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Preface 
IdeaBlade DevForce helps the .NET developer deliver compelling Internet-connected, enterprise applications. 

Most .NET developers lack the time, inclination, or experience to cope with the complexities required to write an 

application infrastructure, let alone maintain and support one. They shouldnôt have to. 

I have been asked many times in a long consulting career to design and build an enterprise application. Never have I 

responded by insisting that I must write my own programming language and my own operating system before 

starting development. Perhaps I just lack the guts to try this. 

Yet how many of us even hesitate before proposing to postpone development while we build an application 

framework. Indeed we glory in it, offering the reassurance that weôve done this many times. Weôve learned valuable 

lessons from our past mistakes, the argument continues, so you, Mr. Customer, will benefit from that wisdom. Of 

course thatôs also what we told our previous customer. 

This should be nonsense. It survives only in the absence of commercially successful application infrastructures. 

Which is where DevForce fits in. DevForce is the fruit of many years of devotion to the design and implementation 

of an enterprise application infrastructure for .NET. Weôve labored to ensure that it works correctly and reliably, 

performs well under stress, is easy to use, and meets the special requirements of highly interactive, distributed 

applications that deploy and operate over the Internet.  

At its core are the software components that collectively provide an infrastructure upon 

which to build, deploy and operate such applications. 

Weôve added graphical design tools for rapid development of DevForce applications; 

these tools plug-in to Visual Studio so the developer stays within the familiar confines 

of .NETôs most popular development environment. 

DevForce wraps the software with the ñguidanceò that encourages sound application 

design. ñGuidanceò includes documentation and technical support of course, as well as tutorials, training, videos, 

application blocks and ñblue printsò, webinars, and professional advisory services. 

The point is not to club you with more marketing. Rather we wish to drive home the essential truth that application 

infrastructure is a substantial and serious effort on its own. It is not an episode in the development of a single 

application. It is an investment repaid over the entire life of an application and, potentially, across the life-cycles of 

many development projects. 

We are by no means done. DevForce is a project that never ends. We have our list of present defects and future 

enhancements. .NET itself changes every two years or so, rendering some features obsolete while offering new 

opportunities. We urge you to share with us your suggestions, your criticisms, your passions. 

In your hands is a Concepts Manual. It intends to help you understand 

 the applications for which DevForce is best suited 

 the application development model that it encourages 

 the major elements of the framework 

This is the manual to read if you are looking for a complete overview of the DevForce product. You will learn about 

smart client applications, n-tier development, and model-view-controller. You will tour the architecture, learning 

about key components such as persistence, object-relational mapping, and data binding. You will discover several 

ways to secure and deploy a DevForce application. 

In the end, you will be able to approach the framework with confidence and begin building high quality, scalable 

applications of your own. 
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Related DevForce Documentation  

While the Concepts Manual explains the ñwhysò and offers an orientation to the framework, other DevForce 

documentation materials concentrate on the ñhowsò. 

DevForce Installation Guide ï Covers all aspects of installing DevForce, both initial install and updates. 

DevForce Release Notes ï Explains what is new, what has changed, and the implications for existing DevForce 

applications. It is a ñmust readò every time you update your application to a new version of DevForce. 

DevForce Developersô Guide ï A guide to using DevForce in your applications, the ñHow Toò companion to 

this Concepts Manual.  

DevForce Reference Help ï This is the detail code documentation. Each namespace, class, and method is 

documented individually. Important areas contain code examples.  

DevForce Tutorials ï The tutorials show, in a step-by-step manner, how to build simple applications using 

DevForce.  

Many of you will leap directly into the tutorials, preferring hands-on to all book learning. 

Most developers prefer at least to skim this Concepts Manual first ï to get oriented ï and then refer back to it as they 

use the other resources to build applications.  We had this approach in mind as we developed these materials. 

Intended Audience  

This Concepts Manual targets developers, architects and technical managers. We assume familiarity with .NET, 

Visual Studio, and .NET Windows Forms development. We describe certain concepts and design patterns, such as 

n-tier architecture and model-view-controller, in just enough depth to convey their importance and reflection in 

DevForce. 

Chapter Organization  

Chapter 1, Introductio n, covers the motivation and background for DevForce development, especially in the smart 

client enterprise application model. 

Enterprise Applications, explains what they are and what they are not. 

Smart Client Applications, introduces the smart client application model. 

What is DevForce?, begins with a brief discussion of .NETôs native support for smart client application 

development, explains how DevForce adds to this foundation, and identifies its principle components. 

Smart Client Enterprise Applications, offers an overview of the application structure and design principles 

that DevForce promotes. It explains how DevForce supports each of the moments in end-to-end smart 

client application development that are covered in the subsequent sections. 

Chapter 2, Distributed Enterprise Architecture , describes the logical tiers of an enterprise application 

architecture, the popular physical tiers over which they can be deployed, and the challenge of positioning the 

business model properly when the logical tiers are distributed over widely separated physical tiers. It explains how 

DevForce overcomes aligns with an n-tier architecture and how it overcomes the business model locality problem 

with business objects and .NET remoting. 

Chapter 3, Business Objects and Persistence, introduces business objects as the primary building blocks of an 

application. Saving business object data between user sessions and sharing that data with other users is a major 

concern of most applications. The chapters of this section cover how DevForce helps the developer manage data 

preserved in a backing store (typically a relational database) and make it available as objects in an application. 
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Business Objects, defines ñbusiness objectsò in a DevForce context, explaining their distinctive properties 

and the special challenges of managing them in a manner that screens the rest of the application 

development from distracting implementation details. 

Object Relational Persistence, covers how data flow between Business Objects and a Relational Database 

in accordance with the specifications of an object-relational map as objects are retrieved, updated, and 

deleted. 

Object-Relational Mapping (ORM), explains how the business objects consumed by the application 

developer are translated to and from their representations in a relational database. 

Business Object Queries and Navigation, discusses the techniques for finding and retrieving specific 

business objects. 

Business Object Caching, describes how business objects are maintained in cache in the execution space of 

the client. 

Creating Business Objects, explores the particular problems of creating new business objects that have 

unique identities and are properly constructed. 

Saving Business Objects, covers issues surrounding saving and undoing changes to business objects, 

including validation and concurrency. 

Chapter 4, Business Objects and User Interfaces, covers the model and mechanisms by which Business Objects 

interact with the user interface. 

Data Binding, introduces the essential concern of managing the relationship between the application 

business object model and what appears on the screen, considering both user interaction and the effects of 

programmatic changes to underlying data. 

DevForce Data Binding Overview, offers an orientation to DevForce data binding features and its 

advances on .NET data binding. 

DevForce Data Binding Architecture, discusses the architecture and building blocks of the DevForce data 

binding model. 

Data Binding Designers, introduces the DevForce RAD UI development tools that speed form layout and 

generation of data binding code. 

Query-By-Example (QBE), unveils a tool for enabling power users to express advanced Business Object 

queries in a graphical, non-technical manner. 

DataBinders, explores the ways you can extend DevForce data binding components and adapt additional 

controls ï controls you write and 3rd party controls ï to the DevForce data binding environment. 

Chapter 5, Security 

Security Overview, discusses a number of security issues surrounding Internet applications in general and 

smart client applications in particular. Describes the security features intrinsic to DevForce, many of which 

require no special action by the developer. 

Application Security and LoginManager, covers DevForceôs support for implementing login and role-

based security schemes. 

Chapter 6, Deployment, covers principles of testing, debugging, and deploying your application. 

Deployment Overview, discusses the history of ñfat clientò deployment troubles, explores the facts and 

myths of ñthin clientò deployment, and outlines some approaches to smart client deployment. 

Deployment Basics, describes the essential components and considerations of any DevForce deployment. 
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Testing and Debugging, explains the tools available and sketches a broad plan for testing and deploying 

your application. 

Automatic Update, describes the DevForce model and mechanisms for upgrading the client-side code 

without user or technician intervention. 

Deployment using IIS, discusses the benefits of deploying via Microsoftôs IIS and the considerations. 

DevForce Application Configuration, explains the need for application configuration and the role of the 

IdeaBlade.ibconfig  file. 

Produc t Prerequisites  

The DevForce product is built using the .NET 2.0 framework and DevForce applications require the .NET 2.0 

runtime. Developers will need Microsoft Visual Studio 2005 to write their applications. More specific system 

requirements are covered in a separate ñGetting Startedò section of the DevForce Help. 

DevForce is particularly well-suited for ñsmart clientò applications which, by definition, execute on client devices. 

Although DevForceôs data binding facilities target Windows Forms, Web Form developers may benefit from the 

other DevForce components, object-relational persistence especially. DevForce is a great choice for ñhybridò 

applications which have both Windows Form and Web Form UIs and need to share a common business object 

model. 

DevForceôs object relational persistence works with the leading relational database products. DevForceôs UI 

components directly support the .NET UI controls and the UI control suites of several popular 3rd party vendors. 

Advanced DevForce developers will know how to extend DevForce to over vendorôs suites and to the custom 

controls they write for themselves. Please consult with your DevForce representative to learn more. 

Company Facts  

Please contact us or visit us at our headquarters in the San Francisco Bay Area: 

 

6001 Shellmound St., Suite 350 

Emeryville, CA 94608 

510.596.5100 

www.ideablade.com 

 

support@ideablade.com 

http://www.ideablade.com/
mailto:support@ideablade.com
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Chapter 1: 
Introduction 

Microsoft .NET was (and is) a tremendous step forward in developer productivity. It is also a large (and growing) 

beast with well over 30,000 method signatures for functionality covering a bewildering array of technologies, 

platforms and application development models. Years of study will be insufficient to master it all. Just knowing 

where to start can freeze anyone. 

DevForce targets one kind of application: the enterprise application. We have two primary goals: to simplify the 

enterprise application developerôs encounter with .NET and to relieve the developer of responsibility for the 

challenging but routine functionality underlying almost all such applications. 

We achieve our goals by isolating and extracting the generic functionality into an ñapplication infrastructureò. In the 

process, we insulate the developer from most of the more obscure and difficult technologies such as remoting, 

serialization, ADO.NET, data binding, and deployment. These are embedded in the ñinfrastructureò. The developer 

can concentrate instead on implementing the high value application features with a subset of more intuitive .NET 

technologies. 

In effect, weôve reduced the surface area of .NET. 

Enterprise Appl ications  
Enterprise applications are about the display, manipulation, and storage of large amounts of often complex data and 

the support or automation of business processes with that data. Examples include reservation systems, financial 

systems, supply chain systems, and many others that run modern business.é [T]hey are different from embedded 

systems, control systems, telecoms, or desktop productivity software. [Fowler, Enterprise Patterns, xviii]  

DevForce developers are enterprise application developers. They may build other kinds of applications as well ï and 

DevForce may help them do so ï but most DevForce developers concentrate primarily on the business applications 

that manage volumes of complex data for their clients. 

Accordingly, enterprise application developers are preoccupied with the challenges of retrieving, presenting, and 

saving data. They have other issues to be sure: algorithms, security, and deployment, to name a few. But moving 

data, between memory and storage or between memory and screen, is the main event. 

Enterprise Applications  = Data in Motion  

After thousands, perhaps millions of attempts, we are all still learning how to do this well. Certain paradigms and 

practices keep reappearing. Some of them are good, some not so good. 

Inexperience may account for some of the not-so-good. Better training and a seasoned development partner are the 

obvious remedies. But it is more likely the experienced developer who should shoulder the blame; it is the rare and 

desperate client who entrusts the enterprise application to a novice. Surely most design lapses have different causes. 

The most common cause is deadline pressure. With finite days until delivery, we lack the luxury of programming to 

a better model. We must trade time for user requirements with time for infrastructure. In a crunch, we inevitably 

favor the former at the expense of the latter. We settle into the inferior but familiar patterns that help us get by. They 

will betray us later, but they work for now. And as the application morphs over the years, our transgressions return 

to haunt us. 

We would not compromise if the best practices and proven design patterns were easy to implement. We would not 

compromise if good tools and components were in our hands. 

In fact, many best patterns and practices are well known and widely appreciated, at least among experts. They are 

general enough to support an extraordinarily broad range of enterprise applications. Unfortunately, they are 

devilishly difficult to implement; the more so if they must be easy to learn and to use. Thatôs why there is DevForce. 



IdeaBlade DevForce Concepts Manual  Introduction 

  Page 11 of 194 

Sovereign Application s 
Programs that are best used full-screen, monopolizing the userôs attention for long periods of time, are sovereign 

posture applications. Sovereign applications offer a large set of related functions and features, and users tend to 

keep them up and running continuously. é [I]nteractions with them can be very complex and involved. é A 

sovereign program dominates a userôs workflow as his primary tool. Even if other programs are used for support 

tasks, [it] maintains its sovereign stance. [Cooper, pp. 103-4] 

Email software, word processors, paint programs, and Visual Studio are typical examples of sovereign applications.  

They are run by skilled users who demand a densely packed screen and a highly interactive, responsive experience. 

Productivity is critical, not ease of use.  They kicked off the training wheels long ago. Everything that slows them 

down is an annoyance or worse. 

The implications for application design should be clear. 

Sacrificing speed and power in favor of clumsier but easier-to-learn idioms is out of place here. é Sovereign 

applications are great platforms for creating a truly rich output environment. é Similarly, sovereign programs 

benefit from rich input. Each frequently used aspect of the program should be controllable in several ways. Direct 

manipulation, dialog boxes, buttcons, keyboard mnemonics and accelerators are all appropriate. [Cooper, Program 

Posture] 

It should be equally clear that virtually all enterprise applications are sovereign applications. 

Enterprise Applications  are sovereign application s 

The primary users of reservation systems, financial systems, and supply chain systems spend hours of every 

business day staring into a full-sized screen carpeted with buttons, textboxes and other doodads. The premium is on 

getting to the right data quickly and processing it quickly. 

Letôs be clear. We are not talking about the casual visitor who books a holiday flight twice a year; weôre talking 

about dedicated user such as the corporate travel agent on a razor thin commission. We are not talking about the 

week-end stock trader; weôre talking about the professional broker or the clerk clearing thousands of trades per day. 

The developer of an enterprise application requires an application infrastructure that can handle a richly featured, 

jam-packed, fast moving sovereign application. She also needs an application delivery technology that does the 

same. 

Smart Client  Applications  
Smart clients are easily deployed and managed client applications that provide an adaptive, responsive and rich 

interactive experience by leveraging local resources and intelligently connecting to distributed data sources. 

Billy Hollis, MS MVP and Regional Director, 

ñGood Riddance to Browser-based Appsò, Visual Studio Magazine, July 2005 

Client/server applications ï known today as ñFat clientsò ï provided the ñadaptive, responsive and rich interactive 

experience by leveraging local resourcesò that sovereign enterprise applications require. But they were not ñeasily 

deployed and managedò and they did not ñconnect intelligently to distributed data sourcesò. 

They were enormously popular until the late nineties when they were suddenly eclipsed by the web browser. The Fat 

client had no answer to the browserôs stunning visual appeal, broad reach, and zero deployment. It was a technical 

knock out. Client/server retreated to obscurity and ridicule. 

The browser was the new champ. It swiftly became the worldôs predominant sovereign application, riveting more 

eye balls to its screen for more hours than all other applications combined. 

While the browser is a sovereign application, its contents, the ñthin client applicationsò within its windowed frames, 

are rarely sovereign. Most thin client triumphs have been transient applications such as information portals and 

consumer commerce site. Transient applications measure a user session in minutes, not hours. Most visits are casual 

and discretionary; the typical user might not return for weeks or months. 
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The browserôs success with transient applications initially obscured its profound inadequacies as a sovereign 

application platform. Sovereign applications arenôt intended for casual users. They are for experienced users with a 

complex, job to do; they are for users who are glued to the screen, many hours of every day. 

In the enterprise, user productivity counts most ï not style, not intuitiveness, not ease of learning. Thus the 

persistence of enterprise applications marred by truly ugly, battleship-grey UIs and bizarre screen layouts. Such apps 

wouldnôt stand a chance in the consumer space; they are the norm inside the corporation. 

As expensive and failed attempts at browser-based sovereign applications began to mount, it dawned on many that 

the pure thin client model is fundamentally unable to deliver the rich, responsive user experience, essential to end 

user productivity. 

Client / server applications were down but not out.  

The stage is set for a rematch, browser application versus client application. 

There are two paths forward: 

1. Enrich the in-browser application experience 

2. Give the client application the key advantages of the browser 

Both emphasize more client-side processing and less frequent server communications. 

Ajax and Atlas JavaScript technologies are the latest best hope for an enriched browser experience. They preserve 

the browserôs cross-platform and zero deployment advantage. The application remains tethered to the server, unable 

to operate disconnected for more than a few minutes. Perhaps more importantly, their reliance on JavaScript 

exacerbates technical problems that undermine application scalability, reliability, maintainability, and security. This 

is an issue best addressed elsewhere. 

The second path leads us to ñSmart Clientò applications1. A smart client application has a few essential 

characteristics: 

1. It offers a ñhigh fidelityò user experience 

2. It executes on the client. 

3. It uses the Internet to communicate with remote servers and other clients. 

4. It can be deployed and automatically updated over the Internet, safely and securely. 

A richly featured, highly responsive, deeply interactive user experience is the signature of a smart client application.  

Client-side execution makes possible such ñhigh fidelityò to the userôs needs. A smart client UI doesnôt hang, 

waiting for a server while that server is busy with another client. It remembers the userôs past selections and 

anticipates the userôs future choices because it can. It has plenty of memory, loads of cycles, and an unwavering 

focus on the needs of that one particular user.  

Client-side execution makes smart client development a lot like client/server development. The two share similar 

programming models and similar design strategies. For example both presume a windowed user interface, 

synchronous events, rich user controls, and tons of session state. 

With proper programming and appropriate permissions, the smart client can interact with local resources (the file 

system, printers, scanners, etc.) and interoperate with other client software (e.g., Office products and browsers). 

A smart client application may be programmed to run stand-alone ï completely disconnected from all servers ï for 

long periods, a capability beyond the reach of any browser-based solution. 

                                                           

1 Juval Lºwy offers a 100% parallel definition: ñSmart clients are much more that just a rich Windows user interface. I define a 

smart client application as a rich user interface application that resides on the client in a secure manner, connected to a 

back-end server, and is deployed over http.ò He elaborates in his blog describing the ñSmart Client Revolutionò, 

http://www.longhornblogs.com/jlowy/archive/2004/04/05/2959.aspx . 

http://www.longhornblogs.com/jlowy/archive/2004/04/05/2959.aspx


IdeaBlade DevForce Concepts Manual  Introduction 

  Page 13 of 194 

Smart clients distinguish themselves from client/server in their reliance upon the Internet for connectivity and 

deployment. Internet connectivity gives smart clients the same global reach as the browser. Smart clients are more 

secure than client/server applications;   they can be (and usually are) more secure than web applications. 

Smart client deployment approaches the simplicity of web application deployment; gone are the days when 

installing or de-installing one application had the unintended consequence of crippling an unrelated application. 

Smart Client Deployment 

Smart client deployment ñapproachesò but does not yet equal the simplicity of web deployments. 

Deployment is the browser applicationôs one and only advantage over smart clients. This alone justifies the flirtation 

with Ajax and Atlas. Letôs see why.  

Thin client deployments are virtually transparent to end users. When the user launches the application, she makes no 

conscious effort to deploy or update it. She doesnôt need special permissions on her PC. She canôt run out of space 

on her hard drive. There is no delay in the launch and she is unlikely to perceive an update unless the interface 

changes. Her access to the application is unaffected by the addition or removal of other programs on her PC. 

Because deployment is transparent and safe, her resistance to launching the application is nearly zero. 

.NET smart client deployment is much easier and much safer than client/server ever was. Standard application 

deployment can be as easy as clicking a link on a web page. Updates can load silently in background. One 

applicationôs components canôt clobber anotherôs. .NET code access security can prevent rogue applications from 

attacking or consuming unauthorized resources.  

But, except in especially favorable circumstance, resistance remains significantly above zero because: 

5. Corporate policies may prohibit installation of any software on the client. This is never an issue for a 

browser application and always an issue for a smart client. 

6. Smart client applications may need permission to install. Browser applications may also require permission 

but this is less likely, especially with simple applications. 

7. The user may have to install the foundation framework first. Thin client developers can count on the 

presence of their framework ï itôs called the browser and the user could not have launched the application 

without it. .NET smart client installers can load .NET automatically, but itôs an additional step é and 

another reason the user might cancel. 

8. Installation takes time. The application provider must alert the user to this fact and offer to cancel. A casual 

user may be put off by the delay or fear for the security of her machine. 

9. The smart client application may not operate on the userôs device. Browser applications run on almost 

everything. .NET smart clients operate on Windows machines exclusively and most applications wonôt run 

on mobile devices. 

These impediments are usually fatal to applications that target casual users. The world does not seem ready yet for 

the e-commerce smart client. 

Enterprise applications do not target the casual user. They target frequent, expert users ï users for whom the utility 

and productivity of the application will trump the install effort. 

The key remaining question is ñwill the userôs employer go along?ò 

This is a policy question for the enterprise and a marketing question for the software vendor. 

Smart Client: the return to sanity 

We at DevForce, and many in the developer community (Microsoft especially), believe developers should consider 

making a clean break from the browser and HTML. They should look seriously at the potential for smart client 

applications. 
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From the userôs perspective, a smart client application looks and behaves like a desktop application. It executes on 

the PC, with the PCôs native speed, agility and immediacy. Yet, unlike classic desktop applications, smart clients use 

the Internet to acquire data and services from central servers and can be deployed and maintained remotely. 

The smart client application combines the strengths of both thin and desktop application models. It delivers the rich 

functionality and user experience that are essential for productivity applications and offers the ubiquity and cost 

advantages of Internet connectivity and deployment. 

DevForce is designed for development of smart client applications. One of its substantial components, its business 

objects persistence layer, can be highly effective in a thin client application or a hybrid application that is mostly 

smart client but needs also a browser face. But certainly the thrust and direction of the product as a whole is in 

support of smart client development and deployment. 

IdeaBlade DevForce Technology  

DevForceôs technology makes Internet application development ï especially smart client development ï easy, fast 

and affordable. 

Applications typically rest upon a framework ï a middle layer of application building blocks that handle generic 

tasks such as data management, user input, connectivity, and security. Smart client developers must also be 

concerned with efficient deployment and upgrade of client-side executables. An enterprise-class implementation of 

these tasks is critical, difficult, and well beyond the reach of most .NET programmers. A company building its own 

framework will soon be mired in the most complex and obscure aspects of .NET. 

The balance of this chapter describes DevForceôs core capabilities which include object-relational mapping, object 

remoting, local object caching, offline operation, object UI binding, entity query-By-Example, UI localization, 

security, and deployment. 

Object Mapping  

Perhaps the most fundamental challenge of any application is retrieving and saving data properly. Most 

contemporary systems store data in relational databases. Most contemporary applications are developed in an 

objected-oriented fashion. Relational and object models are separate and incongruent worlds. Databases consist of 

tables, rows, columns, and keys. Objects are about properties, methods, rules, and relationships. Compounding these 

dissimilarities are associated differences in design principles, tools, skills, and staffing. 

DevForce Object Mapping is an insulating layer between the two, a technology that moves data between the 

database tables and the objects without the developer's awareness of the details. At the start of a project, developers 

use the DevForce Object Mapper to declare a mapping between Business Objects and their corresponding data 

source objects such as relational database tables and columns. They then extend the generated Business Object 

classes with application-specific logic. They continue building the application in an object-oriented fashion, 

navigating the object graph using standard object dot notation and writing little or no SQL. 

For example, an order tracking application would have customers and orders. The database supports these real world 

entities with a Customer and Order table. After mapping the tables to objects, the programmer could list the orders 

of a particular customer with a ñnaturalò expression such as ñmyCustomer.Ordersò. He would rely upon the 

framework to determine if the orders of ñmyCustomerò had already been retrieved from the database; if not, heôd 

expect the framework to go get the orders and return them as a list of Order objects, all without making a fuss. This 

simplicity is available only with ORM. 

Studies show that development organizations who build their own ORM layer spend roughly 40% of application 

development and maintenance on that component alone. The DevForce ORM is a robust and ready solution thatôs 

fully integrated with Visual Studio.NET and works with any commercial relational database. 

Business Object  Server  

Most client/server applications interface directly with the database. There are scalability and security penalties in 

this approach; an intermediate, database ñbrokerò layer is widely preferred. In DevForce, the client-side executable 
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exchanges objects with a stateless Business Object Server (BOS) running on one more central server machines. The 

BOS provides functionality that parallels a J2EE Application Server in a thin client architecture. It alone talks to the 

database, manages transactions, provides security, and executes server-side-only business logic. The client-side 

executable issues no SQL and has no knowledge of the connection or the connection string used to access the 

database. 

The DevForce framework supports all industry-standard relational database management products. A single 

DevForce application can access multiple databases from multiple database vendors. DevForce also supports views, 

stored procedures, triggers, custom SQL, and cross database transactions with two-phase commits using Microsoft 

Enterprise Services. 

BOS scalability 

The BOS is far more scalable than a thin client application server because we need fewer servers for the same load 

and we donôt have to worry about session awareness.  

The BOS doesnôt execute business logic (although it can), it doesnôt maintain user application state, and it doesnôt 

generate HTML pages for transmission to browsers. It communicates with clients far less frequently because the 

clients are mostly self-reliant; they only call upon the server for the occasional data service. Consequently, a BOS 

can support 3 to 6 times the number of simultaneous users as a comparable app server. 

The BOS is ñstatelessò so it is easy to configure a load balancer to redirect traffic to under-utilized servers.  

A meaningful business application with a usable UI requires lots of application state. Users expect the application to 

remember what they were doing as they flip from page to page. Consider booking a flight or shopping for books. As 

the user progresses in the purchasing work flow, interim information must be captured ï where the user has been, 

what flights heôs considering or goods heôs picked, his billing and shipping data, etc. These facts accumulate 

throughout the userôs session. The application must remain aware of the mounting volume of such session facts; as 

they say in the trade, it must be ñsession aware.ò 

The BOS can be stateless because the clients hold all of the application state, not the server. The BOS itself has no 

ñsession awarenessò. That means that user óXô can talk to server óAô in one moment and server óBô in the next. If 

óAô fails, the load balancer can re-route the user to óBô without losing application state é because there wasnôt any 

server-side state to lose. 

A thin client application server tends not to be stateless. We can arrange to load and restore session state to disk, but 

most applications keep user sessions in memory for better performance and programming simplicity. We can push 

some state onto the clientôs cookies but there are limits to that approach too. When the application server holds 

session state, a user must return to the same server throughout his session. In other words, once user óXô is talking to 

Server óAô, he should continue to do so until he logs out. The load balancer must be aware of this and keep returning 

óXô to Server óAô whether server óAô is busy or not. If server óAô fails, that userôs session is lost (as are the sessions 

for all other users it served). 

Object Caching and Offline Mode  

Browser applications consume a lot of bandwidth. Almost every user action is accompanied by a round-trip to the 

host that involves transmission of bulky data and presentation instructions in the form of HTML. Smart clients, 

because they are more self-reliant and perform almost all UI tasks locally, are far less demanding. An exchange with 

the host is usually necessary only to retrieve new data and to post changes. DevForce goes a step further by caching 

objects on the client and by compressing the data (10-to-1 reductions are typical) before transmission. 

The developer (and user) enjoy this advantage without obvious effort. When the programmer requests data, either 

explicitly with an entity query or implicitly via the object dot notation (e.g., ñaCustomer.Ordersò), the framework 

looks for the objects first in cache and then, only if necessary, on the server. Of course the developer may optionally 

force a query to go to the database. 

The application may be designed to operate offline. The application first fills the cache from the database, perhaps 

with a set of customer objects. The application is disconnected and continues operation, confining queries to the 
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cache and using the cache as a temporary store for additions, changes and deletions. If the user exits the program, 

the cached objects can be saved to disk and restored when the application resumes. When the application reconnects 

with the host, pending modifications can be posted back to the database and fresh objects retrieved. Transactional 

support helps resolve conflicts with competing information that was posted to the database in the interim. 

These features make it easy to insulate the application from transient connection interruptions and server shutdowns 

é breakdowns that would typically abort a thin client session with a complete loss of the userôs work. 

UI Data Binding  

Most business applications are UI intensive with as much as half of the effort devoted to making the user interface 

intuitive and effective. Synchronizing UI controls ï combo boxes, text boxes, grids, etc ïwith their supporting 

application objects ï lists of products, contact names, tables of customers ï is the most time consuming and error 

prone part of UI development. 

In many systems, the programmer codes all linkages manually. The programmer makes an objectôs data appear in a 

control ï for example, an employeeôs birth date in a text box. The programmer ensures that a userôs changes in the 

control ï say, a birth date change ï flow back to the object. If a related control on different screen (e.g., the 

employeeôs age) should be updated to reflect the change, the programmer must make that happen too. In a sizeable 

UI, there are hundreds, even thousands of such details. As the application evolves, some of the code gets broken, 

forgotten, or omitted, and the application falls apart. 

DevForce UI Data Binding automates the linkage between control and object so that developers can graduate to less 

tedious and higher value UI development. Data binding is essential for applications with sophisticated user 

interactions and, accordingly, .NET offers some functionality in this area. DevForce builds upon this basic 

infrastructure to provide a full object-oriented API for databinding and adds additional functionality such as support 

for grids, deeply nested properties, live list synchronization, business object metadata, and offers 

validation/verification functionality that supports concepts such as óbroken rulesô. DevForce also integrates support 

for databinding to third party control suites such as Developer Express and Infragistics and provides an API to 

integrate other control suites or custom controls as desired. 

The DevForce UI Databinding tool makes it easy for developers to declare a linkage between a business object 

property and a control on the screen, and will even autopopulate the controls onto the form for you.  From then on, 

DevForce will make sure that the UI control stays synchronized with the business object. If the UI changes, the 

business object will be updated. If the business object changes, the UI will be updated. This is particularly 

convenient when a business object property is displayed in multiple locations in an application and saves the 

developer from having to update all of the modules that refer to that property. 

Security  

.NET itself is an enormous step forward in application security. The .NET framework ensures that code executes 

only where it is supposed to run and that applications only access permitted resources. It has built-in safeguards 

against buffer overruns and similar vulnerabilities whose exploitation are the stuff of todayôs headlines. 

Building on .NET security features, DevForce adds 

 authentication protocols to verify the identity of every participant component on both client and server 

 authorization mechanisms to restrict access by role  

 digital signatures on business objects to prevent data tampering 

 server-side-only methods for custom security checks 

 support for encrypted transmissions via SSL or double-encryption with AES or triple-DES2 

Finally, in the DevForce architecture, clients do not have direct access to the database. The client holds no 

connection string, account, or password that might be cracked and compromise the database. 

                                                           

2 Advanced Encryption Standard (AES), Data Encryption Standard (DES) 
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One - Click Deployment and Auto - update  

Desktop applications of the pre-Internet era were burdensome and expensive to deploy. Companies dispatched teams 

of technicians to install new and upgraded software on individual desktops. Such personalized maintenance and user 

disruption dominated the total cost of ownership equation. 

A DevForce smart client application can be deployed with just one click on a web-site link to any PC running the 

.NET platform. The client executable downloads over the Internet, installs, and runs. Subsequent changes will 

download and install automatically as part of an auto-update process. Installing, upgrading, or removing one 

application will not disrupt another program. No technicians are needed and there is no user down time. 

Deployment is so simple and self-contained that a DevForce application can easily support both customer-hosted 

and vendor ASP (Application Service Provider) business object models, greatly expanding a software vendorôs 

market. 

Query - By - Example and Ad Hoc Reporting  

Power users want to search data in unexpected and complex ways without resorting to specialized query commands. 

Query-By-Example (QBE) is an approach that most users master easily. The DevForce QBE components are object-

oriented, aware of the ORM-generated business object metadata, and are simple to configure and deploy. 

DevForceôs support for ad hoc reporting enables users to design and generate their own simple reports and Excel 

extracts based on results of QBE and other queries. Self-service reporting gives independence and immediate 

satisfaction to users and frees developers from the drudgery of grinding out large libraries of canned reports. 

Safe Co de and Standards Compliant  

DevForce is written entirely in C# managed code. All metadata are captured in XML files. Communications with the 

server move over HTTP and may be encrypted with SSL. While .NET remoting is strongly recommended, object 

exchanges between the BOS server and the client may be implemented via Web Services. Business objects may also 

be exposed directly as Web Services to external applications. 

DevForce development tools are fully integrated with Microsoftôs Visual Studio.NET; there is no separate, 

proprietary IDE to master. The tools generate documented and easily inspected C# or VB.NET code files. 

IdeaBlade DevForce Package  

All of these capabilities are delivered as a technology package consisting of: 

 Framework class libraries and application building blocks 

 The ñBusiness Object Serverò, an executable analogous to an thin client application server 

 Design tools for rapid development in Visual Studio.NET 

 Documentation and support 

DevForce is available under a variety of licensing arrangements. 
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Chapter 2: 
DevForce Distributed Architecture 

Developers of enterprise applications are preoccupied by data questions: 

 How do we get data from storage? 

 How do we present the data to end users? 

 How do handle end user input, applying business logic as appropriate? 

 How do we store the changed data? 

There are other concerns to be sure; but we are going nowhere until we are sure of our answers. The answers are 

especially non-trivial as we begin to add other design goals such as: 

 Use an object-oriented approach throughout. 

 Allow it to run on a single machine, run on a PC talking to a database, or run with execution distributed 

over a client, an application server, and a database server. 

 Make it resilient in the face of changing requirements and environments. 

 Make it testable. 

While we worry about these matters our minds are miles away from the applicationôs business purpose. We havenôt 

said a thing about what the application does or who it is for. We are deep in the basement, messing with the 

plumbing. Itôs up to DevForce to get us out of the basement as quickly as possible. But, as long as weôre here 

reading this manual, we are in for the basement tour. 

Weôll see in later chapters how DevForce answers our questions about data in a thoroughly object-oriented way. 

First weôre going to discuss the layers or ñtiersò that help us build distributed applications.3 Then weôll correlate 

those tiers to the logical tiers of a DevForce application architecture. Finally weôll discuss how these tiers can be 

distributed across the physical tiers of some common real world configurations. 

Logical Tiers  

Years of experience have led us toward a layered approach to application construction. We could ï we have built 

applications in which we piled all of our infrastructure code into a single file. We know better now. We know that 

grouping functions into separate logical tiers makes that code better organized, easier to understand, easier to test, 

and easier to maintain. When we do an especially good job, we can reuse our work in a variety of concepts and, 

perhaps, in several applications. 

It has become natural for many of us to break up our application infrastructure into at least three logical tiers: data, 

business logic, and UI. 

Data Tiers 

We can buy separate products to handle storage for us; we have to handle access on our own. Such facts lead us 

quickly to the divide our data tier into storage and access tiers. That division is reinforced the moment our 

application must cope with a variety of data stores. Perhaps there are multiple databases; maybe each is managed in 

a different vendorôs database management system. Maybe some of the data sources arenôt relational databases or not 

databases at all. 

Wouldnôt it be great if we had a single access layer that insulated the rest of the application from these differences? 

What if the access layer gave us objects instead of ñdataò and we fetched and stored those objects without worrying 

                                                           

3 This chapter borrows liberally from Rocky Lhotkaôs line of reasoning in [Lhotka, Chapter 1]. Read his Expert C# Business 

Objects for an artfully presented, in depth discussion of issues addressed by DevForce. 
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or even understanding how they were stored? What if the objects could reference each other, indifferent to their 

underlying storage and management difference? Pipe dream perhaps; in any case, weôre sure to buy storage and 

build access and that means two tiers right there. 

UI Tiers 

The UI tier would seem to be a monolith. And so it is in most windowed applications we write. The emergence of 

browser applications, however, split that tier into two layers. Behind a view layer - the surface of text, graphics, and 

controls rendered in the browser ï is a UI controller layer of faceless code that both primes the surface and responds 

to user input. In web world, we write the view layer in HTML and the UI controller layer in é well, in something 

else such as Java, C#, Visual Basic. The view layer executes in a browser; the UI controller layer runs back at the 

server. 

Such discontinuity is an essential artifact of the asynchronous web programming model. Interestingly, it was 

preceded by a comparable division in the ñfat clientò world, the View-Controller distinction within the Model View 

Controller (MVC) pattern pioneered by SmallTalk in the 1970s. It turns out that there are many instances when 

views share some of the same underlying controller mechanism. Editing the [Company Name] in a text box on one 

screen may involve the same formatting and parsing rules as editing it in the text box on another screen. The actions 

in response to pressing the Save button are often the same across views. We may even find that some of the same 

controller logic can drive PC, browser, and mobile device views. 

Testability is another benefit of dividing view and UI controller layers. We know from sad experience that it is 

enormously difficult to test graphical UIs. The user could click anywhere, mouse anywhere, enter data anywhere in 

any sequence; the permutations are mind boggling and strain the resourcefulness of the most dedicated unit tester. 

Consequently, few UIs have serious unit tests. But the trick to improving UI testability is to isolate the non-visual 

code into independently testable components; such code is controller code. 

Business Logic (Business Object Model) Tier 

We are likely to confuse the Business Logic Tier with the UI Controller Tier. Most applications get away with it all 

of the time. Who has not embedded business logic directly into the UI by coding a constraint such as field required, 

start date must be before end date, quantity must be greater than zero, or if user is admin then é ? Indeed, you may 

ask, ñWhat is the difference between business logic and application logic?ò, followed by ñSo what?ò 

Every application distinguishes between a ñbusiness modelò and the ñUI modelò whether it does so explicitly or not. 

The business object model is a representation of the data and behaviors that correspond to the world of the 

applicationôs purpose. If this is a Human Resource (HR) application for example, the business object model is the 

world of employees, managers, salaries, company policies and all of the rules and processes that bind them together. 

We know intuitively that an HR UI is something other than an HR business object model. The UI will differ 

depending up whether it is hosted in a PC window, in a browser, or on a cell phone; it remains the same model. We 

are certain that we could change the order of and layout of Employee screens without altering the business object 

model. 

An aspect of Employee might be repeated on different screens of a single application. It might make sense to show 

employee salary as dollars and cents on one screen and just dollars on another. One screen may let us enter a new 

salary, another merely displays it. These are differences within the UI logic. 

On the other hand, we should be upset if any screen let an unauthorized user see a salary or let any user enter a 

negative salary. Sensitive employee data must be secured from prying eyes; employees do not have negative 

salaries. These are rules about employee that are independent of every view of employee. 

This insight and years of getting it wrong have reinforced our conviction that the business rules within a business 

object model are different from the ñrulesò that govern how we expose the model in a UI. They also persuade us that 

the safe way to enforce business rules is to do so within the model. We cannot rely upon the UI to enforce them. 

Therefore, we are wise to separate cleanly the two kinds of logic into separate Business Object Model and UI Tiers. 
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Logical Tiers  and Physical Tiers  

In summary, we have five logical application tiers4: 

Table 2-1. Summary of logical tiers 

Tier Function 

View Renders data to the display device and collect user input 

Controller Mediates between the user and the business logic. It exposes aspects of the model to the user 

through the view layer and responds to user input, sometimes by invoking business logic. 

Model Provides processes and rules that govern the entities within a business model. 

Data access Manages the flow of data between the entities in the business model and their homes in data 

storage, in part by invocation of data storage interface(s). 

Data store Creates, retrieves, updates, and deletes data in a persistent data store. 

Logical Tiers versus Physical Tiers 

Physical tiers are not the same logical tiers. Physical tiers are the hardware on which the logical tiers execute such as 

PC client devices and remote database servers5. The physical picture also should consider the implications of inter-

tier communication (e.g., networking) and of installing multiple instances of a physical tier for scaling and fault 

tolerance. 

While weôve defined five logical tiers it would be extremely rare - and rarely a good idea ï to have a one-for-one 

relationship between physical and logical tiers.  

If we cared only about high performance and easy development, we would put all of the logical tiers on a single 

client machine. We wouldnôt have to worry about deploying software on multiple boxes. We wouldnôt have to cope 

with the latency and service interruption headaches that follow from communicating between two pieces of 

hardware. 

Enterprise applications by nature manage large volumes of shared data so the solo PC option wonôt fly in 

production. We might get away with an application that has a client tier and a database tier (2-tier, ñclient/serverò). 

Once we have demanding requirements for security, scaling, fault tolerance, performance, web services, and UIs 

that run on different platforms, we will want a physical tier for each logical tier and will dedicate one or more 

machines to each physical tier. 

                                                           

4 Derived almost verbatim from [Lhotka, p. 15] 

5 Different processes running on the same machine also may be thought of as different physical tiers. 
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Letôs take a look at some of the common configurations [Lhotka, 15-20]: 

Table 2-2. Common physical tier configurations 

 Standalone Client/Server Smart Client Web Client 
Secure 

Web Client 

PC View 

Controller  

Model 

Data access 

Data storage 

View 

Controller 

Model 

Data access 

View 

Controller 

Model 

View View 

Web Server    Controller 

Model 

Data access 

Controller 

Model 

Application Server   Model 

Data access 

 Data access 

Database Server  Data store Data store Data store Data store 

Logical Tiers  of a DevForce Application  

Is this too complicated? 

All of this may be fine design but it seems awfully complicated. Maybe it is too complicated. No, it is too 

complicated é if we have to write it all ourselves 

Starting an application project by writing a five tier infrastructure is ludicrous and completely contrary to the Agile 

methodology edict:  ñdo the simplest thing that could possibly workò [Beck, XP, 103]. 

We ought to be deeply suspicious when someone recommends we solve a problem today that we donôt have yet. We 

argued for tier-ing mostly because it removes duplication and contradictions6. We havenôt written a line of code yet 

so we canôt have these problems. We might encounter them later; Iôll warrant that we will  encounter them later. But 

we ought to heed Kent Beckôs advice: 

Todayôs design should be done today and tomorrowôs design should be done tomorrowò [Beck, XP, 111] 

As another wag put it, we should follow the YAGNI principle: ñYou Ainôt Gonna Need Itò [Jeffries, 503]. 

Pit of Success 

Agile advocates acknowledge exceptions to the rule. Their principles favor a five tier design under two 

circumstances: 

10. If we are certain that we will need a five tier design and the cost of introducing it later is very much higher 

than if we do so now. 

11. If it is easier to write the application in five tier fashion than to do otherwise. 

Case #1 is difficult to make on its own. We can easily show that re-factoring into five tiers will be hard to do later 

after the application is already built with fewer tiers. It is less clear that it will be significantly harder to later than to 

do it up-front because it is going to be very hard to write the infrastructure period, now or later. If we write and now 

and never need, weôll have burned a ferocious amount of time, money, and good will. 

                                                           

6 Soon weôll show that we need the tiers for certain deployment scenarios. The point stands, however, in as much as we donôt 

yet have a requirement to deploy to any particular configuration. 
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We can past test #2. It is easier to write a five-tier application with DevForce than to write a simple 2-tier enterprise 

application without it because: 

 DevForceôs object relational persistence supplies the data access tier. 

 It automates marshalling of business objects across physical tiers as weôll see. 

 It generates a working shell of a business object model automatically so the UI tiers work with objects in a 

business object model rather than with raw or loosely structured data. 

 UI data binding and the visual UI designers foster separation of model from controller and controller from 

view so MVC becomes the quickest and easiest path to building the UI. 

The meat of our application ï the customer value ï is in the custom business logic, view, and controller. We are 

going to have to write that stuff ourselves anyway. No one can write it for us. But if DevForce and .NET make it 

easy to separate the functionality into tiers, why wouldnôt we do so? 

Finally, we donôt have to deploy over multiple physical tiers right away. Indeed, during development we are likely 

to put all five of the logical tiers on one physical tier, the developerôs machine; this is brain-dead simple and a much 

more nimble environment than any alternative. Yet we compromise nothing. 

We can deploy later over any of the common topologies and switch among them with a simple re-configuration. 

Weôll be able to switch over to a five tier physical deployment in future without incurring the cost of designing and 

coding for it today. 

As it happens, the ñsimplest thing that actually worksò is to use DevForce in a five tier application. 

We fall gently into what Rico Mariani calls ñThe Pit of Successò: 

In stark contrast to é victory through trials and surprises, we want our customers to simply fall into winning 

practices by using our platform and frameworks.ò [Framework Design, 12] 

Locating the Business Object  Model  

Letôs return briefly to the business object model tier. The term ñbusiness logicò embraces the rules and processes 

that apply in the business domain of the application domain without regard to the user interface. 

User experience lies at the intersection of business logic and the UI. Enterprise applications require a snappy 

experience. The user cannot wait a long time to discover that her input was invalid. Validation is business logic. 

Clearly we need easy access to the business logic close to the userôs hands and eyeballs. 

The user should not wait for simple business processes either. When she ups the quantity of an ordered item, she 

expects to see an immediate increase the item extended price (quantity times price) and the order total. Evidently, 

the controller listening to user input should have instant access to the business logic. 

An unauthorized user should not be able to see an employee salary. A security conscious application may insist that 

the employee salary is inaccessible to the UI; we donôt want that number to exist in client memory or even travel 

over the wire. That can only mean blocking closer to the data source, perhaps by business logic operating in the 

access layer or even in the data storage system. 

There are compelling reasons to execute business logic in every logical tier. What happens when we distribute 

logical tiers over distinct physical tiers? Where does the business logic go? 

We donôt have to worry about it when we load all logical layers onto a single device. The business object model is 

instantly and continuously accessible to all tiers. 

What if the physical tier canôt communicate instantly? What if some of the tiers suddenly canôt communicate at all? 

Suppose the user takes our mobile patient record application around a corner and loses the connection; does she lose 

access to business rules? 

There are two standard answers. One is to pick a physical tier and wish the user good luck. The pure Web 

application loads it on the Web server; the user waits for her data entry or button click to make the trip to the server 
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and return with a response. The client / server application loads the business logic on to the client. The application 

can be highly responsive but it canôt easily address the security concerns; employee salaries are likely to flow over 

the wire and hang around in client memory. The application also becomes vulnerable to versioning problems. There 

is no obvious way to ensure that a client running version óAô of the software will follow the same business logic as a 

client running version óBô. 

The other answer is to duplicate all or part of the business logic on all physical tiers. The responsive Web 

application duplicates the substance of the business logic on the client in JavaScript. The client / server application 

can load some business logic into the database in the form of triggers and stored procedures. 

Unfortunately we now have multiple instances of the business logic which are almost certain to be different. The 

business object model will be written in some strongly-typed object-oriented language, the browser-based business 

logic will be in Javascript (or Ajax or Atlas), and the database business logic will be in a SQL dialect. Weôll need a 

totally out-of-band solution to deal with the versioning problems across these execution spaces and among clients in 

the client/server model. What a mess. 

.NET n - Tier  Smart Clients  and the Business Object  Model  

These problems largely disappear in a .NET n-tier smart client application that deploys a common business object 

model on all of the physical tiers that need it. That usually means deploying the business object model to application 

server(s) and to clients, each of them running .NET. Yes, the code is duplicated. But .NET ensures that all copies of 

the model are the same. There is only one business object model from the developerôs perspective. 

We were deliberately vague about the difference between business object model and business logic in earlier 

discussions. In fact, business logic makes little sense in the absence of data. The rule that quantity must be greater 

than zero implies, first, a kind of thing having quantity (a class) and, second, an instance of that thing, the object 

whose quantity we are testing. In other words, business data and business logic should be married. 

They are casual strangers in the scenarios we discussed earlier. Data and logic have brief encounters in JavaScript 

and stored procedures and then go their separate ways. The developer provides for their furtive meetings which are 

governed strictly by his skill in selection and timing. 

Data and logic may be properly hitched in an object oriented context. Business data reside in individual business 

class objects. Business logic operates on object data by means of class methods, properties, and events. The ñno 

negative quantityò rule could be enforced in the Quantity  property of an Order Detail  object. The Employee 

class could implement (or delegate) rules concerning access to salary, limits on dates, and enrollment in a health 

plan to its properties and methods. We might need some helper classes. The entire ensemble constitutes a business 

object model. 

In DevForce, the business object model is a collection of such related business object classes and their helper 

classes. We build these classes into one (or a few) assemblies which we version and deploy together. The assemblies 

collectively are the physical manifestation of the business object model. 

Each instance of the business object model tier interacts both with other nearby logical tiers and with its clones on 

other physical tiers. The developer ignores this and writes the model as if all logical tiers were local. 

Figure 2-1 shows an example of such a smart client configuration. 
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Figure 2-1. DevForce logical tiers in a physical three-tier smart client application 

We see the DevForce data access tier (the PersistenceServer) fetch data into the objects of the business object model. 

The data access tier is on a server and the UI tiers are on remote clients so fetched data appear first in the objects of 

the copy of the business object model on the server. DevForce causes .NET to transport that data over the network to 

corresponding copies of the objects in the business object model on a requesting client (the PersistenceManager). It 

is as if the objects ï both their data and behavior ï flew over the wire from the server to the client. Such ñbusiness 

object mobilityò is almost transparent to the developer writing the application. 

Business object mobility is an example ï hardly the only one ï of what makes smart client a superb model for 

enterprise applications. 
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Chapter 3: 
Business Objects and Persistence 

The business object model consists primarily of ñbusiness objectsò, the programmatic constructs that represent 

entities in the domain of the application. In most cases, business objects represent entities in the ñreal worldò such as 

customers, employees, orders and products. 

As we saw in Figure 2-1, the business object model sits at the intersection of two fundamental dimensions of 

application development. Along one dimension, developers move business object state ï the data ï between 

permanent storage and the business object model. Along the other dimension, developers move data within the user 

interface between the business object model and the controls in a view. 

This chapter concentrates on the first dimension. Figure 3-1 portrays the movement of business objects in a smart 

client application deployed over three physical tiers. 

 

Figure 3-1: Cross-tier flow of data and business objects 

In this chapter, we offer the DevForce definition of ñbusiness objectsò. We explain why developers should use 

object-relational mapping (ORM) to translate between database format and in-memory business objects and describe 

how that is done using the DevForce ORM tool. 

We will delve into ñobject relational persistenceò (ORP) which concerns the mechanisms by which DevForce 

retrieves and saves business objects in the most popular form of permanent storage, the relational database. We will 

introduce the possibility of extending these mechanisms to other kinds of data sources. We will learn about Entity 

Caching and how we can keep our application running even when it is not connected to networked data sources. 

There is much to discover, so letôs get going. 
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Business Object s 
Modern program design encourages object-oriented design. Chances are your application is rich in objects of all 

kinds from primitive types such as String  to complex application types such as Employee and Customer. 

Many application objects are merely instrumental to the application. They help the developer deliver the user 

experience but they are not actually a part of the business domain as the end user understands it. 

Some instrumental application objects are invisible to application users. The lowly String , for example, figures 

thousands of times behind the scenes but is never something users become aware of. There will be lists, queues, 

streams, and other objects that work invisibly as the application unfolds. 

Some instrumental application objects are visible such as forms and controls. Users see these as aspects of the user 

interface, not stand-ins for things in the real world. 

Business objects are special. They are the primary actors in the application, the characters that users understand and 

relate to. They are Customers, Orders, Employees, Products, and the like. They typically correspond to entities in the 

real world. They are the objects of the business domain. 

 

In this chapter, we learn about the distinctive characteristics 

of business objects, what makes them different from other 

kinds of application objects and the special requirements that 

arise from those differences? We explore in subsequent 

chapters how DevForce supports business objects, 

particularly those mapped to a relational database. 

Business Object  Defined  

ñBusiness objectò is one of those terms of art that people bandy about without precision. 

Folks generally agree that a business object is something meaningful to the application users. A business object is 

something important, individual, and memorable. An employee is a business object in a Human Resources system. 

The HR director who used the program would be interested in individual Employees such as ñNancyò. She would 

want to maintain some facts about Nancy and to save Nancyôs information between sessions. Other users should be 

able to find and retrieve some information about Nancy; what they can see about her might be limited by their 

access rights. 

The HR director also expects the program to behave in specific ways as employee objects are used and changed. She 

might want to raise Nancyôs salary or garnish her wages. Either action might be bounded by some legal or policy 

constraints. A salary change may trigger some events such as notices to managers and to payroll processing. 

Accordingly, business objects have properties (Salary ), methods (GarnishSalary() ), and events 

(SalaryChanged ). Of course other kinds of application objects have properties, methods and events too. They will 

rarely be as numerous or elaborate as those of the primary business objects. One imagines that, as the program 

evolves, the Employee business object is enriched with more facts to remember, more processes to be performed, 

and more events to be handled. But volume of class members is not a distinguishing characteristic. 

What distinguishes business objects is that end users recognize and remember them. Users will recognize ñNancyò 

each time she appears, they will call for her from time to time, and expect to see her in much the same state as 

before. User óAô and User óBô believe they are referring to the same ñNancyò. In programmatic terms that means 

that a business object has 

 a unique identity 

 a lifespan independent of this user session 
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These are the tell-tale signs of a business object. 

Identity  

Users care about the identity of individual business objects; they donôt mistake ñNancyò for ñAndrewò or ñNancy 

Davolioò for ñNancy Smithò. 

Because the business object is saved and shared with other users, business object identity should be ñpermanentò 

and unique, at least within the domain of the application data. Every time we retrieve employee ñNancy Davolioò, 

we need to recognize that it is the same ñNancy Davolioò employee. We canôt have six instances of ñNancy 

Davolioò floating about an application session. 

Accordingly, a unique, persistent primary key  (or just ñkeyò) is one of the essential data members of a business 

object. A key consists of one or more identifiers. An identifier could be any of the .NET base types but integer and 

string are the most common. 

Most of the time an objectôs key consists of a single identifier and so the words ñkeyò and ñidentifierò are 

used interchangeably. Multipart keys are possible and sometimes necessary but we prefer single part keys. 

Employee ñNancy Davolioòôs key, for example, might be ó12345ô or ñNBROWNò or perhaps a GUID string such as 

ñF9168C5E-CEB2-4FAA-B6BF-329BF39FA1E4ò. 

Generating and maintaining persistent, unique identifiers may not be a trivial task, as we will discover in the chapter 

on creating business objects. 

Developers are much like users in hoping that a request for ñNancyò yields the same object instance, 

whether the instance is pulled from the business object model or from the database. DevForce is good about 

this. 

Persistence  

ñPersistenceò is a fancy word for saving and retrieving data from storage. ñObject Persistenceò means saving and 

retrieving business object state from storage. 

ñPersistò was an intransitive verb until computer people got hold of it. Now we ñpersistò something instead 

of ñsaveò it. The merits of such terminological evolution escape this author. 

The need for persistence complicates the management of business objects enormously. We must consider: 

 retrieving object, both by key and by other attributes 

 moving data over a network, through firewalls and other barriers, ensuring it arrives in time 

 translating data between the storage format and their representation inside business objects 

 preserving referential integrity among related business objects 

 maintaining transactional integrity during saves 

 ensuring that concurrent changes by different users are detected and resolved 

 ensuring data access security so that only authorized people can see or change business object values 

This is a lot of work. Most of the effort goes into wrestling with implementation details that have little to do with the 

specifics of the application. 

If we are writing an HR system, we want to focus on who employees are, what rules govern their behavior, and how 

users interact with them. The messy business of managing persistence, while essential, should be taken for granted 

é like breathing. 
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Such is the rationale for DevForce object persistence; the developer delegates these motor functions to DevForce 

and concentrates on the advanced business object behavior emerging from the developers skill and domain 

knowledge. 

Business Object s in DevForce  

DevForce directly supports business objects by: 

 managing persistence ï searching for, retrieving, and saving object state, safely and securely 

 translating object state between its object representation and  a variety of storage options 

 moving objects back and forth between clients and servers across the Internet, maintaining type fidelity  

 caching business objects locally to avoid redundant trips to the server 

 raising ñlife cycle eventsò when objects are loaded, changed, deleted, or saved 

 creating new instances 

 saving objects on the client for later, offline access 

 detecting concurrency conflicts when two users save changes to the same object 

These are the essential tasks of DevForce business object Persistence Management. We cover them in more detail in 

the sections following this overview. 

Persistent Properties  of Business Object s 

Persistent data lurks somewhere inside a business object. Weôll see that we can gain access to that data through 

business object properties. For example, an instance of Employee, theNancyEmployee , is likely to have a 

FirstName  property that yields the string ñNancyò when we write theNancyEmployee.FirstName .  

As clients of Employee objects, we donôt have to know how that string got there and may be only vaguely aware 

that it came from permanent storage. If we can set the property, as in theNancyEmployee.FirstName =óSallyó, 

we expect that the state of theNancyEmployee  object to change. When we do something to make object changes 

permanent, we expect the updated first name value to end up in storage. 

DevForce makes this possible with some initial help from the programmers who define the Employee class. We 

have to connect the dots between the property and its place in storage; we do so by mapping the property to that 

place. If we are storing data in a relational database, we will perform an object-relational mapping (ORM). Weôll get 

to this in greater detail soon. 

Non - persistence Aspect s of Business Object s 

Business objects must be more than object-oriented shells for stored data. They should have other properties, 

methods, and events that help us understand and process business objects within the context of the application 

domain. These other object member may have nothing to do with stored data, nothing to do with persistence at all. 

For example, while we may save an employeeôs birth date in the database, we may need to reference the personôs 

age within the application as when determining eligibility for Social Security. The application developer might add 

an ñAgeò property to the Employee class that calculates the personôs age today from the birth date. We would not 

store this calculated value in the database. 

Similarly, the application developer will enrich the Employee class with methods and events, such as 

GarnishSalary()  and SalaryChanged , that implement Employee business logic. 

We do not expect DevForce to know anything about Employee business logic. Weôd be deeply suspicious if it 

claimed to and down right annoyed if tried to impose its say on the matter. 



IdeaBlade DevForce Concepts Manual  Business Objects and Persistence 

 

  Page 29 of 194 

Business Object  Classes  

In sum, the application developer needs a business object that combines both persistence and non-persistence 

aspects. She will let DevForce drive when it comes to persistence but she will grab the wheel when it comes to the 

custom business logic7. 

Accordingly, DevForce divides a business object into two classes. DevForce owns the base class which is devoted to 

accessing data from storage; this is home to the persistence-oriented properties such as FirstName . The second 

class, derived from the base class, holds the developerôs business logic. 

The developer decides how DevForce constructs the business object base class in the first place by undertaking the 

mapping exercise. She then moves on to elaborate the derived class with custom properties, methods, and events. 

These typically implement the business logic but also may override almost anything in the DevForce base class in 

case the mapping didnôt play out perfectly. 

Business Object  Review  

We learned that business objects are a special category of application object, distinguished philosophically by their 

prominence in the consciousness of users and developers alike. 

Business objects are distinguished programmatically from other kinds of object by two requirements: (1) they must 

be individually unique among all other objects of their same type and (2) they must be saved ñpermanentlyò so that 

they become available to other users in other sessions, now and in the future. 

Programming an object-oriented, distributed persistence mechanism is a massive and complex undertaking. Like the 

metabolic system of the human body, it is essential to application health but differs little from one individual to the 

next.  

Business objects are rich in properties, methods, and events that implement the business logic of the application. 

Developers devote substantial effort to enhancing the logic of business objects as their applications evolve. They 

donôt have time to waste on metabolic functions. 

In a DevForce application, a business object consists of a developer class, where the programmer applies her 

energies; the developer class derives from a DevForce-generated base class that handles the objectôs persistence 

management. 

The following sections of this chapter describe this scheme in more detail and outline how developers apply it in 

successful applications. 

                                                           

7 She must be able to take the wheel anytime, including during persistence operations. 
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Object ï Data  Source Mapping  
DevForce provides a mapping scheme for declaring how its persistence mechanisms should translate between data 

in a data source and in-memory business object state.  

We declare, for example, that anEmployee.FirstName , maps to the [FirstName] column of [Employee] table 

records in a relational database. We would provide a similar declaration if we were mapping to an XML structure 

returned from a Web Service. 

The persistence mechanism can take if from there. When it retrieves employee data from the data source, it will 

know how to find the first name value and copy it into the Employee business object. When it saves the Employee 

business object, it will know how to extract the first name value and put it where it belongs in the data source. 

Why Map?  

While in memory, a business objectôs state is a ñblack boxò to the developer. She has accessors for getting and 

setting object values but need not know how the underlying data are stored. When she asks for the employeeôs first 

name, anEmployee.FirstName , she receives a string in return without having to know where that string came 

from or how it was fetched. 

If she saves the employee, she is confident that the first name value will go to the right place in storage and return to 

her when that same employee is next retrieved. 

Developers benefit from hiding details and delegating concerns in two ways: 

12. We can concentrate on the business logic instead of the mechanics of storage and persistence. 

The underlying storage mechanism can change without our having to change the business logic or change the 

downstream code that consumes the business objects. 

Hiding the mechanics of storage 

Where does the first name string go? The answer depends upon the nature of the ñbacking storage,ò the permanent 

place where object state is ñpersisted.ò 

Data are most often stored in files or databases. There are an enormous variety of both, each with its own advantages 

and distinctive access methods. File formats include simple ASCII, proprietary binary streams, and XML. Database 

formats include various species of hierarchical, networked, relational, and object-oriented. 

If the storage is an object-oriented database, the developer may never know how the objectôs persistent values are 

stored; all of the details are handled by the database. 

Object-oriented databases are still rare after more than twenty years of research and development. The other storage 

types are more common. The relational database is by far the most popular choice among enterprise application 

developers. 

Relational databases consist of tables of rows and columns. An HR relational database might have an Employee 

table. Each row in the table represents an individual employee. Units of employee data occupy the employee rowôs 

columns. The employee first name, for example could belong to a column named, ñFirstNameò. 

Hiding the Mechanics of Persistence 

Each kind of storage comes with one more access methods. SQL is the most common means of accessing relational 

databases. Some other, older storage formats have relational shells with SQL-like access methods that allow them to 

be treated as if they were relational databases. 

Unfortunately, SQL comes in many dialects, each particular to a database vendor. There are ANSI/ISO SQL 

standards. The 1992 version of the standard (SQL-92) is still the most popular and most widely adopted. But full 



IdeaBlade DevForce Concepts Manual  Business Objects and Persistence 

 

  Page 31 of 194 

compliance is rare and none of the major vendors comply fully. Moreover, they differentiate themselves 

competitively by offering tempting extensions that effectively lock in their customers8. 

This may not be a problem if your application is for internal use or you determine the database your customers must 

use. It is a big problem if you sell a product that must run on different database systems. 

SQL flexibility poses the greater challenge for most organization. In SQL there are so many ways to do what the 

developer intends as ñthe same thing.ò The sheer variety of potentially satisfactory SQL expressions complicates 

application maintenance. It isnôt always obvious what a SQL statement is doing and not all variations actually do the 

same thing. Moreover some SQL constructs pose intolerable security or performance risks. It is certain trouble for a 

large application when many programmers of varying skill and attentiveness scatter their custom SQL statements 

throughout the code base. 

In response, many IT shops prohibit direct database access via SQL even when this is technically possible. They 

insist that programmers use a corporate-mandated application programming interface (API). The typical API is a 

dogôs breakfast of stored procedures9. 

The author believes the mania for stored procedures is almost always a terrible mistake, burdening 

development without any redeeming benefits. This is a topic for a different paper; here we can only 

sympathize and console you with the prospect that DevForce handles stored procedures.  

The Service Oriented Architecture movement promotes a similar Web service-based variation on the API approach. 

APIs do encapsulate low level data access details and can help prevent accidental or intentional misuse of the data 

source. Unfortunately, they also constrain the developerôs options within a typically feature-poor, complex, and 

inconsistent API. The developer must often navigate a bureaucratic maze of database doorkeepers to get the 

extensions necessary for her application. 

The point is that coping with all of these different ways to access stored data are interferes with our progress toward 

delivering a working application that customers care to use. As object-oriented developers, we want to work with 

business objects. None of these access methods give us the feeling of working with objects. This friction is called 

ñthe impedance problem.ò 

Resolving the Impedance Problem 

Any developer has a finite amount of time, effort and complexity to spend building an application. Effort spent 

translating between the relational database and the business objects is effort lost to the development of real 

application value. Effort spent worrying about SQL or an API or a Web Service is wasted effort. Effort devoted to 

recovering from changes in the data source or changes in the access method is wasted effort. 

Effort lost is like energy lost to resistance in an electronic circuit. Impedance is the measure of resistance. Reducing 

impedance makes a more efficient system. 

The object mapping approach is the low impedance alternative. The developer begins with a mapping session in 

which she declares the correlations between business object properties and locations in a data source. 

In a growing system with tens or hundreds of objects, all interrelated, each with many pieces of source data, there 

are going to be thousands of properties to write. The mapping process itself must be easy so we give her a Object 

Mapper that can help her identify and mark the correlations. The tool can discover facts about the data source and 

suggest most of the mappings automatically. She can alter and supplement the maps as needed. 

The DevForce Object Mapper can take the next step and use the map to generate the code for the business object 

classes. These classes will be rich in all of the needed persistence-oriented properties. The developer issues simple 

                                                           

8 DevForce strives for database vendor neutrality. DevForce generates SQL that complies with the SQL-92. There are a very 

few, well documented corner cases where DevForce requires a vendor-specific construct. 

9 There are no effective standards for stored procedures; most vendors define a proprietary syntax that makes porting stored 

procedures across vendors extremely difficult. 
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and obvious commands to the business objects; she relies upon the persistence infrastructure to perform the suitable 

operations. There are no SQL commands or stored procedure calls. Persistence operations ï retrieving and storing 

business objects ï are method invocations that insulate the developer from the implementation. Business objects 

simply come and go. Object properties are pre-coded and ready to use. 

Mapping the Business Object  Graph  

Letôs consider a simplified Employee business object to learn a bit about what is involved in mapping a business 

object. We will assume in this discussion that the data are stored in a relational database. The same principles apply 

when we use another kind of data source 

Our first step is to clarify the boundaries of a business object. Just what is in a business object anyway? 

Simple Properties 

At minimum, an Employee business object consists of some simple, scalar state values like first and last name. As 

good object-oriented programmers, weôll expose these values as properties of the object. 

These simple, scalar properties belong to what we might call the ñEmployee proper.ò Peeking ahead to the relational 

database mapping, weôd expect such properties to be stored in the column values in each employeeôs row of the 

Employee table. Thus the FirstName  property traces back to the Employee tableôs [FirstName] column. 

 

Weôll want to specify which of these simple properties holds the key to the business objectôs identity. Itôs the Id 

column in this example. 

Relation Properties 

Most of us feel that our notion of ñEmployeeò extends beyond the simple properties of the ñemployee properò and 

includes more related properties such as the employee home address. The home address might be a business object 

in its own right with properties such as street, city, state and zip. 

If the employee is a productive sales representative, she should have many orders placed with her customers; each 

order will have order details, the line items of products purchased. Of course Customers, Orders, Order Details, and 

Products are also business objects that exist independently of the employee who is related to them in the manner just 

discussed. In other words, these business objects donôt belong to the employee in any exclusive or fixed sense but 

they do belong to the employee by virtue of their commercial connections. 

An employee may even be connected to other employees, as in the manager / direct-reports relationship found in the 

IdeaBladeTutorial sample database. 
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The Object Graph 

Were we to draw this view of the Employee business object type, we might see it as a box holding its simple, direct 

properties and lines radiating out to itôs neighboring related boxes, each of them an object with its own direct 

properties and its own network of related objects. 

 

We could keep expanding outward, following lines from neighboring objects to their neighboring objects until we 

reached all the end objects with no lines leading to unvisited objects (the leaf nodes). This network, called the 

ñEmployee graphò, is the most expansive view of our Employee. 

An ñobject graphò is a term used to describe a collection of objects and the relationships among them.  This 

web of objects is referred to as a ógraphô as opposed to a ñtreeò or ñhierarchyò because of potentially 

circular and recursive references among the objects in the collection. 

We canôt just stuff a customer graph into a relational database; relational databases donôt work that way. But we can 

use object-relational mapping (ORM) technology to break the graph down into pieces that do fit nicely in a 

relational database and to reassemble those pieces as objects when weôre ready to consume them in our code. 

Weôll store each business objectôs simple, scalar properties as columns of a row in a single table. Returning to our 

example, ñNancy Davolioò has a row in the Employee table; her id (1), first name (ñNancyò), last name (ñDavolioò), 

and other simple facts about her are held in the cells at the intersection of her table row and the table columns [Id], 

[FirstName], [LastName], etc. 

The table holding such values weôll call the business objectôs base table. We can retrieve and store the business 

object proper just by moving data into and out of the rows in this base table. 

Each neighboring object in the business object graph will be a business object and have its own base table. 

Following our example, there could be Address, Customer, Order, OrderDetail, and Product tables corresponding to 

business object types of the same name. They too store their simple, scalar data in the rows and columns of their 

base tables. 

In a relational database, we know one table is connected to another if it contains a foreign key column. Values in a 

foreign key column match values found in the primary key column of a companion table. For example, the 

Employee tableôs [HomeAddressId] column is a foreign key to the Address table; an employee rowôs 

[HomeAddressId] value should match one of the values in the [Id] column of the Address table. 
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Thus, if Nancyôs [HomeAddressId] is ó5678ô, the data representing her home address reside in the Address table in a 

row with [Id] = ó5678ô. 

If the relational database schema is configured along these lines, we will be able to represent the entire Employee 

graph in a collection of database tables that are all connected via foreign keys10. 

Declarative Mapping  

Our object mapping goal is to declare the relationships between business objects and their data sources, store the 

declarations in a map, generate corresponding code, and let a Persistence Management framework do the actual 

work of translation thereafter. 

If the application will have lots of business objects and lots of relationships among them, this will be a long, tedious 

process. We know also that the schema will change ï perhaps radically ï as our application evolves. 

Fortunately, DevForce has a Visual Studio plug-in tool for object mapping that makes the process comparatively 

easy. The developer declares mapping within the tool, saves them to an XML file, and generates class files that 

implement the mapping with the help of the DevForce persistence management components. 

The developer will return to the Object Mapper time and again in response to schema changes or to embellish the 

business object model in ways best accomplished through the tool. This cycle ï called ñround-trippingò ï results in 

newly generated class files each time. DevForce is careful to change only the class files it manages, not the class 

files customized by the developer. 

Weôll examine this process in a greater detail next11. We will use a relational database as the data source for our 

examples but the principles involved apply to other kinds of data source as well. 

                                                           

10 The database schema does not have to define foreign keys explicitly. It is sufficient for DevForce that a column could act as a 

foreign key. 

11 The detail will be greater but this remains an overview. The developer should consult the detail documentation for specifics 

on tool use and actual programming. 
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After we first launch the Object Mapper from the Visual Studio 2005 Tool menu, it looks something like this.  

 

Here is a clean slate. The first order of business is to identify the design database12 which we do by entering a 

connection string. The Object Mapper reads the database schema. 

The developer adds business object classes by picking from the list of database objects discovered by the tool. In 

this example, she picks Employee (as shown) and clicks the ñAddò button. 

 

The tool returns with a suggested definition for a business object class called ñEmployeeò that will persist to the 

base table of the same name. The developer can choose a different class name. 

 

Note that ñUse Genericsò is checked, indicating the developerôs preference for .NET 2.0 generic signatures. 

                                                           

12 The design database can be a cut-down version of the ultimate target database. 
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Simple Properties  

When we turn to the Employee simple properties, we see something like figure 3-2 

 

Figure 3-2 Close-up of Employee simple properties 

The tool suggests properties with get and set methods for most of the columns in the Employee base table. The 

developer can decide to include or exclude a property, change property names, choose to expose only the get method 

(ñRead Onlyò), and change the property visibility (ñAccess Typeò). Horizontal scrolling reveals other adjustable 

aspects of the properties. 

The tool detected the Employee primary key because it was marked as such in the schema. If the schema does not 

announce the primary key, the tool user can (and must) declare the key. 

Every business object must have a primary key because unique identity is a requirement of every business 

object. The key can be composed of multiple columns but, ultimately, some combination of columns must 

uniquely define each row entry. 

Views and stored procedures donôt have primary keys so the developer will have to mark which columns 

serve that purpose. 

Occasionally we encounter a database object with no primary key and no combination of columns that are 

guaranteed unique. See the advanced topic ñBase tables without keysò.  

The ñIs Inheritedò column deserves a mention. DevForce business objects can inherit from other developer defined 

classes as we learn later in this chapter. If a property had this column checked, we would know that Employee 

inherited from at least one other class and that the checked property belonged to a base class. More on this later. 

Relations  and Relation Properties  

Turning to the Relation Properties tab, we see something like Figure 3-313 

 

Figure 3-3 Close-up of Employee simple properties 

                                                           

13 The discerning reader detects that weôve added the Order business object class before taking this snapshot. 
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Relation properties are a means of navigating14 from one kind of object to another along the path of a relation15 

between the two types. The Object Mapper can generate relations automatically by discovering the foreign key 

constraints among the tables in the database schema. It then constructs two relation properties for each relation, one 

leading from the parent object to the child (children) objects and one leading back from child to parent. 

Relations in DevForce have cardinality: they are either one-to-one or one-to-many between the parent and child 

types. 

In a one-to-one relation it is not obvious which type is the parent and which the child. In a one-to-many 

relation one class is clearly the parent (e.g., Order) and one is the child (e.g., OrderDetails). There is no 

need for a many-to-one relation, a notion that betrays a lack of clarity about which type is parent and which 

is child. 

Many-to-many relationships are covered later in the chapter. 

In Figure 3-3 we see that there is a one-to-many relation between Employee  and Order  called Employee_Order . 

The suggested relation name begins with the name of the parent class and ends with that of the child class. 

There is an Orders  relation property leading from the parent Employee  class to the child Order  class. The 

expression anEmployee.Orders  will return all orders associated with this employee. 

There is a corresponding relation property from Order  back to Employee . The expression anOrder.Employee  

returns the employee associated with the order16. 

Evidently the employee is a sales rep assigned to the order. We could clarify the employeeôs role by changing the 

relation property name to say ñSalesRepò instead of ñEmployeeò. 

Self Join Relations 

We see that kind of renaming in Figure 3-3. Apparently, ñEmployeeò has foreign key relationship with itself. If we 

scrolled over, weôd see that Employee joins to itself on the ReportsToEmployeeId. The Object Mapper locates both 

relation properties in this class, providing the unhelpful names Employees  and Employee . We have renamed them 

for greater clarity as Manager  and DirectReports . 

                                                           

14 We elaborate on navigation in a later section of this chapter; there you will learn more about ñwhat you getò when you put a 

relation property in your code. 

15 A relation is a ñbi-directional associationò in UML. 

16 What if there is no associated employee? Hold that thought until we cover ñNavigationò below. 
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Creating Relations Manually 

We can use the ORM tool to define relations manually when foreign key relationships are missing from the 

schema17. 

 

Figure 3-4 Object Mapper Relation Editor 

Figure 3-4 shows the Relation editor dialog with the relation between Order  and OrderDetail  selected. We can 

edit aspects of this relation if we choose. 

We could add a new relation by pressing the ñAddò button. We then would pick the parent and child classes at each 

end of the relation, set the cardinality (ñone to oneò, ñone to manyò), and pick the simple property (properties) that 

defines the join between the two classes. 

The tool will create the two corresponding relation properties for us and we can treat them as we discussed above. 

The foreign key relationships might be missing for a variety of reasons such as  

 They were omitted from the schema. Perhaps this is an accident. Perhaps one of the business objects 

participates in a ñstar schemaò, something we tackle in later in an ñAdvanced Business Object Conceptsò 

topic. 

 One of the business objects is mapped to a view or a stored procedure; in most databases we canôt define a 

foreign key relationship between views and other database objects. 

 The two business objects are mapped to different data sources. Most databases do not permit foreign key 

relationships that cross database boundaries. We can create such a relation when customer is in one 

database and customer orders are in a different database. We cover multi-database business object models 

later in this document. 

 We may have turned off the toolôs automatic generation of relations because we want to define them 

manually. 

 

                                                           

17 If both entities are mapped to a table or view data source object. See ñStored Procedure Navigationò in ñAdvanced Business 

Object Conceptsò. 
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Views  

We can map business objects to views in the same manner as we map to tables. We just select a view database 

object instead of a table in the Object Mapper as seen here.  

 

Views are particularly useful to the DevForce developer when they: 

 Limit access to a subset of tableôs columns or rows 

 Provide summary data columns defined by aggregation functions 

Projection and Filter Views 

The database administrator (DBA) may prescribe a view in order to limit the applicationôs access to certain columns 

or rows for security reasons. Perhaps there are some columns that the application should never see or touch. A view 

that selects a subset of columns is called a ñProjectionò. Perhaps certain rows are off-limits to the application. A 

DBA may enforce such restrictions at the database level through the view by specifying a restrictive where  clause; 

this is a ñfilterò view. 

We could define our Customer object in terms of this view instead of the Customer table. We might even do so after 

weôd developed the application; no module in the UI would be the wiser. 

We donôt have to use a view to define a business object that has fewer columns and rows than its base 

table. The developer can exclude columns and filter rows during the mapping process in order to achieve 

the same effect. These features are covered later in this chapter. 

Summary Views 

A view can deliver summary business objects by deferring the work of grouping and aggregation to the database. 

For example, when we present a table of customers we might want to show the number of orders placed with the 

customer this year and the total value of those orders.  

Of course we could retrieve all the orders and their order line items for each of the customers and summarize them 

within the application.  But it is wasteful to bring all of that data down to the client if we only need the summary 

information. We might prefer to add a CustomerSummary  view to our database and define a CustomerSummary  

business object to go with it. 

CustomerSummary  and Customer  share the same (implicit) primary key, the Customer  primary key. Therefore, 

we can define a relation between the two and navigate it. We get the summary with an expression such as 

aCustomer.CustomerSummary . 
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Creating and Updating View-backed Business Objects 

The developer must be aware that certain views-backed business objects cannot be created or updated; many views ï 

summarization views in particular ï are read-only.  

For example, we canôt insert a new row in the Customer table if we lack access to a non-nullable data column and 

that column has neither a default value nor a pre-insert trigger. Nor can we save an update to the 

aCustomerSummary.NumberOfOrders  property although we can call upon the view to refresh it. 

The general rule of thumb for updating view-backed business objects: the object is updateable if a SQL update 

statement can update every data column included in the object mapping18.  

These limitations are enforced by the database, not DevForce19. 

We cover these issues in greater detail in an ñAdvanced Business Object Conceptsò topic below. 

Stored Procedure s 

We can map a business object to a stored procedure if it returns a tabular result. In other words, the last act of the 

stored procedure should be a select statement that returns a single result set20. Each row of the result set is a distinct 

instance of the stored procedure business object type. 

If we have a stored procedure called ñMrSprocò and it returns a result set with four data columns, we can map it to a 

business object class named ñMrSprocò and it will have four simple properties. ñMrSprocò can be related to another 

business object if it has a data column that will serve as a foreign key to that object or if its primary key works as a 

foreign key in another object. Weôll have to declare these facts during mapping to get the behaviors we want. 

Stored procedure business objects, therefore, are similar to table- and view-backed business objects21. There are 

important differences stemming from peculiarities inherent in stored procedures. The syntax for working with stored 

procedures, for example, bares little resemblance to the SQL Select , Insert , Update  and Delete  statements that 

apply to tables and views. 

We can query for stored procedure object right out of the gate (although weôll need a dedicated syntax to do so22). 

Thatôs all weôll need to do most of the time. We are usually only interested in reading stored procedure objects, not 

writing to them. If we want to create, update or delete a business object mapped to a stored procedure, weôll have to 

teach its class how to do it. Typically that entails specifying other non-query stored procedures to perform these 

tasks23. 

                                                           

18 Columns are automatically excluded from this restriction if their database data types prevent update. Identity and timestamp 

columns are Microsoft SQL examples. 

19 DevForce relies upon the database to detect a read-only view and will forward the database exception to the application. 

20 We can invoke other kinds of stored procedures. But these canôt serve as the basis for a business object. A business object 

must map to something that looks like a row in a table or a view. That ñrowò must have the same structure every time we call 

the procedure. 

21 There are good reasons to use stored procedures and bad reasons. We take up this question and related subjects in an 

ñAdvanced Business Object Conceptsò topic below. 

22 We cover entity queries later in this chapter. 

23 The particulars of data manipulation statements for stored procedure-backed objects are beyond the scope of this concepts 

document. Please see the separate detail documentation on this subject. 
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Stored Procedure as Rapid Entity Access Method 

Stored procedures are of greatest value in the few places where they provide a decisive performance advantage. 

These occasions are extremely rare ï stored procedures are almost never faster than dynamic SQL24 but occasionally 

they are. 

Suppose, for example, an Order Management System. Most of the time, our users query for orders in some simple 

way (e.g., by customer). The UI displays a list of orders. The user picks one, edits it, and saves changes back to the 

database. 

There is also a special purpose, pre-canned query that happens to be extraordinarily complex. It touches several 

different tables, performs multi-way joins, and compares values with many thousands of records. These records are 

needed only to satisfy the query; the user wonôt see any of them. 

We should write this query as a stored procedure; call it ñDeepQò. We invoke ñDeepQò with a DevForce stored 

procedure query which, after much wheel-spinning and gear-grinding, returns the one and only order that meets the 

search criteria. Note that it returns an instance of Order, not an instance of a ñDeepQò business object. 

This order is no different than an order retrieved by customer name. We can present it to the user along with other 

orders. If the user changes it, we save it back to the Order table just as we do other orders. 

ñDeepQò is just a fast-path query tool for fetching Orders25. We donôt need to map this procedure to a business 

object. We already have an Order business object. We have no use for a ñDeepQò business object. 

Summary 

Weôve seen two uses for stored procedure. In one case it serves as the base data source object for a business class. In 

the second case, it serves as an alternative to the standard, OQL form of entity query described later in this chapter. 

Object Mapp er  Output  

We save our mapping efforts to an XML mapping file26 that holds everything essential to generate the business 

object class files under DevForce control. While it is XML, it is designed more for computer consumption than 

human readability. We strongly discourage editing it directly; the Object Mapper is the only editor we need27. 

The XML mapping file is extremely important. It belongs under source control. Back it up before doing 

any serious mapping surgery. 

When we first save the mapping file, the tool continues directly to the generation of several types of files28: 

 An business object model directory and project file 

 The business object class files 

 The EntityRelations  class file 

 A helper project with an initial version of the application configuration file29 

                                                           

24 See the Stored Procedures topic under ñAdvanced Business Object Conceptsò. 

25 ñBigQò, like all stored procedures, runs only against a database unless we take extraordinary measures to extend its logic to 

the cache (see ñAdvanced Business Object Conceptsò). Thus, we canôt execute it while the application runs offïline. 

26 The file name matches the name of the project and has an ñORMò extension, reflecting its heritage as an object-relational 

mapping file. 

27 There are a few scenarios when a text editor is handy. Back it up first! 

28 The Object Mapper behavior described here reflects the default options settings. 

29 The project is called AppHelper; the configuration file is IdeaBlade.ibconfig ï an XML file of great importance as weôll see. 
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Subsequent iterations donôt re-generate the model directory30. 

The EntityRelations  class consists entirely of static (ñSharedò in VB) members that return every one of the 

relations among business object classes. The tool re-creates it every time so it would be pointless for developers to 

change it. 

Business object classes come in pairs ï a developer class and a generated class ï each with its own file. There is a 

pair for every business object class in our mapping. 

The Developer Class 

The developer class file features a single business object class with a name such as ñEmployee ò. The developer 

class generated by the Object Mapper is almost empty. What little code it holds provides some minimal 

housekeeping. 

We put all of our application-specific business logic in this class. We will add to it our non-persistence, custom 

properties, methods, and events such as Age,  GarnishSalary() , and Sala ryChanged . 

Key fact #1: this class belongs to us, not the Object Mapper. The tool created it for us once as a courtesy. The 

moment we change anything in this class, it becomes ours exclusively. The Object Mapper wonôt touch it again. 

Key fact #2: this class inherits from the generated class, its companion in the pair of classes defining a business 

object. We can override most of the properties in the generated class if we need to change their behavior or add 

business logic. 

Key fact #3: this class is the final class in the inheritance chain for this business object. We should not inherit from 

this class and the generated code makes that plain by declaring the class sealed (NonInheritable in VB). Weôll have 

more to say about inheritance soon. 

The Generated Class 

The generated class is often quite large for it contains all of the properties declared in the map for this business 

object. Here we will find the simple properties such as FirstName  and LastName. Weôll find also the relation 

properties, such as Manager  and Orders , and other kinds of properties and methods that become important to us 

later. 

Both the class and its class file are named by suffixing the developer class name with the compound word, 

ñDataRowò. The companion to Employee  is EmployeeDataRow , which explains why we also call this the 

ñDataRow class.ò 

The tool re-creates the generated class and its file every time so developers must not change it. 

Object Mapper Output Review 

The Object Mapper generates a lot of material for a brand new application. Much of this is for the developerôs 

convenience. In subsequent rounds of mapping and re-mapping ï and there will be many ï the Object Mapper 

claims to only three kinds of file. The developer manages the rest. 

Table 3-1 summarizes these responsibilities. 

                                                           

30 The Object Mapper will update the application configuration file in AppHelper unless you tell it not to. 



IdeaBlade DevForce Concepts Manual  Business Objects and Persistence 

 

  Page 43 of 194 

Table 3-1. Object Mapper output ownership 

Directory or File 
Tool 

Created 
Tool 

Owned 
Developer 

Owned 

Business Model Directory    

Mapping file    

Relations Class    

Developer Class    

Generated Class    

Application Helper Directory    

Application Configuration File    

 

Donôt edit files owned by the Object Mapper 

Business Object  Inheritance  

Weôll explore the business object class inheritance tree and what you can do to alter that tree. This is also the 

moment when we switch from the more conceptual term ñBusiness Objectò to the programming term ñEntityò. 

We use the terms ñEntityò and ñBusiness Objectò interchangeably throughout DevForce. Business object 

captures the end user perspective better than entity. Entity has greater cache among the techno-cognoscenti; 

we prefer it when programming only because it is 2 syllables and 6 characters shorter than BusinessObject. 

If we ask Visual Studio to show us the business object model for a very simple mapping it might look like this: 

 

Figure 3-x. Visual Studio Object Browser view of the Developerôs ñModelò namespace 

ñModelò is our namespace and also the name we gave to the Model  project and assembly31. We are looking at the 

inheritance chain for the Employee  entity. 

The Employee  class is the developer class. We put our custom business logic there. Notice that it is the most 

derived class in this model. Accordingly it is also known as the final  class32. 

Employee  inherits directly from EmployeeDataRow , the class generated by the DevForce Object Mapper and thus 

known either as the generated class or the DataRow class. The Object Mapper inscribes its material relating to 

Employee persistence here, most notably the simple and relation properties relating to persistence. The tool re-

generates this class every time we save a mapping session so it is unwise to modify it. We will re-map many times 

                                                           

31 ñModelò is the recommended name for the collection of your business object entities. Youôll see the name ñEntitiesò used in 

some of our tutorials but ñModelò is now preferred. 

32 We will learn that creating a class that inherits from the final class is virtually never a good idea. 
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as the data source schemas change and our application evolves. Each session erases our work. So we put our 

customizations in the final class, not the DataRow class. 

Like poison ivy, we can look but we better not touch. 

Why not partial classes 

One might wonder ñwhy didnôt they use partial classes with one file generated by the tool and another reserved for 

developer customizations?ò Indeed, this is the model for many .NET frameworks. The Windows Forms and Web 

Forms technologies separate generated and custom code in just this fashion. 

Partial classes wonôt work for a very simple reason: we canôt override generated properties and methods within a 

partial class. 

For example, the tool generates an Employee.FirstName  property and Employee.Birthdate  property. 

FirstName  is just fine but the tool didnôt know that, in our model, employees are not allowed to be under 16 or 

older than 100. We want the business object to enforce that so we override the Employee.Birthdate  property in 

our Employee partial class file and add this custom business logic. 

Except we canôt do that. The property was defined already in the Employee partial class file owned by the tool and 

we canôt both declare and override a member in its own class. We can create a different property but the tool burned 

the best possible name for this property. Finessing such problems over the life of the application is a futile exercise 

that distracts us from building customer value. We prefer the sane and easy root of inheriting from the generated 

class instead. 

The rest of the hierarchy  

EmployeeDataRow  derives from the Entity  DevForce class which is data source neutral. , Entity  derives from 

the .NET DataRow  class33. 

Do not inherit from the final class 

It is virtually never a good idea to derive from the final, developer class. The developer who sub-classes from the 

Employee  final class will not get the behavior she expects because the DevForce mapping mechanism generates 

much code that depends upon its assumption that Employee  is the final class. 

On the other hand, we can insert classes into the inheritance hierarchy anywhere between the final class and 

Entity . We can use the Object Mapper to insert abstract entity classes into the hierarchy and cause selected 

concrete entity classes to inherit from them. 

                                                           

33 This is a dead giveaway that DevForce relies upon .NET DataSet technology There is much industry noise about whether a 

DataSet-based implementation is a good thing or a bad thing. Reasonable skeptics worry that DataSets are too heavy-weight, 

too slow, and tempt the developer into a data-oriented rather than object-oriented perspective. .NET 2.0 greatly improves 

DataSet performance (which was never bad) and DevForce so thoroughly encapsulates the DataRow that you have to stand 

on your head to get a data-orientation. DataSet overhead is minimal compared to an implementation that delivers comparable 

functionality; we use almost every feature the DataRow has to offer. We are confident our use of DataRow is a good choice 

and that weôve overcome the pertinent objections. 



IdeaBlade DevForce Concepts Manual  Business Objects and Persistence 

 

  Page 45 of 194 

The figure shows the Employee  concrete entity classes inheriting from the AppEntityBase  abstract entity classes 

that handle functions common across all of the business objects in our model. 

 

Figure 3-x. Visual Studio Object Browser view of the AppEntityBase abstract entity class. 

Almost anything we should want to accomplish can be accomplished with abstract entities. 

We cover this entire subject in much greater detail in the ñAdvanced Business Object Conceptsò topic below. 

Multiple Data Sources  

Some business object models unite data from multiple data sources. Order information, for example, might reside in 

both an application specific database and in an accounting database. We might need to read from both. We might 

need to post to both. We can accommodate these requirements within a single business object model34. 

We began the mapping session illustration by supplying a database connection string. We then examined the 

database objects, picked a few, mapped them, and generated their classes. 

We neglected to mention that the concrete business objects we declared were attached permanently to a particular 

data source key. We associated that key with a database accessible via the connection string. Letôs revisit the 

moment after setting that connection string. 

 

Notice that there is a key name next to the data source type35. This identifies the data source key named ñdefaultò. 

The name ñdefaultò happens to be a data source key name that is well-known to DevForce36. There is nothing sacred 

about it; we could have renamed it to anything. 

The connection string is not sacred either. We could change the string, point to a different database, and the Object 

Mapper would try to adjust the business object mappings to the schema of the newly connected database37.  

The permanent fixture is the data source key, not its name, not its connection string, not even its schema. And every 

business object has a key. 

                                                           

34 The data sources can be a mix of databases and web services. We illustrate this discussion with database data sources. 

35 Databases are the most popular data source type. Weôll get to alternative types such as ñWebServiceò data sources later. 

36 There is a default PersistenceManager instance that expects to connect to a data source named ñdefaultò. 

37 Expect the unexpected if you connect to a database with a wildly different schema. The tool warns you when you change the 

string ï itôs easy to point to the wrong database accidentally. If you proceed, it does its best to accommodate the new schema. 
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We can add a new data source key and associate it (perhaps temporarily) with our second database38. The next figure 

shows the tool immediately after defining the ñAccountingò data source key. 

 

Note that the class grid shows just the classes of Accounting data source key. There are no concrete business object 

classes yet; the AppEntity Base  abstract entity is available because, unlike concrete entities, abstract entities are 

not tied to data source keys. 

Letôs add a class mapped to the order table in the accounting database. We donôt want to confuse this new class with 

the Order  class in the ñdefaultò data source so we rename it AcctOrder . We make it inherit from AppEntityBase  

and then click the check box that reveals classes for all data source keys. 

                                                           

38 Weôll link our second data source key to the IdeaBladeTutorials database again, pretending it is an accounting database. 
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The result looks like this: 

 

Cross Data Source Relations 

Business objects with different data source keys can be related to each other. The Object Mapper cannot discover 

such relations because few (if any) database schemas specify cross-database foreign key relationships. We can add 

them to the map manually39 like so. 

 

The tool then creates reciprocal Order.AcctOrder  and AcctOrder.Order  relation properties. 

                                                           

39 If both entities are mapped to a table or view data source object. See ñStored Procedure Navigationò in ñAdvanced Business 

Object Conceptsò. 
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Multiple Data Source Summary 

 

Classes defined for different data sources share the same map, the same 

project file, the same assembly, and the same namespace. 

They interoperate well. Entities can refer to each other across the divide. 

From the client perspective they behave as if they are in the same database. 

Inside, the persistence framework knows that their data reside in different 

places. It can still ñjoinò across the data sources using the declared relations. 

It can even perform a safe multi-database transaction using Enterprise 

Servicesô distributed transactions controller (DTC). 

Mapping Miscellanea  

Properties of Nullable Data Columns 

The data column that feeds a business object property might allow null values. The orderôs [ShipDate] wonôt have a 

value until the order is shipped so the database datetime  column for the ship date allows nulls40. 

However, the .NET DateTime  type is a value type. It canôt be null. Only reference types can be null. Which means 

the order property corresponding to the ship date cannot be a DateTime  type. 

This was a serious problem in .NET 1.1. The predecessor to DevForce worked around that problem. The Object 

Mapper made the property an Object  type and marked the property with an attribute that said it was a date. 

Unfortunately, it takes reflection to read an attribute. Developers had to write guard code to watch out for nulls and 

to make sure no one tried to set the ship date with something awful ï like a string. 

.NET 2.0 introduced nullable types41. Now our programs can tell that ShipDate  is supposed to be a Date Time  and 

ensure at compile time that its value is either null or a Date Time . Our code is cleaner, clearer, and more testable 

which means it can be more reliable.  

Handling DBNulls 

If youôve programmed with ADO.NET, youôve encountered ï and cursed ï the DBNull . We get this atrocity when 

we reference a data column that has no value. If our code tries to do anything with a DBNull , we get an exception. 

Why couldnôt they give us a null  instead? 

Hereôs the answer from the .NET documentation: 

In database applications, a null object is a valid value for a field. This [DBNull ] class differentiates between a null 

value (a null  object) and an uninitialized value (the DBNull.Value  instance). For example, a table can have 

records with uninitialized fields. By default, these uninitialized fields have the DBNull  value. 

If that made little sense to you, you are not alone. If you understand it, you know it is a distinction without a 

difference for 99% of application code. 

DevForce business object properties convert incoming DBNulls  to null  and convert null s back to DBNull s on 

the way out. Developers need never see a DBNull . 

User Defined Fields 

Object mapping is a design-time task. The developer runs the Object Mapper, generates business object classes, and 

elaborates them. 

                                                           

40 We should note the sentinel date hack in which dates either too low or too high to be valid meant ñunknownò or ñnot 

applicableò. 

41 See the Nullable Type entry in the glossary. 


