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Introduction

Service Basad Architectureistaking the Power Buillder world by
gorm Thisisthe fourth edition of thiswhite paper, continually
updated to provide you with as much information about the
architecdtureaspossble

PowerBuilder has matured to the point where the developers of afew years ago,
eagerly diving in to produce applications as quickly as their alotted budgets would
alow, are looking back and asking that age old question, “How could | have done this
better”. I’'m one of those developers, and the answer to the question, for me, isin
architecture. We tried the traditiona inheritance modd and achieved a great ded of
reuse, oftentimes at the expense of ease of use. As the technology and our knowledge
grew, we continued to add new festures, extending the inheritance modd to it’slimits.
Now it’stime to adapt. We need to utilize the technology for what it can provide. For
this we needed a new architecture, and with this architecture comes the requirement for
anew methodology. Thiswhite paper details the architecture and the methodology we
derived.

PLEASE NOTE: We have ddiberately avoided usng specific notations, such as
Booch, Coad-Yourdon, OMT etc.. There are, a my last count, twelve such
notations documented in various books. It would lead to confusion. You may
subgtitute notation of choice.

About the Author

William (Bill) Green is President of Castle Software Engineering, a software
development company based in New Jersey. Bill is a charter member of
TeamPowersoft, writer for PBDJ and columnist for PB Advisor. Bill has been involved
with the writing of the PowerBuilder 4.0 Developers Guide and PowerBuilder 4.0
Secrets of the PowerBuilder Masters. Bill is co-author of the book PowerBuilder 5.0:
Object-Oriented Design through Deployment(McGraw-Hill-1996). Bill can be
contacted on CompuServe @ 71203,1414, or at bgcastle@mail.concentric.net.
Feedback is welcome and requested.
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Section 1 - Evolution

Technology evolvesjugt aseverything dsedoes Thedifferenceis
that theevdutionismeasured in millisscondsrather thanin

YEars

No matter what language is used, it seems development starts off with the same
approach. In the world of Windows development, the key component is the window.
So we begin with the window as our most important component. |n some languages,
windows are cdled forms, but no matter what you cdl it, the window is an integrd part
of the architecture we will use to develop Windows programs.

I’ve worked with, and continue to work with, several object-oriented languages and
the common denominator in al of them is the window. My windows programming
began with COBOL. Thiswas alanguage which, at the time, did not support event-
driven programming, and the “windows’ were redlly screensthat looked much like the
mainframe counterparts they succeeded. Then began the trend which began to change
the face of programming.

My introduction to event-driven programming was Visua Basic. Thiswas atotal
paradigm shift for me, as each control placed on aform had a series of eventswhich
werefired in reaction to auser action. Now | had to start thinking about what needed
to happen when the user entered avauein afield, or clicked on abutton. This shiftin
thinking didn’t take that long to adjust to, much to my surprise, as this was the way we
reacted as humans. We react to an event, or an action.

The hard part was in trying to picture the complete program as an assembly of the
events programmed to react to the user. When we began to learn that reactions, or
events, were Smilar from window to window if the same type of controls were present,
we began to discover the need for reuse. At about thistime | was introduced to my first
object-oriented language, PowerBuilder.

Now we were able to assemble components that contained both the code for the events
we wanted a reaction to, and the data it was to act upon. These components could be
reused from one window to ancther, (if functionality was smilar enough), and
eventudly, reused between gpplications. | began to learn about class libraries and what
they could do.
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Chapter 1 - Window Based Architecture

Bvdutioninarchitectureislikeall evolution. It hasto dart
somenhere PowerBuilder began with thewindow - thefocal
point of GUI basad applications.

Thefirg classlibraries | studied, built, or used, had one common denominator. The
window. As the window was the focal point of our application, we learnt that we can
reuse windows if the code contained within the window was generic and implemented
only behavior of the window style. The windows were dl based on one common
window, the base window. The base window more often than not, grew out of
necessity rather than by design. Typicdly, we created awindow class that suited a
particular implementation. For example, my first generic window displayed alist of
dataretrieved from adatabase. It doesn’t matter which language you use, one of the
first uses of the development tool will beto display dataretrieved from a database. So |
created thiswindow, which we'll call w_display_data | pre-coded the window to
automatically retrieve data based on a set of criteria. | added to the window some
buttons to control scrolling, printing and refreshing. Figure 1 showsthisinitial generic

window.
Window
Data Control Data Control
( Buttons =
(Buttons -t Buttons)
( Buttons =
i L
Application
Code

Figure 1 - Generic Detail Display Window

Now that | had this window, it got used alot. Soon, however, | found aneed to be
able to update data. This required a new window class which could not only retrieve
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data, but aso updateit. It would also not usually bein the form of alist, but more
typically asasingle row update presentation. Deciding that the update window was not
adescendant of the display window led me to create anew window class,
w_update_data. So now | had two window classes, and | was on my way to object-
oriented reuse heaven....or so | thought.

| soon discovered that their were alot of similarities between the update window and
the display window, athough they were not the same. Thisisthe point where | decided
| needed a Base window where | would place dl of the common code, and descend the
display and update windows from this base. The base window would contain one data
control, and Print and Exit were still common. | was indeed proud of the resultant
hierarchy. | was beginning to redly reuse objects! Figure 2 shows how the hierarchy

now appeared.
Base Window Implemented in General
Class Window
Functionality
A
Isa Isa
List-Style (No Updates Detail-Style (Updates
Allowed) Window Allowed) Window
Data Control Datawindow Data Control
List Window Detail Window
Logic Logic

Figure 2 - Window hierarchy beginsto form. Base window isused asthe generalization of
the two descendent windows

Astime went on, | continued to find new advances in the techniques | used, and new
“styles’ of window that included one or more data controls. Elements such aslinkage,
transaction management and inter-object messaging were built in, sometimes at the
wrong level, and then moved up the hierarchy to become more generic. Location of
code was little more than guesswork, and most of it ended up in the Base Ancestor
because it was common to both styles anyway.
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The hierarchy continued to expand as | identified more and more styles that | most
often used in my applications. Eventudly, | reached a plateau where | felt | had most of
the basic styles of windows | would need in applications | had worked with, but the
resultant hierarchy was beginning to get messy. Figure 3 shows what this hierarchy

looked like at this point.
Base Window Implemented in General
Class Window
Functionality

/

Isa Isa
List-Style (No Detail-Style
Updates Allowed) (Updates Allowed)
Data Control Data Control
List Window Detail Window
Logic Logic
ﬁ Datawindow ﬁ
List Style - Lookup Master-Detail Style
(Modal with return) (Multiple DW's)
Data Control Data Control [?ata\m ”dOW
Linkage logic
Multi DW
Lookup_ Data Data Control Transaction
Logic
Mgmnt

Figure 3 - Window styles expanding and incor por ating mor e featur es.

What | began to redlize at this point was that every time anew style of window was
required, | needed to expand the hierarchy of the window class. In addition to that, |
often found that | needed only a piece of the functiondity from one branch added to a
piece of functiondity in another branch, and this type of piecemed multiple inheritance
was not only not available, but dmost sure to never be available to me.

Service Based Architecture
PowerBuilder Design Strategy

Copyright, Unpublished, 1995-1997, William Green Page 11 of 86



Benefits

The benefits of thistechnology wasthat it introduced us to the world of reuse. We
could build reusable classes, or templates of what we wanted to accomplish. Because
the architecture was window based, it was ardatively smple task to place codeinto
the correct leve of the hierarchy. Thistype of architecture was admittedly partialy a
result of alack of capability within the tool being used, (in my case, PowerBuilder was
the only tool with which | could achieve reuse as Del phi and Optima were not even
available and | was not a C programmer ready to try the new world of C++), but |
noticed that with the introduction of Delphi and later Optima, the exact same pattern
evolved.

Drawbacks

The drawbacks to this style of architecture are immediately obvious.
Every time anew style of window is needed, the hierarchy grows.
Thereisalot of redundant code being placed in different levels of the hierarchy

Developers face dmost impossible choices when trying to decide which object
within the hierarchy should be utilized in a particular Stuation

Once a choice was made, it was next to impossible to change your mind and select
anew object class to use without re-writing the entire window

| dentification of Need

What this architecture taught me was that the objects we placed on the window played
amuch more vitd rolein our development process than the window itself. We needed
to separate the client window from the controls we wanted the window to manage. We
also wanted fewer window classes to have to choose from in order to achieve greater
reuse and enhance ease of use.

Summary and Conclusions

In conclusion we found that what we needed was an object-based modd where our
window classes could act as containers, or managers of the objects they housed. This
moved us into the second generation architecture, the Object based model
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Chapter 2 - Object Based Architecture

Main

Evalving to the ol ect-based modd wasnatural. After all, waan't
thisan Object-oriented language? Suddenly the datawindow
becomesan oject rather thana contral.

The object based model was anatural progression for me as a PowerBuilder devel oper.
| was firmly entrenched in the belief that 4GL tools were the wave of the future and
object-oriented technology was to be the surfboard to ride that wave. Asa
PowerBuilder developer, | redlized that the datawindow played a huge part in my
development efforts and that the datawindow should be the main object classrather
than the window.

My first task was still to reduce the complexity of the window based hierarchy and
introduce a new suite of reusable objects which would operate in tandem with the
window upon which they were placed, and yet retain their autonomy and alow meto
expand on the object-based hierarchy with ease.

Object Based Hierarchy

| began with smplifying my window hierarchy. | developed a set of window classes
which reflected the styles of windows | was comfortable with, and which | found to
satisfy most of my application requirements. Figure 4 shows the new window hierarchy
which now appears much flatter and more style specific.
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Base Window

MDI Sheset

Non-Modal
Modal Response Popup SDI (non-sheet)
M essageBox StatusBar
Login ProgressBar
About etc... etc

Application
Sheets

Figure4

What | now needed was anew hierarchy of object classes which would become the
mainstay of the objectsthat | would ordinarily place on these windows. In order to

being used. While windows are common between tools, the objects being placed on the

window or form are very different, often being what distinguishes various tools.

ever seen. It's cgpabilities and various styles that could be used based on asingle class,
was often overwhelming. This was the obvious candidate for the class that would most

| began developing ahierarchy of datawindows which implemented behavior at various
levels, based on what | saw was the logica extension of the parent class. Figure 5
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Base
Datawindow

Criteria

Search Results

(Linkage)
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Base

Base Window Datawindow
Class
Non-Modal Criteria Search Results
MDI Sheet | Moda Response Popup SDI (non-shest) Datawindow | (No Updates) Report |
MessageBox StatusBar
Login ProgressBar Updateable
About etc
Application My Application _
Shests Window Master-Detail
(Linkage)
\ Search Criteria -
i —_— -

List of Data [

Data
Maintenance

—

L

Figure 6 - Building an application utilizing available components.

Drawbacks

What was not immediately obvious, was that the shift of responsibility would result in
larger and more complicated “functionaly aware’” data access controls. It was difficult
to master the mindset that the datawindow was ssmply a client object which required

it' sfunctiondity to be alittle more user-definable.

PowerBuilder is an object-oriented language with few limitations, but one of those
limitationsisthe lack of multiple-inheritance-ability, which would certainly have
alowed me to develop amore comprehensive set of smdler, and more efficient,
datawindow classes. The results of my efforts [eft me staring a arelatively direct
hierarchy, certainly not the intention of the inheritance phenomena, and these classes
samply grew in size to the point where they became cumbersome and very difficult to
maintain. | needed to be able to “separate” the behaviora content of the datawindow
classinto amore usable and maintainable hierarchy.



| quickly discovered that the pitfalls of the object-based gpproach was a complicated
tangle of “fat client” objects where object choice became an important aspect of my
development effort, asit was not easily changed. Another pitfall was that the more
functionality that got built into the object class, the more difficult it became to figure
out where to add the next set of functiondlity.

| dentification of Need

The need was for amore comprehensive solution that would still dlow me to take
advantage of the natural power of controls such asthe DataWindow, but to be able to
decide the leve of imbedded functiondlity, or ability, that the object would need,
dependent upon where it was to be used.

We also needed to put our objects on aweight loss program if the objects we designed
today were to ever be useful to usin future applications, such as Internet or Distributed
goplications.

Summary and Conclusions

We came to the conclusion that athough the object based gpproach was certainly a
useful step in our evolution as object-oriented programmers of business applications,
there was certainly alot left that we could do to further make use of the capabilities of
the paradigm. Thisled usinto the next generation of architecture, Service Based
Architecture.
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Chapter 3 - Service Based Architecture

Therearesaveral nomendaturesfor Svice Bassd Architeture
BA, asit hasbecometo becaled, issnply theshifting of
regponghility fromone oject to ancther yet again, but thistime
insuch afashion thet thebehavoral agpectsof the ogject could
beisolated into very spedific groups, known asServices The
object that used the srviceswere Clients It fit into the Client-
Srver paradigmwhich mogt of usearetrying to conquer inthe
busnessworld today. But what exadtly is Service Based
Architecture, and how doesit hdp allevate the problemswe have
seninthepreviousarchitedtures?

Service Based Architecture dictates that there are two distinct roles that the various
classes assume. Oneisthat of a Client, the other of a Service. The client class becomes
arequester of servicesthat are not contained within the client object. The client classis
capable of deciding which servicesit needs to implement at any given point in time, and
is therefore much more in control of it's capabilities, without carrying any overhead for
those services it does not need. Service classes become deegated behavioral classes.
The service object should be compact, combining functionality which relates
specificaly to it's purpose.

The architecture grew more out of a need to separate functiondity (isn't separation
amilar to encgpsulation?), provide more cagpability and flexibility to developers while
retaining the common access point to the objects functiondity. SBA provides
developers of classlibraries and applications dike, the ability to sandardize an interface
to object functiondity like never before. The benefits of this architecture are
tremendous, but can be categorized into 7 main areas, each of which we will discussin
more detall. They are:

Adds power to the already powerful object-oriented development tools.
Improves performance over “fat client” styled objects

Improve Encapsulation alowing further componentizing of classes, enhancing the
possibility of code portioning

Make reusable classes easier to use. Common component devel opment techniques
promote knowledge transfer

Make code more maintainable while till promoting reuse
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Enhance flexibility by allowing the devel oper to select what functiondity is wanted
on aparticular object

Create a new market for component classes

To begin discussing these benefits, we need to look at the big picture. Figure 7 shows

the Service Based Architecture modd.
Base Service
Class
// g \\\\
e Service Class \\\
/ / \
Client Class Service Class
S Service Class -
Client Class User
Extension Layer Application

Figure 7 - The Service Based Architecture Model

Note that the “client” object is part of the flat inheritance modd while the “ services’
are part of atraditional modd. The client object is referred to as such because it does
not implement alot of functiondlity, rather it serves asthe container for selected
sarvices. The service classes are typically nonvisud in nature, but are not required to
be.

Note aso that we gtill rely on the traditiona inheritance model to promote reuse within
the service hierarchy, but the devel oper does not have to be aware of this. What does
thisachieve? Let’ stake alook at those seven categoriesone a atime.
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Power

Base
Service
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Service
Class

" | Client Class |« SBA Service
Manager

Service
Class

Client Class

User
Application

Extension
Layer

Figure 8 - SBA Adds Power

Service
Class

SBA Adds Power

New services can easily be added to
exisitng clients

Improved performance with thin
clients

SBA adds power to the aready powerful features of object-oriented devel opment by
providing the developer with the means to encapsul ate specific behavior in very specific
classes. SBA isnot aform of inheritance, rather it isthe implementation of delegated
behavior in a developer user-definable fashion. New services can easily be added to an
exigting client, allowing you to make new, tested service classes, available to your
developers without affecting their existing code-base. For example, we recently added
generic tored procedure services to our datawindow client class dlowing developers
to change from their utility generated, or often hand-written stored procedure code, to
asingle service class declaration, the service taking care of the remainder of the

requirements.
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Performance
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Service
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7 Service
/ Class SBAIm Perf
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. . |\ nature, eliminating visual component
| Client Class |« SBMAanz\ch %Tva;e | overhead '
\ /- Youonly load the services you need
\ ’ for agiven client
\ Service ) Services can be loaded once per
Class || application

Client Class

User
Application

Extension
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Figure 9 - SBA Improves Performance

The architecture improves performance. How many times have you heard that said?
Thistime, however, it' sfor red. Consder the following example. We used to have a
datawindow object hierarchy asfollows:

Base Object 90K of code/attributes

Search Reaults 30K of code/attributes (Added SQL capabilities etc)
Parent-Child 80K of code/attributes (Added parent/child, transaction
management €tc)

To open up a parent-child object in development took 8-12 seconds on my 486/75". In
run time, the smplest parent-child window took 1.5 seconds to open, a complex
window taking up to 8 seconds to open. We re-architected using SBA and we now

have ahierarchy such asthis
Base Object 9K (Object Management)
Client Object 33K (Service Control)

! Note that the performance differences were distinctly measurable on a slower machine. The
same objects on a Pentium 100, loaded in less than 2 seconds.
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We apply up to 360K of servicesin any datawindow class now, so we aso added
functiondity during the re-architecting. In development mode, our application
extension leve client object opensin about 2 seconds. In production, our Smple
windows open up in sub-second times, while our more complex windows il take up
to 3 seconds - We're still working on these. The difference is dmost staggering - We
were not quite SBA aware when we did this and missed some crucia aress of
performance improvement, especidly the 64K limit.

Under win 3.1, objects over 64K (any single object, not a hierarchy tota), can take up
to 35% longer to open (at run-time), than an object smaller than 64K. Thereisa
pointer allocation agorithm invoked when memory alocation requirements exceed
64K. Thislimit is not as gpparent under win 95/NT, but it is still measurable. This does
mean that you should be careful to not exceed the 64K per object limit when deploying
to the Intel 16-bit platform. (Service objects are included).

Note

This is not a physica limit. It will not stop your objects from functioning correctly. It
does have an effect on object |oad time however.

One reason is obvious - Size. The second reason is that nonvisua classes are not
impeded by graphics processing, often the bottleneck in windows applications. Findly,
instantiation of services can be delayed (for the most part), until after the client object is
ingtantiated (and removed when not needed - Implementation Options discussesthisin
more detall later).

Encapsulation

Base
Service
Class
// Sarvice |-
/ Class
/ \\ SBA Enhances Encapsulation
[ | Glient Class SBA Service Service | - Servicesaretypically small, focused
: Manager Class | classes with a very specific purpose
\ ] /- Services should not maintain data
\ _ about the client allowing the service to
. Sgl“’a's‘;e - be used across different client classes

oo | o e
Layer Application
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Figure 10 - SBA Enhances encapsulation and encour ages use of OO techniques

SBA further promotes encapsulation - thisisthe premise of the service objectsin the
first place. Encapsulate processing into small, managesable chunks which are completely
independent of each other, other than by ancestry. For example, row processing can be
encgpsulated into asingle service. Row Sdlection services may be one service that
could be implemented as part of row processing, allowing even further encapsulation.
For example, you might create afamily of row sdection services, say Single-Row
selection, or multi-row selection, and based on developer choice, implement one of
these as part of row processing. Now the developer can choose to aternate the service
by datawindow, or even within the datawindow. When a change to multi-row sdect is
required, the service class developer knows it is contained within the multi-row
selection sarvice class. Which brings us to the next benefit, Maintenance.

Reuse and Maintainability

Base
Service
Class
// Sarvice |-
/ Class SBA Promotes Reuse
- Services developed for one
/ \  application are easily reused in another
[ | Glient Class SBA Service Service |- Service classes are typically smaller
Manager Class | and easier to maintain, resulting in mor
\ — / reuse
\ I - Services are still built following an
. Sgl“"ce _ inheritance strategy, promoting reuse
~_ & - Overall increase in functionality in
o - more easily handled chunks

Client Class -
Extension Uger .
Layer Application

Figure 11 - SBA promotes easier maintenance of reusable classes.

If services are well-encapsul ated, the benefit of easier maintenance isamost a given.
It's one of the OO fundamental s that reuse will reduce maintenance. What'slesswell
publicized isthat good encapsulation promotes easier maintenance. It aso means that
when a change is made to a service class, the developersthat use them arelesslikely to
be impacted, because smdler chunks of code are easier to write, test and document,
amost assuring you of higher qudity. | said amost. Bad code in any size object causes
severe problemsin areusable class environment - It issmply easer to trace the
problem to a specific service, correct, re-test that service, and redistribute the corrected
object. Service classes il follow atraditional inheritance model however, promoting
reuse at the service class level. Onething this meansisthat your classeswill be easier to
use.
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Ease-of-use
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User
Application
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Figure 12 - SBA improves ease-of-use

Have you used a hierarchy which seems smple enough at firgt, but redized just how
complicated the smple hierarchies can become? For example, | mentioned our old
hierarchy of Base -> Search Results -> Parent-Child. Seems smple enough, but it
causes masses of confusion, and enhancement nightmares. Let me elaborate.

I’m working on aproject and I’ m preparing a particular window which contains 3 data
objects. A Criteriaobject (whichisan dement of our hierarchy which was not
discussed, but descends from our base object as a peer to search results), alist of data
driven by the criteria, and a maintenance object linked to the list of data. Seems ample.
We mapped the criteria object to our Search Criteria, the list to Search Results and the
maintenance object to the Parent-Child object. But what if we were told that the list of
datamight be updateable, and might be driven by a different lookup on occasion. Well,
Search Resultsis not updateable, and Parent-Child is the master of linking
datawindows together, so perhaps we want to go Search Criteria, Parent-Child,
Parent-Child. OK. So we' re carrying more than half of the Parent-Child functionality as
overhead, never to be used. So what? It's OO right? We can override whatever is not
needed!

So now the system is developed and the user comes back and says, “That list object
will not be updateable after adl. Make sure it’ s non-updateable’. Do we go back and
change the inheritance? We could, but with only 2 daysto User Acceptance Testing
(UAT), do we take a chance on the export-change inheritance-re-import capabilities?
Multiply thisafew times, and add in afew more complex scenarios and you can see
that this process can quickly escaate to Nightmare on Inheritance Street.
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With SBA, you no longer have to choose the level of functiondity beforehand. In our
new client hierarchy of Base -> Client -> Application Extension layer, you dways use
the Application extension Client object. No more choosing. Inside the application
extension client, you can choose to activate the services necessary to Build SQL
(Search Reaults), Manage Transactions and Manage Relationships (Parent-Child).
When the user says, no, that list must be updateable, you open the object, activate the
Update services, and violal Updateable list object. Change your mind, deactivate the
service. Now your gpplication can adapt to user requirements much more quickly, and
safely. Thisaso means....Enhanced Hexibility!

Flexibility

Service

Base

Class

Service
Class

SBA Service
Manager

Service
Class

SBA Maximizes Flexibility
\ - Developer chooses what services should be

Client Class
Extension
Layer

User
Application

Service
Class

|implemented within a given client
/- Services can be activated dynamically at
/ runtime
- Changing to meet user demand means
changing the service activated, not the

inheritance path

Figure 13 - SBA Enhances flexibility by giving the developer mor e choices asto what each

individual object may or may not do

Two things spring to mind with flexibility. Be able to specify what each individua
object is cgpable of doing, and be able to specify what an object is capable of doing at
run-time. SBA alows the developer to choose what services to make available to the
client object. This does not mean they are al activated immediately, athough you could
code them that way if you chose to. Using the service based approach meansthat you
are able to set up the service implementation in a variety of ways, some of which might
differ in actuad implementation depending on the devel opment tool you are using.
Implementation Styles and scope are discussed in detail later.
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Market Growth
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Figure 14 - SBA promotes market growth

With services being available in small, manageable components, | see an opening for a
new market for components, be they PowerBuilder, Optimaor Delphi, DLL, OCX,
ActiveX or other forms. Specificaly, two areas of component development will grow.
Service components, and then Business Components.

In addition, with the growing adoption of Service Based frameworks, such as
Powersoft’s PFC library, devel opers learning the PFC library will become more
marketable to organizations using any library based on the PFC. Thisis an area of
increasing importance. Have you worked with a class library and been in the position of
having to try and hire someone for your organization? | have, and a premium is being
placed on people who have experience with your specific classlibrary,. Those with
experience with any class library are rising to second on the list, while those without
any reusable class experience, are often being overlooked.

With SBA, we might begin to see a standard being devel oped for service object
components which will promote even further reuse. OCX’ s and more recently,
ActiveX’s are enjoying huge popularity at the moment because they offer a standard
for design and implementation so developers and tool makers dike can utilize them.
PowerBuilder, Optimaand Delphi offer the capability to build inbound OLE
automation servers, afancy way of saying a class built on a specification for linking,
opening up adoor of huge opportunity.
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Drawbacks

SBA isnot without drawbacks. No architecture is. The biggest drawback to SBA isin
introducing yet another paradigm to the clutter of client-server paradigms. Developers
will haveto learn anew method of developing, but | believe that the end judtifies the
means. The second drawback isthat the costs of moving to the Service Based
Architecture, for aready established code bases, might be prohibitive. Below isalist of
the drawbacks to the SBA architecture.

Choosing implementation styles must be done carefully. While not extremely
difficult to change, can cause confuson

Requires anew way of thinking - adds one more learning curve for developersto
overcome

Exigting librariesusing 1t or 2nd generation architecture will not be easy to
convert - Not cost effective over the short term

Thousands of applications based on pre-SBA libraries suddenly become “legacy”
systems with no smple solution to migrate them forward

Evolution of the architecture leaves us wondering how long it will be before the
next generation arrives to obsolete this one

No industry standards for the devel opment of services to support the architecture
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Chapter 4 - Moving from 2" generation model to SBA

Even onceyou adopt the paradigm, you will faceissues Howdo
you get there, what about didtributed processng eic.

Thisis becoming an increasingly important decison. More and more designers and
developers are adopting the SBA approach, but re-architecting is not easy. There are
many issues to address. We faced these issues when we re-architected our library a
year ago (we have an in-house developed library developed jointly with an outsde
vendor). Our decison wasthis.

SBA forces anew paradigm on the developer. AP entry points, (and yes, you can
condder calsto object functionsthe AP of the object asthisis generdly the objects
interface), will change, making your old objects not backward compatible. Thisisa
very red issue when dealing with an environment that has severd projects dready in
production using the older library.

Y ou have two options. Drop the old versions of the objects, replacing them with new
re-architected objects and force development teams to upgrade. Benefit: Old objects
are completely discarded. Drawback: Cost. Development efforts in maintenance do not
have the same kind of financid backing as new development efforts. The second option
isalittle esier to bear. Maintain your old objects in a separate library for compatibility,
alowing existing projects to continue using them. Devel op the re-architected objects
with anew hierarchy and name, and let new development efforts utilize the new
objects. Maintenance efforts can convert objects individually when needed and justified.
(Improved performance is a powerful justification tool).

Now your decison remains how to develop this architecture. Oneway to do thisisto
mirror your current functionality. A second isto re-architect the object completely
from the ground up. We' Il take alook at both methods.

Direct Method Extraction

Direct method extraction involves mirroring the functiondity of your current client
object using the SBA paradigm. Badcdly, this moves the functiondity from the client
object to the services objects, maintaining avery smilar functiona level as before. For
example, if you have a datawindow userobject in which you implemented a method to
execute afilter, you might have afunction OF_Filter() which executes thefilter
operation. To move thisto the SBA world, you would follow these steps.

Create new Client Object (u_dw)
Create service object (nvo_filter) based on your defined service hierarchy.

Create method in service (of filter (u_dw, args) )
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In client object, create method to instantiate service (OF_SetFilter() )

In client object, create method which calls service (OF_Filter() which does:
If isvalid(nvo_filter) then nvo _filter.of filter(this, args)

In client object, add an OF _SetFilter(False) cal to your services Destructor method

Benefits

This method alows you to move pretty quickly from the datawindow model to the
SBA modd, redlizing some of the benefits of SBA like more encapsulated
functiondity, improved performance etc. If you re under the gun to get from point A to
point B, then this method is the best suited for you. The functiondity you are usng will
be proven code, making test cases reusable. Conversion of gpplications using the
classeswill dso berdatively smple asthey will be able to replace existing method
invocations with methods residing on a service class. As you move down your object
hierarchy, you'll be able to do the same thing, adding descendant class functiondity to
existing services, or cregting new ones.

Drawbacks

Thisisnot truly an SBA approach. Thisis function load-shifting. The solution will not
be the optimum that can be achieved, and you will probably find you end up with
sarvice classes that are rather large, some even exceeding that magica 64K barrier.

Y ou will dso find that your service classes are tightly coupled to the client objects,
restricting the ability to become true service classes.

Re-Architecting from the ground up

Thisis, of course, an expensive operation, and if you are not willing to accept the codts,
thisis not the right option for you. Re-architecting your client and service classes from
the ground up will, however, dlow you to build atrue SBA environment where
services can easily be moved between operation tiers, apply functiondity in afashion
which is not dependent on the object it is servicing, (for example, Clipboard Services
can be truly object independent etc.). What this meansis that the architecture can
become more loosely coupled so that inter-object dependencies can be reduced, if not
eliminated.

If you dready have aclient class hierarchy, then you can gtill use this asthe basis for
developing your new SBA hierarchy. Callecting as much information as you can, you
can build a set of requirements that you wish your client object be able to perform.
Once you have this, forget about the existing class and how the methods were
accessed. Re-design the services following a proven OOD design technique, (OMT,
UML, CBM etc.) and then build your new hierarchy from the ground up. Thisis
exactly what | ended up doing for myself after looking at the result of our first cut at
this which used the method extraction techniques described above. What | ended up
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with was sgnificantly reduced inter-object dependency, even better performance, and
aso introduced me to the world of brokered services. Brokered services are smply
those whose interface is defined to a broker rather than to the client object, alowing
you to add in new services without actualy touching the client object. Brokered
services are described alittle later

Benefits

The mgor benefit of re-architecting from the ground up isthat you are able to clearly
define the architecture and utilize the full power of SBA. Y ou are not bound by
previous definitions of functiondlity.

Drawbacks

The most obvious drawback hereis cost. Class libraries are not cheap to design and
deveop correctly. I’ ve heard of development efforts running into severd worker-years
before a usable product results. Of course, we know alot more now than we did then,
but it istill avery expensve process.

Re-Architecting from a new Base

If you're starting from scratch, I'd first suggest looking at the PFC. It aready provides
you with the groundwork for a sophisticated application framework, and aready
implements the SBA paradigm. If you really want to build everything yoursdlf, define
the requirements for your services and their dients’, and enlist the help of an expert
who knows PowerBuilder and, more importantly in my mind, OOA and OOD. Once
you become familiar with the PFC and it' sinternas, you might want to design services
to fit into the PFC mold, relying on Powersoft to maintain the central portion of your
source code. Severd classlibrary vendors are doing exactly that, and my current client
has followed this lead, embarking on a project to re-architect our existing classlibrary
to be based on the PFC.

Benefits

Using the PFC as your base enables you to shift the burden of maintenance for your
library over to Powersoft. If you begin with the PFC, your core infrastructureis
maintained by someone e se, resulting in reduced cogts, both during development, and
during maintenance. A huge plusisthat development resources will become more
reedily available. As more and more devel opers become familiar with the PFC, so will
your optionsin the marketplace. Y ou can find an experienced PFC developer which

2 Methodology to design classes with SBA being a specific target is described in detail in
PowerBuilder 5: Object-Oriented design & development (Green, Brown: McGraw-Hill 1996) and
will not be discussed here
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automatically ensures you that the devel oper dready knows 50% (or more) of your
classlibrary. Resource availability cannot be underestimated as a benefit.

Drawbacks

The approach locks you into an architecture and an infrastructure from which a
departure might mean another re-architecting and/or conversion overhaul. Having your
base code maintained by someone else could aso be seen as adrawback. Findly,
revisons to the product have to be scrutinized much more closely as the impact of
change will be more far-reaching.
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Summary

Service Basad Architectureis not theend of theroad, rather | sse
itasoneleg of thejourney. | dsothinkwell ssenoreevalution
asnmoreaf our applicationsbegin targeting the Internet/intrangt
worlds

In conclusion, Service Based Architecture (SBA) is a powerful technique that can be
utilized to make applications more efficient, maintainable and reusable. To summarize
the facts presented, we have learned that SBA is.

More powerful: Service based architecture alows developers to achieve
implementations emulating capabilities inherent in other languages.

Performs better: Smaller physica objects are loaded - Services can be loaded when
needed, improving overdl performance.

More encapsulated: Processing is encapsulated at the service level - smaler objects
with less code to maintain and reduced reliance upon globa accessihility,
improving componentizing

Easier to use: Client objectsfollow flatter hierarchy model enhancing ease-of-use
while services are sdlected using declarative attributes.

More maintainable and promotes reuse: Services follow atraditiona inheritance
modd promoting reuse and maintainability.

Enhanced Fexibility: an object need not necessarily be instantiated - Developer can
control using declarative attributes. Developer can change object capabilities by
changing an attribute, not the objects ancestry.

Promotes Market Growth: As more and more object classes are built into services,
some services will begin to be offered as commerciadly available components.
Indeed, we might see service class components being delivered for various OCX’s
etc..

How to get to an SBA architecture from a 1% or 2™ generation architecture.

The sections that follow will break out the specific requirements of SBA based classes
with detailed specifications for the development of SBA classes and managers.
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Section 2 - SBA Mechanics

Underganding theinteraction betwean dient and srvice objects
Istantamount to your successin utilizng thefull power of the
BAapproach.

I ntroduction

There are two dementsinvolved in an SBA application/framework. A Client and a
Service,

Even within this boundary | found sub-categories of classes which affect the way you
look at the class. The sub-categories are not hard boundaries and an object may cross
the boundaries & some point in it’slifetime, perhaps even dynamicdly, but it has helped
me to keep agood vison of what | think the class should support and how | should
approach extending it's capabilities.

Inthissection | will discussthese “types’ of classes, aswell astry to provide agood
sense of what adlient classisand what aservice classis. | will dso show the interaction
between client and service classes.

| have identified four basic types of classesin usein aframework. Although the
boundaries between these can become blurred, it is useful to lay these out so that they
are easly identifiable. The four types of classes are:

Virtua Classes
Abgtract Classes
Concrete Classes
Extenson Classes

Let'stake alook at each of these and try to isolate exactly what distinguishesthe
classes from each other.
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Chapter 5 - Class Types

Virtual Classes

A virtua classisone which has no particular function other than to be the ancestor of a
group of abstract classes. For example, a base window class (w_base) can be defined as
being an abstract classif it has no descendants. It sintended for you to inherit from and
specialize for your purposes. If, however, you create descendants of w_base such as
w_sheet, w_didog etc. (which are abstract classes themselves), then the intention isto
usew_base only as the ancestor (or aggregate) class for the window classes. This
makesit avirtua class.

NOTE: PowerBuilder does not support the C++ construct of virtual classes
and functions, and the intent is not to confuse the two here

Abstract Classes

Abgtract classes are those classes which are partidly specidized, but still intended to be
used through inheritance only. As above, w_sheet might be considered an abstract class
asitisfrom this class that a developer will inherit an application sheet for use within
their application. From a certain perspective, al of the standard PowerBuilder controls
could be considered abstract classes, as smply by using them, you are inheriting from
them. (Choosing “New” from a painter inherits the class for you).

Abgtract classesinclude most visua componentsin aframework, and are dso the
typica implementation Site for services, asthisisthe area where you, as the framework,
(or library) developer will want to implement the behavior your classes are capable of
supporting.

Concrete Classes

As the name suggests, concrete classes are those that are typically more specidized and
are not inherited from, but used asis. Logon windows, About boxes, Sort dialogs are
examples of concrete classes. Mogt services also fdl into this category, if the service
does not serve as the ancestor for more services. E.g. A Sort serviceisusudly a
concrete service class, but may be abstracted if you decide to develop the sort service
as the aggregate class for DataWindow Sort services, DataStore Sort services, and
Array Sort services.

Concrete classes typically form the end (or leaf) of ahierarchy of classes.

Extension Classes

Extension classes are those classes which are added to alibrary to aid developersin
extending the capabilities of that library. Often, the extension class serves asthe
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insulation layer between the library and the application developer. Extenson classes are
often needed when the classes developed are tightly coupled, i.e. the extenson classis
defined by typeto it's client class. The PFC isan example of alibrary that utilizesthe
extenson class as both an extenson layer and as an insulation layer.

Despite it’ s benefits to devel opers, the extension classis often seen as detrimentd by
more advanced devel opers, mostly because an extension layer approach tends to inhibit
the flexibility of alibrary. In some cases, however, an extenson classis a necessary
gpproach to dlow maximum flexibility in the use of your library, while preserving the
integrity of the library itself. In other cases, it is possible to avoid the use of extenson
classes through other techniques, some of which are documented in this paper.

Client Classes

The client classis dways the class that requests the assistance of a service classin any
way. It'sfor this reason that some types of classes may be both a service and aclient if
part of it's behavior is delegated out to a separate service class. Typicaly, however, we
congder the visud portion of alibrary to be the client class and the nonvisua € ement
to be the service classes. Thisis only an assumption however, as there is no restriction
on the capabilities, or atributes of either aclient, or aservice class. Theinhibitions are
imposed by the framework itself. (If your base services classisinherited from the
nonvisuaobject, you arein effect imposing the decison that dl service classes will be
nonvisud). In alater discusson we will look at how anonvisud classis often thought
of asasavice, but isin fact, aclient.

Service Classes

Service classes are the focal point of SBA. Service classes implement behavior, which,
when implemented within aclient class, formsthat classes abilities. Service classes are
typicaly nonvisua in nature, but as stated previoudy, do not have to be. Some service
classes implement other visuad components (for example, a Debug service has the
ability to display the debug information to the user).

On occasion, services are implemented as afamily of classes. What this meansis that
there is more than one class defining a particular behavior, but only one of these classes
isimplemented in aclient class a any given point in time. An example of afamily of
sarvicesis Transaction Connection services whereby a service class can be defined to
handle the connection of atransaction object to a particular flavor of DBMS.

Keep in mind the following “rules’ for developing service classes.

Services can contain behavior which is required in multiple unrelated classes:
Example: Sort isrequired for Datawindows and DataStore.
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Services can contain behavior which is required in multiple instances of the same
class: Example: RowSdection in Datawindows. It's not needed in al datawindows
classinstances, but can be required in more than one ingtance of the class,

Services should not maintain information about a client. The client is responsible
for it's state and identity. A reference to the client should be passed to the service
for direct interaction.
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Chapter 6 - Client-Service inter action

Initiate a link
to the service

Perform some
Processing

Call a method
on the service

Service

Client

Return results
to the client

Figure 15 - Client-Service interaction

Asseenin figure 15, there are three basic communi cations between aclient and a
sarvice. Thefirg isto link/unlink the service to/from the client. The second isto call
methods on the service, and the third isto process results from the service.
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Section 3 - SBA Specification

Even BAisevoving. Fromample ddegated services, manually
implemented into dient dasses, through edensonslayers,
managed servicesand brokered sanvices thearchitecture
evolves Thischapter discussesthe potential ssnviceylesand
oopeavailabletoday.

I ntroduction

Thereare alot of questions and debates going on surrounding the PFC and the service
based architecture it employs. The most often asked question | get is*How should
sarvices be created and what are the different implementation methods | can use”.
Wi, thereis no smple answer. There are no formalized standards for developing
PowerBuilder service classes.

One of the key aspects about implementing servicesisin deciding how to implement
them. If welook at the PFC, the services are implemented as Instance services, i.e. a
pointer to the service is declared as an instance variable within the client object.
Furthermore, the services are tightly coupled. This means that the client object contains
apointer to avery specific service object. Thisisthe smplest method of implementing
services, but is not very flexible. In addition, even if the services were implemented as
loosaly coupled services, they still do not dlow for varying implementation choices.
Let' stake alook at the different ways a service can be implemented and then we will
discuss how services can be devel oped that can be implemented in any of these choices.

Key: Structure

Thisfirg thing we have to decide is what scope the service must have. There are three
basic choices: Redtricted to the instance, available to an entire class of objects or
available to any object in the gpplication. Figure 16 shows the implementation scope
levels.
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At the application level,
Application service methods are available
to all classes

Services may be At theclasslevel, service
Class implemented at methods are available to al
any level instances the class

At the instance level, service

Instance of aclass methods are available only to
the instance of the class

Instance of aclass

Instance of aclass

Figure 16 - Implementation scope deter mines the accessibility of the service methodsto the
client class

When you look at the PFC in thislight, the mgority of the PFC servicesfdl into the
I nstance service category. Some services are implemented at agloba leve, and
therefore, qudify as Application services. Some of the servicesin the PFC are auto-
instantiable and not directly referenced within PFC client objects, and therefore, the
implementation scopeis up to you.

What drives whether a service class may be used a any level isthelevd of tight
coupling built into the service. For example, if you write a service which maintains
information about the client object it is servicing, that service can only be implemented
at an ingance level. An example isthe datawindow linkage service within the PFC. It
can only be used for datawindows, and it maintains specific information about the
datawindow it isimplemented in.

This type of forced implementation does provide benefits. It makes the devel opment of
the service less complicated, (introduction of any known parameter smplifiesan
equation), and it makesit easier to use. (If you want to link two datawindows together,
you use the datawindow linkage service). It also hasit’s drawbacks. If you want a
window linkage service, it would be devel oped separately from the datawindow
linkage service, even though many methods would be shared.

Any service that maintains information about an instance of aclass, forcesthat service
into becoming an instance service. In my opinion, this should be avoided. Objectslike
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an attribute manager service should not be devel oped as a service, but as an attribute
container. Services, like any other reusable class, should be designed in such away that
they could be implemented at any scope level. For example, A linkage service should
be able to link any two objects, aresize service should work with any client object(s).
Thiswill make usthink more about what code is placed within a service, and make the
implementation of the service a choice of the devel oper, rather than of the class
designer. Services should be viewed as*“ adilities’, in that if aclient object needsa
certain ability, it requests the use of a Service.

This defines the “where’ of service class design, at least in respect to wherein the
goplication hierarchy (application, class, instance).
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Chapter 7 - The Service Class hierarchy

We discussed the various types of service classesthat could be used in atypica Client-
Service environment, these being aLocd or Instance Service, aManaged Service and a
Brokered Service. We dso discussed the need for a Service Manager that could easily
load these different types of services and make them available to the client class. To
recap, let’ stake alook at figure 17 which shows the hierarchy of the SBA based
sarvice class.

Note that Error Services
are not derived from the Implemented In
base service class

Implemented In A

Error Services

Isa

Implemented in

Isa

Hasa Manages "
Client Service Manager | ==

Brokered Services

Figure 17 - The Service Class hierarchy

Now, as you can see from this diagram, the client class implements the service manager
and an error service that is not managed. The reason for thisisthat error handling is
arguably the most important aspect of any reusable code development, and error
handling must be implemented at the highest level possible. Therefore, implementing an
error handler in the base service class, and deriving the error handler service from the
same base sarvice class would create a recursive implementation that will cause much
headache and confusion.

Y ou can aso see that the Base Service Classis dso the service class that you will use
for Locd services. Local services are those implemented without management of any
kind, relying upon the devel oper to issue the create/destroy statements, even though
those statements may be implemented within a service Load and Unload function.

The Managed service classisthe class | would most often use within classlibraries
such as the PFC and for implementing generic class library behavior. Managed services
are not that complicated. They are smply Loca Services which are managed by the
Service manager, reducing some of the burden from the developer. Y ou can be sure
that the Service Manager will destroy dl instantiated managed services for you.
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Brokered services (and object brokersin generd), are quickly becoming more and
more popular. Brokered services dlow you to completely eliminate any coupling
between the client object and the service object. Y ou never have to define aservice
class pointer in your client object. It isalittle more complicated though, and
performance has not been proven either way, but if you are planning on doing either
distributed processing, or developing true business objects, brokered services and
components are the way to go.

Now let’stake acloser look at the eements of the SBA hierarchy.
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Chapter 8 - Basic Services®

The Basic Service Class does not have much in the way of built in capability. In fact,
this classimplements your error handler for service classes and not much else. Figure
18 showsthe Basic Service Class.

NonVisual Object

Isa Isa

Implements
Base Service Class Error Handler

Figure 18 - Base Service Class

Basic Services are those which are intended to be implemented as Instance or Loca
sarvices within aclient object. Even though the Service Manager discussed later can
handle loading and unloading of these services, they are not scoped as being
application, or even class wide, and are often implemented by the devel oper without
the use of aservice manager. Most of the PFC services are implemented in this way.

Note: Error Handling is a critical element in any development effort. Please make sure
you go to the time and effort to develop your error handling routines and procedures
before you develop a service class hierarchy. Also, because there are so many schools of
thought regarding error handling, this will not be discussed here, although my version
of error handling will be seen in the sample classes included with this paper.

Typed | mplementation

Typed implementation is the most common form of Service integration today. The
sarvice classistypicaly defined in the client class and the method of ingtantiation is
targeted at creating the class specified. This often resultsin tightly coupled service
classes.

% In my implementation, thisclassis caled SBA_n_SvcBase and the specification for
thisclassisincluded as SBA_n_SvcBase. DOC
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Tight Coupling

This means that the client class cannot exist or function without the service class being
accessible, even though it may not be used, because the target service classis defined
to the client class at design time. It lso means that the service class cannot easily be
extended using inheritance. In some cases, the service class being referenced may be an
extension class, indicating that the method too extend the service classis by inserting a
class between the functiond class and the extension class. While thisis effective and
easy to accomplish, it detracts from the flexibility of alibrary developed in this manner.
For example, if we have aclient class which implements a dropdown datawindow
search sarvice, which wewill cadl SBA _n_svc_dddwSearch, this classis defined to the
client classat desgn time.

Instance Variablein Client
SBA n _svc_dddwSearch invo_dddwSearch

Service Load Function
invo_dddwSearch = CREATE SBA n svc_dddwSearch

In some cases, the classreferred to is alower level than the functiona class, for
example, n_svc_dddwsearch, but that isirrelevant here. The point isthat the client
explicitly refersto the service class, both in the reference variable declared, and the
service load function used to ingantiate the service.

Thisisatypica implementation in many service oriented libraries today, including the
PFC.

Drawbacks

The drawbacks to this approach may seem inconsequentia until you try to extend the
library. Thetightly coupled approach resultsin reduced ability to extend the library
without adding complexity. It isaso impossible to replace built-in services with your
own. For example, if you have alibrary containing the SBA_n_svc_dddwsearch
sarvice, and that service was declared and referenced using the typed implementation
method, you cannot Smply replace the SBA _n_svc_dddwsearch service with another.
Y ou' d have to implement your service using a different reference variable and load
procedure. To solve this type of problem, we looked at Managed Services.
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Chapter 9 - Managed Services

Managed Services are exactly what they imply. A specia service (the Service Manager)
is devel oped which handles the instantiation and destruction of services. The client
object will define this service, in addition to the servicesit dready has, but al setup
cdls are directed to the service manager. The service manager takes care of creating
and destroying services for you, and automaticaly keepstrack of al servicesthe client
uses, dleviating this code from the developer using the services.

One key aspect to remember when using a managed service isthat thereis only one
copy of the service classand it being used by many clients, so any Instance Variable
data should pertain to the service class and not to the client. In fact, this brings up one
of therules of Service Class development in that the service should not maintain
information about it's clients. Remaining autonomous has the benefit of being ableto
adapt to different needs. Did you ever want to implement a datawindow service within
aDataStore? Typicaly you can't do that because the service maintains information
about the client datawindow, and knows it is a datawindow. | prefer that the service
implement the required method and overload the method if necessary to dlow different
object classto utilize the service. Figure 19 shows the Managed Service Class.

* The specification for the Managed Service Class SBA_n_svcBase Managed is included as
SBA_n_svchase managed.doc
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NonVisua Object

Isa Isa
Implements
Base Service Class Error Handler
Isa Maintain Usage
Count
Managed Service
Class
Self Unload
capability

Figure 19 - Managed Service Class

Managed services dill require that you declare the service class reference variable in the
client object that can useit. Inthisregard it ftill seemslikethe Loca Service, but the
service manager allows you to specify the actud classto use, regardless of what
reference variable you define.

Benefit of Managed Services
To give you an idea of the impact managed services can have, picturethis.

In the PFC, there are 13 datawindow services. Each of these services has an instance
reference variable assigned, an of _Setxxxx() function (containing 14-16 lines of code),
acal to of_setxxx(fase) in the Destructor of the client class to make sure that the
sarvice classis removed from memory when the client object goes out of scope, and an
extenson leved class. Each of these categories of code increases when anew service
classis added. Extending an existing class stirs a debate about how exactly should you
do this, and using your own service instead of the predefined service class requires that
you treat your service class as anew service, not areplacement.
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In the case of managed services, you il have 13 services, and 14 reference variables,
(you need one extra for the Service Manager), but no of_Set() functions, and nothing
in the Destructor event. Furthermore, new services can be added by declaring the
instance variable reference pointer, and then instructing the developer to cdl the
LoadSvc() method on the Service Manager. Code increase is minima, and the service
manager alows you to define what service classto use in conjunction with a specific
service reference variable, dlowing greater flexibility in service class extenson. To
round this off, managed services do not require a pre-built extenson layer, eiminating
the debate on how to extend the service. If you want to extend it, inherit from it and
then change the LoadSvc() cal to specify the new service class. It' savery powerful
technique that isin fact, not far removed from what we dready have. Table 1 depicts
this comparison in more measurable terms.

Table 1 - Code Difference between standard service implementation and Managed service
implementation

I mplementation Requirement Standard | Managed
Service | Service

Service Manager reference variable needed No Yes
Service reference variables needed Yes Yes
Service Load Function needed (of_Setxxx() ) Yes No
Deveoper Activates Service Yes Yes
Service Instance created for every usage Yes No

Service Unload call needed in client destructor Yes No
Extension layer needed to maximize extensbility | Yes No

Debate on best method to extend services Yes No

Using this method would therefore have the following benefits:

Eliminate dmogt 200 lines of code from the client object, and diminate the need for
sarvice load/unload functions for any new services added

Implement automatic garbage collection (services classes are managed by the
service manager, not by the developer)

Reduction of memory used as services are only loaded once
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Eliminate the need for an extenson layer

Usage Count Management

The usage count management comes into play when you utilize one service in more
than one place. Much likeaDLL keepstrack of how many “clients’ it has, the
managed service getsingtantiated only once, regardless of how many service managers
areingantiated. (Service Managers are ingtantiated in each client classinstance, but
they share service memory). As each service manager requests the service, acheck is
made to determine whether the serviceis aready loaded. If nat, it is created. Once
crested, the usage count isincremented. When a service manager destroys the service,
it first decrements and checks the usage count. Once the usage count reaches zero for a
particular service, the service will destroy itsdlf.
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Chapter 10 - The Service Class M anager

The Service Manager isa service itsdlf, derived from the Base services class (to
automatically implement error handling), and is a classthat is defined as Auto-
Instantiated, which alows you to drop the service manager into any client object and

not worry about the create/destroy sequence. The service managers objective isto

manage the services that are used by the client object. Figure 20 showsthis strategy in

operation.

Client Object Service M anager
Maintains pointers (Manages an array
for each service it of available

will use services)

Create Service

Destroy Service

Service

Service

Service

Service

Figure 20 - Managed services are managed by a service manager unique to the instance of

theclient.
What' s the benefit of this?

The setup code resident in client objects can be moved out to the service manager,

cresting one place for maintenance of service setup code.

The service manager itself can be auto-ingtantiated, allowing the client object to
control when and where it gets created and destroyed without developer

intervention,

The service unload code is automaticaly fired by the service manager, and dl
sarvicesingantiated for the client object are automaticaly freed, at least for the

current instance of the client.

Implementation of the service within the service manager can be Scope and Style

independent.

Service Based Architecture
PowerBuilder Design Strategy

Copyright, Unpublished, 1995-1997, William Green

Page 49 of 86




Only oneingtance of amanaged serviceis ever ingtantiated. Client instances obtain
areference pointer to the instantiated service.

It's a powerful technique which ill allows the actua service access to be done through
the clients ingtance pointer to the services.

The end-result isthinner, faster client objects, with less memory used (if some services
are shared between clases), and definitely less maintenance.

The Service Load method

The service managers key method isthe LoadSvc() function. Thisfunctionis
overloaded to support managed and brokered services. The way that it detects the
difference is that a managed service provides both the service pointer and service name,
while brokered services provide a“reference’ to the service that will be used. (Thisis
usualy something more “english” than the class name of an object). Thereferenceis
resolved via an internal method/service repository.

Take alook at figure 21 which shows the Service Manager LoadSvc() function in
action. Y ou can see that most of the processing is common for managed and brokered
Services.,
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Service Manager Check if service Service Yes Return 0
of_LoadSvc() isalready loaded Loaded?
* No
Scan Service . Yes
Manager Local Sarvice Return 0
’ Loaded?
Service Array
* No
Scan Service
Manager Loaded
Service Array
'
stontiate Establish Pointer
. » | inLoca Service
Loaded Services Arr
Array &y
Y
Increment Usage Return Loca
Count SA0e || ] Service Array
pointer

Figure 21 - The Service Manager Load function

The service manager manages service ingtantiation using two arrays. Thefirst of these
isthe Loaded Services Array, which isan array containing the actud ingtantiated
sarvice classes. Thisarray isimplemented as a shared variable, dlowing al service
managers access to it, regardless of which class they might beimplemented in.

The second array isthe In-Use array which maintainsalist of servicesthat are in use by
apaticular client. Thisarray islinked to the instantiated services array to speed up
processing.

The service manager will first determine whether or not the service reference varigble
being passed isdready loaded. If it is, the function terminates with awarning that the
sarvice reference variable is dready populated.

If not, the manager scans the In-Use array to determine if the service requested has
aready been loaded for thisclient. If it is, the reference variable is loaded with a
reference to the service and is returned to the client.

If not, the manager then scans the Loaded Services array to detect whether or not the
service has been ingtantiated for any other client. If it has been ingtantiated, the manager
loads areference to the service in the In-Use array and also in the passed service
reference variable which is then passed back to the client. If it has not, the manager
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physicaly creates the service in the Loaded Services array, passes the reference to the
loaded service back into the In-Use array, and findly back to the client.

The service manager isimplemented as an Auto-ingtantiate class so that it issmple to
drop the service manager into any client class and utilize it’ s power to reduce your
overhead and complexity. It stores|oaded services into shared memory space and,
because dl service managers will share the same space, it ensuresthat the serviceis
only ever loaded once.

The Service Unload method

The other key aspect of the Service Manager is the UnloadSvc() method. The
UnloadSvc() method is called under two conditions. When the client classissues acall
to unload a particular service, and when the client class goes out of scope.

When the client class chooses to unload the service, the service manager locates the
pointer in the in-use services array and calls the service class UnloadSvc() method. This
will then attempt to decrement the usage counter, and if the usage count reaches zero,
the service class “ sdf-destructs’, or destroys itsdlf, removing the service from the
Loaded Services array. Figure 22 shows this operation.
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Client cdls

of_UnloadSvc()

Service manager
of_UnloadSvc()

Locate the Local
Service pointer

\

Service Class
of_unload()

\

Decrement Usage
Count

UsageCount
=0?

Figure 22 - Service Class unloaded by client

When aclient class goes out of scope, it is basicdly relying on the service manager to
unload any services it may have loaded for processing. In this case the service manager,
as part of it's Destructor method, loops through the array of in-use services and issues
the UnloadSvc() call to each service that was loaded on behdf of the client. Figure 23

depictsthis strategy.
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Client goes out of

scope

Figure 23 - Services unloaded by the service manager when the client goes out of scope

This ensures that client classes automaticaly implement garbage collection, and will
prevent the dreaded memory leaks often experienced with the use of NVO's.

Managed services are, therefore, an extremely smple way to implement services that
are sdf managing, Smplifying the developersjob.
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Chapter 11 - Brokered Services®

The most loosaly coupled approach to implementing servicesisto use a brokered
approach. This gpproach isthe most complex of those previoudy discussed, and we are
hampered by certain limitations of the PowerBuilder product, but it can be done, and
can be effectively used within the SBA framework.

Badcdly abrokered serviceis one which dlows aclient object to use an Object
Request Broker (ORB) to invoke methods on the service. For example, if we coded
the clicked event in aclient object to cal afunction on a RowSdlect service (not
brokered) The Row Select service must be directly accessible to the client and your
code would reference the method directly, such as pSvc_RowSdect(arg_client,
arg_row).

A brokered service works alittle differently. Because the services are never declared to
the client, the broker acts as a go-between for the client. The broker would have to
know about the service object, and the client would have to be aware of the methods
that are available. Methods are referenced through a single reference though, adding
further flexibility to the brokered architecture. For example, row selection might be
implemented as “ Sdlect Row”. While the reference is actudly quite meaningless, it is
used to reference a declared method, which iswhat the broker does by resolving the
reference to an actud method, and then caling that methods passing the desired
arguments aong. To do this, however, brokered services are required to accomplish
severd steps adong the way.

Firdt, the broker must find out which services will be used, so the client object must
declare which servicesit will use. The first step would obvioudy be to declare the
service broker, which is ill a service manager. We do thiswith an instance variable
reference to the service broker, which is an extended service manager and therefore,
auto-instantiated.

Client specifies which services will be used

The client must specify which servicesthey will utilize. To for this the client must
declare those services which it will make use of. This declaration is done by calling the
LoadSvc() function on the Service Manager just as any other service declaration,
except in this case you pass only the name of the service, and not the service reference
pointer as shown in the example below.

| pSvc_Broker.of LoadSvc(* Row Selection™)

® Brokered service (SBA_n_svchase_brokered) specification is included as
SBA_n svchase brokered.doc
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Service Manager instantiates services and stores service class reference
pointers

The service manager will instantiate the service just asit does for any other service, and
like managed services, it stores the physical pointer to the service object itsdlf. The
difference in this case is that the pointer reference is not passed back to the client.

Service Manager requests that service “ export” available service methods

Once ingtantiated, the service manager issues arequest to each serviceto “export” it's
public methods. The brokered service class has an additional method defined to do this,
aswell asamethod to dlow the service class developer to indicate which of it's
methods are public and exportable. Figure 24 shows this strategy graphicaly.

What methods can | do?

Client Thisiswhat you can do Service Broker
Please Export Methods
Brokered Service

Service Broker

Methods Repository
(Internal) Obtain alist of al

methods

Check User
Security
constraints

Return List of
User Accessible
Methods
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Figure 24 - Brokered Service load strategy
Now, when the client wants to highlight arow of data, it callsthe broker and requests

the method in question, such as.

| pSvc_Broker.of Execute(* Highlight Current Row” )

The broker will now scan it’s set of available methods, and, upon detecting that this
method is supported by the Row Selection Service, redirect the request to that method
on the specified service. Figure 25 shows this strategy.

Client
Service Broker Validate method
[ Y
Vaidate
Argument list
Cdl Service
EventHandler

Service
EventHandler

Y

Figure 25 - Broker locates the method and firesthe method on the service

This differs somewhat from the CORBA approach in that the services are not

Publish returns

Parse Arguments

'

Capture Returns

Launch Method

permanently defined to the broker when they are created. A CORBA approach would
be that when the service is compiled, the Broker is notified and a permanent list of the
sarvice, it slocation (and other details) and it's methods are registered and stored.
Therefore, the Register function would not be required. When the method is requested,
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the broker would locate the method, invoke the serviceif necessary, and then invoke
the method on the service.

Exported methods are linked to the service class reference

The exported methods are linked to the service class to which they belong so that the
service manager knows which service to invoke when a service method is cdled. What
you will notice now isthat the methods on the services are referenced using a method
reference instead of an actua method name. For example, in a sort service, the method
exported may be caled “Perform Ascending Sort” rather than afunction or event
name such as of _SortAscending(). These exported method references are what the
developer will now cal from the client object. The flexibility in this gpproach is that the
method will dways have the same name, even though the method itself may change, or
even be moved to adifferent physicd service. In thisway, the modificationsto service
classes do not affect the client object/application other than in the result of the
execution of the method. Very flexible, very powerful. The drawback isthat you losea
little bit of flexibility in that “methods’” cannot be overloaded, at least not in the true
sense. Methods can till be polymorphic however, as the service manager (who isthe
broker in this case), can detect that the client object caling the method could ater
which service the method isinvoked on. For example, if you had a Sort method
resding in two separate services, (one for datawindows, one for DataStores), then
when the client object invokes the “ Sort” method on the broker, it detects that the
client is either adatawindow, or a DataStore, and can invoke the method on the
correct service.

(NOTE: I’'m using Sort here as an example. Y ou may choose to not implement basic
services such as Sort as brokered services).

Developer calls a method by utilizing a method reference

So now that you want to call amethod, you will notify the Service Manager that you
want to “Perform Ascending Sort” and attach any data dementsto the request, e.g., in
adatawindow, you pass areference to the datawindow.

The service manager scansit’'s Methods repository and locates the “ Perform Ascending
Sort” method, determines that the method exists on our Sort service, and then calsthe
Sort Service' s Perform Ascending Sort” passing the data reference dong. The way
thisis doneisthrough a common interface in the brokered service caled the Brokered
Service Event Handler. This method on the service will then redirect the processing to
the appropriate method in the service after parsing and arranging the arguments being
passed. The service executes the necessary code to perform the sort and returnsthe
results back to the service manager who in turn feeds the data back to the client.
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Specification: Brokered Service Class

Based on the above description of the brokered service class we can see that we have
added at least two built in methods, and allowing the devel oper to build the actual
processing methods. Figure 25 shows the structure of the Brokered Service Class.

NonVisua Object
Isa Isa
Implements
Base Service Class Error Handler
Isa Maintain Usage
Count
Managed Service
Class
Unload Service
when usage count
=0
Isa Define Public
Methods
Brokered Service
Class
Expose Public
methods

Figure 26 - Brokered Service Class specification

Brokered services dso add flexibility in that the services and their methods can be
maintained externdly and loaded into the broker at run time. For example, ardatively
smple repository could maintain the necessary data, thereby alowing you to ater the
applications capabilities by manipulating the repository.

Service Based Architecture
PowerBuilder Design Strategy

Copyright, Unpublished, 1995-1997, William Green Page 59 of 86



We could do this by having the broker service accessit’s“permanent list” from a
database, which we could update viaa specid “ Service Adminigtration” program,
which can scan a service object, detect what “methods’ are avallable, (methods, in this
case, would have to be coded as events). The Events can then further execute severa
other events and/or functions, but it would have to have an entry point as we cannot
implement pointers to object functionsjust yet, nor can functions be dynamicaly built.
It sounds complicated, but it redlly isn’'t and the benefits are immediately obvious.

Client need know nothing about the service, not even it’slocation.

Client stores no code or pointers to service objects further promoting the possibility
of multi-tiered application partitioning.

Broker handles all service activation/deactivation for the client
Client can call multiple services with a single method

New services and methods can be added with no additional code needed in the
client or the broker. Smply cal the new method.

The drawbacks of this approach are:

More complicated for developersto learn and use. Use of Service Method
reference names would have to be controlled and managed in ateam development
environment.

No existing frameworks to support this approach
Performanceis dower than managed services

Deveoperslose some control of what is actualy being executed, and, based on the
“Not Invented Here” syndrome, we can extend thisto anew developer phobia,
“Not invented here, and it worked yesterday, so it’s not my problem” syndrome.

Summary

So now we have some standards to guide our development effort. We' ve not defined
any standards for the contents of the service classes other than what’ s actually needed
for operation. Asthis architecture evolves, we'll see more standards presented to
handle other situations.
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Section 4 - SBA Best Practices

*** Coming Soon ***

Chapter 12 - Coding Best Practices
Auto-I nstantiate

Constants

Congtants are a powerful adly in the world of coding. Constants allow you to assign an
english-like name to avaue, making it easier for you to remember what you want to
usein aspecific case, and dso, congtants make your code much more readable. For
example, when you use a MessageBox, the va ue returned from the messagebox can
sometimes lead to confusion, especialy when reading the code later. If you define the
messagebox as have the OK and Cancel buttons, you need to check the returned value
to determineif OK (returned value = 1), or Cancel (return value = 2) was pressed.

By itsdf, thisis not abig problem. If, however, in another part of your code you write
another messagebox cal, but thistime you specify the Yes, No and Cancel buttons.
Now thereturn values are alittle different. Yes=1, No =2 and Canced = 3! Cancd,
when returned from different messagebox() functions has a different value.

Wil we can’t change to code used by the MessageBox() (well, we can using function
overloading, but that’s another issue), but we can ensure that we don’t fall into the
same trap. For example, dl of my object functionswill return 1 of three values. -1
indicates that the function failed. O indicates that something happened whichisa
warning, but not fata error. A 1 indicates that the function was successful. (Returned
Datais done usng Reference Variables, but that’ s also another article). To ensure
consstent use, | created three congtants. OK, Warning and Failed and assigned these
congtants the values 1, 0 and -1 respectively. Now, whenever my code needs to check
or use the return vaue, it can check for the constants OK, Warning and Failed. Now
my code is readable, (e.g. IF CdledFunction() = Const.OK then continue processing
(where Congt = the name of the object which houses my congtants). | am aso assured
that if my function wantsto return a successful return code, | never have to stop and
figure out if O=success, or if 1=success. Const.OK = success regardless of it’svdue. If
| write my own messagebox function, | can aso use the Const.OK to signify that the
OK button was pressed, reiterating that OK = OK and nothing else.

But how and where should you put the constants? There are severd waysin which
congtants can be used. The first, and easiest way, isto Smply declare avariable within
the object you are working in, and assign the variable the keyword “ Constant” which
write-protects the variable and you may not change it’s value. For example, in any
object you can code: Congtant Integer OK=1.

Service Based Architecture
PowerBuilder Design Strategy

Copyright, Unpublished, 1995-1997, William Green Page 61 of 86



The method | prefer isto create one (or more) nonvisua objects to house my constants.
For example, | have an object which houses dl of my Service Class congtants,

BA n_const_svc, and another to house windows SDK constants,

BA n_const_ winsdk. | separate them to make it easier for me to locate the constant |
am looking for. No more than that. As the constants classes are actudly never
implemented, (the reference to the variable within the object is resolved a compile
time), the classes (SBA_n_congt_svc and SBA_n_const_ winsdk) are never physicaly
created anywhere, which aso aleviates the need for me to make surethey are
destroyed afterward. All you haveto do is reference the object which houses the
congtant to make it work. For example, inmy SBA_n_const_svc class, | declare:

| CONSTANT String svc_AppScanner="SBA n_svc_AppScanner”

Then, to usethisin my code, | write:

| pSvc_Manager.of Loadsvc(pSvc_AppScanner, SBA n_Const_Svc.svc_AppScanner)

Y ou do not have to instantiate the object that houses the constants. Referencing a
congtant this way alows meto change the class used for the App Scanner object by
samply changing it in the services congtants object. For example, if | change the
constant to:

|Constant Sring svc_AppScanner = “ SBA _n_svc_NewAppScanner”

I’ve effectively changed the object that will be loaded without actualy changing any
code. Powerful, yet smple.

Congtants are an effective way to write code in your gpplication in amanner that makes
the code readabl e, provides a centraized point to store the constants you use, and by
virtue of the fact that the objects used for constants are never |oaded into memory,

their is absolutely NO runtime pendlty. It'sawin-win-win stuation, and should be an
important part of your application development effort.

NOTE: Thereis aproblem using a constant as part of a concatenation of multiple values
where the constant is the operand to the right and left of the operator. For example:

string = stringl + stringconstant ~ //This works
string = stringl + stringconstant + string2  //This works
string = stringl + stringconstant + stringconstant //will fail
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Attributes

Chapter 13 - Using M ethods
Get & Set

Overloading

Overriding

Returning Data

Chapter 14 - External Functions
Stubbing

I ntegrated Platform Services (cross platform capability)

There are acouple of dternatives which provide the same end-result Thisis something
| have been toying with for some time now, and I’ ve come to the conclusion that
PowerBuilder needs to take one more step and alow conditional compilation. I’'ve
heard rumors that it’'s being looked at, but cannot confirm whether or not it isbeing
done.

Firg let’ stake alook at how the PFC (and many of us) have handled this predicament
in the past. First we create a nonvisual object which will be the reference point for
accessing the functions (nvo_base api). Next we create two descendant objects, oneto
house 16-hit cals (nvo_winapi16), and one to house 32-bit cals(nvo_winapi32). We'll
take a smple enough function as an example, GetWindowsDirectory

| Function uint GetWindowsDirectory (ref string dirtext, uint textlen) library "KERNEL.DLL" |

This function returns the directory path to the Windows directory in the variable passed
as“dirtext”. A smple enough function. We declare thisas aloca external functionin
our 16-hit userobject, nvo_winapi16. To be polymorphic, we aso write a user function
inour 16-bit userobject (call it of_GetWindowsDirectory), which will return the
directory to us. We do this because the 32-bit function call is actudly alittle different
from the 16-bit function in that it hasan “ A” gppended to the end of the function name.
The code snippet below shows this function declaration housed as aloca externa
function in the 32-bit userobject.

| Function uint GetWindowsDirectoryA (ref string dirtext, uint textlen) library "KERNEL32.DLL" |
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Again, we write a userobject function in the 32-bit userobject to call the
GetWindowsDirectoryA function. We name the function the same as the 16-bit
counterpart, of_GetWindowsDirectory. So now, depending on which object is
instantiated, our application will aways cal of _GetWindowsDirectory().

In our gpplication, we do not know whether to implement the 16-bit or 32-bit verson
until the application isrunning, so we declare avariable pointer of type nvo_base api,
which we name asinv_WinAPI. We write some code to detect the platform we are
running on, (hopefully, we will do this right in the beginning of the gpplication and
store the information somewhere for later use, but for this article, we'll write the code
out in full). The code below detects the environment and stored two pieces of
information. The first is the operating platform, (Windows, Unix, Macintosh). The
second isthe platform operating system leve (16-bit, 32-bit).

/* Check the environment */
Environment Env
GetEnvironment(ENV)
Choose Case ENV.OSType
Case WindowsNT!, Windows!
is OS= "Win"
IF ENV.Win16 THEN
ii_platform= 16
Else
ii_platform= 32
End if
Case Solaris!
Is OS= “Unix"
Case Macintosh!
Is OS= “Mac”
End Choose

These variables are utilized

Now we can cal the GetWindowsDirectory function from our application as
inv_WinAP!.Dynamic of_GetWindowsDirectory() and be assured that we will access
the correct function. To be able to cal the function as non-dynamic, (for performance
reasons perhaps), we would add a“stub” function of_GetWindowsDirectory() to the
nvo_base api object. When we ingtantiate the correct object, it's function (by virtue of
overriding the stub function) will be called. All we have is three userobjects which
control the API functions and three userobject functions.

Integrated Platform approach

Recently, | tried an aternative approach. | created the same hierarchy of userobjects,
nvo_base api, nvo_WinAPI16 and nvo_WinAPI32. | coded the sameloca externd
function declaration in the 16-bit userobject, namely:
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| Function uint GetWindowsDirectory (ref string dirtext, uint textlen) library "KERNEL.DLL"

In my 32-bit object, | coded the loca external function declaration:

Function uint GetWindowsDirectory (ref string dirtext, uint textlen) library "KERNEL32.DLL"
ALIASFOR*“ GetWindowsDirectoryA”

The addition of the ALIAS keyword alows me to define the function with the same
name as the 16-hit function, but actudly refer to it usng the GetWindowsDirectory()
function call.

Make all of these abjects Autolnstantiated (by turning Autol nstantiate on in the Base object. Now
I’m ready to write the User API. To do this, | created a service object nvo_svc_sysapi in which |
declare two instance variables:

nvo winapilé inv_apil6
nvo winapi32  inv_api32

In the constructor event of this object, | placed the code to detect the platform I'm
running on, and store the information in another instance variable ii_Patform.

| now code one userobject function in this object which looks like this:

Choose Caseii_Platform
Case 16
RETURN inv_API16.GetWindowsDirectory()
Case 32
RETURN inv_API32.GetWindowsDirectory()

End Choose

Here, the decison regarding the platform is being made at the time the function isbeing
called. Autol nstantiation ensures that the APl objects are automatically created and
destroyed for me.

| end up with 4 userobjects, one of which isempty (nvo_base api), 2 which contain
ONLY loca function declarations (nvo_winagpi16 and nvo_wingpi32), and one
userobject which issues the cal to the external functions. | also end up with only 1 user
function to maintain.

My god isthat one day we will get conditional compilation/execution which will alow
me to declare the instance variables

Condition: 16bit: nvo_winapil6 inv_api
Condition: 32bit: nvo_winapi32 inv_api

and be able to smply cal the inv_api.GetWindowsDirectory().
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Other Alternatives

The other dternative is one which will work based on your knowledge of the fina
system destination, and that the destination will not change. Creste 2 userobjects caled
nvo_winapi, place them in separate libraries (lib16.phl, 1ib32.phl), and smply include
the correct library in your search path when you compile the application. The more
daring could dso try dynamicaly setting the library list a runtime using
SetlibraryList(), and include both the 16-bit PBD/DLL and 32-bit PBD/DLL with the
executable, dthough | do not recommend this unless you are completely familiar with
the SetLibraryList() and it's consequences.

Chapter 15 - Extending classesin a Service Based Framework
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Section 5 - SBA Techniques

All too often, when we gpproach the development of services, we adopt the dive-in-
and-see-what-happens philosophy, prevadent in the RAD approaches of the day. This
can often be g, if not fatal, less than desirable gpproach asit leads to implementations
that have not been thought through and designed correctly. This section will walk
through the design and development of a service class and hopefully dert you to some
of the dements that will drive successful Service-Based development. Thisisfollowed
by adiscussion on service vs. client detection, where the example is extending an
existing object. Other examples will follow.

Chapter 16 — Building and implementing a service

Chapter 17 - The Application-Scanner service

Oredf thefirs nesdsof an application isthe ahility to detect is
theapplicationisalready running. Thisexamplewalksthrough a
desgnfor thisahility to be added and function on any platform

One of the first things you will come up againgt in the PFC isto extend the PFC by
adding anew service class. Thetypica approach isto copy one of the existing PFC
sarvice classes, remove the logic, and then build your service class using the shdll.
While this practice helped keep your classlooking and feding smilar to the existing
PFC classes, (agood thing), it also locks you into the PFC approach (perhaps not such
as good thing). This means picking up both the good and bad features of the PFC
architecture. Wdll, perhaps we can change dl of that, and we' re going to try by using a
red-life exampleto doiit.

Another eement of service class design iswhat exactly the service is going to do.
Again, the typical gpproach isto design the service to do what you specify it should do.
Sometimes, alittle extra thought and effort can raise the value of your service class. So
let’ stake alook at what it is we want to accomplish, and then we'll figure out how we
will get there.
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Setting the Goal

If you' redesgning asarvicedass, you should havea goal. When
you havea goal, seeif that will hdp others Remember that a
servicedassisintended to be ussful to other dasses or
applications, so follow the BA desgn prindplesto ensurethat
you set the goalsappropriatdy.

Our god for thisexerciseisrelatively smple. We want to detect whether or not our
goplication is aready running. It sounds ssimple enough, so thefirst thing we do is
develop a God Statement.

Goal Statement

Develop a service which will detect whether or not the application is aready running

Simple enough. Thisis a service that many have asked about since we entered the 32-
bit world. Why? In the 16-bit world, we could use the statement

IF Handle(Application) > 0 THEN *“application is dready running”

This no longer works in the 32-bit world because each application on the 32-bit
operating system would get it's own address space, and not be aware of other
applications outside of it's memory space. This*“protected” operating system made
functions such as handle(application) obsolete. So, we figured the only other constant
to applications in both the 16-bit and 32-bit worlds was the windows API.

Thisistrue even under the UNIX version of PowerBuilder, but the author is not
familiar with Macintosh to make the same clam there.

The Design

W\é design the sanvice dass showing threeimportant agpects.
Client Classintegration, Client Classinteraction and Service
ClassAPl. Thedesgn doesnat haveto beddalled, just
informetive

When | do design work, the first thing | do istry to figure out how thewholething is
going to fit together. | use aflowchart to keep thisdl visua (which is more helpful for
me), and in doing so, | often uncover afew aspects | would not ordinarily cover. | dso
try to ensure that | show all three Service Class Design requirements, Client Class
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integration, Client Class interaction, and Service Class API. Figure 26 shows what this

service class might look like.

Serviceto check if application isalready running

Application Open

Implements

Load
Application
Initialization

Service

Check if
Applicationis
aready

running

Appis
Running?

yes

Display Message
& Quit

of loadsvc

of_isAppRunning

Application
Initialization
Service

Y

Check if
applicationis
running method

Figure 27 - Service Class Design for the " Check if application isrunning” service
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Of course, thisis only a skeleton view of the service. We till need to expand the
method which will actually look to seeif the gpplication is running. The windows API
offersafew aternativesto look at the applications that are running. One of the easiest
to useis the FindWindow() function. FindWindow() will alow you to look for an
application window by specifying either the window caption, (that isthe title that
gppears in the gpplications main window title bar and may include the text for a
subservient MDI child window), or the class name of the main window, or both. The
problem | have with thisisthat it must be an exact match of the name you supply, and
the name that appears on the top of the window you are looking for. 90% of the time,
that would be enough.

Another method isto execute a DDE cdl to the application in question. If the call
succeeds, the gpplication isthere. If not, it isnot. Again, thiswill work about 90% of
thetime.

My preferred method uses another trio of windows AP calls. GetDesktopWindow(),
GetWindow() and GetWindowText(). GetDesktopWindow() accepts no arguments
and smply returns that handle to the desktop window, the highest level window in a
Windows, Windows 95 or Windows NT environment. By calling GetWindow() and
passing arguments of ‘ DesktopWindowHandle' and ‘ Constant gw_child’, you will get
the handle of aMain window for an gpplication.

GetWindowText(' MainWindowHandle') will get the text from the window title and
alow you to use thisin determining if thisis the window you are looking for.
Subsequent cdls to GetWindow(* MainWindowHandle', ‘gw_next’) will cycle through
the main windows that are served by the desktop window and you can scan this until
you find what you are looking for. Figure 27 shows the hierarchy of window handlesin
atypica windows environment and the function you use to interrogate it.
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Desktop Window GetDesktopWindow()

— Y

Main (application) GetWindow(Child)
Window GetWindowText()
Main (application) GetWindow(Next)
Window GetWindowText()

AppI'm
looking for?

No

Return
Application Is
Running

Figure 28 - API Callsto traverse the window hierarchy

Most of us, (including methefirst time or seven), will stop here, design the serviceto
accommodate this request, implement the service in our favorite framework, and be

donewithit. It' sunfortunate, because it' s very easy to extend this service to be much
more powerful.

Extending the Design

Whenreviening your desgn, ask yoursdf thequegtions: Isthis
useful to many applicationsand what other capalility would be
usgul?

When you ask these questions, we find that we can add to our design. When | revisted
thisdesign, | found that | could expand it with the following needs:

It would be useful if we could check if applications other than our own were
running using this same code.
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It would be useful to know how many other occurrences of an application were
running.

It would redly be useful if the service could detect if a specific file were open
within an application, for example, an Excel spreadsheet or Word document.

With thisin mind, we expanded the design from figure 26 to look like that shown in
figure 28.

Serviceto check if application is already running, count # of
instances running and detect specified files within specified

application
Application Open
Ap[IJ_I ioglti on of_loadsve Application
Initialization - Initialization
Service Service
A
Ap|(o:lr|1§act|fo|:1 is of_isAppRunning Check if
aready - applicationis
running running method
Check if Count # of
Application instances of
Fileisloaded application found
Return Instance ]
i Scan for File
Count, ][:lgg Found o hod

Figure 29 - Expanding the application instance check to detect number of instances and files
within applications.
We can do this without any additional API callstoo. Once we detect the application,

we accumulate an instance count instead of immediately returning. If aFile nameisdso
specified, then we enter an additiona seek loop to scan through the window hierarchy
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of the gpplication to look for the file specified. Figure 29 now shows a more complete

design.
Desktop Window GetDesktopWindow()
Main (application) GetWindow(Child)
Window GetWindowText()
Main (application) GetWindow(Next)
Window GetWindowText()

AppI'm
looking for?

Loop until
Handle<1

AR ELUNI?OI\IT Accumulate
pRIS Instance Count
running

Call "Check
for File"
method

Figure 30 - Application I nstance Check service complete

Now we can seethat if afilenameis provided, (Example: of isAppRunning(“Exced”,
“MySpreadsheet.xIs’), then the “ Check for File” method would be called to interrogate
the child windows within the gpplication to seeif the file was |oaded. Thismethod is
described in figure 30.
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Main Application

Window (Passed
from
iSAppRunning)
Application Child GetWindow(Child)
Window o GetWindowText()
Application Child | | GetWindow(Next) | |
Window GetWindowText()

FilelI'm
looking for?

Loop until
Handle<1

RETURN
FileisNOT
running

RETURN
Fileisrunning

Figure 31 - Extension of the Check Application Running method - Check if File loaded

Of course, thisimplies that our entry point will be an overloaded function cal. This
brings up the point, how exactly should you develop an overloaded function cdll. |
follow asmple set of rules.

Define the main function with the maximum number of arguments. Place dl your
main codein thisfunction.

Overload the function with other argument combinations, filling in the missing
pieces. (ThisisNOT polymorphism, by the way, smply function overloading).

My function prototypes would then look like the following:

Long FUNCTION of_isAppRunning(string Appname, string filename, ref
ApplnstanceCount, integer arg_Style)

Long FUNCTION of_isAppRunning(string AppName, ref ApplnstanceCount, ,
integer arg_Style)

Long FUNCTION of_isAppRunning(Application AppHandle, ref ApplnstanceCount, ,
integer arg_Style)

Thisdlows meto cal the function passing either the gpplication handle (THIS in the
gpplication object), an Application name (“My Application”), or an Application name
and File name (“Excd”, “ Spreadsheet1.xIs’). The second two functions smply cdl the
first one without afilename, and in the case of the third, obtains the gpplication name
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for you. Thearg_style argument is a style indicating what the service should do once it
detects any of the specified conditions, so that the processing can be imbedded within
the service class. For example, we might want to “Warn the user, but continue
loading”, or “Warn the user and quit loading and swap to the dready running
gpplication”. The style variable is a combination of individua ingtructions to instruct
the service how to react.

Building the Objects

Asmuch careasan architet takesto desgn somathing, the
builder should beequally aware of thair regponghility tothe
completed product.

Building aservice classis ardatively painless process once you have agood design
specification. Typicdly, | would take the design discussed earlier to the next level and
formally spec out the class, but for the purpose of this article, we' Il make the
assumption that this has been done, and move on to building the class. Based on the
standards proposed in the previous chapter, we have three levels of service classes,
Instance or Loca service class, Managed service class and Brokered service class.
Figure 31 illustrates the SBA standard hierarchy.

Note that Error Services Implemented In
are not derived from the Local/Base
base service class Services

(SBA_n_svchase)

Implemented In

Error Services
Isa
Implemented in
Managed
Services
Isa e (SBA_n_svchase Managed)
ya
Client e Service Manager | Manages
(SBA_n_svc_Manager) isa

Brokered Services
(SBA_n_svcbase brokered)

Figure 32 - SBA Service Class Hierarchy and implementation

Based on the description of these classes, | chose Managed Service as my
implementation choice. Why? | usualy try to avoid Local services as much as possible
as| prefer to have the services managed for me automaticaly, and brokered services

Service Based Architecture
PowerBuilder Design Strategy

Copyright, Unpublished, 1995-1997, William Green Page 75 of 86



seem overkill for thisimplementation. In order to utilize the Managed Service, | need
to implement the SBA Service Manager.

So now, in order to build the service, | will create a new service classinherited from
my Managed Service class, and code the methods that | have designed®. | decided to
cal the service class* Application Scanner” asit can now look for any application.

The AppScanner class (SBA _n_svc_AppScanner)

WE ve dready defined the methods we want on this object, namely an overloaded
of_isAppRunning() function and an of_isFileloaded() function. What we still need to
do isto define the externd functionsthat will be used. | do thisusing atechnique | call
Integrated Platform Services, which is atechnique that differs dightly from the
standard method of implementing platform independent services. The method is
discussed in detail in chapter 5, so | will Smply state that | crested a Windows AP
sarvicedlass, (SBA_n_Svc Wingpi), which in turn implements the platform specific
externd function declaration containers, SBA_n _api_winl6 and SBA_n_api_win32. In
these objects we coded the external declarations as shown below.

SBA n_api_winl6

FUNCTION uint GetDesktopWindow() LIBRARY "user.exe"

FUNCTION uint GetWindow(uint hwnd, int wflags) LIBRARY "user.exe"
FUNCTION uint GetWindow Text(uint hwnd, ref string wintext, int textlength)
LIBRARY "user.exe"

SBA n_api_win32

FUNCTION uint GetDesktopWindow() LIBRARY "user32"

FUNCTION uint GetWindow(uint hwnd, int wflags) LIBRARY "user32"
FUNCTION uint GetWindow Text(uint hwnd, ref string wintext, int textlength)
LIBRARY "user32" Alias for "GetWindowTextA"

Notice that the GetWindowtext() function uses an alias. This function is actually already
coded in the win32 platform services as GetWindowTextA (), meaning that you have to
write a wrapper so that the wrapper can call the correct function prototype. Using an
Alias eliminates that need. Regardless of which platform you’ re running on, you will
still call GetWindowText(). The 32-bit function will reroute the function internally to
GetWindowTextA () without our interference.

In the ancestor to the API services, | add awrapper function for each of these
functions which smply trandates my preferred function calling method to the method
supported by the function. (I prefer that afunction does not return anything other than
afunction return code and that any data to be returned be done using areference
argument variable).

® The completed service class, along with the service manager and other SBA base classes, may
be downloaded from my web-site at http:/www.cris.com/~bgcastle
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PFC Code

To do thisin the PFC we have to extend the existing PFC platform services in order to
add the Windows API external functions. Again, whether or not you use a Corporate
Extension layer inserted between PFC and PFE, will decide where you place your
extended code. | utilize the Corporate Extension concept and therefore will place my
code in my PFD layer. For the sake of discussion here however, we'll simply put the
cade in the PFE layer.

N_cst_platformwin16

First we'll add the external function declarations to the platform services. We'll start
with the 16-bit version. The external declarations we'll need are:

FUNCTION uint GetDesktopWindow() LIBRARY "user.exe"

FUNCTION uint GetWindow(uint hwnd, int wflags) LIBRARY "user.exe"
FUNCTION uint GetWindow Text(uint hwnd, ref string wintext, int textlength)
LIBRARY "user.exe"

WEe're done here. We could write awrapper function to call the external function, which
istypical, but not necessary. | choose not to.

N_cst_platformwin32
Now we add the external function declarations for the 32-bit calls. These are:

FUNCTION uint GetDesktopWindow() LIBRARY "user32"

FUNCTION uint GetWindow(uint hwnd, int wflags) LIBRARY "user32"
FUNCTION uint GetWindowText(uint hwnd, ref string wintext, int textlength)
LIBRARY "user32" Alias for "GetWindowTextA"

Notice that the GetWindowtext() function uses an alias. This function is actually already
coded in the win32 platform services as GetWindowTextA (), meaning that you have to
write a wrapper so that the wrapper can call the correct function prototype. Using an
Alias eliminates that need. Regardless of which platform you' re running on, you will
still call GetWindowText(). The 32-bit function will reroute the function internally to
GetWindowTextA () without our interference.

SBA n_svc_appScanner

We cregte our service class by inheriting from SBA_n_svchase managed. This ensures
that Service Management features are automaticaly activated.

Next we code the main function cal, of _isAppRunning(string AppName, string
filename). In this function we place the following code.

IF of_LocateApplication(a_appname, iu_apphandle) = 0 THEN RETURN O
IF of_CountApplicationlnstances(a_appname, ii_instancecount) = 0 THEN RETURN O

IF of_LocateFileinApplication(a_appname, a_filename, iu_apphandle) = 0 THEN RETURN O

Thefirgt thing you'll seeisthat theisAppRunning() is actudly afunction which makes
calsto other functions. IsAppRunning() is provided as an overloaded wrapper function
that makes your application developer code smpler and easier to understand. So you
can cdl isAppRunning() and get an answer indicating yes or no (by the returned
ApplnstanceCount variable), but interndly, it works allittle differently.
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Depending on which overloaded function you cal, you might cdl the internd functions
of _LocateApplication, of _CountApplicationlnstances and/or
of_locateFleinApplication. Of _LocateApplication() performsthefirst level of our
checking. It will do the following steps.

1. Check that the winapi serviceisloaded, and if not, load it.
2. Obtains the handle to the desktop
3. Obtain the handleto the firgt child window (child to the desktop)

4. Check if thisfirg child isthe application window we are looking for.
(Remember that the application name may be a portion of the application
window name, so the check must be length specific).

5. If not, enter aloop to get the next child window and check it’stitle

6. When the loop ends (either handle returned = O or we find the application we
arelooking for), we enter the next phase of the method.

7. If the handle = 0, we ve discovered that the application is not running and we
can Ssmply return an gpplication instance count of zero to the cdler.

8. If we'vefound the gpplication we can enter the function
of CountA pplicationl nstances where the loop above is continued, counting
each time we find the gpplication.

9. If afilenameissupplied, the cdler islooking for a combination of gpplication
and filename. We will cdl the of _L ocateFileinApplication() function where we
will do two steps. Thefirst will be to check that the current window we have
access to does not contain the filename in it’ stitle anywhere. If not, we enter a
loop scanning dl of the child windows for the particular application looking for
the filename in the title of the child window. If wefind it, thefileisloaded. If
not, the file is not loaded for this particular application and we can continue.
This processis repested for each instance of the application that is found until
we can determine whether or not the application/filename combination is
running or not.

One thing we have not discussed is what to do isthe application isfound. I’ ve l€eft it up
to you to make this decison. When you look at the sample code supplied for thisin the
SBA Demo gpplication, you'll see how | approached the problem.

Now that the object classes are devel oped, we' re ready to integrate the service into our
aoplication.
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I ntegrating the Services

Integration of sevicesislike sHling real esate Themost
important threedementsarelocation, location, location.

Because thisis an Application service, the choiceis quite smple. If you are using the
PFC, we implement the service into the Application Manager. If you' ve adopted the
inserted corporate layer technique, then this new service will be implemented in the
corporate layer. If not, you would implement it in whatever you have designated the
corporate extension layer to be, or, if you're not using the PFC at dl, | chooseto
implement the service in the application object open event. In elther case, we need to
follow afew steps.

Add an instance variable reference pointer to the gpplication manager for the
Service Manager. (PFC uses variable name Invo_ServiceName. | recommend you
follow this practice when working with the PFC. Use the convention that meets
your standards). Remember to implement the service manager a the extension
leve. (n_svc_Manager rather than SBA_n_svc_Manager) so that you can extend
the service manager for yoursdlf. The Service Manager is an auto-instantiated
service, so create/destroy is handled for you.

Add an Instance variable reference pointer in the application manager for the new
sarvice. (I caled it SBA_n_svc_AppScanner, therefore | code the instance variable
as SBA_n_svc_AppScanner invo_AppScanner). Note that we do NOT declare
this service at the extenson level. Thereis no extension level because the Service
Manager dlows usto define the class being ingtantiated at runtime. To extend this
sarvice, inherit from it, add your code, and then change the name of the service
being loaded in step 3 to the class you cregate.

NOTE: In order to use the service, you must do 2 things. Load the service, and call the
service method. Typically, | add the service load to the Application Manager
Constructor event. | need to code the following:

invo_ SBAMgr.of LoadSvc(invo_AppScanner,
SBA_n_svc_const.Svc_AppScanner) //Loads the application initidization service.

Notethat | use aconstant to send the service name. Using constants this way
alows you to set up your service classes in one location, and, because the
constants are defined as CONSTANT String

svc_AppScanner="SBA _n _svc_AppScanner”, you do not have to physicaly load
the congtants object anywhere. At compile time (when you save the object), the
congtant reference is replaced with the actud vaue.

In future, any new services | add will only need steps 2 and 3. The service manager
takes care of destroying the service once out of scope.
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Findly, in the PFC_Open event in the gpplication manager, | will add the code:
invo_AppScanner(GetApplication().AppName, li_AppCount). Of course you would
replace the invo_ declaration to match the reference pointer you defined.

With thisimplementation, we' re looking for an instance of our application, so we're
using the smple form of looking for the application only. Theli_ AppCount variable, a
local integer, will contain the number of instances of the application that is running and
you can therefore choose to do what you want to based on the knowledge you now
have.

In other areas within our application, we might want to look for an instance of an Excel
gpreadsheet. We would smply cdl that function using the Application manager
reference pointer as.

gnv_App.invo_AppScanner(“ Excd”, “MySpreadsheet.xIs’, ii_Appl nstanceCount)
which would tell usif excel were running and file MySpreadsheet.xIs were open. Of
course, to look smply to seeif excel were running, you would omit the filename
argument.

Summary

This concludes the discussion on how to design, develop and implement aservice. The
key elements emphasized are to set agod for the service, expand that goal by thinking
beyond the scope of your application, design the service following aframework of
object classes, build the classes following your design, and devise an implementation
strategy to implement the service in any application. Next we will take alook at how to
go about extending a service class beyond it’ s origina scope.
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Chapter 18 - Service Class Families - The Transaction Object

Thetransaction connection serviceinthe PFC (PFC _n tr and
exdensonn tr) doesnot indudethe necessary codeto connect to
variousDBMS s How should you go about edending thisdass
to allow thisgeneric connection capalility?

Goal

Goal Statement:

The god here is quite smple. Extend the existing n_tr class to adlow access to
variousDBMS's.

Design

There are two schools of thought when it comes to extending the capabilities of client
classes. Thefirgt that comesto mind is the traditiona inheritance approach, which,
when you think about it, almost makes sense. The transaction object is a nonvisua
component which provides a service to PowerBuilder gpplications. The way to extend
the capabiilities of a service isto use inheritance. So you end up building ahierarchy of
the transaction object that looks like that shown in figure 33.

Traditional
Approach n_tr
n_tr_oracle n_tr_odbc
n_tr_sybase
4

n_tr_syb n_tr_syt n_tr_syc

Figure 33 - The traditional approach to extending the n_tr class
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When you look alittle closer however, you will find that thisis perhaps not the best
approach. For example, suppose you want to create a Sybase transaction object for
your specific environment, so you want to specidize the transaction class and create
your own object, n_tr_mytrans. Which of the Sybase descendants do you use? OK, so
we decide thiswill be system 11 only, straight CTlib access, so we decideonn _tr_syc.
We ve now locked our design into a single approach.

So, how do we improve upon this gpproach? Firgt, let’s change one myth. Not al
Nonvisuaobjects are services, and not al services are nonvisuaobjects. Now, having
said that, we can rethink our position on the transaction object and redize that isin
fact, aclient class, not a service class. Being a client class we can further surmise that to
extend the class, we should use a) Extend by Insertion, or b) Extend by Delegation.
These are two of the possible extenson methods available usng SBA. Thisfirst
dictatesthat you “insert” anew layer between the actua object you wish to use, and
it's predefined extension layer descendant. Extension by delegation is the process of
delegating required behavior to aservice class.

The best approach here is extension by delegation. By this| mean that we will be best
served by implementing the DBM S specific behaviord requirementsin a Service Class
that can then be implemented into the n_tr transaction class. Thisis better represented

by figure 34.
(Choose which Transaction Transaction
Service to apply) Services

Oracle Sybase ODBC

Transaction Transaction Transaction
Services Services Services

Syb (dbLib) Syt (NT dbLib) Syc (CTlib)

Transaction Transaction Transaction
Services Services Services

Figure 34 - Transaction Servicesimplemented into then_tr class

Now, the code which ingantiates the service class within n_tr smply hasto make a

sengble decison as to which sarvice class should be ingtantiated at runtime.
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Chapter 19 - The DatawWindow Button (Coming Soon)

The DataWindow has never allowed usto put buttonsonit.
\ariouswor karoundsindude putting buttons on the container
window; postioned to appear aspart of the datawindow; to
draning a button on the datawindow usng therectangleand line
obects Thisapproach differsalitieinthet it providesthe look-
and-fed of a button, but addsa sarvice to automatically process
thebuttons* dicked” evert.

The Goal

The Design
Expanding the Design
Building the Objects

I ntegrating the Objects

Service Based Architecture
PowerBuilder Design Strategy

Copyright, Unpublished, 1995-1997, William Green Page 83 of 86



Future Attractions
Brokered Service example

Automated Business Rules
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Appendix A

Thisappendixwill housethe naming convertionsand general
servicerulesguiddinesthat are used in thisdocument

Naming Conventions

Service Class Naming

<prefix>_<classtypeidentifier>_classfication_name
example SBA _n _svc error
Example PFC: PFC_n_cst_dwsrv_linkage

prefix - aprefix assgned to identify the source of the object. For example, | used SBA
throughout this document to identify the SBA defined classes. The PFC uses PFC to
identify it's base classes. Prefix is often omitted to indicate an extension class.

Class Type identifier - an indicator of the type of class being defined. Most typicaly
the classis anonvisuaobject, and the identifier isn_

Classfication - aclassfication of thetype of cassthisis. The PFC specifies cst for
Custom Class for most service classes, with datawindow services further customized
with dwsrv. | prefer to identify the type of class more using:

svc  aSaviceclass

const aCongants container class

aoi an AP external functions container class

Name - The name of the service
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Development Guidelines

Developing a service class following a standard framework results in more adaptable
and integrated services. This means that afew guidelines must be established, and
adhered to, if services areto truly become “plug-n-play” . The guiddines established
and followed in this document are listed as a checklist below to alow you to measure
your service class “compliance’:

Do not maintain information pertaining to the client within a service class. Pass
client information to the service with each caled method.

*** This section will continue to evolve***
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