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Preface

IdeaBlade DevForce helps the .NET developer deliver compelling Iniswnaected, enterprise applications

Most .NET developers lack the time, inclination, or experience to cope with the complexities requireel am writ
application infrastructure, | et alone maintain and sup

| have been asked many times in a long consulting career to design and build an enterprise apyéeatibave |
responded by isting that | 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
framewor k. I ndeed we glory in it, offering the reassur
lessons from our past mistakes, the argument continues, so you, Mr. Customer, will benefit from that wisdom. Of

cour se t hat Oldourptedons customer. we t

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 applicatann f r astructure for . NET. Wedve | abored to e
performs well under stress, is easy to use, and meets the special requirements of highly interactivegddistribut

applications that deploy and operate over the Internet.

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

Sl et which to build, deploy and operate such applications.
RAD Tools
Wedve added graphi cal nemtefDaeyorce apmidatonsf or r api
Infrastructure these tools plugn to Visual Studio so the developer stays within the familiar confines
of . NET&6s most popul ar devel opment environt

DevForce wraps the software with the Agui de
design iGui danced includes documentation and technical s
application blocks and fiblue printso, webinars, and pr

The point is not to club you with more marketing. Rather wé wadrive 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 andtigityteacross the lifeycles 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 featlets 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
e the applications for which DevForce is best suited
e the applicatiordevelopment model that it encourages

e 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 clientapplications, ftier development, and modelew-controller. You will tour the architecture, learning

about key components such as persistence, efgjiattonal mapping, and data binding. You will discover several
ways to secure and deploy a DevForce application.

In the endyou 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

Whil e the Concepts Manual explains the fDeWwrgreed0 and of f e
documentati on materials concentrate on the Ahowso.

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

DevForce Release NotdsExplains what is new, what has changed, and the implicatiomsifimg DevForce
appl i cat imostreadd letv eirsy at ifime you update your application

DevForce DeveilAogern d& Gwi dilsi ng DevForce in your appli
this Concepts Manual.

DevForceReference Helpi This is the detail code documentation. Each namespace, class, and method is
documented individually. Important areas contain code examples.

DevForce Tutorialsi The tutorials show, in a stéyy-step manner, how to build simple applicaaising
DevForce.

Many of you will leap directly into the tutorials, preferring hawasto all book learning.

Most developers prefer at least to skim this Concepts Manudl fiogget oriented and then refer back to it as they
use the other resourcén 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 @&pment. We describe certain concepts and design patterns, such as
n-tier architecture and modeiew-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
cliententerprise applicatiomodel.

Enterprise Applicationsexplains what they are and what they are not.
Smart ClientApplications introduces the smart client application model.

What is DevForce? begins with a brief discussiaplictatanf . NET6 s
development, explains how DevForce adds to this foundation, and identifies its principle components.

Smart ClientEnterprise Applicationsoffers an overview of the application sttwre and design principles
that DevForce promotes. It explains how DevForce supports each of the momenttokeieth@dmart
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 propenyhen the logical tiers are distributed over widely separated physical tiers. It explains how
DevForce overcomes aligns with atier architecture and how it overcomes the business model locality problem
with business objects and .NET remgtin

Chapter 3, Business Objecs and Persistenceintroduces business objects as the primary building blocks of an
application. Saving business objectadhétween 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) andtraskéable as objects in an application.

Page7 of 194
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BusinessObjest defines fibusiness objectso in a DevForce ¢
and the special challenges of managing them in a manner that screens thineempplication
development from distracting implementation details.

Object Relational Persistenceovers how data flow between Business Objaad a Relational Database
in accordance with the specificationsanf objectrelational map as objects are retrieved, updated, and
deleted.

ObjectRelational Mapping (ORN, explains how the business objects consumed by the application
developer are translated to and from their@spntations in a relational database.

Business ObjecQueries and Navigationdiscusses the techniques for finding and retrieving specific
business objects.

Business ObjecCaching, describes how business etis are maintained in cache in the execution space of
the client.

Creating Business Objestexplores the particular problems of creating new business objects that have
unique identities and are properly constructed.

Saving Busines Objecs, covers issues surrounding saving and undoing changes to business objects,
including validation and concurrency

Chapter 4, Business Object and User Interfacescovers 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 appeartherscreen, considering both user interaction and the effects of
programmatic changes to underlying data.

DevForce Data Binding Overviewoffers an orientation to DevForce data binding features and its
advances on .NET data binding.

DevForce Data BindingArchitecture, discusses the architecture and building blocks of the DevForce data
binding model.

Data Binding Designersintroduces the DevForce RAD Ul development tools that speed form layout and
generation of data binding code.

Query-By-Example (QBE) urveils a tool for enabling power users to express advanced Business Object
gueries in a graphical, ngachnical manner.

DataBinders explores the ways you can extend DevForce data binding components and adapt additional
controlsi controls you write and"8party controls to the DevForce data binding environment.

Chapter 5, Security

Security Overviewdiscusses a number of security issues surrounding Internet applications in general and
smart clientapplications in particular. Describes the security features intrinsic to DevForce, many of which
require no special action by the developer.

Application Security and LoginManager covers DevForceobslogmapmmpert for in
based security schemes.

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

Deployment Overview di scusses the hi st oubles, exfloreBthegfactsanl i ent 0 d e
myths of Athin cliento depl oymentdeployanerd outl i nes sor

Deployment Basicsdescribes the essential components and considerations of any DevForce deployment.
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Testing andDebugging explains the tools available and sketches a broad plan for testing and deploying
your application.

Automatic Updatedescribes the DevForce model and mechanisms for upgrading thesicieeobde
without user or technician intervention.

DeploymeatusingllS, di scusses the benefits of deploying via
DevForce Application Configurationexplains 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
requirementsarecoveredn a separate fAGetting Startedodo section of t

DevForce is particularlyweB ui t ed f o RApmaitcadliomst which, by definiti
Al though DevForceds datoas Hoims, Webr-grm fdeaetopelsimayibensfit ftormtheg et Wi n
other DevForce components, objece | at i on al persistence especially. Dev Fc
applications which have both Windows Form and Web Form Uls and need to share a commondhjsittess

model.

DevForcebs object relational persistence works with th
components directly support the .NET Ul controls and the Ul control suites of several p&pdaty3/endors.

Advanced DevForcedevl oper s wi | | know how to extend DevForce to

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 thEr8acisco Bay Area:

6001 Shellmound St., Suite 350
Emeryville, CA 94608
510.596.5100
www.ideablade.com

I D EABLADE support@ideabladeom

SN,
7777
FFrrrr.
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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 applic&tierhave two primry goals: to simplify the
enterprise application developerds encounter with . NET
challenging but routine functionality underlying almost all such applications.

We achieve our goals by isolatingandexact i ng t he generic functionality int
process, we insulate the developer from most of the more obscure and difficult technologies such as remoting
serialization, ADO.NET, data binding, anddepleymt . These are embedded in the #fi

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

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

Enterprise Appl ications

Enterprise applicationare about the display, manipulation, and storage of large amounts of often complex data and

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

systems, supply chain systems, and many others that run m
systems, control systems, telecoms, or desktop productivity softé@ster, Enterprise Patterns, xyii

DevForce developers are enterprise applicatmrelopers. They may build other kinds of applications asivaid
DevForce may help them do 5dut most DevForce developers concentrate primarily on the business apmdicat
that manage volumes of complex data for their clients.

Accordingly, enterprise applicatiatevelopers are preoccupied with the challenges of retrieving, presenting, and
saving data. They have other issues to be surerithims, 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 atigs, 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 theswgjood. 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 applicatiamovice. Surely most design lapses have differauses.

The most common cause is deadline pressure. With finite days until deliselgck 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 formeat 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 comproise 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 exparés. Th
general enough to support an extraordinarily broad range of enterprise appli¢atifamsinately, they are
devilishly difficult to implement; the mor eéDedacei f t hey

PagelOof 194



IdeaBlade DevForce Concepts Manual Introduction

Sovereign Application S
Programs that are bestused fglicr een, monopolizing the userdés attention fo
posture applications. Sovereign applications offer a large set of relatetidna@nd features, and users tend to

keep them up and running continuougly. [ | ] nt eracti ons with them can be very co
sovereign program dominates a userds workflow as his prim
tasks, [it] maintains its sovereign stand€ooper, pp. 103!]

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

They are run by skilled users who demand a dgmpsetked 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 si be clear.

Sacrificing speed and power in favor of clumsier buteasidre ar n i di oms i s out of place her
applications are great platforms for creating a truly ric
benefit from rich inpt. Each frequently used aspect of the program should be controllable in several ways. Direct

manipulation, dialog boxes, buttcons, keyboard mnemonics and accelerators are all apprffpoaper, Program

Posture]

It should be equally clear that virtualiyl enterprise applicatiorere sovereign applicatisn

Enterprise Applications are sovereign application S

The primary users of resation systems, financial systems, and supply chain systems spend hours of every
business day staring into a fsized screen carpeted with buttons, textboxes and other doodads. The premium is on
getting to the right data quickly and processing it quickly

Letds be clear. We are not talking about the casual vi
about dedicated user such as the corporate travel agent on a razor thin commission. We are not talking about the
weeke nd st o c kre talking abeut the prafessional broker or the clerk clearing thousands of trades per day.

The developer of an enterprise applicatiequires an application infrastructure that can handle a richly featured,
jam-packed, fasmovingsovereignapplication She also needs an application delivery technology that does the
same.

Smart Client  Applications

Smart clientsre easily deployed and managed client agpions 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,
fGoodRiddance to Browsebased Apps ,  V $tilio Bdgazine, July 2005

Client/server applicatiorisk nown t oday Japsr ofvFi adtadaltiléi hespon@své and rich interactive
experience by leveraging local resourgdisat sovereign enterprise applicatisaquire.But they werenot fieasily
deployed and managed a n d hohfeopnedtmteligently to distributed data souraes

They were enormously popular until the late nineties when they were suddenly eclipsed by the web browser. The Fat
clienthadnoamwer to the browserds stunning visual appeal, br
knock out. Client/server retreated to obscurity and ridicule.

The browser was the new champ. 't swi ftl,yivetingenoeme t he w
eye balls to its screen for more hours than all other applications combined.

While the browser is a sovereign applicationi t s contents, the ft mdowedfrdmesent app!
are rarely sovereign. Most thin client triumphs have been transient apphcsticim as information portals and

consumer commerce site. Transient applications measure a user session in minutes, not haists Mestasual
anddiscretionary the typical user might not return for weeks or months.
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The browser 6s s uc c e ssnitialiobsburet its arofeundenadequaciepak a sovereigno n
applicationp| at f or m. Sovereign applications arendt intended f
complex, job to do; they are for users who are glued to the screen, many hours of every day.

In the enterprise, user productivity cisi most not style, not intuitiveness, not ease of learning. Thus the
persistence of enterprise applicatiomarred by truly ugly, battleshigrey Uls and bizarre screen layouts. Such apps
woul dnét st an dsumersphce,;theyare th&normmhnside the corporation.

As expensive and failed attempts at browszsed sovereign applicat®began to mount, it dawned on many that
the pure thin client model is fundamentally unable to delikie 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 inbrowser application experience
2. Give the client application the key advantages of the browser

Both emphasize more clieside processing and less frequent server communications.

Ajax and Atlas JavaScript technologies are the latest best hope for an enrichsek lexperience. They preserve

t he br o w-plaford and zero deplsyment 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 | &aapp ldifcsmadiclidntappiiation ha€ 4 feweeasential
characteristics:
1. 't offers a Ahigh fidelityd user experience
2. It executes on the client.
3. Ituses the Internet to communicate with remote servers and other clients.
4. It can be deployed and automatically updated over the Internali; aafl securely.
A richly featured, highly responsive, deeply interactive user experience is the signature of a smapptigation.
Clentsi de execution makes possible such hAhdghshbdehahgop
waiting for a server while that server is busy with an

anticipates the userdés future choices because it can.
focus on the eeds of that one particular user.

Client-side execution makes smart cligievelopment a lot like client/server development. The two share similar
programming models and similar design strategies. For example both presume a wirskvigtgfiace,
synchronous events, rich user controls, and tons of session state.

With proper programming and appropriate permissions, the smartadiemteract with local resources (the file
system, printers, scanners, etc.) artdroperate with other client software (e.g., Office products and browsers).

A smart clientapplication may be programmed to run statmhei completely disconnected from all server®r
long periods, a capability beyond the reathry browsetbased solution.

' Juval Lewy off er s aSniaf €iéatape anuch indregttat judte fidVimdowts userninterfafie. | define a
smart client application asrich user interface application thagsides on the client in a secure manner, connected to a
backend server, and is deployed overhttp He el aborates in hisnbl gvoéestibbdbng tt}
http://www.longhornblogs.com/jlowy/archive/2004/04/05/2959.aspx
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Smatrt clientglistinguish 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 I8maseclients are more
secure than client/server applications; they can be (and usually are) more secure than web applications.

Smart cliendeployment approaches the simplicity of web application deployment; gone are the days when
installing or deinstalling one application had the unintended consequence of crippling an unrelated application.

Smart Client Deployment

Smartcliend e pl oyment fAapproacheso butwelddeplogmemsot yet equal th
Depl oyment is the browser appl i cat Thisaldnsjustfiasehe firtatibon onl y a
with Ajax and Atl as. Letds see why.

Thin client deployments are virtually transparent to endsu$®hen the user launches the application, she makes no
conscious effort to deploy or update it. She doesnét n
on her hard drive. There is no delay in the launch and she is unlikely to perceipdate 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 dentdeployment 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
applicationds bbempoaraotbercasdt. NE® code access securit
attacking or consuming unauthorized resources.

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

5. Corporate policies may priiit 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 clientapplications may need permission to install. Browser applitatitay 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 frameworki t 6 s cal | ed tuseecould nai agedaunchedtlde application
without it. .NET smartclient nst al | ers can | oad . NET automatically,
another reason the user might cancel.

8. Installation takes time. The application provideust 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. Thesmartclienappl i cati on may not operate on tlmest user ds de
everything. . NET smart clients operate on Wi ndows
on mobile devices.

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

Enterprise applicationdo not target the casual user. They target frequent, expert ussess for whom the utility
and productivity of the application will trump the install effort.

The key remaining question is fAwill the userds employer

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 developommunity (Microsoft especially), believe developers should consider
making a clean break from the browser and HTML. They should look seriously at the potestizhifoclient
applications.
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From the user 6s qn@pplicgtiendobks and hehases lkereadesktop@pplication. It executes on
the PC, with the PCb6s native speed, agility and i mmedi
the Internet to acquire data and seegirom central servers and can be deployed and maintained remotely.

The smart cliendpplication combines the strengths of both thin and desktop application models. It delivers the rich
functionality and user experience that are esseior productivity applicationandoffers the ubiquity and cost
advantages of Internet connectivity and deployment.

DevForce is designed for development of smart chpplications. 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 cligrdevelopment and deployment.

IdeaBlade DevForce Technology

DevForcebds technol ogy mak eisesdeciatlyesmant elierdeeejppnierit eaayt fason dev el
and affordable.

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

tasks such as data management, user input, connectivity, and security. Smattatilpers must also be

concerned with efficient deployment and upgrade of cléie executables. An enterpriskass 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.

Thebalane of t hi s chapter descri bes De v-latoralendppingcabjece capabi
remoting local object caching, offline operation, object Ul binding, entity cBsnExample, Ul localizaon,
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 @ppbcatdeveloped in an
objectedoriented 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 Mappinig an insulating layer between the two, a technology that moves data between the
database tables and the objects auitithe developer's awareness of the details. At the start of a project, developers
use the DevForce Object Mapperdeclare a mapping between Business Objaatl their corresponding data

source objects suds relational database tables and columns. They then extend the generated Business Object
classes with applicatiespecific logic. They continue building the application in an obgeiginted fashion,

navigating the object graph using standard object alattion 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 programmett toeildrtigrs

of a particular customer with a Anatural o expression s
framework to determine if the orders of fAmyCustomer o h
expect the framework to gget 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 [@RM spend roughly 40% of application
devel opment and maintenance on that component alone. T
fully integrated with Visual Studio.NET and works with any commercial relational as¢ab

Business Object Server

Most client/server applications interface directly with the database. There are scalability and security penalties in
this approach; an i ntagerisméddy peetereed. IndDevEaach, the disidé execatabker o
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exchanges objects with a stateless Business Chgeeer(BOS) running on one more central server machines. The
BOS providesdnctionality that parallels a J2EE Application Server in a thin client architecture. It alone talks to the
database, manages transactions, provides security, and executesideidy business logic. The cliestde
executable issues no SQL and hakmawledge of the connection or the connection string used to access the
database.

The DevForce framework supports all industtgndard relational database management products. A single
DevForce application can access multiple databases from multipl@stagndors. DevForce also supports views,
stored procedures, triggers, custom SQL, and cross database transactions-plithssvoommits using Microsoft
Enterprise Services

BOS scalability

The BOSis far more scalable than a thin client application server because we need fewer servers for the same load
and we don6t have to worry about session awareness.

The BOSdoestdt execute business |l ogic (although it can), it
generate HTML pages for transmission to browsers. It communicates with clients far less frequently because the
clients are mostly seleliant; they ont 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.

TheBOS s fist atel ess 0 s o baancerso regieed yaffit toundetized segeusr e a | oad

A meaningful business application with a usable Ul requires lots of application state. Users expect the application to
remember what they were doing as they flip from page to page. Consider bofikjhga shopping for books. As
the user progresses in the purchasing work flow, interim information must be céapiurece the user has been,

what flights heds considering or goods hedsepicked, hi
throughout the useré6és session. The application must re
they say in the trade, it must be fAsession aware. o
The BOScan be stateless becatise clientshold al of the application state, not the server. The BOS itself has no
isession awarenesso. That means that wuser 0X06 can talk
0A0 fails, therduwtaad tbhhhd anmscernr tdanndaBtE aown t htoaitt e | ® sh enga wpe

serverside state to lose.

A thin clientapplication servetends 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 parfoenand programming simplicity. We can push

some state onto the clientédés cookies but there are | im
session state, a user must return to the same server throughout his session. In other wardsgonce 6 X6 i s t al k
Server O0OAd, he should continue to do so until he 1 o0ogs

60X6 to Server O6A6 whether server O6A0 i s bussgsessions not . I

for all other users it served).

Object Caching and Offline Mode

Browser applications consume a lot of bandwidth. Almost every user action is accompanied bytaprooitide

host that involves transmission of bulky data and presentation instsiat the form of HTML. Smart clients

because they are more sedfiant and perform almost all Ul tasks locally, are far less demanding. An exchange with
the host is usually necessary only to retrieve new data and to post clizegesce goes a step further by caching
objects on the client and by compressing the datdaofl0reductions are typical) before transmission.

The developer (and user) enjoy this advantage without obvious effort. When the programmer requests data, either
explicitly with an entityquery r i mpl i ci tly via the object dot notation
looks for the objects first in cache and then, only if necessary, on the server. Of course the developesmaby opti

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 operatiangapnéines 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 insutageapplication from transient connection interruptions and server shutdowns
€ breakdowns that would typically abort a thin client

Ul Data Binding

Most business applications are Ul intensive with as mutialief the effort devoted to making the user interface
intuitive and effective. Synchronizing Ul contrél€ombo boxes, text boxes, grids, Bidth their supporting
application objects lists of products, contact names, tables of custoiniershe mostime consuming and error
prone part of Ul development.

I n many systems, the programmer codes all Ilinkages man
controli f or exampl e, an employeebs birthatdadeusar@astekandpe:
controli say, a birth date changédlow back to the object. If a related control on different screen (e.g., the

empl oyeeds age) should be updated to reflect the chang
Ul, 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 Ul Data Binding automates the linkage between control and object so thgtelsvedo graduate to less

tedious and higher value Ul 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
infrastructureo provide a full objecbriented 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 suppert concept s such as O6broken rul esb.
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 UDatabinding 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 Ul contrtays synchronized with the business object. If the Ul changes, the
business object will be updated. If the business object changes, the Ul will be updated. This is particularly
convenient when a business object property is displayed in multiple locatiansajpplication 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 run and that applications only access permitted resources. It has kafiéguards
against buffer overruns and similar vulnerabilities wh

Building on .NET security features, DevForce adds
e authentiation protocols to verify the identity of every participant component on both client and server
e authorization mechanisms to restrict access by role
o digital signatures on business objects to prevent data tampering
e serversideonly methods for custom sedcyrchecks
e support for encrypted transmissions via SSL or deehtayption with AES or tripkDES’

Finally, in the DevForce architecture, clients do not have direct access to the database. The client holds no
connection string, account, or password thathhbe 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 pheternet era were burdensome and expensive to deploy. Companies dispatched teams
of technicians to install new and upgraded software on ingiidesktops. Such personalized maintenance and user
disruption dominated the total cost of ownership equation.

A DevForce smatrt cliergpplication can be deployed with just one click on a-gigblink to any PC running the
.NET platbrm. The client executable downloads over the Internet, installs, and runs. Subsequent changes will
download and install automatically as part of an aytdate process. Installing, upgrading, or removing one
application will not disrupt another programo kéchnicians are needed and there is no user down time.

Deployment is so simple and selfntained that a DevForce application can easily support both custosted
and vendor ASP (Application Service Provider) business object models, greatly exgands@ f t war e vendor €
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.
QueryBy-Example (QBE) is an approach that most users master easily. TherBe@RE components are object
oriented, aware of the ORJglenerated business object metadata, and are simple to configure and deploy.

DevForcebds support for ad hoc r ep owntsimplegrepertsaltiExees user s
extracts based on results of QBE and other queriess&witte 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 ren®sitrongly recommendedbject

exchanges between the B@&ver and the client may be implemented via Web SenBeesness objects may also

be exposed directly as Web Services to external applications.

DevForce developmén t ool s are fully integrated with Microsoftooés
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 deliverad a technology package consisting of:
e Framework class libraries and application building blocks
e The fABusi Besveds, Cdbn eectecut abl e anal ogous to an thin c
e Designtools for rapid development in Visual Studio.NET
e Documentation and support

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

Developers of enterprise applicaticare preoccupied by data questions:
e How do we get data from storage?
e How do we present the data to end users?
e How do handle end user input, &pg business logic as appropriate?
e 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 nostrivial as we begin to add other design goals such as:
e Usean objectoriented approach throughout.

e 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.

e Make it resilient in the face of changing reg@uirents and environments.
e Make it testable.

Whil e we worry about these matters our mi nWe have mitl es
said a thing about what the application does or who it is for. We are deep in the basement, riteshieg w

plumbingl t s up to DevForce to get wus out of the basement
reading this manual, we are in for the basement tour.

Wedl |l see in |l ater chapters how Deoudhlyobpdoricatedsveyer s our ¢
First wedre going to discuss the | ayéFlmemrwdidlilercsaor rtela
those tiers to the | ogical tiers of a DevFocanbhe applica

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. Wevedwdde built
applications in which we pitkall 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 especiatbg gub, 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 Ul.

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 withvariety of data stores. Perhaps there are multiple databases; maybe each is managed in

a different vendordéds database management system. Maybe
databases at all.

Woul dndét it b englgaceesstlayer that insaated thedrestof tlseiapplication from these differences?
What iif the access | ayer gave us objects instead of @Ad
% This chapter borrows l|liberally from Rocky EkperoG#Busifess | i ne of

Objecs for an artfully presented, in depth discussion of issues addressed byr&evFo
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or even understanding how they were stored? What dhifexts could reference each other, indifferent to their
underlying storage and management difference? Pipe dre
build access and that means twogigght there.

Ul Tiers

The Ul 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-lthy@surface of text, graphics, and
controls rendered in thedowseri is a Ul controller layer of faceless code that both primes the surface and responds

to user input. In web world, we write the view |layer i
else such as Java, C#, Visual Basic. The view leyecutes in a browser; the Ul 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 comparabl e di v-iCenrollendistinctiontwhhe thé Moadl Viewl i ent o
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. Bbgifigompany 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 fimgl dfithssame

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

Testability is another benefit of dividing view and Ul controller layers. We know from sad experience that it is
enormously difficult to test graphical Uls. The user couldkdinywhere, 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 Uls have serious unit tests. But the trick to improving Ul testabtbitysplate the newisual

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

Business Logic (Business Objeltodel) Tier

We are likely to confuséne Business Logic Tiawith the Ul Controller Tier. Most applications get away with it all

of the time. Who has not embedded business logic directly into the Ul by coding a constrainfiiglttnesgiired

start date must be before end dateantity must be greaterthan zemwi f user i s?lmmekdyyoonmayhen &
ask, AwWhat is the difference between business | ogic an

Every application distinguishesebetwbhethhaerfibtusdonesssmo
The business object model is a representation of the data and behaviors that correspond to the world of the
applicationb6s purpose. I f this is a Human Réssheurce (HR
world of employees, managers, salaries, company policies and all of the rules and processes that bind them together.

We know intuitively that an HR Ul is something other than an HR business object model. The Ul will differ
depending up whether & hosted in a PC window, in a browser, or on a cell phone; it remains the sameénsodel.

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 ofedift 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 thgidl lo

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 abentployeehat 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 t haUlidheydseEiuadelusatiat gov er
the safe way to enforce business rules is to do so within the model. We cannot rely upon the Ul to enforce them.
Therefore, we are wise to separate cleanly the two kinds of logic into separate Businedsl@igband Ul Tiers
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Logical Tiers  and Physical Tiers

In summary, we have five logical application tfers

Table2-1. Summary of logicdlers

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 th
through the view layer and responds to user inpmesiones 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
storage, in part by invocatiof data storage interface(s).

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

Logical Tiersversus Physical Tiers

Physical tiers are not the same logical tiers. Physical tiers are the hardware othe/logical tiers execute such as
PC client devices and remote database servene physical picture also should consider the implications of inter
tier communication (e.g., networking) and of installing multiple instances of a physical tier for scealifaylt
tolerance.

Whil e wedve defined five | eandrareyagoodiddatshavetaomdooané d be ext
relationship between physical and logical tiers.

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

client machine. We wouldnét have to worry about depl oy
with the latency and service interruption headaches that follow from communicating between twofpieces o
hardware.

Enterprise applicationsy nature manadargevolumes ofsharedd at a s o t he sol o PC option
production. We might get away with an application that has a client tier and a databastetier (2ic | i ent / ser ve
Once we have demanding requirements for security, scaling, fault tolerance, performance, web services, and Uls

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

machires to each physical tier.

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

> Different processes running on the same machine also may be thought of as different physical tiers.
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Letds take a |l ook at some o0f20t he common configurations

Table2-2. Common physical tier configurations

Standalone  Client/Server Smart Client Web Client Secufe
Web Client
PC View View View View View
Controller Controller Controller
Model Model Model
Data access Data access
Data storage
Web Server Controller Controller
Model Model
Data access
Application Server Model Data access
Data access
Databasé&erver 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 complicatedis\topit
complicatedé wé have to write it all ourselves

Starting an application project by writing a five tier infrastructure is ludicrous and completely contrary to the Agile
met hodol odpthe snplestthing that Gould possiblywork [ Beck, XP, 103].

We oughttobel eepl y suspicious when someone recommends we sol
argued for tieting mostly because it removes duplication and contradiétionsWe havendét written a
so we candt have thesatprobhems]!| aWenil gricdutiidr thesndater. Bua nt t h a
we ought to heed Kent Beckédés advice:

Todayds design should be done today [BetkdXPtldihor rowds design

As another wag put it, we should follow the YAGPIIr i n cYiopAi en@ohrfaNeedlt ¢ [ Jef fri es, 5037 .

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 theatastroducing it later is very much higher
than if we do so now.

11. If itis 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 tHattering into five tiers will be harto do later

after the application is already built with fewer tiers. It is less clear that it wélignéficantly hardetto later than to

do it upfront because it is going to be very hard to write the infrastructure period, now or later. If wenad/riteva

and never need, wedl |l have burned a ferocious amount o

® Soon weo6l |l show that we need the tiers fdrn cer tmauicrh dep lwoey e

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-fige application with DevForce than to write a simplée2 enterprise
applicationwithout it because:

e DevForcebds object relational persistence supplies t
e |t automates marshalling of business objects acros:c

e It generates a working shell of a business object model automasioatye Ul tiers work with objects in a
business object model rather than with raw or loosely structured data.

e Ul data binding and the visual Ul designers foster separation of model from controller and controller from
view so MVCbecomes the quickest and easiest path to building the Ul.

The meat of our applicatidnthe customer valuieis in the custom business logic, view, and controller. We are
going to have to write that stuff ourselves anyway. No one can writeusfdut if DevForce and .NET make it

easy to separate the functionality into tiers, why wou
Finally, we dondét have to deploy over multiple physica
to put all five of the logicalties on one physical tier, -deddsimpleamdamachper 6 s m

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 sitopligueation.
We bl | be able to switch over to a five tier physical d
coding for it today.

As it happens, the fAsimplest thing that actually works

Wef all gently i nt o ThehPdof SiRdeds:o Mar i ani call s A

In stark contrast to é victory through trials and surpris
practices by wusing o URrampwork Designt1® and fr amewor ks. o

Locating the Business Object Model

Letds return briefly to the business object model tier
that apply in the business domain of the egaplon domain without regard to the user interface.

User experience lies at the intersection of business logic and the Ul. Enterprise appliegtivesa snappy
experience. The user cannot wait a long time to discoveh#nanput was invalid. Validation is business logic.
Clearly we need easy access to the business Il ogic clos

The user should not wait for simple business processes either. When she ups the quantity of an ordered item, sh
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 sesngrioyee salary. A security conscious application may insist that

the employee salary is inaccessible to the Ul; we don
over the wire. That can only mean blocking closer to the data sourceppbshbusiness 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 doedtisiness logic go?

We dondét have to worry about it when we | oad all |l ogi ¢
instantly and continuously accessible to all tiers.

What i f the physical tier cantbéhe ctoimamusn i scuad cee nlnys tcaanrt 8ty ?c
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 tigristnthe 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 ordnttlhel application

can be highly responsive but it candt easily address t
the wire and hang around in client memory. The application also becomes vulnerable to versioning problems. There
isno obvious way to ensure that a client running versio
client running version 0B©&.

The other answer is to duplicate all or part of the business logic on all physical tiers. The responsive Web
apgication 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 instanadghe business logic which are almost certain to be different. The

business object model will be written in some strofighed objecoriented language, the browdmased business

logic will be in Javascript (or Ajax or Atlas), and the database budinesgi ¢ wi I I be in a SQL di e
totally outof-band solution to deal with the versioning problems across these execution spaces and among clients in

the client/server modélWhat a mess.

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

These problems largely disappear in a .NEiensmart clien@application that deploys a common business object

modelon 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 arethesamelher e i s only one business object model from

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 absefate.dfhe 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 shotriédhe ma

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 strictlypy his skill in selection and timing.

Data and logic may be properly hitched in an object oriented coBigsiness data reside in individual business

class objects. Business logic operates on object data by means of class methods, properties, dht evenfs.n o
negative quantityo rQuahtiy prapertyaf anbréer Detailf object.d itk Empioyee h e

class could implement (or delegate) rules concerning access to salary, limits on dates, and enrollment in a health
plan to its properties andethods. 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 ona 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 andl@ritsitsn
other physical tiers. The developer ignores this and writes the model as if all logical tiers were local.

Figure2-1 shows an example of such a smart claamtfiguration.
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Figure 2-1. DevForce logical tiers in a physical thréier smart clienapplication
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We see the DevForce data access tier (the Persistencg$etoledata into the objects of the busia object model.

The data access tier is on a server and the Ul 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 PersistencdiManager

is as if the objects both their data and behavibflew over the wire from the servertothe clientcSu fibusi ness
object mobilityd is almost transparent to the devel ope

Business object mobility is an examjpl@ardly the only oné of what makes smatrt clieatsuperb model for
enterprise applications
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Chapter 3:
Business Objec$ and Persistence

The business object model consists primarily of Abusi
entities in the domain of the application. Inmostcdsas,s i hess objects represent entit
customers, employees, orders and products.

As we saw in Figur@-1, the business object model sits at the intersection of two fundamental dimensions of
application development. Along one dimension, developers move business objeictistatiata between

permanent storage and the business object model. Along the other dimension, developers move data within the user
interface between the business objectiei@nd the controls in a view.

This chapter concentrates on the first dimension. Figur@ortrays the movement of business objects in a smart
clientapplication deployed over three physicatdie

i"ﬁ Data Server App Server I Client

T -

T "‘

:E - LT \\1. — T Persistence
= = = \ @
—l i ,fl L T]
™ b e e - . !
= penr PO ad / Business \ /
\&rulnujl,f Objects Model -
Data Stare Data Access Business Model
Business Model
Figure 3-1: Crosstier flow of data and business objects
I n this chapter, we offer the DevForce definition of A

objectrelational mapping (ORMto translate between database format armdémory business objects and describe
how that is done using the DevForce ORM tool.

We will delve into fiobject relational persietenceo (OR
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

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

There is much to discover, so |l etbés get going.
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Business Object s

Modern program design encourages obfg@nted design. Chances are your application is rich in objects of all
kinds from primitive types such &ring to complex application types such as Employee and Customer.

Many application objects are merely instrumental to the application. They help tHep#s\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. TheSlowdy , for example, figures
thousands of timesghind 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. Uisesesas aspects of the user
interface, not stanths 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, EmployeeduPit®, and the like. They typically correspond to entities in the
real world. They are the objects of the business domain.

Application Objects

In this chapter, we learn about the distinctive characteristics

Instrumental ] of business objects, what makes them different from other
BUS!”'EES kinds of aplication objects and the special requirements that
sibile Irivsibile Objects arise from those differences? We explore in subsequent

chapters how DevForce supports business objects,
particularly those mapped to a relational database.

Business Object Defined
ABusiness objecto is one of those terms of art that pe

Folks generally agree that a business object is something meaningful to the application users. A business object is
something important, individual, and memorable.émployee is a business object in a Human Resources system.

The HR director who used the program would be interest
want to maintain some facts about NanscQtherausetsshbowwdbs ave Na
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 usecedn&lebang
mi ght want to raise Nancyds salary or garnish her wage
constraints. A salary change may trigger some events such as notices to managers and to payroll processing.

Accordingly, business objechave propertiesélary ), 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 Glnjedtsagines 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 handIBdt volume of class members is not a distinguishing characteristic.

What distingli shes business objects is that end users recogni
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 6A06 and UsdrerdBd gbdloi avhe tshheme A Nancyo. I n

that a business object has
e aunique identity
e alifespan independent of this user session
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These are the tethle signs of a business object.

Identity

Users care about the identity of indid u a | business objects; they dondét mi st
Davolioo for ANancy Smitho.

Because the business object is saved and shared with o
and unique, at least within the domaitroh e appl i cati on dat a. Every time we r ¢
we need to recognize that it is the same fiNancy Davoli
Davoliod floating about an application session.
Accordingly, a unique, persisteprimarykey ( or j ust fAkeyd) i s one of the essen

object. A key consists of one or madentifiers. An identifier could be any of the .NET base types but integer and
string are the most common.

Mostofhe ti me an objectds key consists of a si gl e i den
used interchangeably. Multipart keys are possible and sometimes necessary but we prefer single part keys.

Empl oyee ANancy Davoli bedédslRE8Y56for anNB8RPWHNO mrgper hap
iF916-EEBRHAA-B6BF3 29 BF39FAL1E40.

Generating and maintaining persistent, unigue identifiers may not be a trivial task, as we will discover in the chapter
on creating business objects.

Developes are much | i ke users in hoping that a rlequest f
whether the instance is pulled from the business object model or from the database. DevForce is good about
this.

Persistence

AfPersodostenaefancy word for saving and or enerainesv isnagv idnagt aa n
retrieving business object state from storage.

APersisto was an intransitive .v &mpasistives Gimet bimpgt enspe
ofsav® i1it. The merits of such terminological gvolution

The need for persistence complicates the management of businessestmatisusly. We must consider:
e retrieving object, both by key ang bther attributes
e moving data over a network, through firewalls and other barriers, ensuring it arrives in time
e translating data between the storage format and their representation inside business objects
e preserving referential integrity among relatedibess objects
e maintaining transactional integrity during saves
e ensuring that concurrent changes by different users are detected and resolved
e ensuring data access security so that only authorized people can see or change business object values

This is a lotof 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
uses interact with them. The messy business of managing persistence, while essential, should be taken for granted
€ |l i ke breathing.
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Such is the rationale for DevForce object persistetheedeveloper delegates these motor functioievForce
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:
e managing persistenéeseaching for, retrieving, and saving object state, safely and securely
e translating object state between its object representation and a variety of storage options
e moving objects back and forbetween clients and servers across the Internet, maintaininfidg |ty
e caching business objects locally to avoid redundant trips to the server
e raising efvleinftes 0c ywhleen obj ects are | oaded, changed, d
e creating new instances
e saving objects on thdient for later, offline access
e detecting concurrenayonflicts when two users save changes to the same object

These are the essential tasks of DevForce business object Persistence Mandigew@rer them in morgetail in
the sections following this overview.

Persistent Properties of Business Object S

Persistent data |l urks somewhere inside a business obje
business object properties. For example, an instance of Empléy®&ncyEmployee |, is likely to have a
FirstName property that vyields t thedlangyEmpldyee. BrstNeleancy 06 when we w

As clients of Empl oyee o0b ptetding gotthere and dhaybédnly vaguelyeawdreo k n o w
that it came from permanent storage. If we can set the propertythaslimcyEmployee.FirstName =6Sallyéo

we expect that the statethENancyEmployee object to change. When we do something to make oblfeetges

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 irestweado so by mapping the property to that

place. If we are storing data in a relational database, we will perform an-@gizinal mapping (ORM. We 6 | | get
to this in greater detail soon.

Non - persistence Aspect s of Business Object S

Business objects must be more than obpeiginted shells for stored data. They should have other properties,
methods, and events that help us understand and process business objects within the contpgticdtiba a
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 employeeds birth dat
age within the apptation as when determining eligibility for Social Security. The application developer might add

anAgsfdb property to the Employee class that calculates th
store this calculated value in the database.

Similarly, the application developer will enrich the Employee class with methods and events, such as
GarnishSalary() andSalaryChanged , that implement Employee business logic.

We do not expect DevForce to know a rdgephhsuspigousifitout Empl o
claimed to and down right annoyed if tried to impose its say on the matter.
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Business Object Classes

In sum, the application developer needs a business object that combines both persistencpeasistence
aspects. She will let DevForce drive when it comes to persistence but she will grab the wheel when it comes to the
custom business lodic

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 persisteigrdged properties such BsstName . The second
class, derived from the base class, holds the develope

The developer decides how DevForce constructs the business objedabase 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 Devé®tadsan

case the mapping didndét 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 consciousnessisérs and developers alike.

Business objects are distinguished programmatically from other kinds of object by two requirements: (1) they must
be individually unique among all ot her objects of thei
they become available to other users in other sessions, now and in the future.

Programming an objedriented, distributed persistence mechanism is a massive and complex undertaking. Like the
metabolic system of the human body, it is essential to agplicatalth 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 businests @geleir applications evolve. They
donét 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 Deviggnera e d base c¢cl ass that handl es tt
management

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

" She must be able to take the wheytime including during persistence operation
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Object 1T Data Source Mapping

DevForce provides a mapping scheme for declaring how its persistence mechanisms should translate between data
in a data source and-memory business object state.

We declare, for example, thaiEmployee.FirstName , maps to the [FirstName] column of [Empleyeable
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 datawgturce, it
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?
Whileinmemory a business objectédés state is a fAblack boxo to
setting object values but need not know how the under|

name anEmployee.FirstName , she receives drgg 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 retdeve
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 thesbaginer change the
downstream code that consumes the business objects.

Hiding the mechanics of storage

Where does the first name string go? The answer depend
pl ace where objdedt state is fApersiste

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 varies species of hierarchical, networked, relational, and ebjémted.

If the storage is an objeotr i ent ed dat abase, the developer may never K
stored; all of the details are handled by the database.

Objectorientd 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
columns. The employee firstnanfeor exampl e coul d belong to a column nan

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, olderage formats have relational shells with Slide 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 1992rsion of the standard (SEA2) is still the most popular and most widely adopted. But full
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compliance is rare and none of the major vendors comply fully. Moreover, they differentiate themselves
competitively by offering tempting extensions that effesfjMock in their customefs

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
devel oper intends as Athe same thing.0 The sheer varie
application mai nt e n awhataSQL btatemeens is doihg aad not allywariations actuallyude 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 attemeteescatter 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 corporagndated application programming ifiéee (API). The typical APl is a
dogbés breakfast’ of stored procedures

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

The Service Oriented Architectungovement promotes a similar Web servi@sed variation on the API approach

APIs do encapsulate low level data access details and can help prevent accidental or intentional misuse of the data
sour ce. Unfortunately, they al so c¢ons-pooracomplext and devel op
inconsistent API. The deloper 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 aworking application that customers care to use. As clojeéenhted 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
Afithe i mpedance problem. o

Resolving thdmpedance 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 bgéictd lost to the development of real

application valie. 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 electromauit. Impedance is the measure of resistance. Reducing
impedance makes a more efficient system.

The object mappingpproach is the low impedance alternative. The developer begins with a mapping session in
which she declares the celations 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 mappig$s itself must be easy so we give her a Object
Mapperthat 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 andreapptee maps as needed.

The DevForce Object Mappean 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 persistégted properties. The ddeper issues simple

DevForce strives for databagendor neutrality. DevForce generates SQL that complies with thed8QThere are a very
few, well documented corner cases where DevForce requires a sspeaific construct.

There are no effective standards for stored procedures; most vendorsadgafipeietary syntax that makes porting stored
procedures across vendors extremely difficult.

Page31of 194



IdeaBlade DevForce Concepts Manual Business Objects and Persistence

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 peeatieving and storing

business objectsare method invocations that insulate the developer from the implementation. Business objects
simply come and go. Object properties areqded and ready to use.

Mapping the Business Object Graph

Letds consider a simplified Employee business object t
object. We will assume in this discussion that the data are stored in a relational databasee himsiales 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, sieddavalues like first and last name. As

goodobjecbr i ent ed programmers, wedll expose these values a
These simple, scalar properties belong to what we migh
databae mappi ng, wedd expect such properties to be stored
Employee table. Thus ttrstName pr operty traces back to the Empl oyee t e
Database Business
Table Object

1d [Lasthame |Firsthlame | Title|BirthDake | HireDate Employes

1 Davalio Mancy Ms, 12f8/1943 5/1/1992

2 Fuller Andrew Dr. 2/19/1952 3f14/1992 Id

3 Levetling  Janet Ms, S/30/1963 4)1/1992 FirstMarme

4 Peacock  Margaret  Mrs 9019/1937  503/1993 LastMarme

5 Buchanan Steven Mr, 341955 10171993 TitleOfCourtesy

6 Suvama Michael Mr. 7I2/1963  10/17/1993 Bl

7 King Robert Mr. 572971960 1)2(1994 HireD

& Calshan  Laura Ms. 1/9/1958  3/5/1994 irelate

9 Dodsworth  Anne Ms, 1/27/1966 111571994
Wedl |l want to specifyieswbidl o6het heyetoi mhbeebpsopests ob

column in this example.

Relation Properties

Most of wus feel that our noti oropedié¢so fil Empeé ofyempl exe @ npiso |
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 empbyee 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 objeltg exist independently of the employee who is related to them in the manner just

di scussed. I n other words, these business objects donbd
theydo belong to the employee by virtue of their commerctamnections.

An employee may even be connected to other employees, as in the managerdmbrestelationship 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 raghtas a box holding its simple, direct

properties and |ines radiating out to itds neighboring
properties and its own network of related objects.
Employees Address
I Id
Firstilame Street
LastMame 4 1 |City
TitleOfCourtesy State
BithDate Zip
1 Hire Date Country
p Home Address
Manager
1 DirectReports
. Orders
1
Customer Order OrderDetail Product
I 41| 1w Order 1 g
Mame OrderDate Product Mame
Customer City
Details UnitPrice
We could keep expanding outward, following liriesm 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
AEmpl oyee grapho, is the most expansive view of our Em
An fiobjectsgaapérm used to describe a collecftion of «
web of objects is referred to as a O6grapho6 als oppose:
circular and recursive references among the objects itotlestion.
We canét just stuff a customer graph into a relational
use objectelational mapping (ORMtechnology to break the graph down into piecesdbdit nicely in a
relational database and to reassemble those pieces as
Webéll store each business objectds simple, scalar prop
e x amMNae,c yi Davoli o0 has a row in the Employee table; he
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 wedll call 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 lusiadss 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 rdwsasndctneir
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 é@ymn of a companion table. Fotaenple, the
Empl oyee tableds [HomeAddressld] column is a foreign Kk

[HomeAddressld] value should match one of the values in the [Id] column of the Address table.
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Employee Table Address Table
Colurnn Mame | Data Type |Length | Allow huls | || Column Name | Data Type |Length | Allow fulls |

Kl bigint g |1 bigint ]

LastMame rwvarcha 30 Skreet char 30 W
: Firstharme mwarcha 30 ity char an '
. Title rwvarcha 30 W Skateld bigink a W
| |TtleOfCourtesy  nvarcha 25 bW Zip char a W
| |BirthDate datetime & W CountkryId bigint e

HireDate datetime 3 W
" |HomeaddressId bigink a W

Thus, i f Nancy&6és [ Ho ma feprasentng lset hdrhe addeess deSide Th8hé Addresk tablednaat
row with [ld] = 0656786.

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 timanected via foreign kelfs

Declarative Mapping

Our object mappingoal is to declare the relationships between business objects and their data sources, store the
declarations in a map, generate corresponding code, and letstdhessManagemeftamework 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 schembaliangei perhaps radically as our application evolves.

Fortunately, DevForce has a Visual Studio glugool for object mappinthat makes the process comparatively
easy.The developer declares mapping within the tool, savas tb an XML file, and generates class files that
implement the mapping with the help of the DevForce persistence managemgonents.

The developer will return to the Object Mappiere and again in responseschema changes or to embellish the
business object model in ways best accomplished through the tool. This cyeld | e dt riir piwresatg id
newly generated class files each time. DevForce is careful to change only the class files it marthgedanst
files customized by the developer.

Wedl |l examine this pt.oMeeluseairelatioaal database asttre dadaesouece for oun e x t
examples but the principles involved apply to other kinds of data source as well.

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

" The detail will ke greater but this remains an overview. The developer should consult the detail documentation for specifics
on tool use and actual programming.

Page34 of 194



IdeaBlade DevForce Concepts Manual Business Objects and Persistence

After we first launchthe Object Mappeirom theVisual Studio 2009 ool meny it looks something likehis.

i IdeaBlade DevForce Object Mapping Tool - Untitled

File  Edit View Options Help
IO E |+ F = |« 2|5 | NETLanguage visual Basic =
All Classes | Class Detail
Namespace |
Data Source Keys Add [1 Show all classes
Key Type Connection Sting
5z default DataBase v D
Classes
Clazs name Usze Generics Tupe Source namme Owwner Base Class M odifie
< | >
New mapping created

Here is a clean slate. The first order of business is to identify the design d&tabésiewe do by entering a
connection string. Th®bject Mappereads 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 cli

i Add Unmapped Tables/Stored Procedures

Restriction:
Schema/Ovner | |
Max. Display # 100 3
Tables | Views | Stored Procedures
Select InUse Mame Schema/Owner i~
O [F Address dbo
O [F Area dbo
O O | Audit dbo 3
O [F Cuztomer dbo
O Employee dbo
O O Order Subtatals dbo Z
The t ool returns with a suggested def thawill persisttoth®r a

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

Claszes

Clazs name Uze Generics Type T ablefiew/SP name Owrer Baze Clazs t odified L

Employee Table Employee dbo

Note that fAUse Generi cs o0 isprefecehce fork NET 2.0 generitisignatirgs.n g t

2" The design database can be admwn version of the ultimate target database.
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Simple Properties

When we turn to the Employee simple propertiee see something like figuBs2

Class Name | [Syju]ls[l21 Table | Employee
Class | Simple Properties | Rielation Properties | Enums
Include Property Mame Dratabaze Column Name Iz Inkerited Fep DataType Access Type Read Onh
3 Id Id O SystemIntEd | Public v
LagtMame LagtM ame i i Syztem. String Public: w O
Firsth ame Firsthl ame Fi [T | System.Sting Public v ]
Title Title Fi [T | System.Sting Public v ]
TitleDiCourtasy TitleOiCourtesy i i Syztem. String Public A O =
< ’

Figure 3-2 Closeup 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 progens, choose to expose only the get method
(ARead Onlyo), and change the property visibility (fAAc
aspects of the properties.

The tool detected the Employee primary kegausetiwas 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 primarylb@gyause unique identity is a requirement of every busingss
object. The key can be composed of multiple columns but, ultimately, some combination of columng must
uniquely define each row entry.

Vi ews and stored pr oc asouhe deselogepwilldhave th markevhighicalumadr v ke y
serve that purpose.

Occasionally we encounter a database object with no primargricegio combination of columns that arg
guaranteed uniqgue. See wihteh caudtv aknecyesdo .t opi ¢ fABlase tabl

The Atstedbecolumn deserves a menti on. DevForce busine
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 drat the checked property belonged to a base class. More on this later.

Relations and Relation Properties

Turning to the RelatioRropertiegab, we see sorttgng like Figure3-3*

Class Name | [5/{510 Table |Empl0_l,lee

Class || Simple Properties | Relation Properties | Enums

Include Froperty Mame Autallpdate Mame Relation Mame DataT ppe Access Type Fead Orly Dig
M anager O Employee_Employes | Employee Public w O tan
DirectRieports O Employee_Employes | Employee Public w Dvire
Orders Employee_Order Order Fublic: w Ord

4 >

Figure 3-3 Closeup of Employee simple properties

13 The discerning reader detetth at weo6ve added the Order business object cl as
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Relationpropertiesare a means of navigatitfigrom one kind of object to another along the path eflation™

between the two types. The Object Mapgem generate relations automatically by discovering the foreign key
constraints among the tables ie ttlatabase 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.

Relationsin DevForce haveardinality. they are eitheoneto-oneor oneto-manybetween the parent and child
types.

In aoneto-onerelation it is not obvious which type is the parent and which the childohe-many

relation one class is clearly the parent (e.g., Order) and one is ldh¢echi, OrderDetails). There is no
need for ananyto-onerelation, a notion that betrays a lack of clarity about which type is parent and which
is child.

Many-to-manyrelationships are covered later in the chapter.

In Figure3-3 we see that there is a eleemany relation betweeBmployee andOrder calledEmployee_Order
The suggested relation name begins with the name of the parent class and ends with that of the child class.

There is arDrders relation propest leading from the paremmployee class to the childrder class. The
expressioranEmployee.Orders  will return all orders associated with this employee.

There is a corresponding relation propdérom Order back toEmployee . The expressioanOrder.Employee
returns the employee associated with the dfder

Evidently the employee is a sales rep assig
relationpropern ame t o say fiSal esRepod instead of

Self Join Relations

We see that kind of renaming in Figl88 . Apparentl vy, AEmpl oyeed has foreign
scol |l ed over, wedd see that Empl oyee |joinslotatesbhothsel f on
relation propertie this class, providing the unhelpful nant@sployees andEmployee . We have @named them

for greater clarity aslanager andDirectReports

“ We elaborate on navigation in a |later section of this chapt
relation propertyn your code.

A rel atidonmnr eicst iaonfiabi associationd in UML.

% What if there is no associated employee? Hold that thought
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Creating RelationdManually

We can use the ORRol to define relations manually when foreign key relationships are missingHeom t
schemd’.

Relations (5]

Select a relation to edit or press the ‘Add' button to add a new relation.

Fielation Mame Parent Class Child Class Mame | Cardinality Inherite Add
Employes_Emplo... | Emploves Employee OneTakany
Employes_Order Emplayes Order OrneTak any

Order_OrdeDetail OrderDetail OneTabany

< ¥ Cancel
Relation Mame | Qider_OrdeDetal Cardinality OneTobany v
Automatic naming  [] Constraints Enforced Inherited From
Parent Child Join[z]
Parent Child
Id OrderSummaryld
CrinTs ~ Discount
Crtnllsrld Product!d
Customerld Quantity
Employesld Fowersion
FreightCost UnitPrice
ModTs
odUsrld b

Figure 3-4 Object MappeRelationEditor

Figure3-4 shows the Relatioaditor dialog vith the relation betwee@rder andOrderDetail ~ selected. We can
edit aspects of this relation if we choose.

We could add a new relation by pressing the AAddO butt
end of the relation, setthecarda | i ty (fAone to oned, MAone (propertiea)thgtd ) , and
defines the join between the two classes.

The tool will create the two corresponding relation propeftiess and we aatreat them as we discussed above.

The foreign key relationships might be missing for a variety of reasons such as
e They were omitted from the schema. Perhaps this is an accident. Perhaps one of the business objects

participates i n iangisweart asccknleemaion |Isaotneert Gomeeptan A Advan
topic.
e One of the business objects is mapped to mBeaview or

foreign key relationship between views and other database objects.

e 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 relaticustamneer is in one
database and customer orders are in a different database. We coveatabliise business object models
later in this document.

e We may have turned off the toolds automatic gener at
manually

Y1%f both entities are mapped to a talNagigrmtviomw dat dAsoamce
ObjectConcepts .
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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 Mapgeseen here.

d Add Unmapped Tables/Stored Procedures g|

Restrictions

SchemasOwner

tan. Displap # 100

i

Tables :
Select Ih Uze Marne Schema/0wner

F] OrderT atal dbo

| Stored Procedures

Views are particularly useful to the DevForce devetophen they:
e Limit access to a subset of tableds columns or r ows
e Provide summary data columns defined by aggregation functions

Projection and Filter Views

The database administrator (DBA) may pr e settainichliannsa vi ew
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 col umns i dimitetathdapplcatian.A Pr oj ect i
DBA mayenforce such restrictions at the database level through the view by specifying a restrmtivelause;
this is a Afilterdo view.

We could define our Customer object in terms of this view instead of the Customer table. We might even do so after
w e 0 delogee the application; no module in the Ul would be the wiser.

We dondt have to use a view to define a busijness obj
table. The developer can exclude columns and filter rows during the mapping process ia acthieve
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 customennight want to show the number of orders placed with the
customer this year and the total value of those orders.

Of course weeouldretrieve 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 addCaistomerSummary view to our database and defin€astomerSummary

business object to go with it.

CustomerSummary andCustomer share the same (implicit) primary keheCustomer 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 Viewbacked Business Objest

The developer must be aware that certain vibacked business objects cannot be created or updated; many views
summarization views in particularare reaebnly.

For exampl e, we c aaQ@ustomerableifwe lagk agtessio anolbleidata column and
that column has neither a default value nor aipsert triggerNor can we save an update to the
aCustomerSummary.NumberOfOrders ~ property although we can call upon the view to refresh i

The general rule of thumb for updating vidacked business objects: the object is updateable if a SQL update
statement can update every data column included in the object m&pping

These limitations are enforced by the databaseDevForc&.

We cover these issues in greatCenceptdet aplci hbebhawAAAdvance

Stored Procedure S

We can map a businesbject 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 f@sBlaetrow of the result set is a distinct
instance of the stored proceduresimess object type.

I f we have a stored procedure called AMrSproco and it
business object class named @ Mr SpridirdS paevelated twaaaihetbl have
business object if it has a data column that will serve as a foreign key to that object or if its primvenylkisegs a

foreign key in another object. Wedll ladovsave want. decl ar e t

Stored procedure business objects, therefore, are similar todaablgiewbacked business objettsThere are

important differences stemming from peculiarities inherent in stored procedures. The syntax for working with stored
proceduresfor example, bares little resemblance to the S8lkect , Insert , Update andDelete statements that

apply to tables and views.

We can query for stored procedure object righ) out of

That 06 sllneet tb downesbd of the time. We are usually only interested in reading stored procedure objects, not
writing to them. I f we want to create, update or del et
teach its class how to do it. Tgpily that entails specifying other nojuery stored procedures to perform these

task$®

18 Columns are automatically excluded from this restriction if their database data types preventdgtiyeand timestamp

columns are Microsoft SQL examples.

19 DevForce relies upon the database to detect aaeigdsiew and will forward the database exception to the application.

2% We can invoke other kinds of sthebasisfdra pusitessehjectr Acbasines8abject t hes e ¢
must map to something that | ooks |ike a row in a table or &
the procedure.

2L There are good reasons to use stored procedures and barbr&edake up this question and related subjects in an

fAdvanced BuConcepds ¢§ oPhjce btel ow.

22 We cover entity queridater in this chapter.

2 The particulars of data manipulation statements for stored proebdcked objects are beyond the scope of this concepts

document. Please see the separate detail documentation on this subject.
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Stored Procedureas Rapid Entity Access Method

Stored procedures are of greatest value in the few places where they predtsve gherformance advantage.
These occasions are extremely fiastored procedures are almost never faster than dynami B@loccasionally
they are.

Suppose, for example, an Order Management System. Most of the time, our users query for ordersimpmem
way (e.g., by customer). The Ul displays a list of orders. The user picks one, edits it, and saves changes back to the
database.

There is also a special purpose,-pamned query that happens to be extraordinarily complex. It touches several
different tables, performs mulivay joins, and compares values with many thousands of records. These records are
needed only to satisfy the query; the user wondét see a

We should write this query as a stpoQoe dwviprho cae dhuerveF;o rccael Is
procedure querwhich, after much wheelpinning and geagrinding, returns the one and only order that meets the
search criteria. Note that it returns an instance of Order, not an instamce®@fDe e p Q0 busi ness obj ec:

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.

fiDeep Q0 fastpathjques tool for fetching Ordéfs We doné6ét need to map this proc
object. We already have an Order business object. We h

Summary

Wedve seen two uses f or erses asrthe basepdataosouecd ebjec for a businessrtlass. tha s e
the second case, it serves as an alternative to the standardoi@Qif entity querydescribed later in this chapter.

Object Mapp er Output

We save our mapping efforts to an XML mapping?fitaat 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
humanreadability. We strongly discourage editing it directly; the Object Maisgée only editor we neéd

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 files
e An business object model directory and project file
e The business object class files
e TheEntityRelations class file
e A hdper project with an initial version of the application configuratiorffile

24 See the Stored Procedsteo pi ¢ under fAAdv onceptd. Busi ness Object

% fABigQo, like all stored procedures, runs only agatonst a dat
the cache (see AALComeptéged Bhsbsnews Obpéctexeculine it while tF

% The file name matches the name of the project andfras A ® R&Mxt ensi on, refl ectelatongl i t s herit
mapping file.

27 There are a few scenarios when a text editor is handy. Back it up first!

2 The Object Mappebehavior descried here reflects the default options settings.

2 The project is called AppHelper; the configuration file is IdeaBlade.ibcordipq XML f il e of great | mport
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Subsequent i tgeneratdtieonodel dicccdlydt r e

The EntityRelations class consists entirely of st ayoneoftiei Shar ed?ad
relationsamong business object classes. The tcoleates it every time so it would be pointless for developers to
change it.

Business object classes come in paisgdeveloperclassand ageneratectlassi each with its own file. Thersia
pair for every business object class in our mapping.
The Developer Class

The developer class file features Bnplyden gl §hkeusienesovpeb
class generated by the Object Mapigaalmostempty. What little code it holds provides some minimal
housekeeping.

We put all of our applicatiospecific business logic in this class. We will add to it ourpersistence, custom
properties, methods, and events suchges GarnishSalary() , andSala ryChanged .

Key fact #1: this class belongs to us, not the Object Mapertool created it for us once as a courtesy. The
moment we change anything in this class, it becomes ou

Key fact #2: this class inherits from tgeneratedtlass, 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 théinal classin the inheritance chain for this business object. We should not inherit from
this class and the generated code makes that plain by
more to sy about inheritance soon.

The Generated Class

Thegeneratedtlass 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 propertgsch as-irstName andLastName. We 61 1 find al so the
properties such asManager andOrders , and other kinds of properties and methods that become important to us
later.

Both the class and its class file are named by suffixingé¢lreloperclass name with the compound word,
fiDataRovo . T h e c oEmgogea isBmployteDataRow , which explains why we also call this the
iDat aRow cl ass. 0

The tool recreates the generated class and its file every time so developers must not change it.

Object Maper Output Review

The Object Mappeg e ner ates a | ot of material for a brand new ap
convenience. In subsequent rounds of mapping anthppingi and there will be mani the Object Mapper
claims to only three kinds of file. The developer manages the rest.

Table3-1 summarizes these responsibilities.

%0 The Object Mappewill updatethe application configuration file in AppHelper unless you tell it not to.
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Table3-1. Object Mapper output ovenship

Directory or File Tool Tool Developer
y Created Owned Owned

Business ModeDirectory v v

Mapping file v 'l

RelationsClass v ol

Developer Class "y o

Generated Class v v

Application Helper Director v v

Application Configuration File v v

Dondét edit files owned by the Object Mapper
Business Object Inheritance
Wedl |l explore the busreeaadswhat ywildaredo to alterithatdree. Thisiadsothed ance t

moment when we switch from theo moo et t® ngre@d u@amhmitreg mt drBi

We use theot anthss8B8®Hesdit ntnyt er changeabl| yBusinbssabjec) Hout DevF
captures the end user perspective betteréhty. Entity has greater cache among the teebognoscenti;
we prefer it when programming only because it is 2 syltasiel 6 characters shorter thigusinessObject

If we ask Visual Studio to show us the business object model for a very simple mapping it might look like this:

= {3} Madel
—-“1% Employes
=i Base Types
=-“1% EmployeeDataRow
—|-{ 7 Base Types
=% Entity
—|-{ 7 Base Types
+-~T% DakaRow

Figure 3-x. Visual Studio Object Browser view oéth Dev el oper 6 s fiModel 0 namespace

fiModel 6 i s our namespace Madeldrojact andasserhty Wa aentooking atthg ave t o
inheritance chain for thEmployee entity.

TheEmployee class is th@leveloperclass. We put our custom businesgiddhere. Notice that it is the most
derived class in this model. Accordingly it is also known aditfaé class”.

Employee inherits directly fromEmployeeDataRow , the class generated by the DevForce Object Mapmkthus
known either as thgeneratecdclass or thdataRowclass. The Object Mapper inscribes its material relating to
Employee persistence here, most notably the simple and relation propedaties to persistence. The toel

generates this class every time we save a mapping session so it is unwise to modify it. \Ateagilhmany times

. iModel 6 is the recommended name for the collection of your

some of our tutorials but fiModel 06 is now preferred.

32 We will learn that creating a class that inherits from the final i$agistually 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 dg not the DataRow class.

Like poison ivy, we can look but we better not touch.

Why not partial classes

One might wonder fAwhy didnodét they wuse partial cl asses
developer customz ati ons?0 I ndeed, this is the model for many
Forms technologies separate generated and custom code in just this fashion.

Partial c¢classes wondt work for a v er yandniethiqus$ vdthimaeason: w
partial class.

For example, the tool generatesenployee.FirstName  property ancEmployee.Birthdate property.

FirstName i s just fine but the tool didndt know that, in ou
older thanl00. We want the business object to enforce that so we overriiefih®ee.Birthdate property in

our Employee partial class file and add this custom business logic.

Except we canét do that. The propertieoweddytieaoblamied al r e
we candt both declare and override a member in its own
the best possible name for this property. Finessing such problems over the life of the application is arfiitite ex

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 thé&ntity DevForce class which is data sourcatra. ,Entity  derives from
the .NETDataRow clas$®.

Do not inherit from the final class

It is virtually never a good idea to derive from the final, developer class. The developer wdiassels from the
Employee final classwill not get the behavior she expects because the DevForce mapping mechanism generates
much code that depends upon its assumptiorEthployee is the final class.

On the other hand, we can insert classes into the inheritance hierarchy arlystiveien the final clasnd
Entity . We can use the Object Mapperinsertabstract entityclasses into the hierarchy and cause selected
concrete entitglasses to inherit from them.

% This is a dead giveaway that DevForce relies upon .NET DataSet technology There is much industry noise about whether a
DataSethasedmplementation is a good thing or a bad thing. Reasonable skeptics worry that DataSets are toeigbgvy
too slow, and tempt the developer into a daianted rather than objeotiented perspective. .NET 2.0 greatly improves
DataSet performance (wdi was never bad) and DevForce so thoroughly encapsulates the DataRow that you have to stand
on your head to get a dadaientation. DataSet overhead is minimal compared to an implementation that delivers comparable
functionality; we use almost every feedtthe DataRow has to offer. We are confident our use of DataRow is a good choice
and that webve overcome the pertinent objections.
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The figure shows thEmployee concrete entity classes inheriting from thgpEntityBase  abstract entity classes
that handle functions common across all of the business objects in our model.

=4 ¥ Model
=-“1% Emplayee
—I-{ ¥ Base Tyvpes
=-*1% EmployesDataRow
—I-{r Base Types
=i 4 AppEntityEase
=l Base Types
=% AppEntityBasebataRow
—I-{ = Base Types
=% Entity
—I-{r Base Types
+-“% DataRow

Figure 3-x. Visual Studio Object Browser view of thppEntityBase abstract entity class.
Almost anything weshouldwant to accomplish can be accomplished \altistract enties

We cover this entire subject in mucbhneptbeabpicdbeabw. in

Multiple Data Sources

Some business object models unite data from multiple data sources. Order information, for example, might reside in
both an application specific databasel 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 objéct model

We began the mapping session illustration by supplying a database connectiom&trthgn 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
datasourcekey We associated that key with a database accessi
moment after setting that connection string.

Data Source Keys [ Add ] [ Remowve [ Show all classes
Key Type Connection String
» Databaze | Provider=SQLOLEDE. 1 Initial Catalog=|deakb ladeT utorial:lnteqrate. . [:]

Notice that there is a key name next to the data sourc®.tfjpés identifies thelata source ke a me d fAdef aul t 0.
The name fAdefaulto happens t-&nokndoDevFaciTheressmathingsacrddey nam
about it; we could have renamed it to anything.

The connection string is not sacred either. Wdd:ohange the string, point to a different database, and the Object
Mapperwould try to adjust the business object mapgitmythe schema of the newly connected datdbase

The permanent fixture is thata souce 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.

% Databases are the most popular data source type. Wedll get

% There is a default PersistenceMandger st ance that expects to connect to a dat a

37 Expect the unexpected if you connect to a database with a wildly different schema. The tool warns you when you change the

stringii t 6s easy to point to the wrong database accidentally.
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We can add a new data source key associate it (perhaps temporarily) with second databa&eThe next figure

shows the tool i mmediately after defining the fAAccount

Key Type Connection String
default DataBaze | Provider=SOLOLEDE 1 Initial Catalog=ldeaBladeT utorialintegr... ’:]

3 [ataBase | Provider=SOLOLEDE 1 Initial Catalog=ldeaBladeT utorialintegr... ’:]

Classes
Clazs name Uze Generics Type Saource name Owner Baze Clags b odif

3 &bztract [

4 »

Note that the class grid shows just the classes of Accounting data sourtaémyare no concrete linsss object

classes yet; theppEntity Base abstract entity is available because, unlike concrete entities, abstract entities are
not tied to data source keys.

Letds add a class mapped to the order t thbhewclasswith he acc

theOrder cl ass in the fAdef aul Ac&Orddra.tWe make itiimheriefro\mpEntityBaser e n a me i t
and then click the check box that reveals classes for all data source keys

% weol | Il i nk our stetheddeaBladdutorals damhase @gain, lpretgnding it is an accounting database.
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The result loks like this:

Data Source Keys [ add ] [ Remove Show all classes
Fey Type Connection Shing
default D atabaze “ | Provider=SOLOLEDE 1 Initial Catalog=ldeaBladeT utonal;integ. .. D
» [atabase * | Provider=SGLOLEDB. 1 Initial Catalog=|deaBladeT utoniallnteg. .. D
Classes
Class name Use Generics Type DataSource Fey Source name Owrer
3 T able Accounting OrderSummary dbo
AppEntityB ase Abstract
Cuztomer Table default Customer dbo
Erployee Tahle default Employee dbo
Qrder Table default OrderSummary dbo 0
QrderDetail T able default OrderDetail dbo A
£ | >

Cross Data Sourc®elations

Business objects with different data source learsbe related to each other. The Object Mapgenot disceer
such relations because few (if any) database schemas specifgatalsase foreign key relationships. We can add
them to the map manuaffiike so.

Relation Mame Farent Class Child Class Mame = Cardinality Inherite Add
Employee_Emplo... | Employes Enployes OneT akd any Delete
Employes_Order Employes Order OreTobdany

AcctOrder OreTobdany

Save

il

Cancel

Relation Name | Order_ Acctide | Cardinality | OreTolne w |
Automatic naming [ Constraints Enforced Inherited From | |
Parent Child Join[z]
|Drder w | |.&cctDrder w | Parent Child
Id Id

CrnTs ”~ CrnTs ”~

CrtrlJsrld 5 CrtrlJsrld 5

todT s todT s

Rowhersion B Rowhersion B

ShipCountry ShipCountry

ShipM arne b ShipM arme b

The tool then creates reciproGabler. AcctOrder ~ andAcctOrder.Order  relation properties

¥ 1f both entities are mapped to a talNaei grtvioemw dat & ASeamce
ObjectConcepts .
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Multiple Data SourceSummary

Business Objects and Persistence

Classes defined for different data sources share the same map, the sar
project file, the same assembly, and the same namespace.

They interoperate well. Entities can refer to each othesadhe divide.
From the client perspective they behave as if they are in the same datal

Inside, the persistence framework knows that their data reside in differe
pl aces. I't can stildl Aj oind acra
It caneven perform a safe muliatabase transaction using Enterprise

S e r v digribuded transactions controller (DT.C)

Mapping Miscellanea

Properties of Nullable Data Columns

The data column that

feeds a business object property

value until the order is shipped so the databasgige column for the ship date allows nifls

However, the .NEDateTime typeisavalueytp e . I't candt be null. Only referen

the order property corresponding to the ship date cannobbheEime type.

This was a serious problem in .NET 1.1. The predecessor to DevForce worked around that problem. The Object
Mappermade the property abbject 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 sur no one tried to set the ship date with something awfké a string.

NET 2.0 introduced nullable tyg€. Now our programs can tell th@hipDate is supposed to bemmte Time and
ensure at compile time that its value is eithdl owua Date Time . Our code is cleaner, clearer, and more testable

which means it can be more reliable.

Handling DBNulls

I f youdbve programmed

wi t H antl Bu@®edNHe OBNull y Weugét this atreaitycwhvann t e r e d

we reference a data coluntrat has no value. If our code tries to do anything witi®idull , we get an exception.
Why coul dnodtnullt mgead?gi ve us a

Herebdés the answer from the . NET documentation:

In database applications, a null object is a valid value for a field. TRBNU/ ] class differentiates between a null
value (anull  object) and an uninitialized value (tHeBNull. Value  instance). For example, a table can have
records with uninitialized fields. By default, these uninitialized fields hav®f#eu// value.

If that mae 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 incomgulls tonull and convertull s back tdDBNull s on

the wayout. Developers need never sdeBNull .

User Defined Fields

Object mappings a desigrtime task. The developer runs the Object Mapgenerates business object classes, and

elaborates them.

I

“ We should note the sentinel date hack in whivoh daté@soeither

applicabl eo.

41 See theNullable Typeentry in the glossary.
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