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Modern ERP can be used in an undergraduate or graduate enterprise resource planning

systems course or to support an ERP module in information systems, accounting, business, or

supply chain courses. This third edition continues to be vendor-agnostic and has been

substantially revised to keep pace with advances in the ERP marketspace. New topics include

cloud computing, mobility, and business analytics, while ERP security, ERP risk management,

databases, and supply chain have been expanded. Innovative graphics and ERP screenshots

have been incorporated to further aid in the learning process.
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wrote the first edition of Modern ERP with the formidable goal of providing an ERP text that

was current, easy to read and understand, and vendor-neutral. Immediately I realized that I

could do better, and two years later I published the second edition of Modern ERP. Based on

the number of colleges and universities that adopted that text, the feedback on Ebook Tops, my

ranking at Lulu as one of the top sellers, and the absence of complaints in my classroom, I was

happy with that edition. However, as could be expected, the marketplace for ERP systems

evolved at a fast pace in response to technological innovation and changing business

conditions. As a result, I find myself five years later putting out a new edition of Modern ERP to

ensure that my words stay current, relevant, and valuable for students and practitioners alike.I

have substantially revised each chapter of the third edition to keep pace with advances in the

ERP world. This edition is the culmination of two years of writing. In this time, I have spent

countless hours reading ERP articles, researching ERP, attending ERP seminars and

conferences, and talking to ERP professionals about the latest developments. I’ve been lucky

enough to have formed a strong network of professionals who use ERP systems, support ERP

systems, and provide ERP consulting. These individuals help me keep up to date on what’s

really going on and fill in gaps in my knowledge. These professionals (as well as some

educators) have also been gracious enough to read the material in this book and give feedback

in the form of suggested additions, corrections, and deletions.New material has been added to

the third edition including coverage of topics such as cloud computing, mobility, and business

analytics and an expansion on topics of ongoing importance such as ERP security, ERP risk

management, databases, and supply chain. New graphics and screenshots have been

included to further aid in the learning process.I continue to focus on the fundamentals—ERP

technology, business process reengineering, ERP life cycle, ERP functionality, security, and



intelligence. I also remain impartial to any one vendor’s products—what I consider to be one of

the main strengths of my book. Every chapter is written with a thorough and up-to-date review

of the current state of the market.Whether you are using this book as part of a university

course, to further your career, or simply to increase your knowledge in this area, I hope that the

third edition of Modern ERP meets your needs. As anyone who has ever used or implemented

an ERP system can attest, the size and complexity of many of these systems are enormous.

Mastering the twelve chapters in this book provides the reader with the knowledge to
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Enterprise Resource Planning SystemsObjectives•Understand the essentials of ERP

systems•Recognize when a company would need an ERP system•Know advantages and

disadvantages of ERP systems•Realize how ERP systems have evolved and identify trends in

the market•Distinguish among the three ERP vendor tiersIntroductionThe introduction of

personal computers to the business environment in the 1980s initially led to information

systems that were narrowly focused, serving a single, specific function such as accounting or

sales. The result was that organizations had disparate systems for their various functional

areas. This disparity, in turn, led to duplicate data across the enterprise and an emphasis on

departmental boundaries, as data was not shared. In the mid-to-late 1990s, companies began

implementing enterprise resource planning (ERP) systems to automate, standardize, and

integrate their business processes for effective planning and control. A key feature of ERP

systems is the comprehensive database that serves as a single source of the truth. In practice,

this means that employees in all departments can look to the ERP system for the information

they need and work from the same data. This book is about ERP systems, the information

systems paradigm of organizational computing today. This chapter discusses essentials of

ERP systems, advantages and disadvantages of ERP systems, ERP evolution, and the ERP

marketplace.ERP EssentialsEnterprise resource planning (ERP) systems are business



systems that integrate and streamline data across the company into one complete system that

supports the needs of the entire enterprise. ERP systems are designed to enhance all aspects

of key operations, such as purchasing, accounting, manufacturing, and sales, by taking

processes and functions that were previously disjointed and supported by various legacy

systems, or older, standalone, disparate business systems, and seamlessly integrating and

coordinating them. The foundation of an ERP system is a well-structured database that serves

the operational and decision-making needs of the entire enterprise.By supporting the

information requirements of more than one functional area, ERP systems are considered cross-

functional in nature. ERP systems are also considered process-centered; that is, the

application enables a clear, complete, logical, and precise view of the organization’s business

processes, or how it does its vital work. A business process is a collection of activities that

together add value. Business processes span multiple departments and in many cases

traverse the boundaries of the organization, sharing information with partners, suppliers, and

customers. Two of the major business processes that most companies have, and which ERP

systems support, are “perform order management” and “procure materials and services.” Other

key processes that ERP systems support are presented in Figure 1-1.Figure 1-1: ERP-

Supported Business ProcessesERP ModulesERP systems are sold in modules, or groups of

related programs performing a major function within the system, such as accounting or

manufacturing. Modules are individually purchased based on the needs of the company. Most

ERP software is flexible enough that businesses can implement a module (or modules) without

purchasing and implementing the entire package. The modular organization of ERP systems

adds to their flexibility. For instance, a distribution company that doesn’t do manufacturing can

license and implement financial, purchasing, sales, and inventory modules and have a solution

“tailored” to its needs. If, at a later time, the company expands into manufacturing, it can

license additional modules to support this new functionality. A benefit to ERP vendors of

modular design is that it allows them to put together product offerings for specific industries.

For instance, by adding modules for food safety and quality management, a generic ERP

system can become a niche competitor in the food industry.Vendors use modules as pricing

units. The more modules a company implements, the more costly the system becomes.

Generally, ERP providers will give their customers discounts if they purchase additional

modules. Companies do not have to purchase all modules available from an ERP vendor;

however, implementing more modules leads to greater integration, which in turn can lead to a

greater return on investment. These benefits should be weighed against the costs and

organizational resources needed for implementation when deciding upon a strategy for

ERP.Core ERP includes modules for financials, human capital management (HCM), and

logistics. These modules are actually suites encompassing various sub-modules. For example,

the financial suite will typically include sub-modules for accounts receivable, accounts payable,

and general ledger. The HCM suite will generally comprise sub-modules for payroll, benefits,

personnel management, and talent management.ERP systems have historically been seen as

back office systems, meaning they are used to integrate “back office” functionality such as

accounting, finance, purchasing, HCM, and order fulfillment. Now, ERP systems have evolved

to more than back office systems, encompassing front office, customer-facing modules as well

as modules that facilitate the supply chain. These additional customer relationship

management (CRM) and supply chain management (SCM) modules are considered part of the

broader ERP system, or extended ERP. Other modules that are part of extended ERP include

analytics, product life cycle management, business performance management, and many

others. These modules are an opportunity for companies to complement core ERP and



integrate even more functionality. Figure 1-2 presents typical modules in an ERP system for a

manufacturing company.Figure 1-2: Typical Modules in an ERP System for a Manufacturing

CompanyWho Needs Knowledge of ERP Systems?Business professionals interact with ERP

systems in various roles, including as end user, auditor, and consultant. End users work with

ERP systems on a daily basis in their particular business context. For example, shipping

personnel use the ERP system to view logistics information, purchasing personnel maintain

supplier data, accounting staff close the books at the end of the month, finance executives

view cash requirements, and human resources (HR) staff maintain employee records. Even

those employees whose jobs do not require them to use the ERP system on a daily basis

interact with ERP for self-service activities such as billing time to jobs, requesting time off, or

signing up for training classes.Financial statement auditors need to understand their clients’

ERP systems for the annual audit. They collect reports such as the trial balance and general

ledger from the ERP system, as well as other relevant data such as customer account

balances that are used to substantiate accounts receivable on the balance sheet. Internal

auditors can help organizations maximize the performance of the ERP system by becoming an

active part of the implementation project team. They provide expertise in internal control

practices, compliance requirements, and business processes. An auditor highly trained in

auditing information systems is called an IT auditor. These specialized auditors verify the

effectiveness of the ERP system’s application controls, which are programmed controls in the

ERP software that maintain the accuracy, reliability, completeness, security, and privacy of the

data. An example of an application control would be the “three-way match” whereby a purchase

order is matched with the corresponding goods receipt and supplier invoice in the ERP system.

Other evidence that IT auditors collect includes the physical controls over the data center that

houses the ERP servers and controls over authentication into the ERP system.Given the

widespread adoption of ERP systems, consultants with both business and IT experience are

highly sought after to serve as system implementers, also known as integration partners.

Numerous activities take place during an ERP implementation with which an integration

partner can assist, including, but not limited to, business case development, package selection,

business process analysis, project management, testing, and training. Consultants might also

be needed for customizing the software, which requires programming skills. However, because

these systems are extremely complex and support the information requirements of the entire

enterprise, traditional software developers and programmers, who know mostly about

technology and little about business, are not as valuable as they once were. The most

important criteria necessary for a successful ERP consultant are knowledge of the client’s

business processes and deep knowledge of the chosen ERP package.When Does a Company

Need an ERP System?Because every company is different, there is no single indicator that

says, “You need ERP now!” However, companies that benefit most from ERP systems often

face similar problems and frustrations. Developing a business case starts with identifying the

business’s challenges, or “pain points.” Typical business challenges that can be solved with an

ERP system include:•Too many business problems and unanswered questions – A new system

might help a company better determine its exact financial performance. It could help managers

decide what levels of inventory should be kept or what it costs to make an item. Other

questions an ERP system could answer might include: Why are our customers dissatisfied?

Why are we regularly missing promised delivery dates? Why can’t we accurately forecast and

plan production requirements? Why are our shipping costs so high?•Changing business model

– Software purchased years ago may no longer effectively support the company’s new

business model. A company may delve into a new line of business, go global, or need more



internal controls and procedures in its systems. Any one of these can render a legacy system

ineffectual.•Desire for growth – Existing processes and systems may be unable to manage a

growing number of end users and/or transactions or support a merger or acquisition, which is

best handled with standardized business processes and integrated data across the

organization.•Need for advanced functionality – A company’s existing software might not be

able to handle new business procedures and practices.•Too many business systems

supporting processes – When companies have many different systems that are “pieced

together,” this situation can wreak havoc on the processes meant to ensure that the company is

running smoothly. Running many different systems in the company also means that IT

maintenance can become a nightmare. Customizing these systems, upgrading them, and

applying patches and updates can be complex and can deplete critical time and

resources.•Lack of compliance – Government and institutional compliance requirements

continue to grow and evolve. Navigating through numerous legal, regulatory, and supply chain

mandates has never been tougher. These mandates include published accounting standards

such as the International Financial Reporting Standards (IFRS), international trade standards

such as the North American Free Trade Agreement (NAFTA), and legislation such as the

Sarbanes-Oxley Act (SOX), which requires implementation and documentation of internal

controls, procedures, and processes.Advantages of ERP SystemsERP systems provide many

advantages to companies. One of the main advantages is data integration. As mentioned

earlier in the chapter, one result of the advent of desktop computing was that the same data

was often housed in different departmental systems. The inability to keep information

synchronized between systems often meant that multiple versions of data resided within the

organization. In ERP systems, data is captured once and shared across the enterprise,

reducing the risk of inaccuracies and redundancies in data and eliminating time wasted in

checking, rechecking, and reconciling data. ERP systems even simplify the error correction

process; if a mistake is made, it only has to be corrected once. Data integration gives

stakeholders the ability to gain better visibility into business operations. The enterprise has a

single version of “the truth,” and all users benefit because they share access to—and

responsibility for—information that is current, complete, and accurate.Another advantage of

ERP systems is real-time access to information, which improves collaboration and

communication across the enterprise. With ERP systems, once data is entered, it is readily

available online and in real time to all users in all departments (who have the authority to view

or edit the data). The time lag that used to arise when documents sat in in-baskets waiting to

be rekeyed into another system is eliminated, along with much of the paper documents

involved. Information is available sooner, and interdepartmental communication improves. For

example, in a company that has an ERP system, suppose a purchasing agent processes a

purchase order for raw material. Once that event is committed in the system, the production

department will know the material is coming, and thus production planning becomes more

accurate. Customer service representatives will have complete and up-to-date information

needed to provide intelligent support to customers on the status of their orders. This real-time,

immediate access to enterprise information can help improve operations, corporate

governance, and management of enterprise risk, creating a horizontally “joined up,” process-

centered company and ultimately improving productivity, insight, and optimized business

processes.An ERP system also requires that the company share a common process and data

model covering broad and deep operational end-to-end processes such as those found in

manufacturing and the supply chain. This standardization improves coordination within the

organization and across the organization, making it easier to interact with internal and external



stakeholders.ERP vendors design their solutions around processes based on industry best

practices. A best practice is a business process that is generally recognized as more effective

and/or efficient than others in a particular industry. When managers of a company select an

ERP package to implement, they are “buying into” a particular ERP vendor’s view of best

practices and relying on the system to support their efforts to embrace these practices.

Matching best practices to organizational needs is what differentiates one ERP package from

another and is a key contributor to the ultimate success of the implementation. Larger ERP

vendors, such as SAP and Oracle, have thousands of best practices programmed into their

software. These vendors support enormous research and development efforts to identify best

practices in various industries and incorporate them into their solutions. As a result, the cycle

of finding, codifying, and delivering best practices to customers allows the ERP vendor to

increase its customer base by offering specific versions of their software called vertical

solutions (or industry solutions). Figure 1-3 presents a complete list of vertical solutions offered

by Oracle in its E-Business Suite.Figure 1-3: Oracle’s Vertical SolutionsAnother advantage of

ERP systems is that an ERP vendor’s modules look and act the same. This similarity makes it

easy for users to work in multiple modules. With a single interface and similar navigation,

employees will encounter less friction and greater ease in using the ERP system versus

working in multiple disparate systems.Finally, ERP systems can reduce operational costs and

increase revenue. Companies that implement ERP do so to gain efficiencies such as lower

inventory costs, production costs, or purchasing costs. Similarly, companies implement ERP to

transform parts (or all) of the business to improve revenue-generating processes, including

time to market, marketing and sales, and customer service.Disadvantages of ERP

SystemsImplementing an ERP system involves much more than a simple installation of off-the-

shelf software. It is a complex, time-consuming undertaking that can often involve a myriad of

problems along the way. Many of the issues encountered during implementation pertain to

what is called the “soft stuff” (people issues) as opposed to the “technical stuff” (software/

hardware issues). For example, top management can be a major problem if managers do not

set a convincing “tone at the top” that the ERP system is a priority or if they don’t allocate

enough resources to implementation.Lack of employee participation can also be a problem if

employees are not educated early on about the organization’s motivation for investing in an

ERP system or if their opinions and feedback are not taken into consideration during the

implementation process. Sometimes, ERP systems are met with resistance or even overt

hostility. Employees may be quite comfortable with the legacy systems that they have used for

decades. They may oppose the additional training, process modifications, and organizational

change that inevitably occur or they might complain that the system is difficult to use, too

restrictive, or inflexible. They may blame the system for problems that are really just cultural or

caused by a lack of user acceptance. Resistance to the ERP system can lead to employees

developing counter-productive “work-arounds,” in which they do not use the system as

intended, perhaps reverting to their old systems and processes. At times, frustrated or fearful

of organizational change, they may even attempt to sabotage the system by intentionally

interjecting errors or making excessively complicated demands of the system in order to hinder

its implementation or operation.An example of sabotage in an ERP implementation occurred

during the SAP implementation at FoxMeyer Drug Co. in the 1990s. Warehouse workers,

threatened with the loss of their jobs due to the closing of warehouses, damaged inventory

being transferred to the new distribution center. Because of a debilitating morale problem

among workers, lots of merchandise was dumped into trucks and arrived at the distribution

center with packages damaged or broken open or otherwise unsalable as new product,



resulting in an enormous shrinkage in inventory. While this is an extreme example, situations

like this can arise from inadequate education and training of employees. Companies should not

only educate their employees (the “why”) but also train their employees (the “how”) in order to

ensure a smooth transition when migrating from legacy systems to an ERP

system.Organizations that successfully implement ERP systems often employ change agents

to help minimize the people issues during and after implementation. Change agents bring to

the table skills in change management, or the systematic approach to dealing with change,

from the perspective of both an organization and the individual. When change management is

done well, people feel engaged in the change process and work together towards a common

objective, realizing benefits and delivering results. Change management will be discussed in

more depth in Chapter 6.Another disadvantage of ERP systems is their price tag, especially for

software from the well-known, larger ERP vendors such as SAP and Oracle. An ERP system

and its implementation process may well be the most expensive investment a company ever

makes. For large companies, ERP systems can cost millions of dollars and take years to

implement. Smaller companies generally incur fewer implementation costs, but they can

experience the same type of implementation problems. Furthermore, once implemented, the

ERP system needs constant “care and feeding” to maintain its stability, currency, and

compatibility with a wide range of ever-changing software applications it may interface with as

well as the hardware it is installed on. Many ERP professionals liken this to being on an “ERP

treadmill”—once on the treadmill, a company must keep pace with constant changes in the

technology. Since ERP maintenance costs are incurred year after year, this component may

end up costing more in total than the initial software, database, and implementation.While the

“soft stuff” usually makes or breaks an ERP implementation, the technical problems can also

be a challenge. ERP systems are sophisticated and complex, and implementing them requires,

in many cases, hiring expensive consultants to help. Companies often struggle to take

command of the technology and to leverage that technology into measurable and maintainable

business process change. Customers with more simplistic business requirements may find that

the various features, options, and setup requirements add a level of difficulty not previously

experienced.The standardization of business processes discussed as an advantage can also

be a disadvantage if this structure is different or runs counter to the firm’s culture or

expectations. Thus, it is crucial that a company perform its due diligence when choosing its

ERP system.Also, because ERP systems are off-the-shelf software packages and are available

to any company (for a price!), the issue may be raised that best practices in ERP systems level

the playing field between a company and its competitors. Since implementation of an ERP

system requires that a company adhere to the best practices in the software, a company could

lose the advantage of a unique (and perhaps better) business practice that differentiates it. In

these cases, it might be worthwhile to customize the software rather than change the process

to match the ERP software. The advantages and disadvantages of customizing ERP software

are discussed in Chapters 2 and 6. Also, it should be noted that IT is only an enabler; a

company must still be good at its core competency, or those unique capabilities that are

essential to achieving a competitive advantage. Technology alone cannot make a company

successful if its underlying business strategy and core competencies are flawed.Because of

these reasons and more, companies should not take the decision to implement an ERP system

lightly. Successful implementations require that all employees—from functional users to IT staff

to top management—be motivated to work closely together to advance the organization’s

mission. Those companies considering an ERP system should perform their due diligence in

choosing the appropriate solution as well as partnering with knowledgeable consultants who



can lend their expertise to various aspects of the implementation.ERP Evolution and

TrendsThe term “ERP” was coined by Gartner, Inc., a leading technology research and

advisory company, but its roots date back to the 1960s. During this period, discrete

manufacturers used inventory management and control packages to manage their inventory.

Software engineers created programs to monitor raw materials and guide plant supervisors on

what to order and when replenishment was necessary. A host of inventory-related reports

helped manage this process. In the 1970s, these programs evolved into material requirements

planning (MRP) systems, which is software that manufacturing companies use to plan

production and calculate more precisely what materials they require, at what time, and in what

quantities. MRP generates schedules for production operations and the raw material purchases

needed based on finished goods requirements.In the 1980s, MRP developed into

manufacturing resource planning (MRP II) systems, or solutions that provide an integrated

method of operational and financial planning for manufacturing companies. While MRP stops at

the receiving dock, MRP II incorporates the value stream all the way through the production

facility to the shipping dock where the product is packaged and sent to the customer. That

value stream includes production planning, machine capacity scheduling, demand forecasting

and analysis modules, and quality tracking tools.From there, MRP II evolved into ERP. The

main difference between MRP II and ERP systems is that MRP II systems are often

standalone applications, whereas ERP systems comprise MRP II plus many more modules.

While MRP II systems manage the computing needs of the manufacturing environment, ERP

systems manage the resources of the entire enterprise (and in many more industries).In the

mid-to-late 1990s, the Year 2000 (Y2K) issue and the desire of many firms to upgrade to client-

server technology were the initial drivers behind the adoption of ERP systems. Most of the

early adopters of ERP systems were very large companies such as those in the Fortune 500.

Now, ERP systems have become a “must have” for all types and sizes of organizations that

need to gain the advantages of greater information management in order to remain competitive

in this fast-changing global landscape.In the 2000s, ERP evolved into “extended ERP” or ERP

II, which includes 3-tier or n-tier architecture running on a web platform and integrating with

additional modules such as product life cycle management (PLM), supply chain management

(SCM) and customer relationship management (CRM). Figure 1-4 presents the evolution of

ERP from the 1960s to 2000s.Figure 1-4: Evolution of ERP SystemsERP MarketThe ERP

market is a billion-dollar industry and growing. Although specific numbers are hard to quantify,

there is no question that a significant percentage of the world’s financial transactions touch an

ERP system in one way or another. ERP vendors can be organized by tier, or vendor groupings

based on certain characteristics. Figure 1-5 presents various criteria for distinguishing between

the three tiers. Tier 1 ERP vendors sell ERP solutions to large, multinational corporations with

more than 1,000 employees and revenues greater than $1 billion (collectively known as the

enterprise space). Tier 1 ERP systems are typically very costly due to their vast capabilities,

which include being able to handle the operations of a conglomerate with multiple global

subsidiaries. Only a few ERP vendors have the size, resources, and functionality to meet these

needs. In order to compete with Tier 2 vendors, Tier 1 vendors have been making a serious

down-market push by offering simplified versions of their software and versions for niche

markets. They also have developed mid-market pricing and implementation strategies to make

their products more appealing to the mid-market buyer.Figure 1-5: Characteristics of ERP

Vendor TiersCollectively, Tier 2 and Tier 3 vendors target small- to medium-sized enterprises

(SMEs). Tier 2 ERP vendors sell ERP solutions that are designed for mid-market companies,

which usually range in size from $50 million up to $1 billion in annual revenues and have



between 250 and 1,000 employees. These vendors have products and services designed for

single or multiple facilities. They address many of the requirements of larger companies, but

their applications are less complex than Tier 1 solutions. Their systems also come with a lower

price tag than a Tier 1 ERP system because their software license costs and maintenance fees

are lower. Generally these solutions are easier to implement and support than a Tier 1. Often,

the Tier 2 vendor focuses on fewer industries, whereas a Tier 1 vendor provides systems for

many vertical markets. Recently, the much more crowded Tier 2 vendor segment has started to

push up-market, with ERP products that are increasingly powerful, scalable, and suitable for

larger companies.The larger ERP vendors cannot be everything to everybody, so there is a

constant opportunity for smaller, more nimble competitors to fill the void with more focused,

industry-specific applications. Tier 3 ERP vendors sell products that are designed for smaller

companies that range in annual revenues from $10 million to $50 million and have fewer than

250 employees. While their products have limited breadth, they offer depth in a particular

industry. Their customers have few locations and less complexity, and their solutions usually

have the lowest total cost of ownership.Figure 1-6 presents sample ERP vendors in each of the

three tiers. As can be seen, there are fewer vendors in Tier 1 than any other tier. One reason

for this is that over the years, vendor consolidation has taken place. Two software giants, SAP

and Oracle, dominate the Tier 1 space, with Microsoft beginning to edge into this territory with

its Dynamics AX offering. SAP (which stands for Systems, Application, and Products in Data

Processing) is the world’s largest enterprise software company in terms of software and

software-related service revenue. Oracle, the second-largest Tier 1 vendor, has traditionally

been known for its expertise in databases; however, they also sell an ERP system of

comparable size, Oracle E-Business Suite. Beginning in 2003, Oracle aggressively acquired a

number of high-value software companies, including ERP vendor PeopleSoft (which had

previously acquired JD Edwards, another ERP vendor). Thus, Oracle’s ERP offerings consist of

three ERP solutions, plus a relatively new “fused” version: Oracle Fusion. As these two titans

battle one another for the prime enterprise accounts, they are polarized to some extent. While

Oracle focuses more on services, government, telecommunications, and utilities, SAP is strong

in capital-intensive manufacturing and the oil, gas, and chemicals sectors. However, these

vendors continue to go head to head in most industries, including retail, government,

manufacturing, and banking.Figure 1-6: Sample ERP VendorsSummaryAn ERP system is an

integrated business system that comprises modules that can be used to manage all business

processes and data within an organization. These systems typically include modules for

accounting, sales and distribution, inventory and purchasing, human capital management,

manufacturing, and supply chain. Business professionals interact with ERP systems in various

roles, including as end user, consultant, and auditor. Benefits of ERP systems include data

integration, real-time access to information, standard business processes and interfaces, a

shared data model, industry best practices, and reduced costs and increased revenue.

Disadvantages of ERP systems include their high cost, time-consuming implementation,

employee resistance, and the burden of constant maintenance and upgrades. The ERP market

is a billion-dollar industry and is characterized by tier, which is a way to classify ERP software

market characteristics. Companies interested in purchasing an ERP system should be aware

of the many solutions available and pick one appropriate for their company size and industry as

well as one that fits their business requirements.KeywordsApplication controlBack office

systemBest practiceBusiness processChange agentChange managementCore

competencyCore ERPCross-functionalEnterprise resource planning (ERP) systemEnterprise

spaceExtended ERPIndustry solutionIntegration partnerIT auditorLegacy systemManufacturing



resource planning (MRP II) systemMaterial requirements planning (MRP)

systemModuleProcess-centeredSmall- to medium-sized enterprise (SME)TierTier 1 ERP

vendorTier 2 ERP vendorTier 3 ERP vendorVertical solutionQuick Review1.True/False: A best

practice is a business process that is generally recognized as more effective and/or efficient

than others in a particular industry.2.True/False: ERP systems evolved from customer

relationship management systems.3.True/False: A business process is a collection of activities

that together add value to the company.4.ERP systems are sold in _____________, or groups

of related programs performing a major function within the system, such as accounting or

manufacturing.5.ERP software for a particular industry is known as a(n) _____________

solution.Questions to Consider1.What is an ERP system?2.How are ERP systems different

from legacy systems?3.What are advantages of ERP systems? Disadvantages?4.How do ERP

systems support industry best practices?5.What are the differences among the three tiers that

describe the ERP market?ReferencesAptean. (n.d.). Enterprise resource planning (ERP)

software is usually packaged in functional “pieces” that can be implemented in various
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evolution of ERP architecture•Become familiar with relational database terminology, database

relationships, and types of data stored in databases•Distinguish between customization and

configuration of ERP software•Understand the ERP system landscape•Identify criteria for

choosing between on-premise and cloud computing•Recognize ERP mobility

issuesIntroductionThe broad scope of ERP systems impacts users throughout an organization

and extends to its customers, suppliers, and business partners. As the core of an enterprise’s

business systems, an ERP system must be available to users and function properly without

unscheduled service outages. Operations can quickly shut down with disastrous results if the

ERP system is not accessible. Upgrades, patches and fixes, configuration changes, server

maintenance, and interfaces between systems must be addressed throughout the system’s life

cycle. Supporting hundreds or thousands of simultaneous users with various processing and

reporting requirements demands sophisticated and flexible software supported by state-of-the-

art technology. Since the information processing needs of an organization depend on its ERP

system, understanding the technology supporting this comprehensive, integrated system is

critical. To fully explain the complexity of ERP systems, this chapter begins with the technical

evolution of modern ERP systems, including three-tier client-server architecture. Next, we

review theory on relational databases, as this is where the data accessed by ERP systems is

stored. This section is followed by a discussion of configuration versus customization of ERP

systems. Finally, this chapter explores issues surrounding ERP system deployment, including

cloud computing and mobility.Evolution of ERP ArchitectureMainframe ArchitectureIn Chapter

1, we discussed legacy systems, or older information systems that may not easily “talk” to each

other. These systems are typically not based on current industry best practices and instead are

“stove-piped,” meaning they focus on a certain functional area, versus being cross-functional.

For example, a “sales system” might not talk to the “accounting system”—thus the order-to-

cash process becomes fragmented. Furthermore, customer data will likely need to be input into



both systems, creating data redundancies and potential discrepancies.Most legacy systems

are built upon mainframe architecture, meaning that all computing intelligence resides within a

central host computer that processes data and displays the output on “dummy terminals,” or

workstations with little to no processing power. Users interact with the mainframe computer

through a character-oriented terminal that captures keystrokes and sends the data to the host

computer. Mainframes have been around since the mid-1960s, and until the 1990s, they

provided the only adequate means of handling the data processing requirements of large

businesses. Some companies still maintain legacy systems built upon mainframe

architecture.Client-Server ArchitectureIn the early 1990s, with the broad adoption of personal

computing, client-server computing emerged as an alternative to mainframe computing. Client-

server computing is a computing model in which tasks and workloads are partitioned between

the client, which makes service requests, and the more powerful server, which responds to the

requests. These requests, along with the responses to requests, are performed over a network

(see Figure 2-1). The server is often called the back-end application, and the client is called the

front-end application; together they form a two-tier architecture. Many ERP vendors use this

terminology for their client software. For instance, SAP’s client is called the “SAP Front End.”

This type of computing model is known as distributed computing because it consists of multiple

software components on multiple computers that together run as a single system.Figure 2-1:

Two-Tier Client-Server ArchitectureThe sharing of processes between the client and the server

is the foundation for defining thin and fat clients (and thin and fat servers). Figure 2-2

demonstrates two options for client-server architecture. Option 1 shows a fat client/thin server

arrangement. A fat client handles presentation logic and business logic. Presentation logic is

the software logic that displays data to the user and accepts input from the user. This type of

logic manages the user navigation experience through a graphical user interface (GUI) so that

the user can interact with the computer through icons, drop-down lists, and menus. Business

logic specifies how business transactions are processed and what data needs to be accessed

from the data storage device. This component also validates the data, applies the majority of

the business rules, such as a mandatory credit check on a customer, and manages

communication between the GUI and the data access logic. The data access logic refers to the

communication with the database, which is responsible for data storage and retrieval on the

physical storage device.Figure 2-2: Options for Two-Tier Client-Server ArchitectureOption 2

shows an alternative for client-server architecture. In this scenario, a thin client handles only

the presentation logic, and the fat server is responsible for the both business logic and data

access logic. In short, a fat client is more functional and requires less interaction with the

server, while a thin client does the opposite.An advantage of client-server architecture is that it

becomes practical for multiple clients to update data simultaneously. Client-server computing

also improves the security of data since users are unable to change or delete data unless they

have specific authorization to do so. Also, the workload is distributed among the clients and the

server; by scaling the server to be more powerful than the client, many clients (users) can

access the server at one time. By giving each employee a personal computer and centralizing

data on the server, two-tier architecture extends more computing power to end users. This

advance in technology created the opportunity for hundreds of new ERP vendors to enter the

market.Three-Tier Client-Server ArchitectureAlthough an improvement over mainframe

technology, client-server architecture still could not meet the increasing demands for access to

information. The overhead of maintaining the connections between the clients and the server

limited the number of clients that could access the server. In addition, when every client

machine contains applications (see Option 1), it is critical that all client computers run exactly



the same software version. These problems were solved with three-tier client-server

architecture, which places one or more application tiers between the client tier and the data

access tier (see Figure 2-3). Each tier only contains code that belongs in that layer. Therefore,

the presentation logic resides in the presentation tier, the business logic in the application tier,

and the data access logic in the database tier. In the early 1990s, SAP, the leading ERP

vendor, based its SAP R/3 version on three-tiered architecture. The “R” refers to real-time

computing and the “3” denotes the three tiers.Both two-tier and three-tier architectures have

their relative advantages. For instance, two-tier applications are easier to build and, because of

their lower complexity, are cheaper to deploy. However, when the system uses the internet, the

performance of two-tier architecture can suffer. Because more data has to be transferred to the

client in a two-tier system, the speed of the network and the hardware can have a substantial

impact on the performance of the application. Three-tier architecture provides better security,

which can be enforced uniquely for each tier if the security requirements are different.

Maintenance on the architecture may also be easier in three-tier systems since the architecture

separates responsibility into loosely coupled layers. Each tier can only receive requests from

and return requests to certain tiers as shown in Figure 2-3. Because of this separation of

responsibility, maintenance becomes more understandable and manageable. The database

can also be changed without affecting the client. Possibly the main advantage to three-tier

architecture is its scalability, as servers and clients can be added more easily as the business

grows.Figure 2-3: Three-Tier ArchitectureRelational Database Management SystemsBefore

ERP systems, when business data was supported by legacy systems, data was often

duplicated. For instance, imagine a scenario in which sales, marketing, and accounting

departments have separate systems, each needing customer data. This situation gives rise to

any number of complications. For example, when a customer’s address changes, the new

information must be changed in each system, which takes time and is costly and error

prone.ERP systems use relational database management systems (RDBMS) to store

enterprise data. Since data is only entered once and shared across departments and business

units, the potential for errors and data duplication is reduced. Modern RDBMS provide many

features, including transaction mechanisms to enable concurrent access of the database,

stored procedures to enforce business logic, and security to limit access to parts and/or

features of the database.Many companies make the choice of an RDBMS to use with their

ERP systems based on licensing concerns as databases have different annual maintenance

costs. For instance, an Oracle database can be more expensive than other databases.

However, large enterprise customers will typically choose IBM DB2 or Oracle since the

performance is better, the offerings are more mature, and the size and scale of the database

are much larger. Small and mid-sized companies more often choose Microsoft SQL Server.

Other factors that can affect a company’s database choice are previous experiences with and

allegiances to certain database vendors or platforms.Database TerminologyIn an RDBMS,

data on an entity, or something that can be uniquely identified, is stored in a two-dimensional

table, which is a collection of related data entries consisting of columns and rows. Tables are

also known as relations, thus the name “relational database.” Figure 2-4 shows a simplified

view of a SUPPLIER table. A field, which is represented by a column in the table, is designed

to maintain certain data about every row in the table. Fields define the items of data a user will

input, such as Name or Pay_Terms. The rows in the table represent records, which are

groupings of related fields. In the figure below, each record would contain data fields related to

a particular supplier.Figure 2-4: Supplier Database TableEntity Integrity RuleWhen designing a

database, each record must be identified by a unique attribute, known as the primary key (PK).



Primary keys are usually a type of code, either numeric or alphanumeric. In the table above,

the Supplier_No must be unique for every row, identifying a supplier and the data associated

with that supplier. Databases enforce the unique identifier for each record, a rule known as the

entity integrity rule. This rule also requires that the PK not be empty, or null. A common practice

in databases is for the RDBMS to assign the next sequential value for a primary key when a

new record is inserted into a table. That way we know that each primary key will be

unique.Table RelationshipsWhere a relationship between two tables exists, the tables are

connected with fields in common. For example, a SUPPLIER table and a PURCHASE_ORDER

table are related in that each purchase order must be associated with a supplier. Therefore, we

can add the Supplier_ID field to the PURCHASE_ORDER table to show that the two tables

have a relationship. Doing so will allow users to run reports and queries on both tables

together. When one table, such as the PURCHASE_ORDER table, includes a field that points

back to a PK in another table, such as the Supplier_ID in the SUPPLIER table, that field is

known as a foreign key (FK). It is called “foreign” because it points to a PK in a different, or

foreign, table and establishes and enforces a link between the data in the two tables.An off-the-

shelf ERP system from a Tier 1 vendor could easily have 100,000 tables. That’s a lot of tables!

Compare this to building a typical Microsoft Access database, which might consist of a dozen

or so tables. As discussed, tables in an RDBMS are connected through the common data

elements of primary and foreign keys. Where the database designer identifies a relationship

between tables, the common keys are connected by the database software’s internal

programming.An entity relationship diagram (ERD) is a graphical representation reflecting the

database entities and the relationships among those entities. The ERD diagram is most often

used as the method for communicating between database designers and end users when

developing databases. In database terminology, a relationship is called a cardinality, and it

indicates the number of occurrences (none, one, or many) of an entity in relation to another

entity. Listed below are the three types of relationships in a RDBMS and an example ERD for

each.One-to-Many Relationship – In this type of relationship, each record of one table can be

associated with zero, one, or many records in another table. These relationships are very

common in databases. Consider the two tables: SUPPLIER and PURCHASE_ORDER. We

could have zero purchase orders, one purchase order, or many purchase orders associated

with a certain supplier. However, a particular purchase order must be associated with only one

supplier. Hence, the relationship is a one-to-many with the “one” side of the relationship being

the supplier and the “many” being the purchase order. In one-to-many relationships, the PK of

the “one” side of the relationship becomes the FK in the “many” side of the relationship (not

vice versa). The “crow’s foot” notation is commonly used to represent the “many” side of the

relationship. See Figure 2-5 for an example of a one-to-many relationship. Notice that there are

two purchase orders for supplier number 101023, but that the supplier is only listed in the

SUPPLIER table once. Notice the two vertical lines on the “one” side of the relationship. This

means that each purchase order is associated with a minimum of one and a maximum of one

supplier. The circle at the end of the line on the inside means that a supplier could have zero

purchase orders associated with it. This generally means that suppliers could be added into

the ERP system database without purchases made to them yet.Figure 2-5: One-to-Many

RelationshipOne-to-One Relationship – In this type of database relationship, each record in the

first table is associated with only a maximum of one occurrence in the second table, and each

record in the second table is associated with a maximum of one occurrence in the first table.

Thus, one-to-one relationships are single-valued in both directions. These relationships are not

nearly as common as one-to-many relationships, but they do occur. The key criterion of the



possible need for a one-to-one relationship is a table that contains a field that is only used for a

certain subset of the records in that table. In Figure 2-6, an employee can only have one

parking permit and a parking permit goes with only one employee. Also, an employee does not

have to have a parking permit (he or she could ride a bike to work!) thus the circle (zero) to

show the minimum occurrence on the line next to Employee_No FK in the PARKING_PERMIT

table. The relationship can be assigned to either the EMPLOYEE table or the

PARKING_PERMIT table, but because not all employees have parking permits, it makes sense

to put the Employee_No in the PARKING_PERMIT table (not vice versa).Figure 2-6: One-to-

One Table RelationshipMany-to-Many Relationship – In this relationship, which is more

complicated than the others, a record in one table is associated with more than one record in a

second table and a record in the second table is associated with more than one record in the

first table. Consider two tables: INVENTORY and PURCHASE_ORDER. An inventory item can

be on many different purchase orders, and a purchase order can have many different types of

inventory on it. The result is a many-to-many relationship. In relational databases, direct many-

to-many relationships between tables are not allowed. To handle a many-to-many relationship,

a separate table, called an associative entity (or junction table), separates the many-to-many

relationship into two one-to-many relationships. Each record in the associative entity table

contains FKs from the two tables it joins. Together, these two FKs become the PK in the

associative entity in order to make each record unique. These two fields together are called a

concatenated key, or composite key. Figure 2-7 illustrates this idea with an associative entity

table called LINE_ITEM that represents the line items of purchase orders. The concatenated

key in the LINE_ITEM table is Purchase_Order_No and Inventory_No, which together are the

PK of the LINE_ITEM table. Note that this new table allows purchase order #100 to contain two

inventory items and two different purchase orders to contain black office chairs (Inventory_No

77889). Also, note that it is possible for an inventory item not to be associated with a purchase

order.Figure 2-7: Many-to-Many Table RelationshipReferential Integrity RuleThe referential

integrity rule is a database constraint that ensures that relationships between tables remain

valid and consistent. When one table is linked to another table through a PK/FK, the concept of

referential integrity dictates that you may not add a record to the table that contains the FK

unless there is a corresponding PK in the linked table. This rule helps prevent user errors and

results in a more accurate and useful database. For example, suppose that a

PURCHASE_ORDER table includes a FK of Supplier_No that points to the Supplier_No, which

is a PK in the SUPPLIER table. The referential integrity rule would prevent an end user from

adding a new purchase order to the PURCHASE_ORDER table containing a Supplier_No that

is not present in the SUPPLIER table. Referential integrity rules would also guarantee that

changes cannot be made to the Supplier_No PK in the SUPPLIER table if those changes

invalidate the link to the Supplier_No FK in the PURCHASE_ORDER table. In other words, any

attempt to delete a row in the SUPPLIER table or to change the Supplier_No value will fail if

the deletion or changed PK value affects the PURCHASE_ORDER table through the

Supplier_No FK. To successfully change or delete a row in a SUPPLIER table, you must also

change the Supplier_No in the PURCHASE_ORDER table or delete the record in the

PURCHASE_ORDER table. A properly normalized RDBMS, discussed next, also produces a

more accurate and useful database.Database NormalizationDatabase designers employ a

sophisticated process called database normalization to structure fields and tables in a

database. The normalization process involves eliminating redundant data and ensuring that

data dependencies make sense by storing only related data in a table. The overall goal of

normalization is to isolate data so that additions, deletions, and modifications to a field are



made only in one table and then propagated throughout the rest of the database through

relationships. There are multiple rules for normalizing a database, although only the first three

rules will be discussed in this text. Each new rule enforces the preceding rules and applies

stricter guidelines to the design of tables. When the first rule is followed, the database is in “first

normal form (1NF)” and so on.First Normal FormFirst normal form (1NF) deals with the “shape”

of a record type. Under 1NF, all records must contain the same number of fields, there must be

no repeating groups, and no one field (column) can contain multiple values. Although the

STUDENT table below does not contain variability in the number of fields, and fields do not

contain multiple values, it is not normalized because there are repeating groups for

Subjects.The STUDENT table below is in 1NF because every field contains one value, we

have eliminated the nulls in fields by making sure each repeating group attribute contains an

appropriate data value, and all records have the same number of fields. Additionally, we can

identify a PK. In this example, the PK must be a concatenated PK comprising Student_No and

Subject fields so that each row is unique. Generally, names are not used as PKs.Second

Normal FormIn second normal form (2NF), the table is in 1NF, and all fields refer to or describe

a PK value. If the PK is based on more than one field, each non-key field must depend on the

whole of the PK, not just one field of the PK, a situation known as a partial dependency. Each

non-key field that doesn’t support the entirety of the PK should be moved to another table. In

the 1NF table above, Subject does not depend on Student_No so we need to pull this field out

and put it in its own table. We make this new table to eliminate the partial dependency. The

Subject and Student_No fields together must comprise the PK of the SUBJECT table to make

each record unique.Third Normal FormIn third normal form (3NF), the database table meets

2NF requirements and every non-key field is dependent only on the PK. In the STUDENT table

above, the address fields of City and State are dependent not on Student_No, but on

Zip_Code. This leads to a situation called a transitive dependency, in which one or more fields

in a table are not dependent on the PK, but are instead dependent on another value in the

record, known as a determinant. Thus, these fields must be moved to another table. In our

example, City and State will be moved to a new table, and the PK of the new table is the

determinant, Zip_Code.Structured Query Language (SQL)The special purpose programming

language for communicating with an RDBMS is called Structured Query Language (SQL). ERP

end users need not understand the specifics of SQL because the language is hidden from

them. SQL is actually being issued when the end user interacts with the ERP system through

the GUI. However, it is important to understand what is happening behind the scenes.
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Ebook Tops Reader, “good. what i can say?  it's so good”

Jerzy, “Very helpful. It's simple and enough to understand IT reality.Jerry”

Mike Garverick, “Understandable ERP!. I have 20+ years ERP systems consulting experience,

including owning/operating a business as a Microsoft Dynamics VAR. In this time I have had

many projects varying from ERP sales & selection, software/database programming/systems

development, system customization, integration & implementation, data conversion, report

writing, documentation, BPI, training, etc. Dr. Bradford's 'Modern ERP' book provides thorough

coverage of all these topics plus some. There are additional materials/chapters relating to

business processes, security & controls, extended ERP, analytics, process mapping, etc. The

book is very thorough yet written so that ERP newbies can understand. The content of this

book is the result of a lot of research and hard work. Congrats Dr. Bradford on an excellent

product that will help a lot students (and professionals) better understand the world of ERP!”

Sherry, “Great text book.. Very well written with simple understandings of the concepts. Gives a

good simple explanation on information integration and relational databsae technology.”



TER, “Simple and easy to read. Simple and easy to read. Print version has some print issues

I.e missing/printing issues with sentences on pages. 5 stars for overall content.”

Client d'Ebook Tops, “Perfect to prepare lessons / trainings. I am a ERP consultant since 20

years and since this year I give classes on ERP and Information systems in a French Business

School.I was looking for a book introducing what is an ERP, what is a selection process and

how to make a successful implementation of an ERP. Searching on internet I found the book of

Marianne Bradford. It has been for me a fantastic help to build my different lessons. If you are

in my situation I definitively recommend this book. From next year I will make the reading of this

book a high recommendation to my students.”

The book by Marianne Bradford has a rating of  5 out of 4.5. 44 people have provided feedback.
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