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Abstract: The paper proposes a structured decision-making approach for supporting ERP upgrade/replacement 
projects when new business requirements arise. The proposed framework is composed of three possible steps 
involving different levels of interventions with the aim of selecting the best ERP upgrade/replacement solution.  In 
each step the Analytic Hierarchy Process (AHP) method is applied as an evaluation tool. Specifically, an illustrative 
application for increasing supply network coordination is described by considering “functionality factors”, “vendor 
factors” and “software system factors”. 
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1. Introduction 

Enterprise resource planning (ERP) system is defined as a 
single software system allowing the complete integration 
of the information flows from all functional areas in 
companies by means of a single database, accessible 
through a unified interface and channel of communication 
(Davenport, 1998). Several studies are devoted to 
examining the potential benefits of ERP systems 
implementation (see, e.g., Al-Mashari et al., 2003; Holland 
and Light, 1999; Umble et al., 2003). Nevertheless, the 
literature about ERP systems also shows a growing 
interest on ERP maintenance and post-implementation 
projects (see., e.g, Botta-Genoulaz et al., 2005). In our 
work we take in consideration the definition of software 
maintenance provided by the IEEE Standard 1219 
(IEEE, 1998) which includes all activities addressed to 
correct faults, improve performance or other attributes, or 
adapt the system to a modified environment. In particular, 
we focus on the last aspect regarding the adaptation of the 
system to new business requirements. In addition, while 
the most of the related literature is focused on the 
introduction of software updates or new software releases 
(see, e.g., Pigoski, 1996), in our work the term “upgrade” 
stands for “functionality upgrade” which means 
modifying the current ERP system to meet new business 
requirements. Hence, in this work the viewpoint is that of 
a company which has recognized new business 
requirements that should be included into its current ERP 
system. Consequently, the company needs a structured 
decision-making approach for selecting the best ERP 
upgrade/replacement solution to implement. The 
proposed decision framework is composed of three 
possible steps related to different levels of intervention. In 
each step the alternative solutions must be evaluated 
according to a proper multi-criteria decision-making 
methodology. By taking inspiration from Wei et al. (2005) 
which developed an approach to ERP system selection, 
we make use of the Analytic Hierarchy Process (AHP) 

method (Saaty, 1990) which is a well-known tool to 
determine the priority of a set of alternatives and the 
relative importance of attributes in a multiple criteria 
decision-making problem. In particular, we describe a 
possible application for a company aiming at improving 
the ERP system in order to increase supply network 
coordination. Such an objective means focussing on the 
value of information-sharing not only for opportunities to 
reduce inventory level and supply chain costs, but also for 
opportunities to improve the flow of goods, services and 
information, which benefits the overall network (Li et al. 
2006; McLaren et al. 2002; Samaddar at al., 2006). The 
academic literature have investigated various types of 
information that are worthy to be shared such as capacity, 
inventory levels, demand, and costs  (see, e.g., Cachon and 
Fisher, 2000; Gavirneni at al., 1999; Xu, 2010). In the 
illustrative application described in this paper, alternative 
solutions at different levels of intervention are considered 
for improving the current ERP system and, consequently, 
achieving the desired information-sharing objectives. The 
main contribution of this approach is that, while the most 
of the works on ERP systems are focused on the 
selection/implementation and the corrective/perfective 
maintenance (e.g., software update), we here consider 
ERP upgrade/replacement projects for meeting new 
business requirements (i.e., “functionality upgrade” as 
mentioned above), which is a growing concern in today’s 
rapidly evolving and dynamic business environment.  

2. An ERP upgrade/replacement framework 

This section proposes a decision framework to drive 
successful ERP upgrade/replacement projects for meeting 
new business requirements. In such a context, three levels 
of intervention can be employed: 

Level 1 - Implementation of a new functionality by the 
current vendor on the existing ERP system. In this case 
the question is “which is the best functionality to 
implement?” 
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Level 2 - Substitution of the current vendor with a new 
one which can more effectively improve the existing 
ERP system (e.g., more services or tools available for 
upgrades on the same ERP system). In this case a 
double question arises “which is the new vendor to 
select and which is the best functionality to implement?” 

Level 3 - Implementation of new modules or third-party 
software than can be integrated with the existing ERP 
system or, in more extreme cases, replacement of the 
current ERP software system with a different one. The 
latter solution is more common in case of growing 
companies facing significant changes in terms of scale 
and complexity of business operations. 

As can be easily observed, increasing the level of 
intervention results into higher costs (e.g., software cost, 
hardware cost, user training cost, consultancy fees, etc.) 
and organizational efforts. As a result, choosing between 
alternative initiatives to improve an existing ERP system is 
anything but a trivial task. The objective of this paper is to 
propose a decision framework able to (i) increase the level 
of intervention in an incremental way starting from Level 
1, so as to give greater priority to less expensive solutions; 
(ii) guarantee that lower-level solutions (i.e., less 
expensive) are carried forward during the decision process 
until the business requirements are met; (iii) provide a 
structured decision making. The resulting framework is 
shown in Figure 1.  

 
Figure 1: decision framework 

Upstream of the decision process, the decision-maker has 
selected one or more new business requirements to 
include into its current ERP system. Section 3 provides a 
practical example where the new business requirements 
refer to supply network coordination. Once the new 
requirements have been selected, three steps can follow 
(the first one is always present). Each step is expressed 
according to the Plan-Do-Check-Act approach and 
applies the analytic hierarchy process (AHP) method 
(Saaty, 1990) for dealing with the assessment of alternative 
solutions. The structure of each step is as follows. PLAN: 
identify the alternative solutions to evaluate and develop the AHP 
hierarchy model. DO: Evaluate the alternatives using AHP and 
select the best alternative. CHECK: verify whether or not the new 
business requirement is met: ACT: implement the solution or go to 
the next step. The three steps are described in the following. 

2.1 Step 1 – Potential Selection of a New 
Functionality (PSNF) 

This step operates at the first level of intervention so that 
we assume to maintain the same vendor and the same 
software system. 

PLAN: Each alternative solution corresponds to a new 
upgrade functionality given that neither the vendor nor 
the software system change. These alternatives are 
evaluated according to a set of attributes called here 
“functionality factors”. We define a “functionality factor” 
as an attribute allowing the decision-maker to evaluate 
different solutions in terms of efficiency and capability of 
meeting the new business requirements that gave rise to 
the ERP upgrade/replacement project. Thus, by 
definition, the “functionality factors” strictly depend on 
those specific business requirements. Table 1 shows the 
“functionality factors” that we identified for the 
application described in Section 3 where the business 
requirement of interest is to increase manufacturing 
coordination in a supply network process. The 
“functionality factors” are used to develop the AHP 
hierarchy (for the example described in Section 3, the 
model is the first branch of the tree in Figure 2). 

DO: Paired comparisons of the alternatives on each 
attribute and the inter-attribute relative importance are 
performed by the decision-maker that can be supported 
by one of the available AHP software (refer to Saaty, 1990 
for details on the AHP methodology). 

CHECK: The same decision-maker or a different team of 
professionals verifies that the selected solution is able to 
satisfy the new business requirements.  

ACT: If the check phase is positive, the selected solution 
will be implemented; otherwise, that solution is retained 
for consideration in the next step. 

2.2 Step 2 – Potential Selection of a New Vendor 
(PSNV) 

This step (optional) may operate both at the first and at 
the second level of intervention. 

PLAN: The set of alternative solutions is composed by 
the best solution of Step 1 along with solutions proposed 
by new vendors which provide services and consultancy 
expertise on the same ERP system. In order to evaluate 
these alternatives a new category of attributes must be 
considered along with the “functionality factors” (already 
defined in Step 1). This category is called “vendor factors” 
and the related attributes are detailed in Table 2. The 
“vendor factors” are derived from Wei et al. (2005) and 
here adapted for considering the upgrade instead of the 
selection process. In particular, the category “vendor 
switching costs” has been added.  

DO: In this case both “functionality factors” and “vendor 
factors” are jointly evaluated, according to the AHP 
method (see Figure 2). It can be noted that the best 
solution may coincide with the best solution of Step 1. 

CHECK (same as for Step 1) 

ACT (same as for Step 1) 
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2.3 Step 3 – Potential Selection of a New Software 
System (PSNSS) 

This step may operate at any of the three levels of 
intervention.  

PLAN: The alternatives to evaluate are the best solution 
of the previous step (Step 2) and new solutions where also 
the software system changes (new software modules, or 
even the replacement of the existing ERP suite). In this 
case “functionality factors”, “vendor factors” and “system 
factors” must be jointly considered in developing the 
AHP model. The “system factors”, described in Table 3, 
enable to choose the most appropriate ERP system. 
Similarly to the “vendor factors”, also the “software 
system factors” are derived from Wei et al. (2005) and are 
here adapted for considering the upgrade/replacement 
instead of the selection process. Thus, the category 
“system switching costs” have been added. 

DO: In this case “functionality factors”,  “vendor factors” 
and “software system factors” are jointly considered (see, 
e.g., the whole AHP hierarchy of Figure 2). 

CHECK (same as for Step 1) 

ACT: Being the last step, if the solution found is not 
satisfactory the business requirements which gave rise to 
the project should be re-examined. 

3. An application for supply network coordination 

In this example, a company aims at increasing 
manufacturing coordination in the complex supply 
network where it operates (the new business requirement). 
For this purpose, the company has to decide the 
appropriate ERP upgrade/replacement solution to 
implement. In the following we formalize the three steps 
of the proposed framework in this particular context. We 
suppose that the company has already implemented SAP 
ERP suite and is currently served by vendor VC1. 

2.4 Step 1 - PSNF 

PLAN: Vendor VC1 has been asked to propose solutions 
without changing the existing software system. In this 
example, the alternatives proposed by VC1 are: 

SOL 1.1:  Send an automatic email to the supplier when the 
purchase order is released (facilitate communication). 

SOL 1.2: Send a confirmation email to the supplier when the 
production order is scheduled and launched on the shop floor 
(visibility of material consumption). 

As regards the AHP hierarchy model, in this step we 
focus only on the so-called “functionality factors”. Since 
the objective is to increase supply network coordination, 
we determine the “functionality factors” by referring to 
the seven coordination processes proposed in Xu (2010). 
The resulting AHP model for Step 1 is the first branch in 
Figure 2. The attributes are reported in Table 1 along with 
the detailed evaluation criteria. 

DO: Paired comparisons of the alternatives on each 
attribute and the inter-attribute relative importance were 
made and converted to a numerical scale of 1–9 by using 

the Expert Choice software. Finally, the overall priority of 
the two solutions are reported in Table 4. According to 
Table 2, SOL 1.2 is selected. 

CHECK: In this example the decision-maker considers 
the selected solution to be too narrow to be implemented 
without further investigation. 

ACT: SOL 1.2 is retained and Step 2 follows. 

2.5 Step 2 - PSNV 

PLAN: In this example, two other vendors are contacted 
(VP1 and VP2), each of which proposes an alternative 
solution. Thus, the set of solutions to consider are: 

SOL 1.2 (retained from Step1) 

SOL 2.1: Vendor VP1 proposes to develop a website that provides 
the production levels and the queuing times. This system gives 
visibility of the internal resources to the companies along the supply 
chains, however it does not allow any type of feedback or 
communication. 

SOL 2.2: Vendor VP2 proposes to increases communication with 
the supplier by introducing a web portal that allows the supplier to 
make its available production capacity visible to the company.  

In this step we focus on both the “functionality factors” 
and the “vendor factors” (see Figure 2). It can be noted 
that the solution from the previous step will have the 
highest judgments in terms of vendor switching costs. 

DO: The AHP analysis including both the “functionality 
factors” and the “vendor factors” leads to the results of 
Table 4.  

CHECK: In this example, even if SOL 2.1 involves the 
second level of intervention, the decision-maker considers 
it to be still too limited because there is visibility but not 
communication among the actors of the supply network. 

ACT: SOL 2.1 is retained and Step 3 follows. 

2.6 Step 3 - PSNSS 

PLAN: In this step the best solution of Step 2 is retained 
and other solutions involving the third level of 
intervention are taken into consideration. The set of 
solutions for Step 3 in this example are: 

SOL 2.1 (retained from Step2) 

SOL 3.1: Vendor VP1 (previously contacted in Step 2) proposes 
the introduction of the SAP Supply Network Collaboration module. 
SAP SNC generates a web portal of communication in which on 
one hand the company’s orders are automatically uploaded from the 
ERP while on the other hand the supplier’s confirmations are 
automatically imported in the company’s ERP.  

SOL 3.2: A new vendor VP3 proposes the IUNGO-mail solution 
which can be integrated with SAP and it is based on a system of 
communication with interactive emails exchange. The system 
automatically uploads the company’s orders from the ERP and sends 
the corresponding emails to the supplier. On the other side the 
supplier can directly send confirmations by interactive email or access 
the portal and ask for a postponement or a rescheduling.  

Then, the complete hierarchy tree is considered (see 
Figure 2). 
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DO: The results obtained from the AHP analysis are 
reported in Table 4. The selected alternative is SOL 3.2 
which involves the third level of intervention. 

CHECK: In this example the decision-maker considers 
SOL 3.2 a suitable solution. 

ACT: SOL 3.2 is implemented by vendor VP3.  

4. Conclusions 

The proposed decision framework is highly flexible and 
results in different solutions according to the company 
context in which is applied. For example, if the company 
has already implemented a first-class ERP suite (e.g., SAP 
suite) one of the most ambitious and onerous solution 
may result in implementing new modules or integrating a 
third-party software. On the other hand, in the case of a 
fast growing small-medium enterprise the decision process 
could even lead to the replacement of the current ERP 
architecture. In this paper, an illustrative application to a 
large company which aims at increasing the supply 
network coordination is described. The AHP method is 
applied during the three steps of the decision framework 
by considering “functionality factors”, “vendor factors” 
and “software system factors”. 

 

Table 1: Functionality factors 

Attributes Evaluation 
items 

Evaluation criteria 

Covered 
Processes 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

Long-term 
production 
planning 
  
  

Degree of communication of long-term 
forecast of demand and associated risks.  
Degree of communication of new product 
introduction, engineering changes, etc. 
Degree of capacity checking (e.g. machine 
availability).  

Operational 
ordering and 
planning 
  
  

Visibility of order and consumption 
schedules. 
Visibility of the current buffer stock levels 
and delivery schedules.  
Detection of planning problems.  

Request and 
feasibility 
study  

Fast check for capacity and material 
availability across the supply network. 

Visibility of 
the order 
progress 
   

Visibility of orders in supply fulfilment of the 
upstream companies.  
Production monitoring.  
Early warning of delivery problems. 

Exception 
handling 
  
  

Rush order handling.  
Resolution of delivery problems through fast 
information exchange.  
Establishment of containment rules to 
enhance schedule stability. 

Multi-
sourcing 
coordination 

Medium- or long-term coordination of new 
orders or large order changes.  
Short-term coordination of urgent demand.  

Network 
performance 
management 

Agreement on a common set of network 
performance indicators.   
Evaluation of the performance indicators. 

Implemen- 
-tation 
efforts 
  
  

Implementa- 
-tion time 

Compliance with time limits. 
Degree of project management ability. 

Infrastruc- 
-ture costs 

Impact of infrastructure costs within the 
constraints of a limited budget. 

Consultant 
expenses 

Impact of consultant expenses within the 
constraints of a limited budget. 

 

 

Table 2: Vendor factors 

Attributes Evaluation items Evaluation criteria 

Vendor 
switching 
costs 
  

Administrative/ 
organization costs 

Impact on a limited budget. 

Relations Existence of strong relations with 
the current vendor. 

Reputation Scale of vendor Match between the vendor’s scale 
and the buyer’s scale. 

Financial condition Financial stability of the vendor. 
Market share Number of reference sites and 

case studies. 
Technical 
capability 

R&D ability Availability of diverse product 
lines and tools. 

Technical support 
capability 

Good upgrade service. 
Domain knowledge. 

Implementation 
ability 

Good implementation experience. 
Adequate number of engineers. 

Service Warranties Warranty details. 
Consultant service Adequate number of experienced 

consultants 
Training service Availability of complete training 

lessons 
 

Table 2: Software system factors 

Attributes Evaluation items Evaluation criteria 

System 
switching 
costs 
 

 Price Impact of the different types 
of costs on a limited project 
budget. 

Administrative/ 
organization costs 
Maintenance costs 
Infrastructure 
costs 
Implementation 
time 

Compliance with time limits. 
Degree of project 
management ability. 

Resistance to 
change 

Employees' attitudes toward 
change. Presence of a change-
oriented leadership style. 

Functiona- 
-lity 
 

 Module 
completion 

Availability of the necessary 
modules 

 Function fitness High function-fitness. 
Multi-currency, multi-
language, and multi-site. 

 Security 
  

Permission management. 
Database protection. 

User 
friendliness 
 

 Ease of operation Graphic interface. 
Step-by-step command. 

 Ease of learning 
  
  

Provision of a guidebook. 
Provision of online learning. 
Provision of online help. 

Flexibility 
 

Upgrade ability Common programming 
language. 
Degree of platform 
independence. 
Ease of integration with other 
IS. 

Ease of integration 
Ease of in-house 
development 

Reliability 
 

 Stability  Automatic data recovery. 
 Automatic data backup.  Recovery ability 

 

Table 4: Results of AHP analysis in the three steps 

Step Solution Vendor Software 
system 

 Priority

1 SOL 1.1 VC1 SAP 0.52 
SOL 1.2 VC1 SAP 0.89 

 SOL 1.2 VC1 SAP 0.21 
2 SOL 2.1 VP1 SAP 0.35 
 SOL 2.2 VP2 SAP 0.10 
 SOL 2.1 VP1 SAP 0.32 
3 SOL 3.1 VP1 SAP- SNC 0.53 
 SOL 3.2 VP3 IUNGO 0.70 
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