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ABSTRACT

DISTRIBUTED GUI FOR THE PROJECT54

SYSTEM

By

Chanchal Sharma

University of New Hampshire, December 2005

The goal of this thesis was to design and implement a prototygbensyhat would
allow users to interact with application modules running on a sémeaugh a GUI

implemented on a client machine. The design goal was constraineakomly in a

wired network rather than a wireless network and that the tiigrérom current
system to the distributed system would require minimum changes.diStnguted

system was modeled on a thin client topology, where most of thespiogeof the
clients was transferred to the server, with the clients didglaying GUIs using a
GUI Application located on the clients locally. The Project54 mgisg structure
was utilized for exchange of relevant information between theesand the client.
Finally the developed prototype system was tested for functipnattwork usage,

memory usage and stability.



CHAPTER 1
INTRODUCTION

The modern police cruiser is equipped with a large number of electroni

devices such as radios, radars, lights and sirens, global positisystems

(GPS), etc. Officers operating these cruisers often havitévact with

multiple devices while driving at high speeds. The Project54 mysias thus

developed so that all these devices could be controlled from one cerdral

standard location [1].
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Figure 1.1 Basic Hardware Architecture for Project3} system



Figure 1.1 shows the basic hardware architecture of the Projgstedns The
system has an embedded personal computer (PC) at the centem@duded
PC is attached to peripheral devices such as the touch screerormonit
microphone and speakers, the keyboard and mouse, the system diSkeetc.
electronic devices of the cruiser like the radio, lights arehsiradar, video,
etc are connected to the embedded PC via the in-car Intelligergpbrgéation
System Data Bus (IDB). The IDB uses the Control Area N&tWGAN2B)

as the physical layer. Individual devices are connected tolXBethrough
Common IDB Interfaces (CIDBI) [2]. Each CIDBI is programntedranslate

between the native messaging of the device and the IDB messaging.

Figure 1.2 shows the basic software architecture of the P3djegstem. The
system is designed to be highly modular. Each module in thensyste

implements one or more COM [3] objects.

Each device is controlled by its own application module. For exgntipé
lights are controlled by a “Lights Application Module”, the ratigira “Radar
Application Module”, the GPS by a “GPS Application Module”, and so on.

Modules can be changed or added without recompiling the whole system.

At the center of the software architecture is the Applicati@ndger, which

links all these different application modules to each other. Theiggpion



Manager provides an entry point for the execution of the Project5dnsykt

also routes text messages exchanged between application modules.

There are a number of ways by which a user can interactthétProject54
system. The user can interact with the system either throGghphical User
Interface (GUI) or the through a Speech User Interface (SWk user can
also interact with the system through the original manufacpuoaided user

interfaces for each of the individual devices. Interactions througBUhere

handled by the Speech Input Output Application (SIOA). The SIOA ktera

with commercial speech recognition and text to speech engingsev&R and

TTS support objects (SR and TTS in Figure 1.2).

Application Manager

Gul
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|
Engine
Recognition
IDB Results
TTS
Device Device lrs PTT P
A;r)_lp_ L ... Al?lp_ ey - SIOA —
Engine

Figure 1.2 Software Architecture of Project54 syst@




The SR and TTS support objects contain special code that can intact

the commercial engines. Individual applications interact with Reusd TTS
objects and hence the individual engines by sending messades $QA.

As far as individual application modules are concerned, the SR &8d T
objects are completely isolated and all interaction has to taloe phrough
messaging via the SIOA. The advantage of isolating the SR a8dsdiport
objects from application modules is that only these modules have to be

recompiled if the SR and TTS engines are to be replaced.

The second interaction option through the GUI involves users pressing buttons
on the touch screen monitor, as shown in Figure 1.3, or using a keyboard and

a mouse.

Almost all application modules have a GUI associated with them.|ddte
and feel of the GUIs are uniform throughout the system so thas#rehas an
intuitive feel of the GUI even when new devices or applications are
introduced into the system. However, unlike the SUI, the GUI does noahave
central application where application modules send messages axiintdth

the GUI. Instead all applications draw and interact with the tBtdlugh the

GUI support object (GUI in Figure 1.2).



Similarly, the application modules interact with the Registmough the
Registry support object and the IDB through the IDB support objeetdt

objects are labeled “Registry” and “IDB” respectively in Figure 1.2).

Figure 1.3 GUI using a touch screen monitor
The Registry is used to store configuration data and paramaetees.
Individual applications can use the Registry support module to mahage t
Registry key and value settings. The IDB support module provieesydor
individual electronic device applications to use the serial IDB f
communication. Applications can easily access the services giodup

modules using library functions [4].

In addition to the implementation of the Project54 software systemni
embedded PC environment, the system has also been implemented ihea mobi
environment on a Personal Digital Assistant (PDA), using a €deic by

Kozomora [5]. In this system as described in Figure 1.4, the Pocket P



interfaces to the embedded PC via a wireless network. The tHRCkains its
own version of the Project54 software system. Many application nedule

have equivalent versions in the mobile environment.
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Figure 1.4 Implementation of Project54 in a Wireles&nvironment

CIDEI

The Project54 software systems in the embedded environment andkie mo
environment interact with each other by sending text messagessch other
through the Proxy Application, as shown in Figure 1.5. The Project54 Proxy
Application supports version 2 messaging [6] with remote applications (
remote Application Managers) via UDP/IP network packets. The Proxy
Application listens continuously for incoming UDP/IP packets apecific
network address. Incoming UDP/IP packets from remote applications

converted by the Proxy Application into version 2 messages whichhame t



submitted to the Application Manager. Outgoing version 2 messages déliver
to the Proxy Application by the Application Manager are converiedhb
Proxy Application into UDP/IP packets and sent to the approprat®te
applications. While the Proxy Application was designed mainly to kandl
messaging between isolated remote applications (on a PD&&onple) and

a single Application Manager in the cruiser PC, two or morennstaof the
Application Manager running on separate computers can also be hooked

together via Proxy Applications local to each instance.

Figure 1.5 Software Architecture for Project54 systm in a Wireless Environment
The application modules are unaware of the existence of network
connectivity. A one to one messaging scheme is used to send nsessage

another application module. The fact that the message may beosant t



application residing in an entirely different device through avoet is

invisible to the application sending the message.

It is not necessary that the client network in this case bebdlercomputer, it
can as well be a different computer on a wired network. Furtiene may be
several client computers in the network instead of a single modiliee. In

such a case, a client-server messaging scheme [7] needs to be employed.

1.1. PROBLEM DEFINITION

The Project54 system was designed to improve the efficiencysaietly of
police officers while they perform their duties inside and detshe police
cruisers. The system was expanded to include the PDA so titatrefivould
be more efficient when they have to leave their cruisers to chgeeident
sites, traffic stops or other emergency situations. The PRArneected to the

embedded system in the cruiser via a wireless network.

The current setup of the distributed version of the Project54 sysiguires
that the PDA include its own versions of device application moduteyal
with its own version of the Application Manager. The primary reason for
maintaining two copies of the programs, in the current system, tisatha
application module can only create GUIs on the local machine theat

application resides on since it can only access the GUI support apdt



on the local machine. On the other hand, application modules can utilize the
SR and TTS support COM objects on remote machines, even though this

capability currently is not utilized.

The problem is that as more than one copy of the application modigées ex
one change in one application module would require that the change be
implemented in all copies within the extended system. Versiokiigpoeeds

to be done for all local-remote machine application pairs to ensaréoth

carry the same or compatible versions of the code. Thus, update ohtbae o
devices, either the PDA or the embedded PC may necessitatespooding
change and a recompilation and an update on the other machine. Applicati

compatibility in this scenario becomes difficult to maintain.

Another problem of the current setup is that only those versions of ajpptic
modules which have been converted to run in the remote client machine ca
be implemented in the extended system. If a new application module is
developed, then a different version of the same application module needs to be
developed for the client machine. Moreover, if different types antli
machines are involved, then more than one version of the same applicati

module may have to be developed, one for each client machine type.



On a different note, another problem identified with the current settipat
since the extended system encompassing both the local and reaubti@es
has copies of the same or similar application modules running &athe
time, there exists a lot of redundancy in code. Further, it cardaeed that,
since each application module implements at least one applicatead thy
process messages, the stress to the limited resources ihetitenachine
increases. This may become problematic especially if tbatalhachine has
limited resources in terms of memory, storage space andyblfieeas is the

case with PDAs.

1.2. GOAL

The goal of this thesis was to design and implement a prototyfersyisat
would allow users to interact with application modules running omzerse
through a GUI implemented on a client machine. The client machinéwo
have an extension of the GUI of the application module running on the serve

hence making the system a “distributed” system.

The term “distributed” is used in the sense that differerisparthe system
would be running on physically different machines, however, information
flow between the physically separated machines would be intineal A

minimal application set could be configured in a mobile device, fample a

10



Personal Digital Assistant (PDA), or some other machine wiicludes an
application module that handles only the GUI information, with the bulk of
the system including all other application modules configured on an
embedded PC with an IDB interface. The setup then becomes aselieat-
setup with the server defined as the machine which is physaailyected to

an IDB network, and the thin client(s) as the machine(s) jusegmog the
user interface. This setup would allow the officers to be in comtabtthe
cruisers at all times, even when they are outside of the cr#issimple
extension of this architecture would be to support more than one r&tibte

with the same embedded PC.

The first constraint placed on the solution was that the solution warild
implemented and tested in a wired network. Therefore this th#sispts to
take a step towards solving the problem identified in section ldciatsd
with the current setup of Project54. The problem can be fully resolvigdf
the distributed scheme can operate using wireless connectionswsrede
connections are not practical when using PDAs. However, if theorletw
connection can be stabilized, the fact that the network used ilesgiror a

wired network becomes irrelevant.

The second constraint placed on a potential solution was that there sb@uld

single migration path from the existing system to the newesysThe ideal

11



situation should allow complete backward compatibility, with oldetesys
operating without any change, but a less than ideal solution in whéch t
changes in the existing system are minimal and easygiement would also

be acceptable.

1.3. PROPOSED STEPS

Four steps were proposed for the achievement of the goal keepmgdrihe

constraints described in section 1.2.

The first proposed step was to implement the GUI in such a wayittha
behaved as a separate application module, independent from other applicati
modules. This would allow application modules to interact with the GUI
component using text messages. The proposed topology is shown in Figure

1.6.

In this new scheme only the GUI Application is allowed to actessGUI
support object. Applications access the GUI by sending text nesssaghe
GUI Application instead directly accessing the GUI support COM objéds. T
implementation is analogous to the way that application moduleaéhtgith

the SR and TTS engines using text messages exchanged with the SIOA.

12



Figure 1.6 Proposed Software Architecture for implenentation of GUI Application
The second proposed step was to implement a distributed scheme,hrawhic
application module on the server can display a GUI on a remote client
machine. This step was intended to confirm that the delays assboisr a
wired network would be acceptable in implementing an application module on
a client-server scenario. The GUI Application developed in thegdigtosed
step would enable us to implement the new topology for the systam. A
existing application module would be implemented on the local machohe a
the GUI Application on the remote machine. The application moduilédwo
be able to access the GUI Application by sending text messhgrigh the

Proxy Application. Interactions with a remote GUI Application ttiaplays

13



information on a remote screen could be accomplished through resssag

using the Proxy Application.

The third proposed step was to implement both a local and remotat @il
same time. A display on a local machine should be “mirrored” oemete
machine. Functionalities, such as, presses and status of buttons skoldd al
reflected on the remote machine. Once this is achieved, it would not be

necessary to limit the remote GUI to a single machine.

As a part of this step, a GUI class can be created, s@adlchtnew machine
where the GUI is to be displayed would necessitate just aamireion of an

object of this class. The proposed topology is shown in Figure 1.7.

As can be observed in the figure, the Project54 software on bothntiogéere
machine and the local machine, accesses the GUI object usinggmesegia
the Application Manager. As mentioned earlier, this topology allowshier
routing of GUI related messages from one machine to another. Appilicat
modules are implemented only in the local machine and can spdusiyev
to process feedback messages from their GUIs on the local mawhthe
remote machine and update both GUIs likewise. The processing afedijgpli

threads are removed from the remote machine and implemented lacahe

14



machine. However, this processing is transparent to the end ftigbe o

system.

The fourth proposed step of this research was to test the functionality, network
usage, memory usage and the stability of the system. Testingohaiity
would entail verifying that the GUI related messages were properhaaged
between the server and the client machines. Testing thenmketsage would
check if the messaging rate is too high such that it condestsystem. The

test of the memory usage would entail a comparison of the disttibystem
based on remote GUI Application and an existing system to \befglaim

that the distributed system would cost less in terms of memabey si@bility

test would verify the integrity of the prototype system.

Figure 1.7 Proposed Software Architecture for Distibuted GUI

15



1.4. THESIS ORGANIZATION

The thesis is organized into seven chapters and three appendicdgstThe
chapter gives the problem definition, goals and the proposed steyatothe

goals.

The second chapter describes studies done by researches thatilareirs

nature to this research.

The third chapter describes the GUI Application in detail. The wgr&irthe
GUI Application is important as this application provides the mdéanshe
system to be implemented in a network environment. This chaper al

includes an explanation of the GUI related messages.

The fourth chapter discusses the steps taken to develop auledrisystem
with only the remote GUI Application. This was improved upon and was
made to also support a local GUI Application along with a remdid G
Application. The system was then developed to support multiple re@idke
Applications. A GUI Class that was created to make the systera efficient

is also described in this chapter.

The fifth chapter describes the testing done on the distributed/&bibn of

the Project54 system. Testing includes functionality, stabibsting and

16



memory comparison between a system utilizing the remote GUa& agdtem
not utilizing it. This chapter also presents the test resultslamdcomings of

the system.

The sixth chapter contains the conclusion of the thesis in relatithie tgoals

stipulated in the first chapter.

The seventh chapter proposes future work to be done with the distributed

implementation of the GUI.

Appendices are presented at the end of the thesis. Appendix A contains
detailed tables explaining the messages related to the GUIcAppih, the
member variables and methods related to the GUI class developbd in
thesis. Appendix B lists modifications done to the Testbot Applicatied us

for the testing of the system. Appendix C contains an explanatiores st
required to set up the GUI Application and modify existing code to

accommodate GUI Application in a distributed environment.

17



CHAPTER 2
BACKGROUND

2.1. DISTRIBUTED GUI IN OPERATING SYSTEMS

Distributed GUI environments that project the GUI running on onetaolesk
computer to another computer in some kind of a network environment have
existed for some time. The most prominent of these are found iX-the
Windows, the GUI system for the UNIX platform, and the popular d4ioft

(MS) Windows operating systems. The distributed user environments, ofte
termed “Remote Desktops”, are built into the operating sy#tself rather

than individual applications. The MS Windows system or the X-Windows
system, both require a compatible MS or a UNIX operating syai@ning on

the client machines.

The remote desktop system implemented in the UNIX systemestittze X
Protocol which provides for the display and management of graphical
information [8]. The X Protocol distributes the processing of appdica by
specifying a client-server relationship at the applicationlleMee X client
specifies what is to be drawn on the GUI and the X server tieeactual
drawing of the GUI. The X client and X server can thus be located

different machines. X clients typically run on a remote machihi&twhas

18



excess computing power and displays on an X server. X furtherdpsoa
common windowing system by specifying both a device dependent and an
independent layer, and basing the protocol on an asynchronous network
protocol for communication between an X client and X server. This agipro
based on a client-server topology and task differentiated architecture tmas ma
advantages. Local and network based computing have the same lo@eland f

Applications do not suffer on performance even when they are distributed.

Microsoft (MS) Windows have developed a proprietary protocol forote
desktop computing, which they call the Remote Desktop Protocol (R[PP) [9
The MS RDP provides remote display and input capabilities over rietwor
connections for MS Windows-based applications running on a serverrsimila
to the X Protocol in UNIX systems. RDP is designed to suppoferdiit

types of network topologies and multiple LAN protocols.

According to Microsoft, on the server, RDP uses its own video dtive
render display output by constructing the rendering information into networ
packets and sending them over the network to the client. On the El@Rt,
receives rendering data and interprets the packets into correspaviging
Win32 graphics device interface (GDI) API calls. For the inpub,pelient
mouse and keyboard events are redirected from the clierd setlier. On the

server, RDP uses its own on-screen keyboard and mouse drivareteere
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these keyboard and mouse events. This architecture is sirpilahet

architecture used in the UNIX system.

The MS RDP and the X protocols were both developed upon a client-server
architecture but are operating system specific. They botheutlizoftware
component that runs on the server machine to send information on wiat to
drawn to the client machine. The architectures are designedatpdne of the
operating systems, so that specific applications do not have to amy the
particular topology of the display system. The distributed GUHtesy
developed for the Project54 system does similarly utilize driitere
components in the server machine to send information to the cliatimea

for the GUI. An important difference is that the distributed @&wIProject54
system will be an application specific solution rather thano#ocol built into

the operating system.

2.2. PLATFORM INDEPENDENT REMOTE GUI SYSTEM

Tilley [10], [18] designed and implemented a platform-independent gphic
user interface framework application. The framework uses distdligect
technology to dynamically build the existing user interfacarofapplication
on a remote client. Changes to the application do not necessitaigesha

the remote framework. If the interface is modified in some Wen the
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remote interface will automatically update itself to refldmse changes. The
remote interface can present the user with the same look andsféethe
application were running locally. As a specific implementation loé t
framework application, Tilley implemented a Swing based GHingwork
for a C++ application. Swing is a GUI toolkit for Java and is one gfathe
Java Foundation Classes (JFC). Swing includes GUI controls suakxtas t
boxes, buttons, split-panes, and tables. Using a client/server apphsach
framework dynamically builds a platform independent, remote GWhil&i

to the MS RDP and UNIX based X protocols, this system was based
client server model. Although the system could be used without modifyeng
target code, it was restricted to Java applications only. Aduntestriction
was the fact that it could only render Advanced Windowing ToolkKitVTA

components, which is a subset of Swing.

The design framework discussed above is comparable to thgn dgsal of
this thesis especially automatic updates on remote machines, tevxhbeed-
coded interfaces on remote clients and dynamic creation of eerfan
remote clients. However, this thesis implements the Project3énsyis a

platform dependent architecture, the platform being MS Windows.
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2.3. COMPARATIVE STUDY ON WEB BASED AND A

REMOTE GUI BASED DISTRIBUTED SYSTEM

Researchers at Columbia University performed a comparativg studhe
performance of remote displays for wireless computing apmitatused in
healthcare [11]. In healthcare information systems informaticlelisered to

clients using either a Remote Display Protocol similar taBeRDP or Web

based clinical applications. The access provided through Remote Display
Protocols and the web based approaches were real time. Hovirevetudy

found that Remote Display Protocols had both higher speed and reduced
bandwidth requirement than the web based approaches. The study showed that
a distributed application could be implemented in a real time envinan(tine

Project54 system also runs in a real time environment).

2.4. DISTRIBUTED GUI SYSTEM BASED ON THIN

CLIENT TOPOLOGY

Researchers at Psion Teklogix Inc., examined the comparativeitbevief
using either a thin client or a thick client computing topology for mobile based
data collection systems [12]. The change in architecture frommaata thick
client or vice versa, involves tradeoffs between bandwidth and progessi

power. Important differences between the two involve optimization of data
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transfer over the data link, login procedures and delays, supportability,
flexibility and simplification of the user interface, reliabyli and
programmability. The result of the study was that there everal reasons

that make a thin client architecture preferable over a thiektclAccording to

the study, some of the benefits of using a thin client settinghatechanges

and maintenance are more easily accomplished, the network controller
provides a central point of control and connectivity to the distributedileno
system allowing for remote problem isolation, centralized coetrdibsed
wireless systems designed for data collection do outperform ¢gnepmse
wireless systems by increasing speed and simplicity Herend user and

decreasing maintenance for the support group.

2.5. DISTRIBUTED GUI SYSTEM IMPLEMENTED ON

MOBILE SYSTEMS

Fox et al worked on “A Proxy-Based Graphical Web Browserter3Com
Palm Pilot” [13]. They implemented a system so as to move applic
complexity from thin clients to an “adaptive middleware proxy” (WR),
which is an infrastructural application server platform desigiwedupport
large populations and diverse applications. An application called tbp “T
Gun Wingman”, a graphical web-browser for the Palm Pilot PDA was

designed and deployed. This study covered the design philosophy,
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implementation and performance issues related to the “Wingmaanit @ind

the middleware proxy that supported it. The researchers concludetthehra
design had “a better performance than a least common denominator,
standards-compliant implementation that runs entirely on the clid. T
implementation also has new features and behaviors for the clienthend
ability to leverage the entire existing web based content andceer
infrastructure which would be impossible to support without implemgrain
proxy based approach”. The proxy based approach had low administration
cost. The ability to add features at the proxy level elimthatee client
software distribution problem and preserved backward compatibility when

client upgrades occurred.

Hess et al have developed an application model for seamless rdatale
access using handheld devices and wireless links [14]. They dissingsa
CORBA client for 3Com Palm Devices to integrate the devieamfessly in

a distributed programming environment. Componentized applications,
adaptable middleware frameworks, and standardized protocols play a

significant role in this new model.

These three research projects by Psion Teklogix, Hess ahalFox et al,
investigate distributed systems in a client-server archieatither using a

middleware proxy or a thin client thick client architecture. thliee explore
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the capability, efficiency and performance issues of distributdtivare
architecture. The conclusion of these three investigationstis thistributed
software system, which has a large amount of data exchangeeds real
time processing, is more efficient if implemented on a clienté&s type of

setting with some type of middleware proxy for exchange of information.

It is the contention of this thesis that the Project54 system cemnpbemented

in a distributed setting, using a thin client architecture, byiieeof the Proxy
Application as a means for data exchange, similar to the imptatren
environments of the above investigations. The necessary changes to the

Project54 system in such a setting would be minimal.

Joseph et al [15] designed a software toolkit named Rover, which supporte
the construction of both mobile-transparent and mobile-aware apptisati
The objective of the mobile-transparent approach was to develop pfoxies
system services that hide the mobile characteristics ofritieonment from

the applications. Since applications can be run without alteration,dhitem
transparent approach is appealing. However, for optimization purposes
applications operating in the harsh conditions of a mobile environment mus
often be aware of and take active part in mitigating these tamsli The
Rover toolkit supported a set of programming and communication

abstractions that enable the construction of both mobile-transparent and
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mobile-aware applications. Using Rover abstractions, applicationsltam
increased availability, concurrency, resource allocation efficieriault
tolerance, consistency and adaptation. Experimental evaluation ofeaofuit
mobile applications built with the toolkit demonstrated that such apiplica
level control could be obtained with relatively little programmogrhead
and allowed correct operation, increased interactive performasae,
dramatically reduced network utilization under riskily connected tiomdi

In particular, the researches presented a series of steps tot @mexisting
application to Rover or to create a new Rover-based application. sEgeh
required the application developer to make several implementationeshoic
The first step was to split the application into components and figlevtich
components should be present in each side of the network link. The epext st
was to appropriately encapsulate the application's specificvathia objects
that can be replicated and sent to multiple clients. One chdhiantages of
using the object layer was to reduce the number of messagesustabe sent
between the client and server, which was done by migration of comoputia
the server side. The third step was to add support for interastthgthe
environment. An example of interaction support was pre-fetchingtaf @he

final step was to add application specific conflict resolution.
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Research on the ability of applications to tell when the netwotk $tas
changed was done by Noble et al [16]. Mobile clients face widatizns in
network conditions and local resource availability when accessimgtee
data. Coping with this uncertainty requires the ability to retriand present
data at varying degrees of fidelity. This research presepigdcation-aware
adaptation as a solution to this problem. The basic idea of the solu®a w
collaborative partnership between the applications and the operatiegsys
The overriding goal of the research was to make the systesimgge as
possible by merely extending the capabilities existing operatysters.
Resource guarantees were not provided to the system as the eewitonm
under which a mobile computer operates is unstable by nature. Instead,
applications were informed whenever there was a change indberce or

environment.

While at present Project54 system does not have application avwardnss
feature will be needed if the system is to be implementedh anobile
environment. Further study in this area is required to make #tensymore

reliable and user friendly.
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CHAPTER 3
GUI APPLICATION

The first proposed step of this thesis was to implement a @ylication that
would handle all interactions with the GUI. The GUI Application would
interact with the GUI support object that contains special duatecan create
the GUI, and handle other interactions with the GUI. Individual agpmita
modules would interact with the GUI support object by sending texdages

to and receiving text messages from the GUI Application. Thé apport
object becomes completely isolated from the individual application medule
and all interactions are accomplished through text messaginthei&UI
Application. Since the GUI Application now is an independent application,
the advantage is that it can be located in a remote machinee Hieac
limitation of interacting with only the GUI support COM objectgeet in a
local machine is removed. The GUI Application enables application nedule

to interact with any GUI support COM object in the system.

The Project54 system implements five support COM objects exclasitre
Message Coordinator and Message Handler objects. These drRedlstry
object, IDB object, GUI object and the speech input and output objects. The
Registry object provides access to the Windows Registry sanihiatdual

Registry Keys may be managed by the application modules. TheliBt
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provides an interface mechanism for individual applications to atoes®B

for data or control signal transfer. The speech input and output opjecide

a means for the Speech Input Output Application to use the SR and TTS
engines. The GUI object on the other hand provides applications aoway t
create and manage windows, buttons, text boxes etcetera. Foarpnoigg

ease, a wrapper is provided around the GUI support object so tHiahthen

calls to the support object can be accomplished by calling sipnptedure

calls based on the “C” language. The relations of all support objects are shown

in Figure 3.1.

Figure 3.1 Support COM Objects implemented in Projet54 system
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The speech input support object provides an interface to the SR engine and the
speech output support object provides an interface to the TTS engine.
However, the speech input and output interfaces are accessiblthianlgh

the SIOA module. This layered access system was developed sbetltsR

and TTS engines could be replaced in a transparent manner withput a
change or recompilation of code that accesses the speech gdarfanodule
applications would be required as new versions of the speech engiaasebec

available.

In the same vein, a new application similar to the SIOA ingdemented
which is responsible for creating GUIs for each application. Thefroation
to the COM object implementation is detailed in Figure 3.2. The new
application is referred to as the “GUI Application Module” or theUl

Application”.

The GUI Application is responsible for dealing with the WindowsI|GU
Application Programming Interfaces (APIs). The GUI Applicatisses the

GUI COM obiject to interact with the Windows APIs.

The GUI Application implements a message handler object asnmpted
by all other application modules in the Project54 system. The mesaagker

object is responsible for receiving GUI related text messdgem other
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applications. The GUI Application interprets these text messagdsthe
resulting responses from the GUI Application are sent to tHenga
application using the Message Coordinator Object of the Application
Manager. The GUI Application always “knows” where the curmassage is

from by looking at the “source” parameter of the received message.

Figure 3.2 Support COM Objects with GUI Application
The following section describes the GUI related messages thakehanged
between application modules and the GUI Application. The GUI COM
interface and GUI library are described in detail by P§lheThe GUI COM

interface calls are made by the GUI Application after iveog one of the
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messages similar to the one listed in Table 3-4. These irdeclts and
functions are used to control the GUI. New GUI objects can be afmablin

order to support a GUI with a different look and functionality.

3.1. GUI RELATED MESSAGES

The GUI related messages are passed as wide-characteattéaimext
messages between application modules and the GUI Application using the
message coordinator object in the Application Manager. The pa@met

passed to the Message Coordinator object are listed in Table 3-1.

Table 3-1 Parameters of the Message Coordinator Obgt

~ Parameter ~ Descripon
Source [in] Pointer to a wide character string
that contains the name of the
Application Module that sent the
message

Destination [in] Pointer to a wide character string
that contains the name of the
Application Module that the messaje
is destined to

MsgID [in] Pointer to a wide character strin
MsgTxt [in] Pointer to a wide character strin

The messages sent to the GUI Application utilize bothNfsgjID parameter
and theMsgTxt parameter. The parameters required for a particular GUI

function call are set into these two parameters.
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If there is a text string that has to be passed as a paratoethe GUI
Application, then the whole text string is copied into khegTxtparameter.
The MsgID parameter in such a case contains the command for the GUI

Application with any other extra information appended in the end.

If on the other hand, there are no text strings that have to be messedhe
GUI Application, theMsglD parameter contains the command andMiisg Txt

parameter contains the extra information that needs to be passed.

All the messages related to the GUI Application sent by agic modules

are listed in table A-1 in Appendix A. These messages ardgeaplication
modules for the creation of control windows and other window controls,
changes in the state of the window controls and setting the col@riolus
window controls. Window controls include text-box, text-area, button, label,
status light and image controls. These messages are parsed by the

AppHandleMessageinction.

The messages can be classified into distinct types of gesss@he types of

messages are listed in Table 3-2.
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Table 3-2 Classification of Commands

Command Type
Create commands

Set commands

Get commands

Add (or Append) commands

Scroll commands

Description

These commands begin with leter
“C” and are commands to create a
GUI window control

These commands begin with leter
“S” and are commands to set the
status of a GUI control, set an image
or a text field or a color field

These commands begin with the letter
“G” and are commands to get the
status of a GUI control or to get the
text in text fields or text areas

These commands begin with the lelter
“A” and are used to append strinJs
into text fields or text areas

These commands begin with the letter

“S” and are used to command te:xt
areas for horizontal or vertical scroll

All the messages that are sent back by the GUI Applicatidmet@application

modules after performing the task specified by the commandbsted in

table A-2 in Appendix A. These messages are sent by the @plication

after the creation of control windows and other window controls, clsainge

the state of the window controls and setting the color of variousowind

controls. These messages are parsed bpriessGUIMessagdsnction in

the application modules.

As in the previous case, these return messages can be classifiedstinct

types. Each of these different types of return messages nttdiegpplication

modules if the commanded task was successfully performed. Téwsa r
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messages also act as synchronization event activations. The@typessages

are listed in Table 3-3.

Table 3-3 Classification of Return Messages

Window control created

State of window control

Get text of text control

Related to waitForUserlnput

Notifies application modules if the
requested window control has been
created

Notifies the application modules
about the state of the window control

Notifies the application modules that
the requested string in specified text
field has been obtained

Notifies the application modules that
either a wait timeout had occurred or
a button control has been activated

The return messages sent to the application modules from the GUI

Application again utilize both theMsgID parameter and theMsgTxt

parameter. Th&lsglD parameter contains the type of return message while

the MsgTxt parameter contains any extra information that may have to be

returned to the application modules.

An example of GUI related message from an application moduleetGUl

Application and the subsequent return message from the GUI Appli¢ation

the application module is explained next. For example, when creating a

control window, the message passed is of the form shown in Table 3-4. The

first three letters of th¥lsgTxtparametedetermine the type of message. The
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MsgTxtparameter contains a string that is passed on to the GUIcAppfi.
The other parameter passed on to this function, in this case ardorate 3
that specifies the number of columns of buttons, is converted t@nelxts

appended to the end of tMsgID parameter.

Table 3-4 Example of GUI Message

MsgID: L“CCW 3"
MsgTxt: L"Project54: Application Manager”

Upon receiving the message with the parameters shown in Tableh8-4, t
AppHandleMessagéunction of the GUI Application first checks the three
letters of theMsgID parameter, which are “CCW”. This determines that the
message is for the creation of a control window. As the next seemuimber

of columns to be created in that particular window is read fromviggdD
parameter, which is 3 in this example. T¥iegTxtparameter, on the other
hand, contains the text to be displayed as the title in the newly created window

control.

The GUI function will provide a return message upon successixgiguting

the command specified by the received message. The return message
destined to the source of the incoming message. For the commandteacre
control window in the example above, the return message would contain the

handle to the control window just created.
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Table 3-5 Example of GUI return Message

MsgID: L*HWND”
MsgTxt: L"2491478”

As shown in Table 3-5, thiglsgID parameter contains a string to specify the
type of message that is sent, in this case a handle to a wintleWlspTxt
parameter contains the actual handle, which has been convertedrittgga st

value.

In the AppHandleMessagdunction of application modules, the source
parameter is compared to a string constant to verify if tresage is received
from the GUI Application. Ideally, the string constant would be the
application name read from registry settings instead of aamngarameter.
The constant string was hard coded in this case for programaseg k& the
comparison results in a match, then thisgIiD parameter andMsgTxt
parameter are passed on to tipeocessGUIMessagedunction. The
processGUIMessagdanction is accessed by the conditional branclifvaise
within the AppHandleMessagtinction. This would mean an addition of the

following conditionality within the existingppHandleMessageinction.

élée
if(wcscmp(source, L"gui")==0)
processGUIMessages(source, MsgID, MsgTxt);
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This simple addition to the existing code satisfies the constdafined in
section 1-2, that any changes to the existing code should be trivial. The
processGUIMessagefsinction, of course needs to be declared and defined

within the project.

This processGUIMessagdsnction handles all the return messages from the
GUI Application. All application modules have this function so thatirret
messages from the GUI can be processed. This function contains
synchronization event activations. When requests for creation of @ithots

like buttons, status lights, text areas etc, are sent to theA@plication, the
execution of the program module is paused until a synchronizatissage is
received from the GUI Application. Synchronization messagesaeved in

the form of return messages. These synchronization messages set
synchronization objects to a specific state, a nonzero value fiinlbgon call

is successful. Synchronization is necessary when some GUI wicalawols

like the control windows are created, because all the other coniuds be
created in this control window. The same is true for other conikastéxt
fields, status lights, text area etcetera; because theselsardn be set to a

specific state only after it is confirmed that they have been created.
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CHAPTER 4
DISTRIBUTED GUI APPLICATION

The second proposed step was to implement Project54 in a simplieutkstri
environment. The system would be implemented at first with alesing
application module running on a server machine that would display its use
interface using a GUI Application in the remote machine. Such & GU
Application running on a remote machine has been termed “remote GUI

Application”.

As was explained in chapter 3, all application modules interahtthvt GUI
component by sending GUI related messages to the GUI Applicatidn
receive handshaking synchronization messages along with the hanties
created control elements. Since the Proxy Application had alrbaédn
developed, tested and used extensively within Project54, all thaegaised
for a remote GUI Application was to put these components in a remote

machine to verify that they worked.

4.1. SINGLE APPLICATION WITH REMOTE GUI

A stripped down version of the Mainscreen Application was used dgghe
application to test the GUI in a distributed scheme. The Projegsidns was

set up with a GUI Application, Application Manager and the Proxy
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Application on the remote machine. The Project54 system wag seith no

GUI Application on the local machine. Thus a system without the GUI
Application was set up as the server machine and a systdmutvithe
application modules but with the GUI Application was set up as ltaetc
machine in a laptop. The two systems were connected using a common

Ethernet connection. The Proxy Application was set up on both machines.

The topology of the system is described in Figure 4.1. The senaimeas
labeled “Embedded PC Server Machine” hereafter referred tbeaserver,
and the remote machine is labeled “Laptop Client Machine” hereafesred

to as the client. The server contains the Application Manager mdtalso

has a version of the Mainscreen Application and the Proxy Application
configured on it. The applications modules use IDB and Registry support
COM components that are configured in this machine. The client onhée ot
hand, also has the Application Manager configured on it. The clienihas
version of the GUI Application and the Proxy Application in it. Thexgr
Applications in the client and the server exchange data in behtié ddUI
Application in the client and the Mainscreen Application in the sefliee
client machine along with the application modules also has thestRegind

the GUI support COM objects configured in it.
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The Proxy Application settings in the server machine set tlagldiress of the
client machine. This assured that all messages destined for the G
Application originating in the application modules of the server nma&chi
would be redirected to the GUI Application in the client machine. Hitoxy
Application settings in the client machine did not need to be chaasye¢e
Proxy Application in the client learns about the remote applicatioduhes

once it starts to receive GUI related messages from the server [17].

Table 4-1 Registry setting for Proxy Application

gui REG_SZ 132.177.206.245,3054,C

The settings given in Table 4-1, specify that the GUI Applicagdacated at
the specified IP address 132.177.206.245 at port 3054 and the payload is

encoded as 8 bit ASCII characters.

The client machine must be set up so that it is up and running hibtore
server starts up. The Application Manager has been designed so that the
execution of the program will wait for all the programs listedhe registry

path “HKEY_LOCAL_MACHINE\Catlab\Project54\AppManager\Appfiso

load. Once the verification that all programs have been loadedawed, the
Application Manager sends a “SHOW WINDOW” message to the firs
application to be loaded. The first application to be loaded is alsifisden

the registry.
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Figure 4.1 Software Setup for First Application

Application modules on the other hand start loading by initializing
handshaking and synchronization events. The next step is to begin tthbuild
GUI. A new thread is started within each application module that &siloké
creation and control of the GUI. Once the GUI is built, the appticatiodule
sends a “GUI READY” message back to the Application Manager, sohtha
application is counted as loaded and ready. A GUI loop is initiatedniew
thread that contains a function which waits for an input from the ifsen
input is received, the input is processed. In the event thatitheoeinput, the

function waits for a specified time interval and releases tbhgram control.
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In this case, the program control proceeds forward, updates ddy fie

necessary and then repeats the process again.

4.2. REMOTE GUI APPLICATION WITH LOCAL DISPLAY

After it was verified that the system would work with the GAfplication
working on a remote machine, the next step was to implementearsysth
both local and remote GUI Applications. The system was modifiechte h
two GUIs running on different machines at the same time. The tmead of
an application module would run on a single machine. Similar to tleeafas
single application with RemoteGUI, as described in section 4.1, thetee
system has to load in the remote machines before the serveaadan $uild
the GUI. Execution of application modules wait for a response fnenGtUl
Application on the remote machine indicating that the GUI Appbcatin the
remote machine is ready to receive and send messages. In addidon, t
application modules will also wait for a response from the GUI idapbn

from the local machine.

The application module must also have two separate GUI loops for an
application module to have two GUIs. These GUI loops are handlégddy
separate threads. All variables, structures and functions that tom&sages
into text messages to be sent through the Proxy Applicatiodedieed as

separate sets. The local GUI Application creates its own cositnolow. The
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creation and displaying was done in order to inform the usereasyttems
must be started manually, that the system in the client sideady to send
and receive messages. After which, the thread in the application enibehtl
deals with the remote GUI is deployed. As in the case ofesigplication

with remote GUI, described in section 4.1, the Project54 system theath
Application Manager, Proxy and the GUI Applications was instalfed i
laptop. In this case, two different GUI Applications were set ugifferent

computers. The name of the GUI Application running on the clienhimac
was changed to “RemoteGUI”. The Proxy Application in the senawghine

was made aware of the RemoteGUI Application by including tleltiPess in

the registry as listed in Table 4-2.

Table 4-2 Registry setting for Proxy Application

Remotegui REG_SZ 132.177.206.245,3054,c

The system architecture in this case is different than ircélse of a single
application with a remote GUI, described in section 4.1. The newtectirie
matches the system as shown in Figure 1.7, which was the proposeareoft

architecture for the distributed GUI.

An added responsibility of the application module in the server maurase
to update all GUIs that are associated with the module. Forpdeam a

change occurs in the GUI displayed on the client, then the same ahasge
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be reflected on the GUI displayed on the server. The code that hdameldes

changes and updates is located on the server side.

The sequences of steps that occur in AppMainThreadfunction in the
application module are depicted in Figure 4.2. The main applicaticadtime
the application module, which is tig@pMainThreadfunction, must work in
conjunction with the Application Manager and the GUI Applications. The
Application Manager loads COM application modules from their
corresponding class IDs in thppManlifacefunction. In each application
module, theAppMainThreadfunction is loaded as a thread. This thread,
among other things, sends a “STARTUP” message to the localcapph

Manager, depicted as step 1 in Figure 4.2.

The program control, in thAppMainThread then stops its execution and
waits for a single object trigger, depicted as step 2 in Figue The
“STARTUP” message causes tNemAppsReadyariable to increment in the
Application Manager. ThBlumAppsReadyariable keeps track of the number

of applications from which the “STARTUP” messages have been received and
indicates the number of applications that are ready to send aniderece
messages. When all applications have sent their “STARTUP”agessand

are ready, the Application Manager sends a “READY” message tbaak

application modules. The “READY” message triggers a single ewetiie
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application module, so that the program control can now proceed frore wher

it was stopped, after sending the “STARTUP” message.

Figure 4.2 Sequence of Events

The program control then proceeds to step 3 in Figure 4.2. The threhe for
local GUI is launched. The GUI thread is an independent thread that
communicates with the GUI Application by the use of text ngessaThe

GUI thread sends requests to draw GUI controls for that partiapgdication

and receives acknowledgements and handles of the controls that are drawn.

The program execution, in tigpMainThreadunction, proceeds to step 4 as
depicted in Figure 4.2. The message “REMOTE STARTUP” is seild
RemoteGUI Application. The program execution in tAppMainThread
thread again waits for a single event trigger as depictaepnssin Figure 4.2.

This wait prevents the program control from sending GUI messagée to t
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remote machine without first verifying the status of the Ref@bl
Application. This message is routed through the Proxy Applicatiot®tim
the local and remote machines. If the message is receivde lRemoteGUI
Application, a “REMOTE READY” message is sent back to the agptin
module. This “REMOTE READY” message triggers a single ewventhe

AppMainThreadhread.

The program execution proceeds to step 6 as depicted in Figure 4theand
RemoteGUI thread is started. The RemoteGUI thread sends CGatede
messages to the RemoteGUI Application. These messages are sent through the
Proxy Application. TheAppMainThreadhread of the application module then
sends a “GUlI READY” message to the Application Manager. The “GUI
READY” message increments another variable in the Applicationager,

which keeps track of the number of “GUI READY” messages redeihen

this variable equals the number of applications in the variable
NumAppsReadyhe Application Manager infers that all GUIs have been built.
The Application Manager then sends a “SHOW WINDOW” messagheto t

first application to be displayed.

As an added feature, an empty window as shown in Figure 4.3 is created when
the remote GUI is ready to receive messages or wherup &snd running.

This empty window is displayed, in the client machine, to makeutes
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aware that the remote GUI is ready to begin receiving mgesdeom the local
machine. The user can then proceed to initiate the Project54 systim

server.

Figure 4.3 Empty control window to indicate that the local GUI is up and running
A simple extension of a remote GUI system would be to haveplaulBUIs
running on different computers. The requirement would be that all #gr&sli
should run the Project54 system with an Application Manager, Proxthand
RemoteGUI Application while the server runs a Project54 systgma full
set of applications. However, the server must have as many thueaisg as
the number of GUIs that is to be displayed. This in turn would redfuée

application modules in the server machine to have as many adgies only
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the variables but the functions interfacing the GUI Applications. An easier and
efficient solution to realize this replication would be to implemér
functions that interface to the GUI Application as a class. Irclhss based
approach, each new GUI would just require an instantiation of tHeclaks

instead of the need of copying and renaming all the variables.

4.3. GUI CLASS

The GUI Class was created as a mechanism for individual appic
modules to send messages to the GUI Application. The class l@seach

was implemented for several reasons. It allows for a simgliieding
procedure so that copying of the code is no longer necessaryasiese GUI
would just mean a new instance of the GUI object. The class bppedach
also makes it easier to keep track of all the variables antidnagertaining

to different GUIs. The result is a smaller code size. diuttion of all
handshaking events can also be performed in a way that is ramspad
controllable in the constructor of the class. The class impletr@ntalso
allows for the elimination of a number of variables that need tpaksed as
parameters to the functions that access the GUI related dnsctiFor
instance, once the control window is created, the returned handle to the
control window is stored in a member variable. The handle to the control

window can now be accessed through the member variable when creating
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other controls (buttons, textboxes, text area controls, status &giten the
control window and no longer needs to be passed as a parameternbegsse
the previous interface to the GUI Application is encapsulated o floe GUI

class.

4.3.1. Member Variables

The GUI class member variables store states of synchramzasriables,
handles, internal counters, strings, and provide storage for temporary
variables. These variables are initialized in the constructéthaed of the class
which is invoked whenever a new instantiation of the object takasepl
Variable declaration of the member variables are provided in “P5&&dil

The variable list is given in APPENDIX A in Table A-3.

4.3.2.GUI Class Methods

With the implementation of this class based approach, all Geterbe
objects. These objects are defined in the application module creating that GUI
However, separate threads are still required to process thesetsobj
different thread handles each GUI loop. For example for a sybi@nhas a
local GUI and a remote GUI, the local GUI object needs to beegsed in a
GUI loop in one thread while the remote GUI object is processadseparate
thread. This separation of processing threads allows independent @dntrol

the GUIs.
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The methods of the GUI class are listed in APPENDIX A, Tablable A-4

to Table A-12. These methods encapsulate the GUI related functibed ca
from the GUI Application, convert the GUI related requests tmgdriand
pass them on to the Application Manager. All the methods are defise

public methods.

4.4. MULTIPLE REMOTE GUI APPLICATIONS WITH
LOCAL DISPLAY

A simple extension of the remote GUI would be a topology described i
Figure 4.4 where the system supports more than one remote GUI. Unlike in
the case of a single remote GUI with a local GUI runninghe $erver
machine, in this case there is more than one client. Each isliaotessed, as
before, via the Proxy Application using text messages. The ee@ldts must

be defined in the registry, under
“HKEY_LOCAL_MACHINE\Catlab\Project54\Proxy\AppList”. The s

are processed in separate threads defined in the application module tha

creates them.

The implementation consists of one local machine, which can be ¢héed
“server” and multiple remote machines, which can be called trents” that

are numbered accordingly.

The topology is described in some detail next.
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Figure 4.4 GUI class implementation for Multiple GUIs
The system on the server consists of the Project54 system keth t

Application Manager and the GUI Application and Proxy Application. The
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GUI Application has the sole access to the GUI component. In addhien, t
server also has an application module. Within the application moduérakev
objects of the GUI class are instantiated. The number of Glékctshjs the
same as the number of clients plus one extra for the GUI Apphcat the
server. The GUI objects act as interfaces for the apmitatiodule to the
GUI Applications. The GUI objects, within the application running on the
server, convert parameters in the GUI function calls into needsages and
send them to the GUI Applications. Each GUI object must be degiobally

and must be implemented in a separate GUI thread.

The constructor of the GUI object takes in one parameter to datematich

client that particular instance of the GUI object interacth.vBy default, the
parameter is set such that interactions are with the GUI égijgn in the
server. The GUI object hence knows which client is the destinatiats of
messages. If the destination of a text message is a GUEtAfpmh in a client
instead of the GUI Application of the server, then the Application eana
routes that message to the Proxy Application. The Proxy Apaitatooks in

the registry to find which IP address is associated with thicplar client
name. Once the determination of the IP address has been made, the Prox
Application formats the message appropriately and forwards sagepacket

to the particular client.
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Each machine on the client side implements the Project54 sysiténthe
Application Manager, the Proxy Application and the GUI Applicatidnciv

has access to the GUI component. In addition the client side commagrs

also implement the speech support components and the SIOA, which are not
shown here. The Proxy Application receives messages from the aigplic
modules implemented in the server. These messages contain Gidtl rela
information, for example, commands to create GUI controls, chaeggdtus

of GUI controls or to change the text fields. The Proxy Applicafttowards

these received text messages to the Application Manager whichrdabtes

the messages to the GUI Application. The GUI Application mag aknd

back feedback messages to the application module running on the server, in
which case the message is again routed through the Applicatinag&iato

the Proxy and then to the application module that sent the mesdhgdinst

place. The GUI Application does not store any information such as the
handles to specific control objects that have been created.dnrsllesuch
information is sent back to the application module and is stored in tiene

variables of the GUI object that created those controls.

This topology was implemented in the lab environment using two laptop
computers as client machines and a desktop as the server machinethdga

server runs the bulk of the code along with the application modules thkile
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clients run only the Project54 system with GUI Application alenth the
Proxy Application and the Application Manager. In this case eactheof
application modules in the server needs to have three GUI objewsGOI
object handles the GUI in the server machine and the other two Wanudtle

the GUIs in the clients.

The regqistry setting for the Proxy Application on the serverhinacwas set

as shown in Table 4-3.

Table 4-3 Registry setting for Proxy Application onsystem with Multiple clients

remotegui REG_SZ 132.177.206.245,3054,c
lapgui REG_SZ 132.177.206.219,3054,c

These settings show the location of the remote GUI Applicatainthe
specified IP address and the port number used to access the remote
application. The names of the remote applications are specifiedeofirgt

column.

Figure 4.5 shows the lab setting of the system with multiplésGAll GUIs

are controlled and built in separate threads that have a GUI loop guomin
them. The threads are called from the main thread of the apmiicatbdule

after the application module receives a “READY” message ftioen GUI
Applications, as described in section 4.2. The threads are started in a

sequential manner, with the thread of the local GUI starting first.
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Figure 4.5 Lab setting for multiple GUIs

The remote threads are started after the local GUI threeaits.sAll three
threads work in the same manner, starting to build the GUIrdsting the
control windows first, then control buttons, then text or label controlaapnd
other controls like the image, status light or text area confrb&s.convention
that was applied in this thesis for naming the threads is ttmead is named
according to the GUI Application it utilizes. For example, tireads initiated
by the main thread in the Main Screen Application for its locéll G
Application is the MainScrGuj for its remote GUI Application is
RemoteScrGuand the thread for another extra GUI ApplicatiohapScrGui
The main GUI loop in all GUI threads is an infinite while loop viheontains
a function that waits for the user response. This function waits $pecified
time interval and then times out if there is no user input durirsgogiiod. In

the case that there is a user input, the handle to the buttongpesséd back
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to the calling thread, which is compared against a known set of lnahates

and the requested commands are executed.
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CHAPTER 5
SYSTEM TESTS AND RESULTS

The fourth proposed step of this research was to test the systehopdel
above. Testing was an ongoing process in the development cyclee Albde
that was written was tested constantly. We performed four typéssts on

the system.

First we tested the functionality of the prototype remote GiHtesn.
Functionality testing is described in detail in section 5.1. Fundiignasting
verified that GUI related messages were properly exchangededre the
server and the client machines. In other words, it verified that noteeof
messages were lost in the system and that the flow of messages per the

design criteria.

Second, we tested the network usage of the system. We analyzeducbw m
bandwidth was consumed by the messaging between the server ahehthe ¢

The network usage testing is presented in section 5.2.

Third, we tested the memory usage of the distributed systemoamghced it
to the memory usage of the current system. Memory usage tissgirgsented

in section 5.3.
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And finally, we tested the stability of the system. Stabtk#sting is described

in section 5.4.

All tests were performed in a laboratory environment. Some buge wer

isolated and eliminated from the code as a result of testing.

5.1. EUNCTIONALITY

The test setup for functionality consisted of one server machingvanclient
machines. The topology of this setup is described in some detail in section 4.4.
The server machine was set up with a complete distributedcBxbjsystem.

Each of the client machines was configured to have only the GUlcdapph,

the Proxy Application and the Logger Application along with the Appbtoa

Manager.

The purpose of the experiment was to verify that the sequencemisevas
indeed as described in Figure 4.2. The sending and reception of nsessage
from each application module and the corresponding GUI was verified by
comparing the contents of three log files. The log files wéee dnes
generated by Project54 Logger Applications, one on the server meaahd
one each on the client machines. A part of a log file genelbsted Logger

Application is shown in Figure 5.1.

59



The log file records the time and date stamp of the meskaten records
the message with all the parameters, which are, the soursgnatien,
message ID and message text. Each new message is recordedgie éine.
The line numbers shown in Figure 5.1 were introduced later for ease of

explanation.

Figure 5.1 shows some of the messages that are exchangeskrbetve
application modules and the GUI Applications. The numbered lines atastr

the sequence of events explained in section 4.2 and shown in Figure 4.2. The
client machines are named RemoteGUI and LapGUI. The Serveseladl
application modules installed in it. The sequence of events that wctie

actual experimental setup can be deduced by observing theclogdiherated

by the Logger Application.

On line 1, we see that the “STARTUP” message is sent fnenMainscreen
Application. The destination field is empty, which means that thesage is
delivered to the Application Manager. The response of this message is
received back on line 2, where the Mainscreen Application receives a
“READY” message from the Application Manager. Once the “READ
message is received, the Mainscreen Application can start buitdiG@Ul.

The message to create the control window is sent on line 3. Thee swuhe

message is the Mainscreen Application and the destination is tHe G
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Application. TheMsgID parameter contains the command “CCW” which tells
the GUI Application to create the control window. The number “2” folhawv
“CCW” indicates the number of columns of buttons. Th&xTxt parameter
contains the string to be displayed on the created control windown®m,li

we see that the GUI Application returns an acknowledgementagess the
Mainscreen Application and also the handle to the control window that was

created.

Line 4 shows a “"REMOTE STARTUP” message being sent byldstbot
Application to verify if the RemoteGUI Application is ready teceive
messages and an acknowledgement is received in line 5 in theofoa
‘“REMOTE READY” message. The Testbot Application then proceeds to

build its GUI in the remote machine on line 6.

Similarly on line 7, the Mainscreen Application sends a “REMOTE
STARTUP” message to the LapGUI Application and receives

acknowledgement in the form of a “LAPTOP READY” message in line 8.

Subsequent messages are for the creation of the GUIs. Line 9 #iows
Mainscreen Application sending a request to create a control wiralome t

LapGUI Application. On line 10 the Mainscreen Application sends al*GU
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READY” message to the Application Manager. This message tedichat

all the GUI threads have been started and the GUIs have been built.

On line 11, the Application Manager sends a “SHOW WINDOW” mes&age

the first application, which in this case it is the Mainscreen Application.

The Mainscreen Application then sends the commands to the GUI
Applications to show the control window. The command is “SCW"” followed
by a handle to the control windows as seen on lines 12, 13 and 14eand t
messages are sent to GUI Application, RemoteGUI Application had t

LapGUI Application.

Once the GUIs threads have been started and the GUIs have beethéuilt
program control remains in a GUI loop. User responses are trapptxe by
waitForUserlnputfunction. The messages sent by the Mainscreen Application

to the GUIs for thevaitForUserInputfunction can be seen on lines 15 and 17.

If there is a user input, the function returns the handle to the butes. gn
the case that there is no input, either a time out occurs farthéon and the
program control proceeds forward to execute the next statemieat imop or
waits infinitely, as specified. In this case, it is seen thatwait is for 1000
milliseconds in line 15 and 17. In line 16, it can be seen that the WapG

Application returns with the results of a button press.
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1. 05/02/05 10:53:08 APPMAN_MSG: ma inscreen; ; mainscreen;
STARTUP

2. 05/02/05 10:53:08 APPMAN_MSG: MsgMan ; mainscreen;
MsgMan; READY

3. 05/02/05 10:53:08 APPMAN_MSG: mainscreen; gui; CCW 2;
Project54: Application Manager

4. 05/02/05 10:53:09 APPMAN_M  SG: testbot;remotequi;
testbot; REMOTE STARTUP

5. 05/02/05 10:53:09 APPMAN_MSG: remotegui; testbot;
remotegui; REMOTE READY

6. 05/02/05 10:53:09 APPMAN_MSG: testbot; remotegui; C CWwW
2;Project 54: Test Automation

7. 05/ 02/05 10:53:09 APPMAN_MSG: mainscreen; lapgui;
mainscreen; REMOTE STARTUP

8. 05/02/05 10:53:11 APPMAN_MSG: lapgui; mainscreen;
lapgui; LAPTOP READY

9. 05/02/05 10:53:11 APPMAN_MSG: mainscreen; lapgui; C CW 2;
Project54: Application Manager

Figure 5.1 Event Log file created by Project54 sysm
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Figure 5.1 continued

10. 05/02/05 10:53:29 APPMAN_MSG: mainscreen;

: mainscreen; GUlI READY

11. 05/02/05 10:53:29 APPMA N_MSG: MsgMan; mainscreen;
MsgMan; SHOW WINDOW

12. 05/02/05 10:53:29 APPMAN_MSG: mainscreen; gui;
mainscreen; SCW 1050672

13. 05/02/05 10:53:29 APPMAN_MSG: mainscreen;
remotegui; mainscreen; SCW 262526

14. 05/02/05 10:53:29 APPMAN_MSG: mainscreen; lapgui;

mainscreen; SCW 262848

15. 05/02/05 10:53:30 APPMAN_MSG: mainscreen; gui;
mainscreen; WFUI 1000 1050672

16. 05/02/05 10:53:30 APPMAN_MSG: lapgui; mainscreen;
HACT 262848; 2147483647

17. 05/02/05 10:53:30 APPMAN_MSG: mainscreen;
remotegui; mainscreen; WFUI 1000 262526

18. 05/02/05 11:16:21 APPMAN_MSG: mainscreen; gui;
mainscreen; UCW 1771576
19. 05/02/05 11:16:21 APPMAN_MSG: testbot; gui;

testbot; UCW 1247552

Lines 18 and 19 show the requests made by the Mainscreen Appliaat
the Testbot application to update the control window. The command is a

string “CCW” followed by a handle to the control window to be updated.

The sequences of steps were indeed found to be as described in Figure 4.2.
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A delay in the response of the system was observed visually. Tde wias

not measured quantitatively but was observed qualitatively. Markéuy,
delay is more pronounced in the response of the remote clients. Also, since the
initial messages contain instructions or commands for building thie tGe
startup requires more time than the existing setup of the Project54 system. The

startup delay thus increases likewise compared to an existing setup.

The delay was observed to increase as the number of GUI ohjetite i
control windows increase. For example, a larger delay was obsertbd
Lights Application than in the Mainscreen Application which has fe@di
objects in it. Delays were more apparent when animating dighicontrols.
In particular, the animation lag in updates of the status lighthe Lights
Application and the Patrolscreen Applications are significant, appedgiy
of the order of seconds. Some time delay was also apparentupdhtes of
the time field in the Mainscreen Application. Inspecting visudlhg, delay
was seen to be of the order of fraction of a second, in sona@dest In other

instances, the lag in update of the time field was not observed.

5.2. NETWORK USAGE

The test setup for functionality consisted of one server machinelmms
machine. The topology of this setup is the same as described ihideta

section 4.2. The system was set up with a server and a cliehinr@aThe
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server was set up on a standard PC and the client systersetvap in a
laptop. The application modules that were included in the server to thn wi
the Application Manager were the Mainscreen Application, the Lights
Application (Whelenserial), the Patrolscreen Application, the GPS
application, the Testbot Application along with the GUI Application, irox
Application and the Logger Application. The client side consisted of the
Application Manager, the RemoteGUI Application, the Proxy Applicadiod

the Logger Application.

Since the system relies entirely on the messaging strdfotucemmunication
of both the control and data messages, the number of messagesyatéme
increases. Comparing the distributed scheme (a server which fasahGUI
with a single client GUI) to an existing Project54 systénms seen that that
the distributed scheme transmits and receives a greater numiességes.
For a distributed scheme configured with only the Mainscreen Apiplicthe
total number of 39 messages are transmitted and received diaihgp sare

listed in Table 5-1.

Table 5-1 Count of Messages for a Distributed Scheam

STARTUP Message
READY Message
REGISTER APPLICATION ALIAS
NORMAL STARTUP

R PR
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Table 5-1 continued

BROADCAST STARTUP 1
Create Control Window 1
Handle to Control Window 1
Create Button Controls 12
Handles to Button Controls 12

Create Text Boxes 2
Handles To Text Boxes 2
Create Image Control 1
Handle to Image Control 1
Create Label Control 1
Handle to Label Control 1
Total 39

For an existing scheme, the only messages that are tramsanttereceived
during startup are the “STARTUP” messages and the “REGISTER
APPLICATION ALIAS” if there are any. For a local system, theERISTER
APPLICATION ALIAS” message will be absent. The GUI is bwsking the
p54qui.lib library file directly without the extra layer of th&JGApplication.

For an existing system with only the Mainscreen Application, dhige

messages are sent.

Once the GUIs have been built, the nature of the messagéangec
between the client and the server change. The messageasetisaint now are
the messages that allow the program to wait for user respdhsesessages
that indicate a status change of one or more objects and messages

ordinate the GUIs on the client and the server. The rates at \idse
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messages are received or sent depend upon two factors. Thetfiestase at
which the user responds to the system. If the rate of the usexctiaa with
the system is fast, then these messages need to be sentegaently and
thus the traffic increases. The second factor is the timeh@hwhe wait is
specified to time out. This is set at development time. Fanpbathe wait in
the Mainscreen Application times out every second because thefidiithe
needs to be updated every second and the wait in the Light Applicaties ti
out every 150 milliseconds when the cruiser lights are on, sinces this rate
at which the status lights are animated. If the wait is set nevenéaotit, then
the number of messages sent to and from the server to the clients only depends
upon the user interaction. This is seen in the Records Applicatiore winer
waits in all control windows are infinite and messages are m@ptwhen a
user interacts with the system with some button presses irhvdaise a

command message is sent or when the data request returns from the server.

The messages were also logged using the Ethereal Network Prdiadgter
which is an open source software released under the GNU pulaitsdic
Figure 5.2 shows a screenshot of the Network Analyzer and a surofrthey
analysis given by the Network Analyzer. This summary was helpful
determining parameters such as elapsed time, the packet couninther of

average packets per second, average packet size, the numbersobibyte
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traffic, average number of bytes per second and the number of average

megabits per second when running the program in a distributed mode.

Figure 5.2 Ethereal Software Window
This software was especially helpful in determining whetherecb messages
were delivered to the correct IP address, as the souraediiess, destination

IP address, and the contents of the payload can be viewed in the logs.

The log file generated by the Ethereal Network Protocolyxea hand saves
all the messages transmitted between the server and the retete

machine. The contents of the log files made by Ethereal Met®Rmtocol
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Analyzer were examined to verify that none of the messages|losrduring
transmission in the Windows buffers and were correctly deliverethe
client. Similarly acknowledgement and synchronization message® w

delivered back to the server machine from the client using the same path.

The system was left standing operating with the Testboti¢gifn on each
GUI for 24 hours. The average number of packets transmitted by the system in
a 24 hour period was 3,416,372. The average packet size was 89 bytes and t

average traffic for a 24 hour period was 304,057,109 bytes/24 hrs.

The Mainscreen Application sends two messages every second fdatthe

and time updates. In a 24 hour period, the number of messages fondate a
time updates would be, 24 hours x 60 minutes/hour x 60 seconds/minute x 2
messages/second = 172, 800 messages. The Mainscreen Applicatiemalvill s
out an extra message to update the control window every secomliif top.

Since the system is set up to have 5 Applications with GUI arah if
assumption is made that each application is on top for equal amoumiepf t

then the update messages would be sent for 24/5 hours which equals to 17,260
messages. The total number of messages sent by the Mainsp@aratfon

would thus be, 172, 800 + 17, 260 = 190, 060 messages.
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Similarly, the Lights Application would be on top for 24/5 hours. Thghtd
Application has 22 status lights defined on its GUI. Each statis iy
animated with a 150ms delay. The number of messages for the ianiroht

each status light would amount to, 2 messages/150 ms/ status #gtdtatus

lights 294 messages/second. If all the status lights on the Lights Appticat

GUI are assumed to be exercised for 25% of the time thatLidjtet
Application is on the top, then the number of messages would be, 294
messages/seconds x 24/5 hours x 60 minutes/hour x 60 seconds/minute x ¥4

= 1,270,080 messages.

The Patrolscreen Application also has similar number of GEmehts
defined on it as the Lights Application. The number of messagdmeged
by these two applications can be taken to be the same. The é¢tatols

Application therefore exchanges 1,270,080 messages.

While the GPS and Tesbot Applications have a GUI, they do not update thei
GUIs as much as the Lights Application, the Patrolscreen Agigit or the
Mainscreen Application. The messages exchanged between the GHE& and

Testbot Applications are thus considered insignificant.

The total approximate number of messages expected on the syseem wa

therefore 2,730,476 messages. Comparing it to the actual measured atimber
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messages, which were 3,416,372, the order of magnitude of the number of
messages comes out to be the same. A discrepancy is observed as the
messages exchanged between the Testbot, GPS and the GUI have bee
considered to be insignificant, the messages required for switchmg t
windows, button presses, updates of text field etc have not been taken int
account and the calculation of the expected number of messages involved

approximations.

The rate of messaging of the system with 304,057,109 bytes/24 hranvit
average message size of 89 bytes was 28.15 Kbps. Since most HR2As ut
802.11b protocol which supports data transfer on the range of megabits per

second, this system can be easily adapted to a wireless system.

The delay observed in section 5.1 was not due to network congestitie, as
system was connected using an Ethernet LAN which can supporthigingr

data rates.

5.3. MEMORY USAGE

The test setup for memory usage was the same setup usedworknesage
testing described in section 5.2. A visual inspection of process patafail
was done in the Task Manager. Visual inspection was done at the beginning of

scheduling of the network usage test, after the GUIs in both the sexd¢he
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clients had loaded, and at the end of the network usage test. The nuseary

by the system running on the client machine which showed only theofs

the current application on top was never observed to exceeded 5MB. The
memory use of the system running on the server machine was abserve
vary according to the number of applications set in the regisath
“HKEY_LOCAL_MACHINE\Catlab\Project54\AppManager\Applist”. \tt
seven applications running on the server machine, the memory usevas s

by the Task Manager was 13 MB.

In comparison, a similar setup with the same seven applications exisding
system showed a memory footprint of 11.5 MB in Task Manager. Ihadke
configured a distributed Project54 system with the existing chdanemory
usage on the server and client machines individually would have been 11.5

MB.

With the prototype remote GUI system, the memory usage in tiverse
increased to 13 MB. The increase in memory usage in the case of the
distributed system can be accounted by the fact that thébdistli system has
more threads. Each new GUI in a remote machine corresponds to a new thread
with its own GUI class. However the memory usage in the cli@st seen to

be only 5 MB. We thus managed to transfer some of the processirtgeand

memory usage from the client to the server.
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5.4. STABILITY

The test setup for stability testing was the same setuprainctionality
testing described in section 5.1 above. Long term stability wasdtesd
verified using the Test Robot (Testbot) application which is a i@pec
application created for the testing of the Project54 system. EwtBat
Application was modified to remove the speech interaction. The mddbfica

details are documented in Appendix B.

The system was left standing operating with the Testboti¢gifn on each

GUI. The system was found to be stable after 72 hours of testing.

An extended test with the Testbot Application running on all thraehmes
at the same time was not performed. This meant that exteesithegt with
buttons being pressed in all GUIs simultaneously was not done using the
Tesbot Application. A qualitative testing was done manually forstemario.

Button presses and subsequent updates are reflected reliably.

However, if button presses are made both on the server and one or more
clients at the same time, the Project54 system stops respotwdiagy
subsequent button presses. The control windows were still visible and some

messaging was still observed. The fact that some messsiirmgcurred was
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determined by observing the Ethereal Network Protocol Analyaethé&r

testing is required to ascertain the cause of this error.
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CHAPTER 6
CONCLUSION

The existing setup of the distributed version of the Project54 systean
wireless environment requires that the client side computer mngpleits own
versions of device application modules along with its own version of the
Application Manager. This scheme necessitates that copies gbpheation
modules be maintained separately in the local machine and theeremot
machine. Application compatibility in this scenario becomes diffidal
maintain. Only those versions of application modules which have been
converted to run in the client machine can be implemented in the edtende
system. If different types of client machines are involved, thererthan one
version of the same application module may have to be developed, one for

each client machine type.

A solution was proposed so that a single application could have multijte G
projected on multiple machines by implementation of a thin client
architecture. The bulk of processing was done at the thin clievgérsgde,
and the sole responsibility of the thin client was to collect simpets and

display the output of the processing.

The final goal of any distributed system implemented for Prefest/stem

would have to be compatible to work in a wireless environment. However, a
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constraint was placed while working towards the solution, is thagdhgion
would be implemented and tested in a wired network first. If theignlutas
successful in a wired network, it can be the starting point Bwlation in a

wireless network.

The first proposed step of this research was to implement thanGuich a
way that it behaved as a separate application module, independerttfrem
application modules. This was achieved with the creation of the GUI
Application. The GUI Application now is the sole application that can
interface with the GUI support object. All other application modules
communicate with the GUI Application by exchanging text mgssavith it.
These messages contain commands and status reports relatedirig ereh
manipulating GUIs. The implementation is similar to the impleatem of

the SIOA which acts as an intermediary for the messagéseged between

the TTS and SR engines.

The second proposed step of this research was to implement butkstri
scheme for the GUI, so that it could be confirmed that theyslelasociated
over a wired network would be acceptable in implementing an appficat
module on a server with its GUI displayed on a client machine ciigsdion
of a GUI Application enabled us to implement a thin client disteithystem

based on a client-server topology. Application modules in the se&tine
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were able to access the GUI Application on the remote mackisersing

text messages through the Proxy Applications present in both machines.

The third proposed step of this research was to implement bothlaatata
remote GUIs at the same time. Functionalities, such as, prasdestatus of
buttons should also be reflected on the remote machine. The Project54
systems on two different machines were set with their own Aglications.

A display on a local machine was “mirrored” on the remotehime. Thus a

thin client architecture was achieved. The clients had their gsbae
removed and transferred to the local machine. The client systgleniranted

the GUI of several applications running on the server system. The
implementation was done only on laboratory environment, and testieglin r

situations still needs to be done.

The fourth proposed step of this research was to test the furityiona
networking, memory usage and the stability of the system. ifdtetdst was
functionality of the system. The functionality testing of thetexysverified
that GUI related messages were properly exchanged betheeenver and
client machines. The messages were found to have been delivetbe by
system to their proper destinations and no messages were found teebave b

lost.

78



The second test was done to analyze the network usage of the ayste¢o
check whether the usage would be so large as to congest tha.slysteas
ascertained the rate of messaging would be supported by netvabokgls

currently in wide use.

The third test was done to check the memory usage of the sgsteihthere

had been any benefits from implementing a distributed systengy ube
approach used in this thesis. It was found that while the memaogg osathe
server side increased slightly, about 3 MB for a particularfigumation
described in section 5.3, the memory usage in the client machirteefsame
setup, was reduced by more than half. The amount of memory consumed by
this setup is less compared to two clientless systems sethupxisting code

and the same number of applications.

The fourth test was done to test the stability of the sysidm.system was
found to be stable after testing it in laboratory for 72 hours. A delay factor was
observed in the GUI updates for the distributed scheme. In a tegtveéh a
server and two remote clients, a certain delay occurs as djgplicaodules

have to send messages to the remote GUI Applications to abeeszUI
support object, instead of directly accessing the GUI support ©OjsLt.

The delay becomes more pronounced as the number of application modules

on the system increase. After any change in the GUI, updatdsoous to
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reflect those changes on all the GUIs. These updates happesenuential
order. The GUI on the server is updated first after which the eedfients are
updated one by one. The last client in the order gets updated lashidly
time the GUI in the server and/or the first client may halveady changed.

The exact cause of this delay was not ascertained.

The goal of this thesis was to design and implement a prototyfersyisat
would allow users to interact with application modules running omazerse
through a GUI implemented on a client machine. This goal was a&cthiev

through the successful completion of the proposed research steps.
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CHAPTER 7
FUTURE DEVELOPMENT

The delay that crops up in the GUI needs to be investigated furtheecause
of the delay is not known. It must be determined if this delay gvdiv so
large if the Project54 system is implemented with all pnograo as to make
the distributed scheme unfeasible. The first step would be touneeasd try

to quantify the actual delay.

At this stage of development, the client machines have to be up amdgun
and ready to receive messages from the server before thet®4gggstem is
loaded in the server. The system had to work in this manner bebauSéts

are actually built once the program is starting up. Once all thie Bave been
built, only the GUI on top is visible and all other GUIs are in a mdstate,

but nevertheless they have already been created and exist orstéra. sy
developed for the handheld this requires that the handheld have thé34rojec
system running on it before the system is started up in therserachine.
This way of working is at best cumbersome. A way to avoid t@eaio may

be to store the messages related to the creation of a GUHinmpée text file
and send them to the handheld only when a handheld requests connection to

the system.
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The messages related to the GUI application needs to be defingidtently.
A messaging scheme can be developed such that the messagidgollow
a messaging protocol. That way, if new messages are reqairegw GUI
controls, the messages can be added following a set protocol instead of relying

on the decisions of a particular programmer.

The GUI class should be developed to support multiple identical control
windows on multiple clients and should be transparent to the application
modules. The GUI class and the distributed architecture proposed in this thesis
do in fact support multiple clients, but the support is not transpavethtet
application modules. Application modules need to be aware that there are

more than one GUI applications present on the Project54 system.

The next step that should be taken up is to port the distributed sistam
handheld environment, preferably on a PocketPC running Microsoft GE as i
operating system. Microsoft Windows CE is not too different fMitrosoft
Windows XP. It is therefore expected that many changes wilb@oequired.
The development environment compatible to Microsoft Visual C++ in
Microsoft Windows XP used for the development of this system sexist
Microsoft Windows CE as Microsoft Embedded Visual C++. Porting from

one development environment to the other is a trivial matter.

82



Porting the system to a handheld environment would require for ttesys
work in a wireless network. Wireless networks by nature arasistable and
persistent as wired networks. Since the system developed above semuire
constant connection at all times, this may pose some problems inelas®
network. Security may also be a problem in a wireless netwokarticular
there are two problems that must be cleared up before impldroenia a
wireless network. The first problem is that of loss of commuiicalf the
network fails at some point then once the network is back up againsene
should be able to continue at the same point that they were wheatthark
failed. It would be too cumbersome if the user has to begin frostane The
second problem is the security of the connection. As the messagpkgous
communicate between the server and the client are unencrypted teagases

a network sniffer can sniff out the messages.

The development of the Project54 system needs to be ported to objetedrie

C++ rather than rely on structured C. The system as itsexgdt now uses a
mixture of both programming styles, and needs to choose one over the other.
Preferably, development should be done only is a C++ or in objectetie
framework. This would reduce redundancy in code. Especially the GUI
threads need to be made object oriented so that they can be encapsulated into a

class making them reusable components that can be utilized iffi@anef
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way. Inclusion of a new client would require just an instantiatiosuch a

class instead of copying of codes and renaming variables.
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APPENDIX A
A.1 MESSAGES RELATED TO GUI APPLICATION

All Handles, pointers numbers that are passed as parameters in the GUI
related functions have been converted into strings so that they can be passed

as either a message text or a message ID string.

Table A-1 Messages Related to GUI Application

Text Message 1D Text Message Description

CCW bcols szTitle Create control window with bcols
columns and szTitle as the
window title

SCW Handle Show control window pointed t2
by Handle

UCW Handle Update control window pointed
to by Handle
WFUI  millisec Wait for a user input for a
hwnd specified time in millisec on the
control window pointed to by
hwnd
CBC c¢ r toggle szLabel Create button control at row ¢ axd
Handle column r with state toggle in tre
control window pointed to b/
Handle
SBS hbc st Handle Set button state of button contiol
pointed to by hbc to state st in the
control window pointed to b/
Handle
hbc GBS Handle Get button state of button control
pointed to by hbc in control
window pointed to by Handle
SBL hbc Handle Set button label of button control
pointed to by hbc in control
window pointed to by Handle
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APPENDIX A continued

SBC hbc r g b Handle

CSC x y Handle S

SSS hsl st Handle

SSL hsl Handle bl

SSC hsl ron gon bor
roff boff goff r g
b Handle

CTC x y nc sz edi txt
Handle

Set button color of button pointe:d
to by hbc to values r, g, b, which
are the values to be taken by the
red, blue and green component
respectively, in the control
window Handle

Create status light control at
position X, y in the contrcl
window pointed to by Handl2
with s as the status text

Set status light state of status li¢jht
control pointed to by hsl to st in
control window pointed to by
Handle

Set status light label of statis
light control pointed to by hsl in
control window pointed to by
Handle to string pointed to by Ib

Set status light color of status
light control pointed to by hsl in
control window pointed to by
Handle with on colors to value:s
given by ron, gon, bon for tre
red, green and the Dblue
components; off colors to values
given by roff, goff, boff for the
red, green and the Dblue
components and text color (o
valuesr, g, b

Create text field control in control
window pointed to by Handle it
position x, y with width given by
nc, relative size given by sz, axd
the value in edit determining if
the field is editable, to text in tFe
string pointer txt
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APPENDIX A continued

STT htf Handle txt
GTT htf Handle
STC htf r g b Handle

CTAC x y nhc nvc s: txt
Handle

STAT hta Handle txt

ATAT hta Handle txt

STA hta scrl Handle

Set text field text of text field
pointed to by htf in contral
window pointed to by Handle to
text in the string pointer txt

Get text field text of text field
control pointed to by htf and in
control window pointed to by
Handle

Set text field colors of text fiel
control pointed to by htf in
control window pointed to b/
Handle to color given by r, g, b
for the red component, green
component and the  ble
component

Create text area control in contiol
window Handle at position X, y

with width of nhc, height of nhc,

relative size of characters sz and
text pointed to by string pointer

txt

Set text area text of text ar:a
control pointed to by hta i

control window pointed to b/

Handle to text txt

Add text area text in text area
control pointed to by hta i
control window pointed to by
Handle to text in txt

Scroll text area in text area
pointed to by hta in the directicn
given by scrl in control windov/
pointed to by Handle
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APPENDIX A continued

STAC htar g b Handle Set text area color of text ar:a
control pointed to by hta to color
values given by r, g, b, for tre
red, green and blue componerts,
in control window pointed to by

Handle
CLC x y sz sty hvc Ibl Create label control at position x,
Handle y with relative size of text given

by sz, text style given by sty,
justiied by hvc in contro
window pointed to by Handle ar d
with text in string pointer Ibl

SLL hib Handle Ibl Set label text of label control
pointed to by hlb in contrcl
window pointed to by Handle to
text in string pointer bl

SLC hibr g b Handle Set label color of label control
pointed to by the pointer hilb 10
color values given by r, g, b, for
the red, green and Dblue
components in control windo'v
pointed to by Handle

CIC x y hvc img Create image control at position

Handle X, y with justification given by

hbc and image specified by the
full path and filename in img i
control window pointed to by
Handle

Sl him img Handle Set image in image control
pointed to by him to image given
by the full path and filename in
img in control window pointed to
by Handle

91



SGC

SGBU

SGRM

SGB

APPENDIX A continued

rl gl blr2g2b: Set GUI colors to specified
r3 g3 b3 r4 g4 b« colors. The values rl, gl, bl
r5 g5 b5 r6 g6 bt represent the red green and blue

r7 g7 b7

Xy hvc img

hthread Handle

brightness

components for the color of the

background. The values r2, g2, 02
represent the red green and blue
components for the color of the

label text. The values r3, g3, h3

represent the red green and blue
components for the color of the

button fill. The values r4, g4, b4

represent the red green and blue
components for the color of the

button text. The values r5, g5, h5
represent the red green and blue
components for the color of the

text on the button. The values 16,

g6, b6 represent the red green and
blue components for the color >f

the area fill. The values r7, g7, b7

represent the red green and blue
components for the color of the

area text.

Set GUI background image at
position given by x, y with
justification given by hvc to
image given by the full path ard
filename in img

Set GUI right mouse intercept n
thread hthread and control
window pointed to by Handle

Set GUI brightness to valte
specified in brightness
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A.2 GUI RETURN MESSAGES

Table A-2 GUI Return Messages

‘TextMessage ID ~ TextMessage  Descripon

HWND hwApp Notifies the calling routine theit
the control window was created
successfully and is pointed to hy
hwApp

HACT hwWHtui hact Notifies the calling routine thet
the control pointed to by hact n
the control window hwWfui has
either terminated after tre
specified time or has generated a
user input

HBC hbcApp Notifies the calling routine that a
button has been created pointec/ to
by hbcApp

STATE state Returns the state of a button in the
variable state

HSL hslApp Notifies the calling routine that a
status light control has been
created and is pointed to hy
hslApp
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HTF htfApp Notifies the calling routine that a
text field control has been creat=d
and is pointed to by htfApp

GHTF txt Returns the text of a text field n
the string pointer txt
HTA htaApp Notifies the calling routine that a

text area control has been created
and is pointed to by htaApp

HLB hibApp Notifies the calling routine that a
label control has been created «nd
is pointed to by hibApp

HIM himApp Notifies the calling routine that en
image control has been created
and is pointed to by himApp

A.3 MEMBER VARIABLES

Table A-3 Member Variable List for GUI Class

Member variable Type Description

hHWNDSync private HANDLE  Set when a handle fot
window is received
from GUI Application
after request for its
creation

hCBCSync private HANDLE  Set when a handle foi
button control is
received from GUI
Application after
request for its creatior

hBCSSync private HANDLE  Set when a state of
button control is
received from GUI
Application after
request for its state
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hCSCSync private HANDLE  Set when a handle foi
status light control is
received from GUI
Application after
request for its creatior

hCTCSync private HANDLE  Set when a handle foi
text is received from
GUI Application after
request for its creatior

hGTTSync private HANDLE  Set when text of text
control is received
from GUI Application
after request for the
text

hCTACSync private HANDLE  Set when a handle foi
text area is received
from GUI Application
after request for its
creation

hCICSync private HANDLE  Set when a handle foi
image control is
received from GUI
Application after
request for its creatior

hCLCSync private HANDLE  Set when a handle foi
label control is
received from GUI
Application after
request for its creatior

k public static int Keeps track of the
number of control
windows created

ghact public int Storage space for
handles

p public int Storage space for
index to current
window
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msecC

hTimeThread

idTimeThread

hTimeOutSync
wbuffer[128]

msgtxt[128]

MyWnd

hRSync

guiDest[256];

msgid[256];

txtGlobal[256];

hbcGlobal

hslGlobal

public int

public HANDLE

public DWORD

public HANDLE
public wchar_t

public wchar _t

public HWND

public HANDLE

public wchar_t

public wchar _t

public wchar _t

public int

public int

APPENDIX A continued

Storage space for
number of seconds to
delay

Handle to time out
thread

ID to time out thread.
This is not used but is
a required parameter
when calling the
create thread function
Set when time out
even occurs

Temporary storage
space for strings

Temporary storage
space for message
strings

Handle to current
window

Set when “READY”
message is received
from the GUI
Application

Storage space for
current GUI name
Temporary storage
space for the string in
message 1D
Temporary storage
space for strings

Storage space for
handle of button
controls

Storage space for
handle of status light
controls
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hactGlobal public int Storage space for
handle to
waitForUserlnput

stGlobal public int Storage space for
button control state

htfGlobal public int Storage space for tex
field control

htaGlobal public int Storage space for tex
area control

hibGlobal public int Storage space for lab:|
control

himGlobal public int Storage space for
image control

ihwndGlobal public int Temporary storage

space for handle to
window control

ron,gon,bon,roff,goff,boff,r,g, public int Storage space for
parameters of GUI
background

szbuffer[256] public char Temporary storage

space for strings

A.4 GUI CLASS METHODS

The GUI Class is defined in “P54Guilib.h”. The GUI class methodsigeov
an encapsulation to the GUI COM Support object. The GUI class methods
convert parameters sent to the GUI COM Object into strings arveaifd

them to the GUI Application where they are processed.
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A.4.1 Window control methods

These methods, listed in Table A-4 provide a way for creating @mdodling

windows from the GUI Application.

Table A-4 Window Control method list for GUI class

GUI
~GUI
createControlWindow

waitForUserlinput
TimeOut

startTimeOut

showControlWindow

Default constructor
Default destructor

Create the Control Window for a new applicat on
window

Wait for user input to the window

Times out of a specific interval of time elapses cr if
there is a user input (can be accessed only by
startTimeOut)

Start the Time Out thread defined in the metiod
TimeOut  (can be  accessed only by

waitForUserlnput)

Makes the window visible and paints it

updateControlWindow Update the window by painting changed items

GUI::GUI

GUI:GUI(LPWSTR dest)

The constructor for the GUI object that initializes internaimber variables

and creates a new object.
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dest [in] String that gives the destination of messages. If
empty the default value is L“gui”

GUI::~GUI()

GUI::~GUI()

The destructor of the GUI object.

GUI::createControlWindow

void GUI::createControlWindow(int bcols, HWND *phWnd)

Creates the ControlWindow class for a new application window.

szTitle [in] Pointer to the title of the window

Bcols [in] Number of button columns. The value of this
parameter can be one to four

phwWnd [in] Pointer to the new window

GUI::waitForUserlinput

void GUI::waitForUserlnput(int msec, int *hACnt)

Waits for user input to the window. Times out after msec radbsds. The

calling routine can retrieve the handle of the activating control.
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msec [in] Timeout value in milliseconds. If the value is set
to INFINITE the function does not time out
hACnt [out] Handle to the number of the activating contro in

the window. If the value pointed to as the activaling
control is zero a timeout occurred

GUI::showControlWindow

void GUI::showControlWindow()

Makes the window visible and paints it.

GUI::updateControlWindow

void GUI::updateControlWindow()

Updates the window by painting changed items.

A.4.2 Button control methods

These methods, listed in Table A-5, provide a way for creating@ridoding

button controls from the GUI Application.

Table A-5 Button Control method list for GUI class

createButtonControl Creates active or passive buttons for a given winc ow
setBCState Set the state of a button in a given window
getBCState Get the state of a button in a given window
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setBCLabel Set the button label
setBCColors Set the button label color

GUI::createButtonControl

void GUI::createButtonControl(int c, int r, wchar_t *szLabel,igftoggle, int

*hbc)

Creates active or passive buttons for a given window.

C [in] Column in which the button of interest is. Te
value of this parameter can be one to four

r [in] Row in which the button of interest is. The value
of this parameter can be one to six.

szLabel [in] Pointer to wide character formatted string to be
displayed as the button label

isToggle [in] Sets the type of the button to toggled or not
toggled. If isToggle is 1 the button is toggled (push on,
push off)

hbc [out] Handle to created button

GUI::setBCState

void GUI::setBCState(int hbc, int st)

Used to set the state of a button in a given window.
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‘Parameter ~ Descripon
hbc [in] Handle of button of interest
st [in] State of the button of interest. This value can ke 1
for depressed or O for not depressed

GUI::getBCState
void GUI::getBCState(int hbc, int *st)

Used to find out the state of a button in a given window.

hbc [in] Handle of button of interest

st [out] Pointer to the state of the button of interest. " his
value can be 1 for depressed or O for not depresseii

GUI::setBCLabel

void GUI::setBCLabel( HWND hWwnd, int hbc, wchar_t *szLabel)

Sets the button label.

Hbc [in] Handle of button of interest
szLabel [out] Pointer to the label text in wide character format

GUI::setBCColors

void GUI::setBCColors(HWND hwWnd, int hbc, COLORREF text)
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Sets the button label color.

hbc [in] Handle to the button of interest
text [in] Color of button label text

A.4.3 Status light control methods

These methods, listed in Table A-6, provide a way for creating@rtdoding

status light controls from the GUI Application.

Table A-6 Status Light Control method list for GUI class

createStatuslightContro Create status lights for a given window

setSLState Set the state of a status light in a given window
setSLLabel Set the status light label
setSLColors Sets the status light color in the on- and off-stiites

as well as the color of the status light label

GUI::createStatuslightControl

void GUI::createStatuslightControl(int x, int y, wchar_t *szLabel, int *hsl)

Creates status lights for a given window.
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X [in] X-position of the status light. The value of this
parameter controls the distance between the right edge
of the rightmost button column and the status light as a
percentage of the distance between the right ed¢e of
the rightmost button column and the right edge of the
application window. Therefore this variable can take
on any value between 0 and 100

y [in] Y-position of the status light. The value of this
parameter controls the distance between the top edge
of the application window and the status light as a
percentage of the distance between the top and bottom
edge of the application window. Therefore tnis
variable can take on any value between 0 and 100

szlLabel [in] Pointer to wide character formatted string to be
displayed as the status light label
hsl [out] Handle to created status light

GUl::setSLState
void GUI::setSLState(int hsl, int st)

Used to set the state of a status light in a given window.

hsl [in] Handle of status light of interest

st [out] State of the status light of interest. This value can
be 1 for on or 0O for off

GUI::setSLLabel

void GUI::setSLLabel(int hsl, wchar_t *szLabel)
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Sets the status light label.

hsl [in] Handle of status light of interest
szlLabel [out] Pointer to the label text in wide character format

GUI::setSLColors

void GuUI::setSLColors(int hsl, COLORREF on, COLORREF off,

COLORREF text)

Sets the status light color in the on- and off-states as wéheacolor of the

status light label.

hsl [in] Handle to the status light of interest
on [in] Color of status light in on-state

off [in] Color of status light in off-state

text [in] Color of status light label text

A.4.4 Text field control methods

These methods listed on Table A-7, provide a way for creating and ¢iogtrol

text field controls from the GUI Application.

105



APPENDIX A continued

Table A-7 Text Field Control method list for GUI class

createTextfieldContro Create a text field for a given window

setTFText
getTFText
setTFColors

Set the text in a text field in a given window
Get the text in a text field in a given window
Set the color of the text field’s font

GUI::createTextfieldControl

void GUI::createTextfieldControl(int X, int y, int nc, int sz, lvee_t *szLabel,

int edit, int *htf)

Creates a text field for a given window.

X

SZ

[in] X-position of the text field. The value of this
parameter controls the distance between the right edge
of the rightmost button column and the text field ¢s a
percentage of the distance between the right ed¢e of
the rightmost button column and the right edge of the
application window. Therefore this variable can take
on any value between 0 and 100

[in] Y-position of the text field. The value of ths
parameter controls the distance between the top edge
of the application window and the text field as a
percentage of the distance between the top and bottom
edge of the application window. Therefore tais
variable can take on any value between 0 and 10). nc
[in] Number of characters in text field

[in] Font size. The font can be two different sizes —
small or large. If sz is 1 the font is small if sz 2 :he
font size is large
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T ey o he o e

edit [in] Determines whether the text field is editable or
not. If edit is O the text field is not editable. Otherwise,
the text field is editable

htf [out] Handle to created text field

GUI::setTFText
void GUI::setTFText(int htf, wchar_t *text)

Used to set the text in a text field in a given window.

htf [in] Handle of text field of interest
text [in] Pointer to wide character formatted string to be
displayed in the text field

GUI::getTFText
void GUI::setTFText(int htf, wchar_t *text)

Used to get the text in a text field in a given window.

htf [in] Handle of text field of interest

text [out] Pointer to wide character formatted string to
receive the text displayed in the text field
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GUI::setTFColors
void GUI::setTFColors(HWND hWnd, int htf, COLORREF text)

Sets the color of the text field’s font.

hsl [in] Handle to the text field of interest
text [in] Color of text field font

A.4.5 Text area control methods

These methods listed in Table A-8, provide a way for creating @mdodling

text area controls from the GUI Application.

Table A-8 Text Area Control method list for GUI class

createTextareaContrc Create text area for a given window

setTAText Set text in a text area to already existing text

addTAText Append text in a text area to already existing text

scrollITA Scroll the text are to view text not visible in the
viewing area

setTAColors Set the color of the text area’s font

GUI::createTextareaControl

void GUI::createTextareaControl(int x, int y, int nhc, int nvc, mwshar_t

*s, int *hta)
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Creates text area for a given window.

Parameters Description

X [in] X-position of the text area. The value of this
parameter controls the distance between the right edge
of the rightmost button column and the text area as a
percentage of the distance between the right ed(e of
the rightmost button column and the right edge of the
application window. Therefore this variable can tiake
on any value between 0 and 100

y [in] Y-position of the text area. The value of this
parameter controls the distance between the top edge
of the application window and the text area as a
percentage of the distance between the top and bottom
edge of the application window. Therefore tais
variable can take on any value between 0 and 100

nhc [in] Number of characters the text area c¢an
accommodate in the horizontal direction

nvc [in] Number of characters the text area can
accommodate in the vertical direction

Y4 [in] Font size. The font can be two different sizes —

small or large. If sz is 1 the font is small if sz ish2 t
font size is large

S [in] Pointer to wide character formatted string to be
displayed in the text area
hta [out] Handle to created text area

GUI::setTAText

void GUI::setTAText(int hta, wchar_t *text)
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Used to set the text in a text area in a given window.

htf [in] Handle of text area of interest
text [in] Pointer to wide character formatted string to be

displayed in the text area
GUI::addTAText

void GUI::addTAText(int hta, wchar_t *text)

Used to append text in a text area to already existing text.

hta [in] Handle of text area of interest
text [in] Pointer to wide character formatted string to be

appended to the text already in the text area
GUl::scrollTA

void GUI::scrollTA(int hta, int scrl)

Used to scroll the text in the text area.
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hta [in] Handle of text area of interest

scrl [in] Number of lines the text should be scrolled ug or
down in the text area. To scroll up make this variable
negative, to scroll down make it positive. To scrol to
the top of the text use a negative value of scrl that has
an absolute value that is larger than the number of text
lines in the text area. To scroll to the bottom of the text
use a value of scrl that is larger than the number of text
lines in the text area.

GUI::setTAColors
void GUI::setTAColors(int htf, COLORREF text)

Sets the color of the text area’s font.

hta [in] Handle to the text area of interest
text [in] Color of the text area font

A.4.6 Label control methods

These methods, listed in Table A-9, provide a way for creaand

controlling text labels controls from the GUI Application.

Table A-9 Label Control method list for GUI class

createLabelControl  Create label in a given window
setLBLabel Set the text of a label in a given window
setLBColors Set the color of the label’s font
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GUI::createLabelControl

void GUI::createLabelControl(int x, int y, int sz wchar_t *stychar_t *hvc,

wchar_t *s, int *hta)

Creates label in a given window.

X

Sz

sty

[in] X-position of the label. The value of this
parameter controls the distance between the right edge
of the rightmost button column and the label as a
percentage of the distance between the right ed¢e of
the rightmost button column and the right edge of the
application window. Therefore this variable can tiake
on any value between 0 and 100

[in] Y-position of the label. The value of this
parameter controls the distance between the top edge
of the application window and the label as a
percentage of the distance between the top and bottom
edge of the application window. Therefore tnis
variable can take on any value between 0 and 100

[in] Font size. The font can be two different sizes —
small or large. If sz is 1 the font is small if sz 2 the font
size is large

[in] Pointer to wide character formatted string
representing the style of the label font. Valid value s of
the string are NORMAL, BOLD, ITALIC, and
BOLDITALIC
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hvc [in] Pointer to a wide character formatted tvro-
character string designating which point of the label is
positioned at coordinates (X, y). The first character can
be ‘r, ‘c’, or ‘I', representing right, center, or left. The
second character can be ‘t’, ‘c’, or ‘b’, representing
top, center, or bottom. For example if hvc is ‘rt’ the (x,
y) coordinates designate the position of the right top
corner of the image. Using the hvc variables of var ous
labels and images the developer can easily align “hem
in the application window

S [in] Pointer to wide character formatted string to be
displayed as the label
hib [out] Handle to created label

GUI::setLBLabel

void GUI::setLBLabel(int hib, wchar_t *Ibl)

Used to set the text of a label in a given window.

htf [in] Handle of label of interest
Ibl [in] Pointer to wide character formatted string to be

displayed as the label
GUI::setLBColors

void GUI::setLBColors(int hlb, COLORREF text)
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Sets the color of the label’s font.

hta [in] Handle to the label of interest
text [in] Color of the label font

A.4.7 Image control methods

These methods, listed in Table A-10, provide a way for creatind

controlling image controls from the GUI Application.

Table A-10 Image Control method list for GUI class

createlmageControl Create an image control in a given window
setiMImage Put a new image in a given window

GUI::createlImageControl

void GUI::.createlmageControl(int x, int y, wchar_t *hvc, wchar_t *inrg,

*him)

Creates an image control in a given window.

114



Parameters
X

hvec

img
him

GUI::setiIMImage

APPENDIX A continued

Description

[in] X-position of the image. The value of ttis
parameter controls the distance between the right edge
of the rightmost button column and the image ¢s a
percentage of the distance between the right ed¢e of
the rightmost button column and the right edge of the
application window. Therefore this variable can tike
on any value between 0 and 100

[in] Y-position of the label. The value of this
parameter controls the distance between the top edge
of the application window and the image as a
percentage of the distance between the top and bottom
edge of the application window. Therefore tais
variable can take on any value between 0 and 100

[in] Pointer to a wide character formatted two-
character string designating which point of the image
is positioned at coordinates (X, y). The first character
can be ‘r’, ‘c’, or ‘I', representing right, center, or left.
The second character can be ‘', ‘c’, or ‘v,
representing top, center, or bottom. For example if hvc
is ‘rt’ the (x, y) coordinates designate the positior of
the right top corner of the image. Using the hvc
variables of various labels and images the developer

can easily align them in the application window

[in] Pointer to wide character formatted string
containing the filename of the image

[out] Handle to created image control

void GUI::setIMImage(int him, wchar_t *img)

Used to put a new image in a given window.
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Him [in] Handle of an existing image control

img [in] Pointer to wide character formatted string
containing the filename of the image

A.4.8 GUI control methods

These methods, listed in Table A-11, provide a way for adjusting cahats

brightness in application windows from the GUI Application.

Table A-11 GUI Control method list for GUI class

setGuiColors Set the colors in the Project54 system
setGuiBackgroundimage Set background image in the Project54 systen
setGuiRightMouselnterce} Set handles for relaying right mouse clicks

setGuiBrightness Set the brightness in the Project54 system
setGuiSysColors Set new system colors for use while the GUI is
active

GUI::setGuiColors

void GUI::setGuiColors( COLORREF background, COLORREF label,
COLORREF buttonfil, COLORREF buttontext, COLORREF buttonontext

COLORREF areafill, COLORREF areatext)

Set the colors in the Project54 system.
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background [in] Color of the background

label [in] Color of the label text
buttonfill [in] Color of the button fill
buttontext [in] Color of the button text
buttonontext [in] Color of the text on the button
areafill [in] Color of the area fill

areatext [in] Color of the area text

GUI::setGuiBackgroundimage
void GUI::setGuiBackgroundimage( int x, int y, wchar_t *hvc, wchar_t *img)

Set background image in the Project54 system.

X [in] X-position of the background image. The value of
this parameter controls the distance between the right
edge of the rightmost button column and the image as a
percentage of the distance between the right edge ¢f the
rightmost button column and the right edge of the
application window. Therefore, this variable can take on
any value between 0 and 100

y [in] Y-position of the background image. The value of
this parameter controls the distance between the top edge
of the application window and the image as a percer tage
of the distance between the top and bottom edge cf the
application window. Therefore, this variable can take on
any value between 0 and 100
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hvc [in] Pointer to a wide character formatted two-character
string designating which point of the image is positioed
at coordinates (x, y). The first character can be ‘r’, ‘c’ or
‘', representing right, center, or left. The seccnd
character can be ‘t’, ‘c’, or ‘b’, representing top, centet, or

bottom. For example if hvc is ‘rt’ the (x, y) coordina es
designate the position of the right top corner of the imiage

img [in] Pointer to wide character formatted string contair ing
the filename of the image

GUI::setGuiRightMouselntercept
void GUI::setGuiRightMouselntercept(DWORD hthread)

Set handles for relaying right mouse clicks.

hthread [in] Handle of the right mouse click thread

GUI::setGuiBrightness
void GUI::setGuiBrightness(int brightness)

Set the brightness in the Project54 system.

brightness [in] The level of brightness
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GUI::setGuiSysColors

void GUI::setGuiSysColors(int cElements, int *lpaElements, COLERR

*|paRgbValues)

Set new system colors for use while the GUI is active.

cElements [in] Specifies the number of display elements in the array
pointed to by thépaElementparameter
IpaElements [in] Pointer to an array of integers that specify the display

elements to be changed

IpaRgbValues [in] Pointer to an array of unsigned long integers hat
contains the new red, green, blue (RGB) color value for
each display element in the array pointed to by the
IpaElementparameter

A.4.9 GUI scanner control methods

These methods, listed in Table A-12, provide a way for handling sceateer

from the GUI Application.

Table A-12 Scanner Control method list for GUI clas

connectScannerEven Set the scanner completion event
getScannerData Get complete buffer of scanner data

GUI::connectScannerEvent

void GUI::connectScannerEvent(HANDLE event)
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Set the scanner completion event.

event [in] Handle of the scanner event

GUI::getScannerData
void GUIl:getScannerData( wchar_t *buffer, int bufsize, int *scansize)

Get complete buffer of scanner data.

buffer [in] Pointer to the scanner buffer that contains the
scanner data

bufsize [in] Integer that indicates the size of the scanner buffer

scansize [in] Pointer to an integer indicating the size of he

scanned data
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APPENDIX B
B.1 TESTBOT APPLICATION

The Test Application is a special application with a graphical ungerface
that is used to test the overall Project54 system. Testidgnis by sending
test messages to the SIOA in order to simulate speech réongand by

simulating button presses.

The details of working with the Tesbot Application are given byhé& @],
and Kozomora [5] and are not presented here. Only the modifications are

documented.

The modifications done to the Testbot Application consist of two pants. T
first level of modifications that are required is to make the Testbot Afiplica
compatible to run with the distributed system. The modificationseayared
so that the Tetsbot Application will be able to utilize the Glgpkcation as a
separate application and not as a COM support object. The changedein
for this part are the same as required for other applicatioascmmmodate
the GUI Application in a distributed mode. These changes in ewde

documented in detail in APPENDIX C.

The Testbot Application ordinarily sends messages to the SIOAndate

speech command alongside moving the mouse pointer to simulate button

121



APPENDIX B continued

clicks The second level of modifications concern the functioning of the
Testbot Application itself. Since the purpose of the testing wasércise the
GUI, the simulation using SIOA was omitted from the Testbot Appba.
These changes were done to the code in Appcode.cpp file and
TestBotGUI.cpp file. These changes in the Testbot Application cogle a
necessary as the Testbot Application accesses the GUIhdirech the file
Appcode.cpp to simulate mouse clicks. The test loop starts within the
AppMainfunction in the file Appcode.cpp. Data structures of control variables
are defined so that each Testbot Application GUI can be lmeganized than

the existing code setup. Simulations of button clicks are done in tihdoop

by theMouseUpandMouseDowrfunctions. The parameters passed into these
functions are the x and y coordinates of the button positions. The codet snippe
shown below highlights the changes done to the code inApgEMain
function. The code relating to access to SIOA has been deletechanges
have been made to the data structure. These changes in the alcsl¢hm

Testbot Application code compatible with the GUI Application.
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while (1)

{

ErrorLog(TBot.FileName);

// do the test until done
while ((Tbot.iSingleTest > 0) || (Tbot.iLoopTest > 0)) {
/l'if pause, just hang out
if (Tbot.pauseTestBot) {
Sleep(250);
} else {
nc = getNextFileChar(Tbot.FileName);

int x = 500 + rWindow.left + (iIBthCol * btnWidth) — (btnWidth/2);
inty = 20 + rWindow.top + (iBtnRow * btnHeight) — (btnHeight/2);

if ('delayed)
Sleep(2000);

ErrorLog(wszButton);
mouseMove(X, Y);
mouseDown(X, Y);
Sleep(ptime);
mouseUp(X, Y);
delayed = false;

}

firstpass = false;

}

while ((nc != ENDOFFILE)
&& (nc !'= FILEERROR)) {
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nc = getNextFileChar(TBot.FileName);

}

To test the GUI in the client machine (or the RemoteGUI) as epptsthe
GUI in the server machine, the Testbot Application must be indtallehe
client machine. In such a case, the test-script file that weitksthe Testbot
Application must be present in the client machine. The Testbot Apiplicin
such a case must be removed from the server machine so thaestmt

Applications do not exist in the same system at the same time.
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C.1 . MODIFICATIONS TO EXISTING CODE TO
ACCOMMODATE GUI APPLICATION AND USE IN A
DISTRIBUTED ENVIRONMENT

Several steps are required to convert an existing Project54 sitetilize
the GUI in a distributed scheme. The GUI Application must beliedtanto
the Project54 system. Application modules can access the GUI soppemnt
through the GUI Application. The individual applications, as well as the
Application Manager, should be modified to accommodate the GUI object.

The steps are listed below.

C.1.1 Installing the GUI Application

The following steps are required to install the GUI Applicatiortha

server side of the Project54 system with distributed GUI.

1. The GUI Application (Gui.dll), must be copied to the
“C:\Project54\P54apps\” folder.

2. The new GUI Application must be registered by adding the CLSID {
5EFCF821-8FC3-4878-B972-C5687906A848} and the messaging
names in the P54parameters.txt file.

3. Theregsvr32command must be run to register the classes defined in

the dynamic link library.
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C.1.2 Modifications to the Application Manager

The Application Manager needs to be modified to accommodate new GUI

Application. The code changes are in AppManiface.CPP file.

The synchronization handlRSynmeeds to be defined and a function

to create an event for the handle must be defined.

HANDLE hRSync = NULL,;
Void startREvent()

if (hRSync == NULL)

hR Sync = CreateEvent(NULL,
false,
false, NULL);
}

As instances of all programs are created, a “STARTUP”, rgessa
sent from each of the applications to indicate that the instiantiaas
successful. The handling of this message inpiteeessAppManager
function has been modified. Instead of settipplis{i].readyto true,

a count is made of the number of “STARTUP” messages received in
variable calledNumAppsReadyWhen “STARTUP” messages are
received from all of the applications, then a “READY” messageent

to all of the instantiated applications so that the applicationbe&gin

building their own GUIs.
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if('wcscmp(wszMessageText,L"STARTUP"))

{
++NumAppsReady;

if (NumAppsReady==NumApps)
{

i=-1;
while (++i < MAXAPPS)
{
if
(AppList[i].ready==true)
AppList[i].plUNH_MsgHandler
>HandleMessage(wszSource,

wszDestination,
wszMessagelD,

}

L"READY");

}
}

The Application Manager must be enabled to process “GUlI READY”

messages coming in from applications. This is done by adding a

couple of lines in thprocessAppManagerMessageasction.

if('wcscmp(wszMessageText,L"GUI READY"))
{

if('wcscmp(wszMessageText,L"GUI READY™"))
++num;

if (num==NumApps)
SetEvent(hRSync);
}
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This code counts all the “GUlI READY” messages received and
compares the number to the total number of applications. When “GUI
READY” messages are received from all of the existing apptins

then thehRSynevent is triggered.

The number of application modules that are loaded must be counted in
the NumAppsvariable by the following snippet of code in the
AppManlfacefunction. The snippet of code must be included after the

loop to load all the COM applications from their class IDs.

for (j=0; [<MAXAPPS; ++))

{

if (AppList[j].loaded)
++NumApps;

}

A call must be made to initiate thBRSyncevent by calling
startREventfunction. In theAppManlfacefunction, the flow of the
program is stopped before a “SHOW WINDOW” message is sent to
the first application. This is done to make sure that the “SHOW
WINDOW” message is sent only after “GUI READY” messagae
received from all applications; or in other words only after engur

that all applications are ready with their GUIs.
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getApps();
loadMsgNames();
startREvent();

plUNH_MsgCoordinator
->SendMessage(appman,L",appman,L"BROADCAST
STARTUP");

/I show first control screen

WaitForSingleObject (hRSync, INFINITE);
pIUNH_MsgCoordinator
->SendMessage(appman,firstscreen,appman,
L"SHOW WINDOW");

The next step is to modify application modules to accommodate new GUI

Application. The steps are given in next section.

C.1.3 Modifications to Applications

These modifications need to be made in each application. The GUIl.cpp and
p54guilib.h files must be copied into each application folder and included onto
the project. Reference to the p54guilib.lib library must be removed. T
Gui.cpp file contains definitions of the GUI class, and the p54qguilieh fi
contains the declaration to the GUI class along with deataraif some

support structures.

The files that must be modified in each application are, the

(ApplicationGui.h, ApplicationGui.cpp and AppCode.cpp.
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(ApplicationGui.h file contains the declarations of the variables required to
store all the handles to controls. This structured approach is noicta st
requirement, but it makes it easier to track all variablegee to different
GUIs. An example code is listed below, the file is Main8of&ui.h. All the
variables of the structure Controls store the handles to theolthat are

created for the MainScreen Application.

struct Controls
{
APPLICATION AppListtMAXAPPS];
int hact;
int htfDate;
int htfTime;
int hibDate;
int hiIbTime;
int hibTitle;

int htfRDate;
int htfRTime;
int hIbRDate;
int hIbRTime;
int hIbRTitle;

int hbcListen;
int hbcExit;

int hbcRListen;
int hbcREXit;

int himLogo;;
int himBackg;

int hbcRadioAl;
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int hbcGPS;

int state;

h

The GUI objects must be declared ApplicationGui.cpp. All references to
GUI related functions must be changed as these function calembec
methods to the GUI class. Each new GUI to be displayed musteh&igl
thread associated with it. An example of changes in the Maiescre

Application is listed below.

static DWORD MainScrGUI(LPDWORD hinstance)
{
if (MainScr.hTimeOutSync == NULL)
MainScr.hTimeOutSync = CreateEvent(NULL,
false, false, NULL);
MainScr.startTimeOut();

MainScr.createControlWindow(L"Project54:
Application Manager", i);

MainScr.createButtonControl(1, 6, L"Listen",
false, &MScrn.hbcListen);
MainScr.createButtonControl(2, 6, L"EXIT",
false, &MScrn.hbcExit);

~ GUistarted = true;
While (1)

/I handle of activated control
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inti;

/I Get the next user event with timeout:
Il exit on negative handle returned
/! 0 means the wait timed-out

MainScr.waitForUserlnput(1000,
&MScrn.hact);

if (MScrn.hact < 0))
break;

Similarly, any other GUI associated with this application nmheste a new

thread to control all the elements in it.

In the Appcode.cpp file, all the GUI objects and the Control structigtsed

in (ApplicationGui.cpp file need to be defined as external variables. All
access to the GUI elements needs to reflect the object ariapproach. In

the AppMainThreadunction, the startup message is sent and a wait is started.
After the wait trigger is received, a thread to start thall@JI is started and

the program proceeds forward to send a startup message to aBbthér
there is one and again waits until it receives the trigger tdahendait. After

all GUIs have been created, a “GUlI READY” message is s$enthe

Application Manager.
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Message(self, L™, self, L"STARTUP");
WaitForSingleObject(MainScr.hRSync, INFINITE);
startMainScrGUI();

Message(self, L"lapgui”, self, L'"REMOTE STARTUP");
WaitForSingleObject(LapScr.hRSync, INFINITE);
startLapMainScrGUl();

Message(self, L"remotegui’,  self, L"REMOTE
STARTUP");

WaitForSingleObject(RemoteScr.hRSync, INFINITE);
startRMainScrGUI();

Message(self, L™, self, L"GUI READY");
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