web cluster, database cluster and so on. In the PaaS, all of above will be 
different. In addition, the operation and maintenance will be affected, such as the way of diagnose issues, the way of monitoring, 
and how to guarantee the applications of SaaS. We also need to concern the characters in PaaS, like pay-as-used, upgrade, patch, 
and also some individual setups.  
 
To support SaaS, there are some methods different compared to traditional software, such as the structure of multi-tenant, 
separation of application, separation of data. There’s more than one SaaS framework, and the most common one is that one 
system can support multiple applications of many enterprises, so the security, performance and flexibility should be concerned. 
The top level of cloud is software, like different types of management software, and they are paid by use, so from the initial 
design, it is different from traditional commercial software.  
 
Let’s take an overview of these three levels, the most mature one is the bottom layer, and there are many internet companies 
using it. The next one is SaaS, and from point of application, it’s for small of medium size business, which area has many 
common, e.g. CRM. But there are not too many systems of very complicated business. There are more challenges at PaaS, 
because there are so many differences between PaaS and traditional way. For some small scale software, we may not require too 
much on performance, but for running SaaS, the requirement of performance is no less than large scale software, and we have to 
consider the variety, also the customization.  
 
S: 
We just talked about the integration from the perspective of cloud services, but we know that ERP system could be very 
complicated. So from the perspective of ERP, what should be concerned in integration? 
 
J:  
This question must be divided, and it could be divided as large scale business, medium scale business and SME.   
 
The cloud services aim at SME are more mature, and the integration is easier. Mostly it can be achieved by just integrating data. 
And there’s no serious issue.  
 
The cloud service for large scale business is easy to understand too, because they mostly only have private cloud, sometimes they 
also use hybrid cloud. From some research reports and analysis, the SAP current R3 system (now it’s named as ERP2006) and 
it’s follow-up version, also the IBM, they don’t have strategy to develop public cloud. We are always saying the benefits of 
cloud include pooling resources, better flexibility, cutting costs, making use of resources fully. But for those large scale 
enterprises, they prefer to build their own cluster for applications. It’s impossible to share servers with other companies’ 
applications, because they own many clusters to support their own applications. At a word, they have made use of their resources 
very well, and to develop public cloud of multi-tenant is meaning nothing for them.  
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Hybrid cloud is also applied in large scale business. Hybrid cloud means that the main ERP applications are within enterprise, 
but some applications close to customers are in public cloud. For example, a large scale enterprise use SAP R3 system internally, 
but their CRM is public, i.e. the CRM is SaaS, then it becomes a hybrid one. Under this hybrid condition, we must consider 
integration. The integration is about not only the data, but also the service. Because the contractures of CRM data and R3 data 
may be different, the management for master data is necessary. And we may need to do some integration for services. Between 
the inner and the outer, some loose transfer will be done via web service, that is SOI, services oriented integration.  
 
To summarize, large scale enterprises either apply private cloud – they use cloud computing technology, but they never open 
their service to outside; or apply hybrid cloud – inner company is private cloud, but the outer is public cloud, and then make 
integration, but generally, we seem the outer as independent.  
 
It’s more complicated for the medium size business, and there’re not many cases. The main problems for medium scale 
enterprise applying ERP are the hardware problems. They are not big enough to build private cloud, and unlike the small ones 
can share server with other 30 to 50 tenants, so it’s not easy to be supported. But currently, there some vendors provide products 
of public cloud for the medium size business, e.g. the Business byDesign offered by SAP, it could be seen as a comprehensive 
SaaS ERP of medium to small scale. It basic is public cloud, all the operations and maintenance are done by SAP, and the users 
do not need to install it. It is for medium size business, or medium to small business. The tenants don’t need to consider 
hardware, and they take the way of SaaS. The main character of this product is that it can support comprehensive business, 
almost all the functions of ERP. There’s no need to do integrating, and it doesn’t recommend to do integrating with legacy ERP 
system. But is supports customize developing. It provides a PaaS, the partners can do development on the PaaS. The applications 
developed on this platform can be released to SAP product list, and for sale.  
 
The applications for small business are easier, in China, there are some vendors like WeiKu (http://www.k.cn/) and YouShang 
(http://www.youshang.com/), but it’s not related to integration.  
 
S: 
Compare to the integration of non-cloud services, what is the difference from integration of cloud services?  
 
J:  
There will be more difficulties. Previously we implement integration by several ways: integration based interface, as well as 
point to point integration of application. For legacy ERP system that didn’t have web service, it has to be done only by traditional 
way. Under the non-cloud environment, it is in a LAN, so just make a distributed integration of application will be fine.    
  
However, in the cloud environment, the security becomes a problem. Internet is a public environment, it’s a very hard for many 
companies to guarantee security when call cloud service. If the network communication layer is not safe, it’s hardly to say layers 
above are safe. (To guarantee security), it’s easier within enterprise rather than the external.  
 
S: 
What are the integrating strategies to deal with the security issues? 
 
J:  
It’s not easy to deal with this problem with traditional integrating methods. Web Service could be one solution, because Web 
Service has its protocol. And for some company, they may glad to do encrypting on hardware. Under unsafe environment, 
traditional integrating methods may not satisfy integrating cloud services, but under safe environment, integrating cloud services 
could be easier.  
 
S: 
Could you talk about the procedure or steps of integrating ERP and cloud service? 
 
J:  
The integrating procedures are almost the same. It is driven by requirements, next step is analysis, and then is negotiations, 
finally it is development.  
 
S: 
Would you take the security issue as an example, talk about if there any specific step in procedure? Like testing? 
 
J:   
Actually it’s very hard to do testing in cloud. Because it’s not completely within the enterprise, we can’t detect if the problem is 
in cloud.  
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S: 
Is there any non-functional requirement for integrating ERP and cloud? 
 
J:  
For private cloud, since it’s within enterprise, the infrastructures and the testing for integration are controllable. In private cloud, 
troubleshooting, SLA, and subsequences are under control. But in public, it becomes problem. When integrating ERP and service 
of public cloud, the performance couldn’t be ensured. We can only guarantee the resources within enterprise, but the 
performance depends on both resources in private cloud and resources in public cloud. E.g., the customer may want response 
time no more than 2 seconds, it depends on not only the enterprise side, but also on public cloud side, so it’s a challenge for 
integrating.  
 
S: 
So you mean it’s not easy to guarantee the performance, and it depends on more than one party? 
 
J:  
Yes.  
 
S: 
Would you specify what the parties are? 
 
J:  
Software itself, the resources of end user, the cloud, these are the three parties. In some situation, it’s more than three, like China 
has not one carrier, and then four parties will be involved. But in private cloud, this issue doesn’t exist.  
 
S: 
So you mean it’s easier to manage a private cloud for the companies, and the SLA, performance, security and so on will 
be controllable. But for public cloud, these factors are not controllable, because it depends on three parties, sometimes it 
involves carrier too. 
 
J:  
Yes, and then it depends on four parties. 
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Interviewee: Chen Wei 
Company: IBM 
Title: Project Manager 
Chen Wei 2007 joined IBM, and he takes responsible of ERP integration. Before joining IBM, he worked in Lenovo and his 
responsibility was developing middleware product for integrating with ERP. Up to now, he has 9-year experience in 
integrating.  
* In this document, C is stands for the respondent Chen Wei. 

 
S: 
Thank you for accepting this interview, firstly would you talk about what is the cloud ased on your understanding or 
experience? What can it bring to the enterprise?  
 
C: 
About cloud, my understanding is very simple that all the services are stored and running on some servicers, the servers may 
locate some place, but the services are provided through internet. And ERP is for the enterprises, for many enterprises, ERP data 
is private. If put their ERP into internet as cloud service, I thought it’s very hard. 
  
S: 
Do you mean for those enterprises, who very care their data, and then they prefer not adopt service through internet or 
put their data to cloud? 
 
C: 
For some large enterprises, they are able to build such a computing cloud by themselves.  
 
S: 
Is that you called private cloud? 
 
C: 
Yes. Like the oil industry of petroleum and industry of electricity, they very sensitive their data. But for other small enterprises, 
the SaaS products like Ufida SaaS products can fulfill their requirements. You know the China UnionPay, it is a cloud actually, 
and those machines we use for pay or withdraw money are the end of cloud. However it’s not based on internet or public cloud, 
because all the operations should be under control. 
 
S:  
Because the purpose of this interview is at a general level but not any specific enterprise, both your own experiences and 
others if you know are also interested. 
 
C: Nowadays, ERP systems, specifically SAP ERP is actually run on a private cloud environment in a local area network (LAN). 
All applications are hosted on one server. We just use client software as a user interface to access functionalities and receive 
information. All the services, source code and data are hosted on the server. This is some kind of cloud server in LAN. The 
server I mentioned is not simply a server computer but usually clustered servers comprised of many computation units. It’s 
hosted in a local area network so that only providing service to its owner organization, which means private. 
 
S: 
There are some ERP companies promoting a concept of Cloud ERP, for example Ufida. Their products mainly aim at 
small to media size companies. However, the history of use ERP in many enterprises could be dated back to more than 10 
years ago which are typically conventional ERP systems. These systems were deployed without many capabilities to 
integrate with new technologies and flexibilities to adapt changing businesses. In this case, if new cloud services are 
brought into the enterprises, integration with these conventional ERP systems are inevitable. What do you think of this 
situation? 
 
C: 
Technically, we usually employ SOA architecture as a high level design and develop integrating functionalities through web 
service, since most cloud services are provided via internet. And SOA is soap protocol oriented which is a specification for 
exchanging structured information in the implementation. It relies on Extensible Markup Language (XML) which is a common 
language used by both end of systems in an integration. 
 
S: 
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Could you give some example? 
 
C: 
Sure. For example, Google and Baidu have provided application programming interface (API), also known as web services, so 
that developers can simply send web request to the web services and then receive results. The results are given by their backend 
server responding to received web requests. Specifically, Google Map API allows users to send web request with location 
information and then send results containing visualized map images. Another example is the weather forecast web services 
provided by national weather station. 
 
S: 
In this study context, the focus is ERP systems. Is SOA feasible to integration between ERP systems and cloud services? 
 
C: 
Yes it is. 
 
S: 
ERP systems are usually more complex than general information systems. To implement integration between cloud 
services and ERP systems, what concerns are taken into consideration? 
 
C: 
Most of integrations with ERP systems are done at the application layer. But for some specific modules for example the Business 
Warehouse (BW) in SAP, multiple data sources from different ERP systems need to be linked together. This is done at the 
platform layer because the linking and data transfer mechanism are provided by SAP ERP runtime platform. However, the most 
popular method is still at the application level. Let’s take SAP ERP as an example, it’s built-in feature of BAPI (similar to web 
service but different standard) can be used directly between ERP systems or converted to general web services and then by other 
systems. 
Now web services have become the most popular standard in IT industry, others like Connector is less in use. 
 
S:  
Could you please describe the Connector method just mentioned? 
 
C: 
Technically, Connector is a client software component developed by SAP Company but can be used by developers to connect 
ERP systems in a similar way to their own Client software. It’s available to Java developers and .NET developers. This 
component can be integrated into any customized software developed by customer side developer team and perform various 
actions such as retrieving data, calling a function, etc as far as you have a pair of valid username and password and the server 
configuration. The connection is established between the client side and the ERP server side via specific channel and special 
communication protocol which is different from web service method of XML and the standard 80 http port. I have used such 
method in one of my previous project. 
 
S: 
Could you please give an example of integration by using BAPI method? 
 
C: 
Actually it’s the same as Connector does. The only difference is that Connector is a wrapped dynamic loaded library to hide 
BAPI service for programming work while BAPI is the service published by ERP systems without and wrapper. Developers 
need to do their own coding work to obtain system authorization, define data structure, send web request to invoke BAPI and 
handle results received. However using BAPI directly instead of Connector allows better flexibility and capability of 
customization development. 
 
S:  
You had given a very good example of how SAP ERP does, but how about other products? What methods do they 
provide the integration capability? 
 
C:  
Oracle ERP does this by providing standard web services. At the server side of Oracle ERP, it’s SOA oriented. A technique 
called WSDL is used to describe the technical specification of any web service via XML. To integrate other systems with Oracle 
ERP systems, developers only need to download this WSDL and this can be converted to a programming interface class that can 
be used as a proxy to send web requests to services and handle received results. It doesn’t matter which coding language is used, 
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either .NET or java is OK. WSDL mentioned here is a fully described specification standard of web services, including server 
address, parameters, structures and operations.  
 
 
S:  
So these techniques are used at the application layer when integrating ERP systems and others right? 
 
C:  
Yes. But actually cloud services are views as services also because such techniques are used to allow integration with other 
systems. 
 
S:  
While we are talking about integrating conventional ERP systems, base on your own experiences, what issues concerns 
you much? 
 
C:   
Technically, integration with ERP systems at the application layer is not much different from other systems integration. They are 
all SOA based. But considering cloud service type, we have to think about the security, cost and performance issues. 
 
S:  
Obviously security issues have been widely argued in cloud computing area. What can we do to improve the security 
level? 
 
C:  
Yes, even IBM’s cloud services have been discussed by media on its security issues. Because cloud services are mostly web 
based on require internet access which is potentially a weakness. IBM’s solution is to host this cloud service in a local area 
network (LAN). But LAN may limit it’s the capability and extensibility. Once an enterprise hosts the cloud services inside their 
own local area network, it becomes the private cloud. 
 
S:  
Could you give an example of hosting private cloud services? 
 
C:  
Petro China has established its own data centers recently years and planned to move all IT systems into it. Here Petro China 
concerns security as the biggest issues. Though it’s costly to host private cloud behind their firewall, it’s worth the investment. 
 
S:  
ERP systems are commonly designed at three levels, data layer, application layer and presentation layer. To implement 
integration at presentation layer, what matters much? 
 
C:  
Again we take an example of SAP ERP products. SAP ERP used to deliver user interfaces by its own GUI client which is 
installed software on the user’s computer. Now SAP also provides web-based UI (WebPages) to users. But user actually need not 
only this single system but also many other systems concurrently. How to maintain consistence user experience requires a lot of 
effort. An ERP system is tightly related to specific business case so that it’s even harder to standardize user experience for many 
users without same requirements. 
 
S:  
What techniques are used to support the integration at presentation layer? 
 
C:  
A typical technique is Single Sign On (SSO). This technique allows users to avoid enter username and password multiple times 
while switch between different systems. For example, if SSO has been implemented to integrate an information systems and SAP 
ERP Portal, the user only to enter password and username on either system or another and then the logon authorization will be 
automatically identified and accepted by the other system if configuration is correct. It will smooth user experiences very much. 
 
S:  
Any other techniques? 
 
C:  
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There are some, but not widely used or standardized. Specific solutions may be applied for specific reasons. 
 
S:  
You mentioned IBM’s cloud solution just now, could please introduce this solution? 
  
C:  
IBM is promoting its cloud solution with a combination of various products at Saas, Iaas and Paas levels. For example, at Saas 
level, their “LotusLive” offers online collaboration tools, e-mail and social networking services that work together. It can help to 
reduce IT costs, increase productivity and save money. At Iaas level, IBM provides a scalable storage virtualization solution to 
enhance innovation and productivity, reduce costs and save money. Another example at Paas level is “Tivoli Service Automation 
Manager” which can be used to automate requesting, deployment, monitoring and management of cloud computing services.  
 
S:  
How does IBM provide these services to customers? 
 
C:  
The mentioned products are provided as an installation software package to customers. And IBM will help customers to setup in 
their own data center, or private cloud. These products then will be able to provide services at Saas, Iaas and Paas level. Natively 
these products provide integrating capability by publish web services to interact with other systems such as retrieving 
information or handling automated requests.  
 
S:  
There are usually a lot of development works in ERP systems to implement specific functionalities. Such development 
requires full life cycle of management including developing, testing, deploying and running. Does the situation of 
integrating two different development platforms exist? 
 
C:  
If they both provide web service and comply same protocol, for example, SOA protocol, then integration between them can be 
carried out. 
 
S:  
Could you talk about how they communicate with the protocol? 
 
C: 
From the perspective of developing, before starting a communication, the data types, parameters should be agreed. Firstly, the 
initial party sends a request according to their agreement, and the request then will be processed in cloud, thirdly the results will 
be returned to initial party as their agreed form.  
 
S:  
So the point is same protocol, with same protocol they can communicate with each other. But if the protocols they 
adopted are different, is it necessary to do conversion? 
 
C: 
According to the required form, the data need to be converted. For example, it requires for a field, but the returned result is a 
string, the data types are different, thus need to do splitting or converting on data.  
 
S: 
When adopting cloud service to ERP legacy system, if their data forms are different, how to make them communicate? 
 
C:  
Cloud service should have some specifications, when integrating ERP legacy system with could service, we must comply those 
specifications. Cloud service is not for specific customer, many tenants are using it, and it couldn’t be customized for everyone. 
So to modify the cloud service is very difficult, and the integration should comply cloud specifications, but modify the ERP. 
 
S: 
You just talked about storage provided by cloud. In ERP system, except storage, what else infrastructures are needed? 
 
C: 
Servers are important. Actually, when talking about server, it includes CPU, memory, and storage unit. Servers also classified as 
application server, database server and so on. Clustering may be required among different servers. Clustering can full use of the 
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servers, and with load balance techniques, the utilization can be optimized. In ERP system, all the computing and processing are 
done on servers instead of on clients, by clustering and load balance, some server or computing resource cloud be automatically 
allocated to ERP system dynamically.   
 
S: 
When integrating ERP legacy system and cloud service, what’s the integrating procedure? 
 
C: 
First of all is analysis what kind of integration should be carried out, usually include application integration and data integration. 
For application integration, we need to analyze the business, and then design the business process, finding out source. Then 
convert the interface to be under same standards. In the integration implementing phase, relevant techniques are compared and 
adopted. Finally it is the test phase, after that the integration life cycle is finished.  
 
For data integration, it may involve third party tool, like ETL to process data. Data integration is for processing large volume of 
data, and doesn’t require real-time. Specifically, it includes extract data from source, do data cleaning, and then transfer the data, 
sometimes data mining is involved, finally load the data.   
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Interviewee: Zhang Liu 
Company: Richfit 
Title: Project Manager 
Zhang Liu is project manager in ERP R&D department in Richfit. He has developing and integrating experiences for 3 years.  
* In this document, Z is stands for the respondent Zhang Liu. 

 
S:Hello, Mr Zhang 
 
Z:  
Hello 
 
S:Thank you for accept this interview 
 
Z:  
It's my pleasure 
 
S: Would you introduce yourself please? 
 
Z:  
Yeah, my name is Zhang Liu, working for Beijing Richfit Information & Technologies mainly on ERP system development and 
integration with other system projects for 3 years. My formal title is project manager, but also be actively involved in developing 
and reviewing technical solutions. 
 
S:  
So, you must be familiar with ERP system. Have you heard of Cloud computing or SaaS, or do you have plan to adopt 
Cloud computing or SaaS in your company? 
 
Z:  
Yes, cloud computing is quite a hot topic these days. If we are talking about private cloud, it's definitely a "Yes" to your 
question. We have built more than one data center to provide centralized computational resources and storage capabilities. 
However, it seems there is not much work done with public cloud mainly because of security concerns. 
  
And most of applications running in the private cloud are providing services to other systems and we don't allow direct 
integrations between systems by ways such as accessing database belongs to other systems. 
 
As far as my work is for enterprise usage mostly, I spent most of my time on integrating ERP systems and other applications 
running on private cloud. However, to explore further opportunities, we have also spent some time on study how to utilize public 
cloud services for such a large enterprise. I know it's hard but I'm sure it's possible. 
 
S:  
You mentioned private cloud and public cloud, my understanding is that they are classified by the ownership, is that 
correct? 
 
Z:  
Yes, we owned our private cloud from hardware to software and develop and maintenance team. All the other cloud services that 
are out of our control are public cloud which simply means we do not own them. 
 
S:  
And you mentioned private cloud is better than public cloud on security. Would you please talk more about private cloud 
and public cloud by comparing their pros and cons? 
 
Z:  
I didn't mean "better" but concerns. It's not necessarily for private cloud to have better security guaranty than public cloud but 
more about the ability to control the risks. Since private cloud is completely hosted in wholly owned computation center, we 
have full access and control to them. Once something goes wrong, we can have our technical team to look into it without any 
delay. This is all about the ability to control. The ability to handle security issues and low uncertainty 
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However, while we are talking about how secure it is, it's not always a definite answer of which one is better. It depends on 
whether our cyber security team and policies are real better than that of hosting team of public cloud services. Specifically in my 
experiences for the mentioned customer, we have a pretty good team to maintain the security status at a very high level and 
better than most of public cloud services. 
 
Another concern related to security issues is not about just the ability to make it simply "safe" but who owns the data. Sometimes 
sensitive information or intellectual properties can't afford any risks of leaking or abusing. 
 
S:  
Thanks for your explanation. Besides the security issues, what else will affect on choosing private cloud or public cloud? 
 
Z:  
From my own experience, the decision of choosing between them is mainly based on the costs, performance and whether we 
have a proper in-house team to maintain the cloud. 
 
S:  
The services provided via cloud include SaaS, PaaS and IaaS. Would you talk about the roles of SaaS, PaaS and IaaS? 
And what are the relations among them? 
 
Z:  
To my understanding, SaaS is ready-to-use service providing specific functionalities to deliver (send or receive) some prepared 
data or perform some certain actions(i.e. look up, update, etc) by simply sending web requests with parameters. It's like a 
consumer buying goods from supermarkets without caring about who delivered them to the store and how they are managed 
there. 
 
PaaS is the delivery of a computing platform instead of specific functionalities. The computation platform is kind of developing 
and runtime environment which can support complete life cycle of building and delivering web applications and services entirely 
available from the Internet. By utilizing PaaS, a develop team can focus on software developing and delivering without caring 
about the underlying hardware and hosting the environment. This is especially useful once we have established a powerful 
development platform and many developers and teams can work on the single platform but don't need to host a separate one by 
themselves. It sounds like a DIY workshop hosted by others and you can go there to make your own handcraft. 
 
To my understanding, IaaS is at an even lower level which is the underlying infrastructures. IaaS can be utilized with the 
maximum flexibility. By employing IaaS, computation resources are utilized without any wrapper. Typically one can install own 
operating systems, setup whatever runtime services as much as one want. It's like a manufacture renting an empty factory and 
then be able to setup a production line. 
 
SaaS is at the highest level which means can be used immediately but with strict constraints. PaaS allows certain flexibility for 
users to work on a prepared environment without caring about underlying infrastructures. IaaS is the most basic services that 
provides maximum capability of utilizing computation resources. 
 
S:  
On each layer of SaaS, PaaS and IaaS, what kind of problems they can fix separately? And from perspective of 
integrating ERP system with cloud, what will happen on each layer? 
 
Z:  
We intend to use SaaS when a third party vendor can provide read-to-use functionalities and we can adopt them very quickly. 
But if there is no qualified service provider on the market, and we do not want to invest money on hosting such platforms, we 
tend to find a PaaS services. 
 
While talking about IaaS, I think we have been using this because we have more than one computing center and some of 
resources are managed and utilized centrally. 
 
Speaking frankly we don't give a clear definition to what we are working as "IaaS", but it looks like such way. 
 
S:  
And from perspective of integrating ERP system with cloud, what will happen on each layer? 
  
Z:  
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I can give you one example of SaaS integration in our projects. We have a SMS notification tools developed for many ERP 
systems and connected to a SMS web service provided by China telecom. To achieve this, we have a develop team to investigate 
their services specification and developed the software tool. The tool was used to monitor some data provided by ERP systems 
and when necessary, it will send a web request to the SMS web services. This is a typical SaaS integration between conventional 
ERP systems and public cloud services. 
 
The rest two level of integration only occurs within our private cloud services. 
 
Another example is, we usually need to do development work at multiple platforms, including ERP systems and the other end of 
integration. We tried to establish connections between the systems so that the platforms are bound together. Then some of 
software development process can be automated. For example, a pair of software components is deployed one after another 
system and gets verified at both systems. I think this is some kind of Paas integration with conventional ERP systems. Of course 
this must be enabled by proper service interfaces provided by both end. 
 
Speaking frankly, I don't have many experiences of integration conventional ERP systems at IAAS level. This used to be done by 
system administration teams but it's related to ERP systems because we have requirements of flexibility to utilize many hardware 
resources centrally and they are actually managed virtually. I think this could be some kind of IaaS integration with ERP 
systems. 
 
S:  
So when you said "PaaS integration", it refers to developing software programs on one platform, and with this platform, 
these software programs can be easily deployed, right? Or in another words, you didn't integrate different platforms, but 
PaaS can facilitate integrating software programs? 
 
Z:  
It's just an example from us of trying to bring platforms hosted in a private cloud environment together. It could be in a different 
way if this is done by others. 
  
I think as far as integrations occurs at the platforms level to help improve related work, it can be viewed as some kind of PaaS 
integration. 
 
In the context of my working, PaaS mainly support for software life cycle in ERP implementation projects. 
 
S:  
Would you specify in which situations those are of value to integrate ERP with PaaS-offerings? 
 
Z:  
Yeah. Think about one of our system integration team. They need to work on both ERP systems and the other end of integration. 
In order to provide a functionality that requires development work on both side, developers need to do programming on both 
systems. Then it's a good idea to bring them together so that the software life cycle can be centrally managed. In this context, 
proper integration between ERP system development environment and the other platform can provide automated deploying 
processes, saving time and costs and avoiding unintentional mistakes by manually doing so. 
 
S:  
Thank you! Then would you specify in which situations those are of value to integrate ERP with IaaS-offerings? 
 
Z:  
An important part of ERP systems is processing online transactions which means a high demand of performance. 
 
Iaas integration can provide centrally managed hardware resources at the operating systems level and even hardware level (i.e. 
virtual private network and dedicated broadband connections). ERP systems running on such virtualized resources will have 
much better performance than accessing resources by means of methods on application level. 
 
But I think this kind of integration is not designed specifically for ERP systems but will be very helpful to maximum the 
performance and capability of handling business transactions in ERP systems. 
 
I have to say that I'm not an expert of cloud computing, all my words are based on my own experiences of working with ERP 
systems and integration requirements. Hope that my words are helpful to your research. 
 
 


