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environment than one that might perforns calculations better or faster. Whatever the reasons for
distributing an application, it is not a oivial task. Writing applications that support communication
among machines with different operating systems and different represeniations of data types can be
tedious and error-prone. The Distributed Application Development Toolkit for OS/2 addresses this
problem by providing simple natebooks foF selecting communication options and generating all of

the necessary code for distributing the application.

Introduction _': e

Distributing applications across multiple computers bas become an important part of application
development. Differeat computers have different strengths. By placing parts of the application on
diffeentcompumtonkeadmuseofm::ummuppliuﬁonmbemuch improved over
one running on a single computer.

However, the differences between these computers are deeper than the physical appearance of the
machines or their user interface. The differences are imbedded in the architecture of the machines
and are manifested in everything from the low-level data interaction mechanisms to the

ing enviroument snd the operating system. Additionally, these architectures differ in the
way they run software, which can be confusing for users.

Handling these differeaces in architectures, programming eavironments and computer characteristics
is difficult for programmers who wish to take advantage of distibuted applications. Programmers
miust also be aware of the middieware characteristics they need. For example, a basic TCP/1P
implementation is s good protocol for prototyping but does not handle some of the features that
users expect, such as guaranteed message delivery when disconnected or multiple levels of data

protection or user authentication.

Tbe Distributed Application Development Toolkit for OS/2 handles these diffcrences in
middlewares, machine architectures and application characteristics. Users can choosc the
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middlmtbeywishwusbysdeodnaﬁumsliaofmponednﬁddlewammdmenmﬁngthe
middlewwspeﬁﬁcopﬁmsmhgmbook&Opﬁmmammmpaﬁblemdinbled. Once
theopﬁonshavebeenulected.thecodecanbegmwd.

The granularity of distribution is an important consideration. The Distribuied Application
Toolkit for 0522 allows distribution at the part level. A part is&_g'ééipsulaion of
behnvbwudmmbehﬁwhmwbymmﬁceduaipﬁ@jnedmﬁpdmh
Mﬂymhdhd&alcﬁmmahuwmwhnﬂluMB
OSF's DCE IDL. The behaviour is described by the implementation of the ititerface. To distribute
-mmmnmmtumwmmmme@mmmmaﬁm
mmmmumﬁam&mmmmwmywmmw
h&emhhmﬁhhdmﬁmghulxdnsmmmcm.
The Visual Builder tool handles the definition of parts and their interfices. Visual Builder allows
parts to be defined hierarchically. The top-level |  becomes the application. The Distributed -

Application Development Tool for OS/2 takes the in this top-level part and allows them to be
distributed on multiple computers. E '

A Sample Application

To illustrate the simplicity of mtmg a distributed application, we will use a simple distributed
stack as an example. The C++:interface t0 the stack appears in Figure 1.

Figure 1. The interface to the
stack class.

by 43
l w0 S g v

The class has two methods: push() and pop(), which push a string onto the stack aod pop one off
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Next, create the object in the server partition. Opea the application folder and select
Distribute/Edit pastitions. The Partition window appears with the two partitions that were created
in the Smart Guides. Select File/Import via .bpp and import the Stack.hpp file. The class window
shows the currently selected class. Ensure that the Stack class is selected and select the object
icon on the frame Mndow.nmmmhmmofthechuinthempuﬁﬁonbypnsﬁng
the left mouse button.

Next, creste an association from the client partition. The associstion cusures that a clieat proxy
is generated in the client partition. Select the association icon. Select the client partition and
then the object in the server pastition. Middleware options can be changed for the partition,
object or association if required. For TCP/P, the default options allow a working program to be
compiled and run. The Partition window can now be saved and exited usiog the

File/Exit selection.

OB T G W, e

L1 P

r"»"’!"‘ e
B
.
i:
sy

HIGHLY
CONFIDENTIAL

MSC 00546181

- MSC0000545181



the stack, respectively. Figure 2 shows the implementation of the stack class.

Figure 2. Implementation of the stack

The pop() method also raises an excepti :§f thege are o elements left in the stack. This
illustrates how exceptions are passed from the serve to the client in a distributed application.

Creating the Distributed Application Infrastructure

First, you create the spplication with two empty partitions using the WorkFrame component of
VisualAge C++: Open the VisualAge C++ folder and double~click on the Project Smarts icoa.
Select the Distributed Logic Application option. Give the application a name; for example, Stack
Example. Next select a two-tier application. Name the client and server partitions; for example,
Client and Server. Select TCP/IP as the protocol for the client and select Visual Builder as the
option. Next, select TCP/IP for the server partition but do not select Visual Builder. Select Done
when complete and specify a location for the application folder. Figure 3 shows you the main
steps in using WorkFrame 1o create your initial pastitions.
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Generating the code

mmmmmmemhﬁmmwmuuwfammﬁmomm
client partition folder. Select Mmammrmmmm, aumber of

8 Stack.hpd - Commoa definition file

@ Stack.ipe - Client packaging/unpsckaging code
@ Stack.-hps - Server unpackaging/packaging code
- (3 Stack.dec - DCE client support routines
[ Seaci.dcs - DCE server support routines
@ Staek.ded - DCE common support routines
(@ Stack.dl - DCE IDL definition file

Only one set of class files is mquuedfordlmneu of the class. These files are generated iato
the _shared_ subdirectory md:bowup in all of the partition folders.

For each instance of the clus.uetofﬁ u'egenemed. A shared file is generated which
contains the identifier of the object. This file is shared between the server partition where the
object resides and all of the clieat partitions that access the object.

The object level ﬁlﬂ are:

Stack_1.hpd - lnstance 1 common definition file

O Staek_1.hpe - Instance 1 client setup file

©) Staek_1.hps - Instance 1 server setup file

D Stack_1.vbe - Instance 1 client Visual Builder interface definition file
£) Stack_1.vbs - Instance 1 server Visual Builder interface definition file

The Stack_1.hpd is generated into the _shared_ directory. The Stack_1.hpc and Stack_1.vbe
files are generated into the client partition folder.

In addition to the class and instance files, a partition-level file is generated. The file contains the
pmitionnmpeode.'rbeemmemahodsmtmbepafomedontheenvironmem and
appear as methods on the pastition class. This class is called DADTPartition. One instance of this
class is created for each partition. The interactions that are svailable on the partition are 2
generatsEvent() method for generating user events easily. The text specified as the parameter 10
this metbod appears in the Event Viewer. The second method that is only generated for server or
agent partitious is 2 stopListening() method. This method causes the server or agent to stop

receiving calls from clients.
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The partition-level files that are generated for the client partition are:

X client.hpd - Partition setup file and DADTPartition class definition
X clisnt.vbe - Visual Builder part interface to the DADTPartition class

Nm,gmu&zﬂmhﬁcmpu&ﬁmﬁu&u&empu&ﬁonmd#
Distribute/Generate Partition Parts. This generates the server object files and the serves partition-
kvdﬂu.fohmnﬁm&cobjmﬁemmmmmuintmhoﬁmmmbe
mmmmum&agmomeobjmmmwm.mmu

Hm.inthi:nmplcyouwﬂlgmmcm‘ino.vu&ebiﬁib iti
Main() option to do this. ;

The following additional files now appear in the server partl

X sarver.hipd - Parition setup file and DADTPastitiosiclais defiition

X server.vbe - Visual Builder part interface to the DAD . class

@ server.cpp - File containing the main() function

Using the Distributed Object
Now that the object has been défined and sl of the options have becu set for the partition, class,
object and association, it can be used to develop a distributed application. To produce the clieat
application, select Project/Visual in the clieat partition. Use the File/lmport menu to import
Stack_l.vbe. Then creste a new visual part; for example, Stack Window. Use the Options/Add
menu to add the Stack_1* part. Place it somewhere in the Composition Editor.

PhceMopusbmmdmm-yﬁeldsonmeﬁmewindow.Chnngethewttofonepush-
button to Push nndthewuofdleodaetol’op.Connacttheb\mmClickeventofthel’uhpush-
buttoo to the push() action of the Stack_1 pmnenconnectoneoftheenu'yﬁeldsuthe
element parameter to the push() call.

To coanect the pop() event connect the buttonClick event to the push() action oo the Stack_I
part. Connect the actionResult to the other entry field. Since the pop() method can raise an

iog, connect up an exception display window. Add the message window to the Visual
Builder surface. Connect the exceptionOccurred optioa on the pop() connection to the message
window as the showException attribute. Use the File/Save and Geanerate option to generate the
pmmme.TheumtthildSavendGenmopﬁontomcmethe part main(). Visusl
Builder can now be closed since the application is complete.
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Bullding the Application

The client and server partitions must now be built to. form two processes. In each partition, the
compiler and link options must be modified. To chasige the compiler option select

i iler and select the C++ Compiler. Using the Object tab, sefect Multithreaded
library and Dynamic linkage. To modify the link opticas, use the Options/Link option. Usc the
Template tab and check the template option.. The Compile::C++ Compiler should be associated.

For the client partition, the Generation option should be changed to generate 8 PM application.

Running the Applluﬂol

The TCP/IP prikoiol does not have a name service that can be used for distributed objects. Our
implementation over TCP/IP includes & shared file for registering the location of the server

This locatiou can be set using the Object and Association potebooks in the Partition window or
can be set at run time. The variable that is set at rua time is IDATCP::NAMESERVICE. For this
example, we'll assume that both processes are run ou the same machine. Select the View/Tools
setup and use the Varisbles Add option to add the value of ¢:\tcp.ns for the varisble
IDATCP::NAMESER VICE. Set this in both partitions. Then execute the srvr.exe process ia the
server partition and start the clicat process in the client partition by executing vbmain.exe.

To test the application, push “hello", then push "world". Then pop "world", pop "hello”. Select
pop again snd an exception is displayed. Note that this exception was raised oo the server and
transported to the client where it is displayed in an exception window. Figure # shows the
Exception window. To stop the application, use Ctrl-C in the srvr.exe window and exit theclient
window. .
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Running the Application with the Event Monitor
Debugging distributed applications can be difficult. The event trace facility helps you debug

distributed applications by showing all of the method calls between application threads. Tracing
the application does not require recompiling the application code. To stait the event mouitor,
type evmon /pr oo an OS/2 command line. Ensure that the enable trace box is checked. Specify

s port greater than 1000; for example, /0001. Select the host connection as local and specify &

filename: for example, c:\stack.edb. Press continug. Now start the server and then the clieat
again. Perform the same operations in the client window. The clicnt and server processes can

To view the event trace log, the event monitor geeds'to be closed down. Bring up the window
list using the Cui-Esc key sequence; Select the Event Monitor and close it. To view eveats,
select the Project/Analyze and Distributed Trace. Use the File/Open option to opea the
c:\stack.edb file. Two borizontal lines arc displayed represeating the two threads, oue in the
client and the other in the server. The lines connecting the threads show the method calls

between the threcds S_.g!ec’ting one of these lines displays the method that was called.
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Counclusions

The distributed application development toolkit
casy. Integration with the Visual Builder easbles
applications, possibly without writing a line of code. Problems .
objemanbemckeddombynminathemtmnitor.&addedadvm

does not need to

be recompiled or modified to trace the application.

for OS/2 makes creating distributed applications

programmers to develop distributed

with lost communication between
je is that the code
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l VisualAge c++ Version 3.0

FACT SHEET | : '
Attendees Choice Award for the Best Object Best New Object Technology Development
" Otject Workd - Boston, March 22,1998 aﬁam-n—;mmm i
, Pmduct Description
Vet d s e |
-C essional C++ programming - !
mmmmmmsz-b«mpdewd, mmm“mr?
-amdonlBMOpenChs onmpl«eC«» Pr
kbraries Bt . Display
mmm«mmnmc - VGA minimum (SVGA recommended)
m i
prod Memory
Key features. T 1 IB RAM miimom (168 AAM
Obna<mamuaazsuomhumddn: - C++ Visual Development
- 18M Open Class fibraries o 16MB RAM minimum 24MB MM
- Direct-to-SOM recommended)
= New developrnent envircnment
- 110MB for all tools
Key Messages ~ 70MB for samples and documentation
-Thenewmdageof(:“develwuha - 30MB (minimum) for swap space
- Pmrful muiti-platform C++ environment from Softwara
the desktop to the mamframe. - 1BM 097 V2.11 ot higher (02 Warp
~ Extension of the VisualAge family 10 include recommended)
Srmalitalk and Coe. .
Operating Environments Part Numbers and Prices
- Version 3
05221, Media Part No. US Ust Price
* 052 Warp 35" Disks + Docs  30H1664 $525
- Next release, late 1995 :
: CD-ROM only 30H1665 $449
» Windows 95
o Windows NT CO-ROMw/Docs  30H1666 $489
» Power Macintosh
SRR S —
6795
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ﬁalAge C++ Version 3.0

PART NUMBER, PRICE, UPC
Product Packages Media Part Number

VisualAge C++ v3.0

VisualAge C++ v3.0 35" + Docs | 0-87544-130765  $525.00
VisualAge C++ v3.0 CD-ROM only OAI9M4-130711  $448.00
CD-ROM w Docs

0-87544-13081-9 $299.00

Visualage C++ v3.0
Visuslage Ces v3.0 L 0-87944-13082-6 $225.00
VisualAge C++ v3.0 CD-ROM W Do:! 0-87944-13083-3 $265.00

Promotional Upgrade Offer* (Canpcﬁt!vo Up _ndo ‘and First Step Upgrade)

VisualAge C++ v3.0 30H1775 0-87944-13084-0  $423.00
VisusiAge C++ v3.0 30H1776 0-87944-13085-7 $349.00
VisualAge C++ v3.0 0H1777 0-87944-13086-4 $389.00
Note*: Promotional upgndc Offcr in effect unti chber 27, 1995. For more information about this offer, please refer 1o

the Campaign information section.
Additional License(s)
Visualage C++ v3.0 (Single) 30H1675 $429.00
VisualAge C++ v3.0 QS 30H1676 $203900
Visualage C++ v3.0 (Qty 10} 3041677 $3,864.00
Visualage C++ v3.0 {Qty 50) 30H1678 $18,031.00
Publications Program Packages
Visualage C++ v3.0 Standard Ref. Man. 30K1679 0-87944-13087-1 $56.00
Visualage C++ v3.0 Extended Ref. Man. 3041680 0-87944-13088-8  $249.00
IBM Experience C++ (A multi-media tutorial)
1BM Experience C++ CD-ROMonly - 03H4441 0-87944-13447-3  §135.00 |

================:=================:-========f*
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sualAge C++ Version 3

—_—

TECHNICAL SUPPORT

Dealer Support
whuuhfaumwmtmm

Product Support - : )
MMMWMMWMM the VisialAgé C++ packaging to receive their
Qustamer number. :

ﬂyouummmmblmam'

-CMWD«Bmemiwmmmmmmw
Wmmudnﬂnm

= Review VisualAge Co+'s. READM! fie.

CompuServee ..

-M«Gd:ﬁiDFI.Mpwqwmmmmdufm

- To register, call 1-800-524-3388 239
internet

- Workirame/2 questions: workirame@vnet.ibm.com

- Other Visualage C++ questions: cset20vnet.ibm.com %
Software Defect Support Line

T report software defects, have customer number ready and call 1-800-237-5511 (24 hours a day, 7 days a week).

- 693
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H TalkLink

’ = Carry on slectronic Conversations with the woridwide M commurity of U
services wia IBMLink™: TR

~ % register and begin using Talkiink, call 1-800-547-1283.

fl Q & A Bulletin Boands

-Mﬂfmmﬂmmnfo: :

mwuumwmdwmumww “

ISM Support
- 0872 Support info

- Submithview probbm upauand IBMfcspoms

- Order OS2 r.'mmosmcsos)
osn Soﬂmn ubury

- Vnwld\ooa Toxes

- Download service packs and CSDs “
News & Announcements

- Up-to-the-minute productservice info

- Latest info on Beta software and CSDs

I ————— TR T e
M
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e abliy
mumwmwmpm

. » Exising relational data can be aczessed from the visual buider
with very littie coding
E. Appications accessing data can be sssembled visually

BMQpenCthbrm Wmheﬂywﬁdwmm
* Developers are shieided from complex system imerfaces
» Complex applications can be developed very quickly

-SOMOb;mmbcauudmC«mmmdwm
other anguages (DL) or tooks
* Allows developers to create distributed object applications more

Object-oriented Access to Relstional Data

Direct-t0-SOM -

easily
+ SOM enables the creation of abjects that can be shared by
several languages

New Development Environment o Developers can move quickly and easily between t00ls
* Environment is simple and easy to leam
* Projects can be set up automatically

New Browser © Users can browse uncompiled code
« Browser is fast and easy to find

Pre-compiled Header Files o Allows much faster compiling
New 32-bit tinker ' * Linkage i§ 2-3 times faster than with V2.1
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VisualAge C++ Version 3.0

BENEFITS/KEY MESSAGES, cont’c

Key Messages
VisualAge C++ Version 3.0
The new generation of C++ has arrived with the introduction of visual application construction from parts. Developer
productivity is enhanced without kising the power and scalabilty of o+, :

1BMS C++ and Open Class a7 designed to provide a powerful multiplatiorm énwironment that scales from the desitop to
the mainframe including OS/2 Warp, AIX, Sun Solaris, MVS, and 05/400, and'in the future: Windows NT, Windows 95, snd
VisuaiAge s eatends the power of B VisualAge iy of pioducts o inciude both Sraltalk and now Ce-. Together
mmgumfummso*dmm&nbpnm!
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