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Extending Rational Robot Support for New ActiveX Controls

This paper explains how the Rational Robot proxy system works, givesinstructions on how to use the Rational
Robot Active X Proxy Wizard to create a new proxy, and provides annotated examples of two working proxies. Itis
intended for developers, testers, control vendors, third-party contractors, or anyone interested in testing applications
with ActiveX controlsthat are not natively supported by Rational Robot.

The paper focuses on the case in which the individual creating the proxy does not have direct access to the control’s
source code. Individuals and organizations that have access to a particular control’ s source may not need to write a
proxy, and may choose instead to enhance the control itself so it can be accessed directly by Rational Robot. If, for
example, a control already implements the | Accessible interface for Active Accessibility, then Rational Robot only
needs the control to implement arelatively simple new interface, | TestProxy, to accessit directly. See Appendix A
for more information on this topic.

Benefits

Rational Robot’ s proxy support for ActiveX controls offers significant advantages to organizations that need to
develop robust tests for applications incorporating new or recently revised ActiveX controls. Because proxies may
be constructed by anyone, they offer unique benefits for both control consumers and control vendors. Control
vendors can use the proxy mechanism to add value to their products by quickly and easily developing a proxy and
making it available to their customers.  Control consumers can ensure effective and efficient functional testing by
developing their own proxies — on their own schedule — for any and all ActiveX controls used in their software.

Motivation and Background

The value of afunctional testing script isdirectly related to its resilience to changesin the application under test.
Scripts that are susceptible to minor changes to an object — such asits label, location, or size — require an inordinate
amount of maintenance to keep them up-do-date with the latest builds throughout development. Part of Rational
Robot’ s success as a functional testing tool is due to its ability to recognize and interact directly with controlsin a
wide variety of development environments including Visual Basic, C/C++, Java, HTML, ActiveX, PowerBuilder,
SAP and PeopleSoft, to name just afew. Robot scripts are robust because they directly access objects and can
verify all of the properties of each abject, even if they are not visible.

There are, however, alarge number of third-party control vendors creating and revising ActiveX controls — toolbars,
grids, and widgets of all kinds— every day. Although Robot’s built-in Visual Basic support allows it to collect some
information about these ActiveX controls, truly robust and resilient scripts often require a more extensive interaction
than can be supplied generically. To better serve the needs of customers using Rational Robot to test applications
that incorporate new and recently updated controls, Rational has developed a mechanism to extend the capabilities
of Rational Robot. Rational Robot 7.1 included a Java proxy interface that allowed users to construct a proxy for
certain kinds of Java controls. In Rational Robot 2001.03, a similar mechanism was added for ActiveX controls.
These proxies implement a specific set of methods that are called by Rational Robot to collect information about the
control when scripts are recorded and to exercise the control during playback.

Often called OCX s because of their file extension, ActiveX controls provide away for developersto extend the set
of controls provided by Windows. ActiveX controls can be employed in any container software that knows how to
interact with them. Visual Basic and Internet Explorer are two of the most widely used containers for ActiveX
controls. ActiveX controls provide a visual interface to the end user, expose a programmatic interface to the
containing software, and contain internal state. The programmatic interface includes the notion of “properties’,
which are similar to data members of a C++ class — the properties are the exposed state of the ActiveX control. The
programmatic interface also includes methods that the container can call to manipulate the control, and events that
the control can raise to signal the container.
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What A Proxy Developer Needs to Know

While the main points and high-level concepts discussed here will be readily understood by any moderately
technical reader, the actual creation of a Robot Proxy does require in-depth knowledge and experiencein afew
areas. Specifically, aproxy writer must be fairly comfortable with:
Rational Robot
0 SeeUsing Rational Robot, Rational Software Corporation, Lexington, MA, 1998.
The basics of COM (Component Object Model) programming
0 Seelnside COM by Dale Rogerson, Microsoft Press, Redmond, 1997.
Microsoft Active Accessibility programming
0  See http://www.microsoft.com/enable/ and the MSAA SDK
ActiveX Controls
0 SeeActiveX ControlsInside Out by Adam Denning, Microsoft Press, Redmond, 1997.

0 Or see Understanding ActiveX and OLE by David Chappell, Microsoft Press, Redmond,
1996.

C++ and the Microsoft Visual Studio development environment

Of these, Active Accessibility programming will likely be the least familiar to the typical proxy developer.
In addition, knowledge of Visual Basic, ATL (Active Template Library) and smart pointers will also be helpful.
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The Proxy Development Process

Extending Rational Robot Support for New ActiveX Controls

Figure 2 represents a high-level view of the Rational Robot ActiveX proxy development process. This processis
outlined in “Creating a Proxy: a Brief Overview”, and each stage is explained in detail in the following sections.

Install Required
Software,

including the
Proxy Wizard

Create a new
proxy project

using the Proxy
Wizard

Modify the Test and Use the
base proxy debug the Proxy
code proxy

Specifically, see “Required Software” and “Installing the Required Software” for more information on the first
step. Then see “Creating a New Proxy Project with the Proxy Wizard”, followed by “Modifying the Base Proxy
Code” and findlly, “Testing and Debugging the Proxy”.
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This section provides background information on the underlying architecture of the Robot ActiveX proxy
mechanism.

One of the primary objectives of the Robot proxy system is to support individual s that need to test ActiveX controls,
but who do not necessarily have direct access to the control’ s source code. Thisimplies that the control itself cannot
be modified in order to enhance itstestability. The solution to this problem isto use a proxy mechanism in which a
specialized COM object acts as a middleman between Robot and the ActiveX control. Rather than querying the
control directly, Robot collects information about the control via the proxy.

During script recording, Robot intercepts actions being performed against all controls. When an unrecognized
ActiveX control is acted upon, Robot checks the Windows Registry for a proxy that is able to answer for the control.
If such aproxy isfound, Robot provides the proxy with a pointer to the instance of the ActiveX control that it is
handling. Robot then queries the proxy about the control through a standard interface that must be exposed by the
proxy. The proxy writer, based on his knowledge of the control, implements the methods of thisinterface to return
the requested information to Robot. This architecture requires no modification of controls or of Rational Robot
itself, to enable effective object-oriented recording and testing of ActiveX controls by Robot.

[llustration of the Problem

To gain a better understanding of the issues that a Rational Robot ActiveX proxy addresses, consider the very simple
Visual Basic application in Figure 3. This application contains a single Microsoft FlexGrid (M SFlexGrid) control
named “MyM SFlexGrid”, which is three columns wide and four rows high. Even without a proxy installed, Robot’s
built-in support for ActiveX controls enablesit to correctly determine the control’s name. However, without direct
knowledge of the control, Robot is unable to determine in which cell a particular mouse click occurred, and
therefore relies on coordinates to record the event. For example, a mouse click inside the cell at row two, column
one would be recorded by Robot as:

GenericObj ect dick, "Nanme=MyMSFl exGid", "Coords=91, 38"

MSFlexGrd

Robot uses coordinates to record mouse clicks only as alast resort, because scripts that rely on coordinates have two
weaknesses. Firgt, they are susceptible to cosmetic changes to the application. If the rows or columnsin the

M SFlexGrid control are resized, there is no guarantee that the mouse click will till fall in the same cell. The script
would have to be monitored, perhaps even partially re-recorded, whenever relevant portions of the application under
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test changed. Second, the script itself would be difficult to edit manually. A tester would need to convert between
coordinates and rows/columns himself, in order to further develop atest after initial recording. Fundamentally, the
script is too susceptible to changes that are irrelevant to the basic operation of the application.

When the Robot M SFlexGrid proxy isinstalled, a mouse click in the same location is recorded as:

GenericObject Cick, "Nane=MyMSFlI exGri d; Ext ensi bl eName=Row=2, Col =1",
" Coor ds=30, 7"

The proxy provides additional detailsto Robot about the control, by trandating coordinates into the appropriate row
and column. With the proxy, Robot is able to create aresilient script that identifies the exact cell being activated, as
well as the coordinates within that cell where the event occurred.

The MSFexGrid is not an exceptional case. Similar issues are easily identified in the wide array of ActiveX
controls available today. As a second example, consider the Microsoft Tabbed Dialog Control (SSTab) control.
(The SSTab control is sometimes referred to as the “ Sheridan Tab Control” — portions of it were developed by
Sheridan Software Systems, Inc.)

is. Form1 =]

Size I

Without a proxy, Robot again relies on coordinates and records a mouse click on the “ Shape” tab as:

GenericObject Cick, "Nane=MySSTab", "Coords=182, 49"

But with the Robot SSTab proxy installed, the actual tab nameis recorded:

GenericObj ect dick, "Nane=MySSTab; Ext ensi bl eName=Shape", " Coords=38, 11"

Once again, the script recorded with the assistance of the proxy is much more resilient to superficial changesin the
application under test, such as reordering or resizing the tabs in the control.
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Active Accessibility and the IAccessible Interface

In order for Rational Robot to effectively interact with a control, it must be able to obtain the following information:

a persistent name for the object acted on (including sub-objects, such asindividual tabsin atab
control)

the abject’srole (for example, grid, listbox, etc.)

the abject’s bounding rectangle

In addition, Robot requires a method for locating an object or sub-object associated with a given persistent name and
amethod for identifying the object that corresponds to a particular set of screen coordinates.

A control that implemented an interface to provide this information and functionality could be accessed directly by
Raobot, with no need for a proxy. Because not al control vendors have implemented an interface for the sole
purpose of testing, another means for interacting with the control is required.

| Accessible is an interface defined by Microsoft Active Accessibility (MSAA) that provides the required
functionality. Thisinterface isdesigned to enable applications to communicate information about their display
elements for the benefit of users who require accessibility aids (for example, text-to-speech programs). Vendors and
developers have additional motivation to implement the | Accessible interface because Microsoft actively promotes
the benefits of Active Accessibility to the software industry, and requires compliance to accessibility guidelines for
its “ Certified for Windows” logo.

The Rational Robot ActiveX proxy system leverages this pre-defined 1 Accessible interface. Rational Robot requires
only a subset of the methods defined by the entire | Accessible interface — specifically, accHitTest, accLocation,
accNavigate, get_accName, get_accRole, and get_accChildCount. The Rational Robot ActiveX Proxy Wizard
automatically generates generic versions of each of these methods. The proxy developer then customizes the
generated codeto tailor it for the selected ActiveX control.

The Registry and Proxy Registration

Each Rational Robot ActiveX proxy must be registered in the Windows Registry before it can be used. Usually,
there isno need to edit the Registry by hand. The skeleton proxies created by the Rational Robot ActiveX Proxy
Wizard are self-registering — they automatically create or update the appropriate subkey in the registry following
each successful build. However, if the proxy is moved to a system other than the system it was built on, it will need
to be registered using ther egsvr 32 utility. For example, to register the M SFlexGrid proxy:

Change to the directory containing the f | xgdpxy. dl |
Type “regsvr32 /c fixgdpxy.dil”

To deregister aproxy, use the “/u” switch. For example, to deregister the M SFlexGrid proxy:
Change to the directory containing the f | xgdpxy. dl |
Type “regsvr32 /u /c fixgdpxy.dil”

Important: Proxy developers planning distribute their ActiveX proxies may want to automate this step by registering
the proxy as part of the installation process. Most install programs (including InstallShield) are capable of
registering DLLs.

Proxy Registry Key Specifics

All COM classes must be registered to be useable by Windows applications. COM classes are stored in the Registry
under the key:
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HKEY_CLASSES_ROOT\ CLSI D\ { <CLSI D>}

where <CLSID> isthe class identifier or GUID of the class. Figure 4 shows the registry entry for the M SFlexGrid
control.

&' Reagistry Editor

Begistry  Edit “iew Help
- {62544620-4883-1100-B23F-004024441DE2} ;I M ame |Data

=0 {62620 340-5318-11CF-91F6-C2863C385E 30} [Drefauilt) "M SFlexGrdLib MSFlexGnd"
-2 Contral

F-_1 Implemented Categories

<20 Inprocserver3? -
F-20 MiscStatus

-2 ProglD

--[_1 Programmable

-2 ToolboxBitmap32

-2 Typelib

-2 Wersion

e E' crzionl ndependentProgl D
-7 {E26BAFET1-ESDE-1101-B10D-0060970 EIZIEDEiI;I

4« | [ L | 2

|r-.-1_|,| ComputertHKEY_CLASSES_ROOTHNCLSIDWE2620340-5318-11CF-91FE-C2863C385E 301 WersionindependentProgl D i

% & ! & " 3

The ProglD and VersionlndependentProgl D subkeys contain the friendly name for the CLSID, and are used in
Visual Basic because they are easier to work with than the 36-character hexadecimal format. Both of these subkey
values are cross-referenced under HKEY_ _CLASSES ROOT themselves, so that applications can retrieve the
CLSID associated with any friendly name.
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f.'.-" Regiztry Editor
Begizty  Edit “iew Help
#-_] MSDTSGOD.2 | | Mame | Data

E:I {1 MSDTSiteDesigner @[Default] "{E2620340-531B-11CF-91 FE-C2362C385E 301
EI D MSFlexGndLib. MSFlexGnd

ElD M5 FlexGndwizard Subtizard |
-1 MSFIUpL Flupl

-] MSFIURLFlupl.1

-] MSFSStore

& maafile -
K | » 4| |

!M_I,I Computer\HEEY_CLASSES_ROOT4MSFlexGridLib. M5 FlexGrd CLSID

2

() & ! & " T

" Registry Editor
Begistry  Edit Yiew Help
m-_] MSDTSGDD.2 | [ Mame | Data

-] M5DTSiteDesigner [aB] [Defaul)  "{BADZDS7D-45A0-4A9D-A532-F I FF7FSDE1 I
-1 MSFlexGridLib.MSFlesGrid

l:| MSFlexGridwizard. Subizard ey
-0 MSFIUpLFlupl

-0 MSFIURLFlupl.1

-] MSFSStare

- magfile —I_"J
4 | Sty | >
=
/

|h"|_'.-' ComputersHEEY_CLASSES _ROOTYMSFlexGridLib MEFlerGnidsR ationalT estProwsy

( ) & ! & " * #

Figure 5a shows the Registry entry for the version-independent ProglD of the MS FlexGrid. Figure 5b highlights
the Rational TestProxy subkey. The proxy adds this new subkey when it isinstalled to inform Robot that is willing
to answer for the given control. Rational TestProxy could also have been entered under the version specific key
MSFlexGridLib.MSFlexGrid.1 if it was designed to answer for only this specific version of the control. Robot
checks for version-specific proxies first, before checking for the version-independent proxy. The proxies generated
by the Rational Robot ActiveX Proxy Wizard register themselves, by default, as version-independent. Modifications
(tothe<pr oj ect Nane>. r gs file) are required to make them version-specific.

When Robot intercepts a click on an ActiveX control during script recording, it will obtain the COM handle to the

control and resolve its Visual Basic name. Robot then checks the Registry to determine if a proxy is available for the
given control. If aproxy isregistered, Robot instantiates the proxy and passes it the COM handle (using the
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SetObjectToProxyFor method of its I TestProxy interface) to the particular instance of the control it must answer for.
Robot then proceeds to call various methods of the proxy’s | Accessible interface to collect the information it needs.

About the Examples: MSFlexGrid and SSTab

Rational Robot ActiveX proxies leverage Microsoft Active Accessibility (MSAA) technology to supply information
to Rational Robot asit tests ActiveX controls. MSAA was developed to improve the usability of computer
programs for people who use accessibility aids. Software devel opers receive an additional benefit from MSAA,
because it expands the capabilities of testing tools, including Rational Robot. The foundation of Active
Accessibility isthe | Accessible interface. Rational Robot ActiveX proxiesimplement this interface on behalf of
ActiveX controls.

While the 1 Accessible interface defines many methods, Rational Robot requires only the following to be
implemented by an ActiveX proxy:
accHitTest — retrieves the I Dispatch interface pointer of a child object at a given point on the screen.
acclLocation — retrieves the screen location (i.e. the bounding rectangle) of an accessibility object
accNavigate — retrieves the next or previous sibling or child object in a specified direction
get_accName — retrieves the name property of a given child object
get_accRole — retrieves the role property of a given child object
get_accChildCount — retrieves the number of child objectsin the current object

The primary task in proxy development consists of implementing these methods by using the properties and
methods that the control exposes natively.

Two widely used ActiveX controls are M SHexGrid and SSTab, both of which are supplied as standard components
inVisual Basic. The MSFlexGrid control displays and manages data in tables, similar to a spreadsheet. The SSTab
control displays a set of tabs, each of which isa container for other controls and only one of which is active and
fully visible at atime.

Rational has developed a Robot proxy for each of these controls to serve as examples for proxy developers. The
source code for both proxies will be available on www.rational.com at alater date. This paper refersto these
examplesin order to illustrate the process of creating a proxy and the relevant issues that must be addressed. Many
ActiveX controls will be similar to the example controls in some aspects, and portions of their proxies will be
analogous to the example code provided.

Important Note: The MSFlexGrid proxy and SSTab proxy are for illustrative purposes only and are specifically not
warranted as (nor intended to be used as) production-quality proxies.

The proxies for these two controlsillustrate the two main approaches for identifying objects and sub-objectsin
Active Accessibility programming. Each control is an object that contains a set of sub-objects. Inalist box, for
example, the scroll bars, the arrows on the scroll bars, and each element in the list are all sub-objects. One of the
first issues that a developer must be aware of when writing Active Accessibility programsis how a particular object
isidentified. When writing a proxy for an ActiveX control, a developer must decide how to address the control’s
sub-objects — either by using an integer offset through the parent object’s interface or by accessing each sub-object
directly through its own interface. Developers familiar with ActiveX programming know that objects are identified
using a pointer to the IDispatch interface. With Active Accessibility objects are identified with a pointer to the

| Accessible interface.
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CComCoClass<CSSTabPxy,&CLSID_SSTabPxy> | | CComObj ComsSingleT! | [io ible,&IID_| LIBID_ ibility> | [ 1D TestProxy,&IID_[TestProxy,&LIBID_RATIONALTESTPROXYLib>|  [<<typedef>>
[ 1 i il 1 SSTabPxy
[ il i i 1

<<Implements>>

<<atlobject>>
CSSTabPxy

CProxyBase
®CssTabPxy()
Si<stdmethod>> get_accParent() BcetvBFormPtr()
Sic<stdmethod>> get_accChildCount() @¥GetExtendedObject()
S<<stdmethod>> get_accChild() (Ep<<static>> IsVBForm()
Sic<stdmethod>> get_accName() [E¥<<static>> GetExtendedObject()
S<stdmethod>> get_accValue() SCProxyBase()
<stdmethod>> get_accDescription() S<<virtual>> ~CProxyBase()
Sk<stdmethod>> get_accRole() SsetProperty()
Sic<stdmethod>> get_accState() SGetProperty()
Sh<stdmethod>> get_accHelp() S<static>> SetProperty()
S<stdmethod>> get_accHelpTopic() B<static>> GetProperty()
& get_accK 0 ScontainerHwnd()
Sic<stdmethod>> get_accFocus() SctriRect()
R<stdmethod>> get_accSelection() ®GetPixelMode()
Sk<stdmethod>> get_accDefaultAction() BsetPixelMode()
Sic<stdmethod>> accSelect() SRestorePixelMode()
S<stdmethod>> accLocation() S<<static>> PixelToTwip()
Sk<stdmethod>> accNavigate() B<<static>> TwipToPixel()

S<stdmethod>> accHitTest()
Sic<stdmethod>> accDoDefaultAction()
Sc<stdmethod>> put_accName()
<stdmethod>> put_accValue()
S<stdmethod>> SetObjectToProxyFor()

¥ TabHeight()

%abl?ect()

abRectPage()

¥ TabRectDIg()

F¥rabRow()

@erabstrip()

<<enum>>
ScaleModeConstants
SssUnknown = -1

E5ssUser = 0
EhssTwip = 1
ExssPoint = 2
{ExssPixel = 3
EssCharacter = 4
&8ssinch =5
ExssMillimeter = 6
&ssCentimeter = 7

However, in contrast to ActiveX, that | Accessible pointer can be further modified with along integer that can be
thought of as an offset. This offset mechanism facilitates the implementation of some controls where sub-objects
are considered trivial, and the there is no need to create new objects for them. The proxy for the SSTab control uses
the offset approach, while the proxy for the M SFlexGrid creates a new object for each sub-object. In Active
Accessibility these two distinct approaches are supported by referencing objects as VARIANTSs (See Microsoft
Visual C++ Documentation for more information on the VARIANT data type).

The distinction between these two approaches becomes much clearer by comparing the implementation of the
example proxies. To illustrate the difference in the two approaches, examinetheaccHi t Test () method
implemented in the example proxies. (A more detailed description of this and other proxy methodsis provided
under the section entitled “M odifying the Base Proxy Code”; the following explanation is offered to clarify the
difference between the approaches taken in the two examples.) This method takes a pair of coordinates as input and
returns a pointer to the child (sub-object) that is under the given coordinates. It isdeclared as:

accHit Test (LONG xLeft, LONG yTop, VARIANT * pvar Chil d)

Notice that the child is returned through a pointer to aVARIANT.
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ExamineaccHi t Test () asimplemented in the SSTab proxy in CSSTabPxy. cpp (see Appendix B). Inlines
114 and 115, accHi t Test () has determined that the coordinates correspond to the tab control itself; and
therefore is preparing to return CHI LDI D_SELF as a 4-byte signed integer (indicated by VT _14):

pvar Chi | d->vt = VT_I4;
pvar Chi |l d->l Val = CHI LDI D_SELF;

Similarly, in lines 152 and 153 the given coordinates correspond to a specific tab, and the number of thetab is
returned, again as a4 byte signed integer:

pvar Chi | d->vt = VT_I4;
pvar Chil d->l Val = i +1;

When Robot calls back into the proxy, for example by calling get _accNane() to find the name of an object, it
will passthe pvar Chi | d pointer returned by accHi t Test () . Therefore the implementation of get_accName()
will rely on the fact that the VARI ANT pointed to by pvar Chi | d iseither CHI LDI D_SELF or the index one of
the control’ s tabs.

Now consider theaccHi t Test () asimplemented for the MSFlexGrid proxy in Cf | xGdPxy. cpp (see
Appendix C). Note that asinthe SSTab control, if the coordinates reference the control itself, and not a child object,
accHi t Test () returnsCHI LDI D_SELF as a4-byte signed integer, asin lines 116 and 117, aswell as lines 165
and 166:

pvarChild->vt = VT_|4; // 4-byte signed integer
pvar Chi | d->l Val = CHI LDI D_SELF;

However, in contrast to the tab proxy, when the coordinates references a cell in the grid, the M SFlexGrid proxy
instantiates a child object and returns a pointer to its I Dispatch interface (see lines 170-196):

/1 Return an |Dispatch pointer to that object, because essentially
/1 that is the only sort of interface that can be returned via an
/1 OLE function call. The caller will query the |IDispatch for
/1 the I Accessible interface associated with the object.

pvar Chi | d->vt = VT_DI SPATCH;

/1 Detach the interface fromthe smart pointer so it wll
/1 not be cleaned up when it goes out of scope. It needs
/1 to be a live pointer when we pass it back, so the caller
/1 can use it. The caller is responsible for deref'ing when
/1 it is done with it.

pvar Chi | d- >pdi spVval = spCel | Di sp. Detach();

The cell’sinterfaceisimplemented incel | pr oxy. cpp, and containsits own versionsof accHi t Test (),
get _accNanme(), and so on. These methods answer for individual cellsin the grid, and not to the grid itself.

These examples show the two different approaches for handling children. In the SSTab control, offsets are used and
separate pointers are not created. In the MSFlexGrid control each individual cell is handled as a separate object.
The decision to implement a proxy using one method instead of the other is based on how the control presents itself.
It does not matter how the control itself isimplemented, a proxy developer can consider the control a black box.
The choice comes down to which approach will be easier to implement programmatically. With atab contral, it is
intuitive to number the children sequentially, because there are few tabs and they are not being added and deleted.
With agrid, each cell is a separate entity, and there could be hundreds or thousands of cells. Some controls provide
accessto their children through an enumeration object. For these controls, it will likely be easier to treat each child
as a separate object — if the proxy tried to reference the children using integer offsets, and the control added or
removed children (or even reordered the list), then the proxy would not work properly.
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pvar Chi | d->I Val = CHI LDl D_SELF;

pvar Chil d->l Val = i +4;

pvar Chi | d->l Val = CHI LDl D_SELF;

I Cel | ProxyPtr spCel | Proxy(CLSI D Cel | Proxy);
pvar Chi | d- >pdi spVal = spCel | Di sp. Detach();

1% & &

A proxy developer may decide that a hybrid of these two methods is most appropriate. For example, if agrid
control contained scroll barsin addition to the cellsin the grid, the proxy developer may choose to represent each
cell using a separate child pointer while representing the scroll bar objects as offsets from the main object.
Alternatively, the proxy could create two different kinds of child sub-objects— a scroll bar sub-object and a cell sub-
object. The scroll bar object could then, in turn, use offsets to refer to the buttons, slider and other parts of the scroll
bar. To avoid complicating the sample code, the M SFlexGrid example does not address scroll bars, and is
implemented purely with child pointersto individua cells.

Developers familiar with ActiveX programming but unfamiliar with Active Accessibility programming will likely

find this specific topic the most challenging aspect of proxy development. However, implementation decisions such
as these rapidly become clearer with alittle experience.
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The following resources are required to create a Robot proxy for an ActiveX control.

Rational Robot ActiveX Proxy Wizard

Rational Software created this Microsoft Visual Studio Wizard to simplify and accelerate proxy development. After
aproxy developer specifies an ActiveX control, the Wizard automatically generates a self-registering skeleton proxy
that is pre-populated with relevant information from the selected control. The developer must then modify the
skeleton code to create a fully functional proxy. The Wizard isavailable at no cost, and will be downloadable from
Rational at http://www.rational.com at alater date.

Microsoft Visual Studio Version 6.0

The Rational Robot ActiveX Proxy Wizard runs under Microsoft Visual Studio 6.0, and creates skeleton code in
C++. Proxy development requires Service Pack 3 or later of Microsoft Visua Studio 6.0. See
http://msdn.microsoft.com/vstudio/downl oads/updates.asp for product updates.

Microsoft Active Accessibility RDK (Redistribution Kit)

Microsoft® Active Accessibility® (MSAA) is a developer technology that makes computer programs more
accessible to people who use accessibility aids. For developers, it also can expand the capabilities of testing tools
and other specialized utilities. Rational Robot ActiveX proxies leverage this technology to provide the information
that Robot requires to test a control.

As an underlying technology, Active Accessibility isinvisible to users. Developers have been using it since 1997,
and proxy developers may find it is already installed on their systems. Active Accessibility isin Microsoft Office
97 and Office 2000. It isalso in Microsoft Windows® 98, Windows® 2000 and Windows® Millennium,
Windows® NT Service Pack 6, and Microsoft Internet Explorer 3.0, 4.01 and 5.

Developers running Windows® 95 or Windows® NT Service Pack 5 or below will need to download the MSAA
RDK (Redistribution Kit) from (http://www.microsoft.com/enable/msaa).

If you do not have the MSAA RDK, the skeleton proxy created by Rational Robot ActiveX Proxy Wizard will not
compile because the build requiresthe file ol eaut 32. dI | , whichisinstalled as part of the RDK. If you
encounter this problem, download and install the MSAA RDK.

The MSAA SDK (Software Development Kit) is not required, but may be useful as areference and as a source for
more detailed information on Active Accessibility programming.
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This section provides a high-level view of the process used to create a proxy. Each step in this processis described
in greater detail below.

Install the Required Software

In addition to Microsoft Visual Studio (Service Pack 3 or higher), proxy developers will need the Rational Robot
ActiveX Proxy Wizard and the Microsoft Active Accessibility Redistribution Kit (MSAA RDK). Seethe section
entitled “Required Software’ above for instructions on obtaining these resources. While installation of the proxy
wizard and the MSAA RDK isfairly straightforward, additional instructions are provided under “Installing the
Required Software” below.

Create a New Proxy Project with the Proxy Wizard

Once the required software has been installed, the next step is to use the Rational Robot ActiveX Proxy Wizard to
create a skeleton proxy for the ActiveX control that will be tested. A proxy developer can launch this Wizard from
within Microsoft Visual Studio, specify the ActiveX control, and then identify the control’s primary interface. The
Wizard then generates a compilable, self-registering proxy, which the developer must modify to create a fully
functional proxy.

Modify the Base Proxy Code

The skeleton proxy created by the Wizard includes a set of “TODO” points— places where the proxy developer
needs to add code to complete the proxy. This step isthe core of proxy development. The developer must
investigate the methods and properties that the control makes available using whatever control documentation may
be available and programming tools — such as those included with Microsoft Visual Studio. Using the control’s
methods and properties, the developer adds code to the proxy so that it can extract information from the control to
respond when Rational Robot queries the proxy.

Test the Proxy

There are anumber of techniques that can be used to verify that a proxy is operating correctly. The section “Testing
and Debugging the Proxy” offers some pointers that proxy developers will find useful to ensure accurate results.
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Installing Microsoft Active Accessibility

Developers working on Windows 98, Windows ME, Windows 2000 or Windows NT SP6 may not need to install
Microsoft Active Accessibility (MSAA) because it isincluded by default on those platforms. They may however,
consider installing it anyway, to ensure they have the most current version. Developers on Windows 95 and
Windows NT SP5 and below must install the MSAA RDK (Redistribution Kit). The MSAA RDK isavailable at no
cost from http://www.microsoft.com/enable/msaa as a sel f-extracting executable (msaar dk. exe) . Installation of
the MSAA RDK istrivial and takes only a few seconds.

Installing the Rational Robot Proxy Wizard

The Rational Robot Proxy Wizard is aso available at no cost, and will be downloadable from Rational at
http://www.rational.com at alater date.

Toinstall the Rational Robot Proxy Wizard:

Unzip the downloaded file into a temporary directory.

Copy the files Pr oxyW z. awx and, if available, Pr oxyW z. hl p to

<Dev St udi oRoot >\ Cormon\ NMSDev98\ Tenpl at e\
where <DevStudioRoot> is the directory in which Microsoft Visual Studio is installed,
typically “C: \ Program Fi | es\ M crosoft Visual Studio”.

If the \ Tenpl at e\ subdirectory does not exist, create it.

To verify correct installation of the Rational Robot Proxy Wizard:
Start Microsoft Visual C++ 6.0
Select “New...” from the “File” Menu
Click on the “Projects” tab

Verify that “Rational Robot ActiveX Proxy Wizard” is listed (See Figure 8)
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The Rational Robot ActiveX Proxy Wizard automates most of the preliminary “grunt” work needed to write a
proxy. Thiswizard usesinformation provided by the proxy developer to generate a proxy framework and associated
Microsoft Visual C++ workspace. The generated code is fully commented, and can be compiled immediately into a
self-registering (but ineffective) Robot proxy.

Starting the Wizard

To launch the Rational Robot ActiveX Robot Wizard:
Start Microsoft Visual C++ 6.0
Select “New...” from the “File” Menu
Click on the “Projects” tab
Select “Rational Robot ActiveX Proxy Wizard”
Enter a name for the new proxy. For example, “FIXGdPxy”, “SSTabPxy” or “AcmePxy"”.
Click OK.

23 3 L& $44
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Specifying the Control

After it islaunched, the Rational Robot ActiveX Proxy Wizard guides the user through a two-step process. Inthe
first step, the proxy developer provides the programmatic name of the control for which the proxy is being built.
Thisisthe friendly name (VersionlndependentProgl D) that is used to identify the control in the Registry under
HKEY_CLASSES ROOT, for example MSFl exGri dLi b. MSFI exGri d or TabDl g. SSTab. (See Figures4
and 5a).

56 & 78 9 &/

If the specified nameis not avalid ActiveX control or if the specified control already has a proxy, awarning
message will be displayed.

Determining the Programmatic Name of a Control

The proxy developer may need to use the Registry Editor (regedit.exe) to determine the programmatic name of the
control. This can be done by first establishing the name of the file that implements the control, for example

nsf | xgd. ocx. InVisual Basic, thisinformation is available for each control on the components dialog box
(Select “Project | Components...”) asthe control’s “Location.” For example, a search for the MSFlexGrid'sfile
name “nsf | gxgd. ocx” intheregistry yields:

HKEY_CLASSES ROOT\ CLSI D\ { 6262D3A0- 531B- 11CF- 91F6- C2863C385E30}\ | npr ocSer ver 32
The search may need to be repeated more than once. The sibling key to InprocServer32 is

VersionlndependentProgl D, and that key contains the programmatic name “M SHexGrid.M SFlexGrid”. (See Figure
4.)
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Specifying the Primary Interface

The second step of the Wizard requires the developer to select the primary interface of the control. Each control
may expose several interfaces, but there will be only one primary interface. The primary interface contain the
methods and properties needed by the proxy to identify the control’ s children, obtain object names, determine
bounding rectangles and so on. The primary interface may not expose all the information that a proxy devel oper
will need directly; but in such cases, it will provide access to other interfaces that can be used to obtain the needed
information. The Rational Robot ActiveX Proxy Wizard presents alist of interfaces contained by the control, from
which the developer can select the primary interface.

Determining Which Interface is the Primary Interface

Thereis no failsafe method of identifying the primary interface of a control. (If there was, the proxy Wizard would
useit, and eliminate this step.) However, there is a process that developers use to help select the correct interface.
Developers can use a Microsoft utility, “OLE View” to examine the interfaces presented by a control before
deciding which one islikely the primary interface.

Launch the tool named “OLE View” under Microsoft Visual Studio 6.0 Tools.
Expand the “Interfaces” branch at the bottom of the tree view in the left-hand pane to see
all of the ActiveX interfaces registered with the system.

Select an interface from your control (for example IMSFlexGrid), and open it by double
clicking.

(An interface may be listed more than once.)

Click “View Type Info” on the “Default Interface Viewer” dialog box that appears.
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A new window will open to display all the methods and properties exposed by this interface.

Try examining the interfaces for the SSTab control. Notethat for | SSt abCt | , the listed methods include
Rows(), Col s(),Cel | Hei ght () and Cel | W dt h() , which by their names alone indicate that thisinterface
islikely to provide the functionality required by the proxy. If another interface is examined, for example

“l1 RowCur sor ”, no relevant methods or properties are apparent.

Confirming the New Project Information

Asafinal step, the Wizard asks the user to review and confirm the new project information.

Once the user confirms thisinformation, the proxy Wizard creates a new workspace in Microsoft Visual C++, and
generates several C++ source files, header files, resource files and a random GUID for the proxy. At this point, the
proxy developer should be able to compile and link the new proxy. Next, the developer will have to augment the
base proxy code to create afully operational ActiveX proxy.

Copyright Rational Software 2001 21



Extending Rational Robot Support for New ActiveX Controls

( ' # %

When the Rational Robot ActiveX Proxy Wizard finishes, it automatically opens the newly created workspace in
Visual C++. The Wizard creates several project filesincluding source files (.cpp), and header files (.h). Fromthis
point, completion of the proxy consists of completing six unfinished methods labeled in the skeleton code as TODO
points. All of the TODO points are located in c<pr oj ect Nanme>. cpp, for example CFl xGdPxy. cpp and
CSSTabPxy. cpp. Each of the size TODO pointsislocated in a method defined by the | Accessible interface. The
| Accessible interface contains several more methods, but because Robot never calls them they do not need to be
implemented. Stubs for these methods are located in c<pr oj ect Name>. h.

Each TODO point must be addressed to complete the proxy. However, there may be additional modifications
required to the base proxy code at |ocations other than the TODO points, so it isimportant to understand what each
method is expected to do and how the methods in the samplesdo it. Altogether, there are seven methods
implemented in the main source module (c<pr oj ect Name>. cpp), each of which is described in detail below. In
addition there are a number of helper functionsin PrxyBase.cpp that provide common functionality needed by most
proxies.

When creating a new proxy, one of the first things that a developer must decide is how the proxy will reference the
control’s child objects. See“About the Examples: M SFlexGrid and SSTab” for a detailed discussion of this
issue. Once a decision has been made to use either offsets or instantiated objects, completion of the individual
TODO points becomes a matter of accessing the control’ s methods and properties to acquire the needed information.
Determining what methods and properties will be of use when building a proxy may require some detective work.
Thiskind of information can be obtained by reading through a control’ s documentation, checking with the control
vendor’ s support system, or by examining the control’s interface using the OLE View utility (see “ Specifying the
Primary Interface” under “Creating a New Proxy Project with the Proxy Wizard” for an example on how thisis
done).

The TODO points below are discussed in an order that provides a contextua flow to the explanation.
Implementation need not follow this same order. In fact, after reading through this section, many developers may
prefer to start with the final three TODO points as they tend to be less complicated and easier to implement than the
first three. Inany case, it may be helpful to examine the sample code in the Appendixes while reading the
implementation notes for each of the TODO points.

In general, the code generated by the proxy Wizard performs some parameter validation on entrance to each method,
and usest ry and cat ch for exception handling (see the Microsoft Visual C++ Programmer’s Guide for more
information on this mechanism). All methods return either S_OK to indicate success or an affirmative response,

S FALSE toindicate a negative response, or an error code (E_XXXX) to indicate an unexpected error condition.

All other data— such as object names, child pointers, number of children, bounding rectangles, and object role —are
passed back to the caller via a pointer passed as a parameter. For simplicity, the explanation of each of these
methods below often refers to this data has being “returned”, however, technically speaking, the only values
returned are S_OK, S_FALSE, or an error code. In the sample code, callsto ATLTRACE2( ) are used for
debugging. Thistopicisdiscussed in more depth in “Testing and Debugging the Proxy” below.

SetObjectToProxyFor()

This method is called by Robot immediately after the proxy isinstantiated. Set Obj ect ToPr oxyFor ()
takes asits only argument a pointer to an ActiveX control’s main interface. From this information, the proxy must
decideif it can answer for the control. If it can, this method saves the ActiveX control’ sinterface pointer and
returns a success code. Usually, the proxy will be able to answer for a control since Robot only queries the proxy
listed in the Registry for the control in question. However, in certain cases, a proxy may be unable to handle a
control configured with a particular property or style setting. 1n these cases, if the proxy cannot support the
ActiveX control, it returns an error code.
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Note the following code fragment from Set Qbj ect ToPr oxyFor () inCSSTabPxy. cpp:

/1 This sanple only knows how to handl e the ssStyl eTabbedDi al og styl e
if (mspSSTabCtl->Style != ssStyl eTabbedD al og)

ATLTRACE2(at| TraceUser, 0, _T("Don't know how to handle this visual style."));
return E_FAIL;

}

Thisis an example of code that was added to the proxy outside of one of the predetermined TODO points. Because
the SSTab control proxy, as provided, does not support any style other than ssSt yl eTabbedDi al og, it returnsa
failure code (E_FAI L) if the given control’s Style property is not set to thisvalue. In general,

Set Obj ect ToPr oxyFor () may not need to be modified at all. The MSHexGrid control version, for example,
was generated by the proxy wizard and left unchanged.

TODO #1: accHitTest()

To identify whether a point iswithin an object, within its child, or neither, clients call the
| Accessible::accHitTest method of the parent object, passing the screen coordinates of the point to
be hit tested. The following describes some typical scenarios, as described in the MSAA SDK:

o Ifthe object's children overlap at a specified point, 1Accessible: :accHitTest retrieves
the topmost child that visually appears to occupy the space.

o Ifawindow coversa child, or if the child is clipped by the parent, hit testing the
covered point will retrieve the child even though it isn't actually visible.

o Ifthechild found at the specified point is an accessible object (as opposed to a child
element) the method returns the child's | Dispatch interface.

When Robot needs to know what object is underneath a particular pair of coordinates (for example, when the user
clicks the mouse during a recording session), Robot callstheaccHi t Test () method. This method takes an x-
coordinate, ay-coordinate and a pointer to an uninitialized VARIANT that will be used to return the child object. If
the given point is over the object accHi t Test () returns success (S_OK), if not it returnsS_FALSE. Exactly
what the proxy returnsin the VARIANT pointer depends on whether the proxy developer has decided to reference
the control’ s child objects as offsets, or as separate objects. The section entitled “About the Examples:

M SFlexGrid and SSTab” explains thistopic, and provides additional insight into how each sample implements
accHit Test ().

In the base proxy code, accHi t Test () first checksto seeif the given coordinates fall inside the control’s
bounding rectangle. If they do not, then the method returns S_FAL SE immediately.

SSTab Proxy |mplementation Notes

If the coordinates fall into the control’ s boundaries, the SSTab proxy for the proceeds to use properties exposed by
the control (such as Tabs and TabsPer Row), and utility functions (such as TabRow( ) and TabRect ())to
determine if the coordinate pair corresponds to one of the control’ s tabs or to the control itself. If the coordinates
reference the control itself and not atab, the value of the return VARIANT issetto CHI LDI D_SELF. If the
coordinates reference a tab, then the index of thetab (i.e.: 1, 2, 3, etc) isreturned in the VARIANT.

M SFlexGrid Proxy |mplementation Notes

! This description of accHitTest and the descriptions of accLocation, accNavigate, get_accName, get_accRole, and
get_accChildCount, are from the Microsoft Active Accessibility C/C++ Developer’s Guide.
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TheaccHi t Test () inthe MSFlexGrid proxy takes a different approach. For coordinate pairs that reference one
of its child objects, i.e. cells, it returns a pointer to a cell object’s IDispatch interface in the VARIANT. The cell
object isimplementedincel | proxy. cpp (see Appendix D). However, like the SSTab proxy, if the coordinates
do not correspond to any cellsin the grid, the MSFlexGrid version of accHi t Test () aso returns

CHI LDI D_SELF inthe VARIANT. Notethat thisversion of accHi t Test () relieson methods and properties
specific to the M SHexGrid control, such as RowHei ght , RowPos, Col W dt h, Col Pos, and Bor der St yl e.

When CFl xGdPxy: : accHi t Test () returnsa pointer to acell object, Robot places a second call to that object’s
accHi t Test () method (CCel | Proxy: :accHit Test () ). The cell object must implement a parallel version
of each Active Accessibility method implemented by the grid proxy, namely accHi t Test (), accLocati on(),
accNavi gate(),get _accNane(),get _accRol e(),andget _AccChi | dCount (). Robot calsinto
the cell proxy’s accHitTest() to see if the given coordinate pair references the cell itself or achild of the cell.
Because the cell has no children, thisversion of accHi t Test () awaysreturns CHI LDI D_SELF if the
coordinate pair does, in fact, fall anywhere within the cell.

TODO #2: accLocation()

To get the screen location of an object or one of the object's children, clients call 1Accessible;:accLocation.
This method returns the coordinates of the specified object's bounding rectangle. If the object isn't shaped
like a rectangle, the method returns the coordinates of the smallest rectangle that encompasses the entire
object.

Robot callsaccLocat i on() when it needs to know the bounding rectangle for a given object. In asense,
acclLocat i on() istheinverseof accHi t Test () . WhereasaccHi t Test () returnsthe object associated
with a given screen location, accLocat i on() returnsthe entire screen area (or bounding rectangle) associated
with agiven object. This method returnsits results in the form of the coordinates of the top, left corner of the
object’ s rectangle, along with the rectangle’ s width and height.

By default, the base proxy code is set up to handle the case where the child specified is CHILDID_SELF, indicating
that Robot wants to know the bounding rectangle of the entire control. After calling the helper function

Ctrl Rect () (definedin PrxyBase.cpp), the proxy simply sets each of the required return values and returns
success (S_OK). See Appendix C, lines 249-259.

SSTab Proxy Implementation Notes

In addition to handling the CHILDID_SELF case, the SSTab Proxy version of accLocat i on() must be ableto
return the bounding rectangles for each of its children, i.e. each tab. To accomplish this,accLocat i on() cals
TabRect () whichinturncallsTabRect DI g() . TabRect DI g() usestab-specific propertiesto trandate the
control’s geometry and calculate the screen coordinates and size of a given tab.

Note that TabRect () iscalled during processing of bothaccHi t Test () andaccLocati on() . All proxies
that use offsetsto identify child objects, such asthe SSTab proxy, will share asimilar structure and similar
functions. Basically accHi t Test () andaccLocati on() both need to be able to obtain the bounding
rectangle of a child indicated by a given offset. Therefore, every offset-based proxy will benefit from implementing
such afunction, and leveraging it for boththeaccHi t Test () andacclLocat i on() methods.

M SFlexGrid Proxy Implementation Notes

Because the M SFlexGrid proxy instantiates a separate object for each child object of the M SHexGrid control, the
version of accLocat i on() generated by the proxy wizard in CFl xGdPxy. cpp iscomplete asis. Robot will
only call theaccLocat i on() method on this proxy’s main interface to obtain the rectangle for the entire control
(var Chi I d. | Val will besetto CHI LDI D_SELF). For proxiesthat reference children as separate sub-objects
(like the M SFHexGrid Proxy), Robot will call directly into the sub-object' saccLocat i on() inthecell’sinterface.
This example proxy implementsthisinterfaceincel | pr oxy. cpp. Likeitsgrid counterpart, the cell version of
acclLocat i on() will only be called withvar Chi | d. | Val setto CHI LDI D_SELF, since individual cellsdo

Copyright Rational Software 2001 24



Extending Rational Robot Support for New ActiveX Controls

not have children. The bounding rectangle of the cell is calculated using properties from the entire grid (Col Pos,
RowPos, Col W dt h, RowHei ght , and Bor der St yl e). These properties are accessed via a pointer to the
parent M SFlexGrid control, which was stored away by Set I nfo(). Set | nfo() iscaled whenanew cell
proxy is created.

TODO #3: accNavigate()

Clients can retrieve information about an object that is spatially or logically near another object within the
same container by calling | Accessible;:accNavigate and specifying one of the navigation constants.

With spatial navigation clients navigate to an object based on its location on the screen. Clients can
navigate up, down, left, or right from the current object to obtain information about another object within
the same container.

With logical navigation clients navigate to the object that logically precedes or follows another object (as
determined by the server). Clients can navigate to all of an object's children in two ways:

0 Sart the navigation with NAVDIR_FIRSTCHILD and then repeatedly call the method with
NAVDIR_NEXT.

0 Sart the navigation with NAVDIR _LASTCHILD and repeatedly call the method with
NAVDIR_PREV.

Whichever direction, the navigation should visit each visible child belonging to the parent object.
Additionally, each child should be visited only once, and the navigation should not loop around. That is,
the method should fail if a client attempts to navigate before the first object or after the last object.

During script playback, Robot callsaccNavi gat e() to locate sub-objects that were exercised when the script
was recorded. For example, if Robot must simulate click on atab named “Color”, it callsaccNavi gat e() first
on the SSTab control itself to find the control’ s first tab, and then callsaccNavi gat e() repeatedly, iterating over
all the tabs until it findsthe “Color” tab. The first parameter to accNavi gat e() isanavigation code that
specifies the desired navigation direction. Although Active Accessibility defines several navigation codes, Robot
uses only two: NAVDI R_FI RSTCHI LD and NAVDI R_NEXT. Thereisno need for a proxy to implement any more
than these. For NAVDI R_FI RSTCHI LD, the method must return aVVARIANT pointer to the control’ s first child
object. If the codeis NAVDI R_NEXT, then the method must return a sibling to the child object indicated by the
second parameter. In the case where NAVDI R_NEXT is called on the last child object, the method must return
FALSE (S_FALSE).

SSTab Proxy Implementation Notes

The SSTab proxy’simplementation of accNavi gat e() isstraightforward. If NAVDI R_FI RSTCHI LDis
specified, and the control has at |east one tab, the method will set the VARIANT to 1, indicating the first tab, and
return S_OK. If NAVDI R_NEXT is specified on the last tab, the method returns S_FAL SE immediately. If
NAVDI R_NEXT is specified on anything but the last tab, the method adds one to the index and returns S_OK.

M SFlexGrid Proxy | mplementation Notes

Theimplementation of accNavi gat e() inthe MSFlexGrid is slightly more complex, because once again, the
functionality is split between the grid (i.e. the control) object and the cell object. On the grid side,

CFI xGdPxy: : accNavi gat e() alwaysreturns S_FALSE when NAVDI R_NEXT is specified, because the grid
itself does not have any siblings. When NAVDI R_FI RSTCHI LD s specified, this method instantiates a cell object
for the cell at row zero, column zero —similar to the action accHi t Test () takeswhen it returns a pointer to a cell
object —and returns S_OK. Onthecell side, CCel | Pr oxy: : accNavi gat e() complementsits parent’s
implementation. Because the cell has no children, this method returns S FALSE if NAVDI R_FI RSTCHI LDis
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specified. And when NAVDI R_NEXT is specified, this method calculates the row and column of the next cell in the
grid. If itisnot thelast cell, it too instantiates a new cell object and returns S_OK.

Note that the proxy need not return the same pointer to an object every time Robot navigatesto it. For example,
each time Robot navigates to the cell at row 2, column 1, the MSFlexGrid proxy is freeto create a new cell object
and return a pointer to it. When Robot is done using any of the instantiated objects, it dereferences the pointer, and
the abject cleansitself up.

TODO #4: get_accName()

The Name property is a string used by clients to identify, find, or announce an object for the user. All
objects should support the Name property. For example, the text on a button control isits name, while the
name for a list box or edit control isthe text from an associated static text control. Even graphic objects
that don't display a name should have text to provide when queried for the Name property.

The Name property isretrieved by calling | Accessible::get_accName.

Theget _accNane() method returns the name property of the specified control or child object. The nameis
returned as a BSTR (See the Microsoft Visual C++ Programmer’s Guide for a description of the BSTR data type).
Proxy developers may find the helper function Get Pr oper t y() helpful inimplementing this method. If thereisa
property that a proxy needsto access programmatically and it is not available on the object’ sinterface,

Get Property() canoften be used to retrieveit. Examples of propertiesthat Get Pr opert y() can access
include“Nane”, “Lef t 7, “Top” and “hWhd”. Note that the base proxy code as generated by the proxy wizard

uses Get Pr operty() to retrieve the name of the control itself when CHI LDI D_SELF is specified.

Both of the example proxiesuse _bstr _t classto storethe return string. Because this class manages resource
allocation and deallocation, the samples always return a copy of the string. Otherwise the returned value would be
automatically cleaned up when the method returned, and the string would be unusable by Robot.

SSTab Proxy |mplementation Notes
In the SSTab proxy version of get _accName() , if achild object isindicated, then the name of the tab is retrieved
by accessing the control’s TabCapt i on property.

Note: Robot assumes that the names of child objects returned by get _accName() areunique. If, for example, a
tab control with two identically named tabs were being tested, then the results returned by Robot would be
undefined. A proxy developer may be tempted to “munge” the name (by appending an integer to it, for example) to
ensure uniqueness. However this approach is not ideal because it is susceptible to failure when the tabs are
reordered. If possible, it is better to correct the problem at its source — by employing sound programming practices
and replacing duplicate tab names with unique names in the application itself.

M SFlexGrid Proxy |mplementation Notes

Like CFl xGdPxy: : accLocat i on() , the MSFlexGrid version of this method,

CFxGdPxy: : get _accNane( ) , remains unchanged from the original wizard-generated code. This method only
handles name requests for the entire grid. Name requests for individual cells are handled directly by the cell proxy
version, CCel | Proxy: : get _accName() . Becauseindividual cells do not have names assigned to them, the
cell proxy generates a name for them in the form, “ Row=<row>,Col=<col>". The format of this string is somewhat
arbitrary and is chosen by the proxy developer. However, it helps to make the string descriptive so that the resultant
Robot scripts will be easier to understand and edit.
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TODO #5: get_accRole()

The Role property describes what kind of user interface element an object is. All objects should support the
Role property.

In many cases, the object's role is obvious. For example, windows have a role of
ROLE_SYSTEM_WINDOW and push buttons have the ROLE_SYSTEM_PUSHBUTTON role.
The Role property is retrieved by calling | Accessible::get_accRole.

Active Accessibility provides role constants (defined in oleacc.h) that identify common object roles. It is
recommended that server developers use these predefined role values. However, servers can provide their
own localized strings if the predefined values do not suffice.

The method get _accRol e() isused to retrieve the role property of a specified child object. It returnsa
VARIANT aobject that contains either arole constant (defined in oleacc.h) or, if no pre-defined role applies, a string
that describes the role of the object. Examples of pre-define rolesare ROLE_SYSTEM_TITLEBAR,
ROLE_SYSTEM_MENUBAR, ROLE_SYSTEM_SCROLLBAR, ROLE_SYSTEM_TABLE and
ROLE_SYSTEM_PAGETAB. When Robot calsget _accRol e() to determine the role of a control or sub-
object, the proxy should return a pre-defined constant whenever possible, because Robot is better able to make
assumptions about objectsif these constants are used. Note that child object will often have a different role than the
control itself. Determining which of the pre-defined roles an object fulfills sometimes regquires making an educated
best guess based on knowledge of the object and descriptions of the rolesin Active Accessibility documentation.

SSTab Proxy Implementation Notes
The SSTab proxy version of get _accRol e() returns ROLE_SYSTEM DI ALOGif the requested object isthe
control itself, and ROLE_SYSTEM PAGETAB if the requested object is one of the control’ s tabs.

M SFlexGrid Proxy | mplementation Notes

The MSHexGrid version, CFl xGdPxy: : get _accRol e() returnsROLE_SYSTEM TABLE for the entire
control. The cell proxy version, CCel | Proxy: : get _accRol e in cel | proxy. cpp, returns
ROLE_SYSTEM CELL.

TODO #6: get_accChildCount()

| Accessible::get_accChildCount retrieves the number of children belonging to this object. All objects must
support this property.

This method returns the number of child objects contained by a parent object. For atab control, this would be the
number of tabs; for agrid control it would include the number of cells. For objects with no children,

get _accChi | dCount () should respond with O (zero). Note that the actual child count can change from one call
to the next, and will not necessarily remain constant.

SSTab Proxy | mplementation Notes

The SSTab version of get _accChi | dCount () usesthetab control’s“Tabs” property to determine the number
of child objects, i.e. tabs and ssimply returns that value.

M SFlexGrid Proxy |mplementation Notes

Theget _accChi | dCount () method in CFl xGdPxy. cpp calculates the number of children by multiplying the
number of rows by the number of columnsin the table. The cell proxy version,

Ccel | Proxy: : get _accChil dCount (), awaysreturns 0 (zero) because the individual cells do not have
children.
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Proxy Coding Issues and Helper Functions
Screen Coordinates

Visual Basic is capable of using different units of measurement for coordinates when positioning controlsin aform.
The form property that controls the unit of measurement is Scal eMbde. Inthe vast majority of Visual Basic
applications the ScaleM ode is | ft as the default, Twips. A Twip is screen-independent unit equivalent to 1/20 of a
point, 1/1440 of aninch or 1/567 of a centimeter.

The key point, however, isthat aVisual Basic form designer can set the Scal eMbde to Twips, Pixels, Inches,
Millimeters (or a number of other units), but Rational Robot always expects the proxy to return valuesin pixels.
Typically, ActiveX controls will return valuesin Twips, but a proxy developer cannot assume that a control is using
any particular Scal eMbde. Complicating things further, some ActiveX controls always return Twips, while others
return valuesin the units of their container’s Scal eMode. The SSTab control is an example of a control that
followsthe Scal eMbde setting of its container. If the Scal eMbde of the Visual Basic form containing the SSTab
control is set to Inches for example, then properties like TabHei ght will be returned in inches. In contrast, the

M SFlexGrid control is an example of a control that always returns Twips. Propertieslike RowHei ght and

Col W dt h are alwaysin Twips, no matter what the Scal eMbde setting.

The base proxy code generated by the Rational Robot ActiveX Proxy Wizard includes hel per functions that are used
to facilitate the necessary screen coordinate conversions for both of these types of controls.

SSTab Proxy | mplementation Notes

Because the SSTab control’s Scal eMode can change, the SSTab proxy must be able to convert from whatever
Scal eMode the control is using to pixels before answering to Robot. There are two approaches a proxy devel oper
could take. The more difficult approach would involve querying the Scal eMode property and performing all the
conversion calculations — for every possible Scal eMbde —inside the proxy. The simpler way is to have the proxy
set the Scal eMode to pixels, retrieve whatever screen measurements are necessary, and then restore the

Scal eMode toitsoriginal setting. Visual Basic programs can and do assume that the Scal eMbde will remain
constant onceit is set —if the Scal eMbde is Twips, it stays Twips. Thisimpliesthat an ActiveX proxy must never
change the Scal eMbde without immediately restoring it to its original setting. Two functions,

Set Pi xel Mode() and Rest or ePi xel Mode( ), are used to set and restore the Scal eMbde of the control. As
an example, consider the following code fragment from CSSTabPxy: : TabHei ght () :

Set Pi xel Mode() ;

LONG | TabSi ze = (LONG m spSSTabCt| - >TabHei ght ;
Rest or ePi xel Mbde() ;

All callsto Set Pi xel Mode() must be followed by acall to Rest or ePi xel Mode() , and
Rest or ePi xel Mode() should not be called prior to acall to Set Pi xel Mode() .

M SFlexGrid Proxy |mplementation Notes

The MSFexGrid control returns all screen measurementsin Twips regardless of the Scal eMbde. Sinceacall to
SetPixelMode() for this kind of control will not change the Scal eMode to pixels, the M SFlexGrid proxy must
perform all conversions between Twips and pixels. Two helper functions Twi pToPi xel () and

Pi xel ToTwi p() are provided to facilitate these conversions. Both of these functions take a POl NT asinput, and
convert both the x and y values of the POl NT. For examples of their use, look at Cel | Pr oxy. cpp. The method
CCel | Proxy: :accHit Test () mustcall Pi xel ToTwi p() on the given coordinate pair before it can
determine if the coordinates fall within the cell boundary. Similarly, CCel | Pr oxy: : accLocati on() cals
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Twi pToPi xel () onthetop and left coordinates of the bounding rectangle, as well as the height and width of the
rectangle before returning those measurements to Robot.

Container Properties

In some cases, an ActiveX control’ s container may maintain specific properties for the control. Proxies must obtain
these properties—including “Nare”, “Lef t ”, “Top”, “hWhd”, and many more — from the container, and not from
the control itself. The helper functions Get Pr operty() and Set Property() areused to access properties that
are not defined by a control’ sinterface. The default proxy code calls Get Pr operty(_T(" Nane")) to obtain
the name of the control itself. Inturn, Get Propert y() obtainsthe Name property from the control’s container
(typically aVisual Basic form).

Controls without an HWND

Because ActiveX controls can be windowless, proxy writers cannot always assume that the control has an HWND
(window handle). The base proxy code generated by the Rational Robot Proxy Wizard makes no assumptions as to
whether the control has an HAND or not. However, a developer can check for himself, by calling

Get Property(_T("HAND")) and checking for anon-NULL result. A valid HAND for a control can simplify
some aspects of proxy development. For example, with avalid HWND, Get W ndowRect () providesatrivia way
of determining the control’ s bounding rectangle. Proxiesfor controls without an HWND can still obtain the
necessary information, but may need to take a more complicated route to do so. The best programming style for
ActiveX proxy writing would be to not presume the presence of an HAWND. In practice however, if adeveloper is
sure that an HWND will always be present for a specific control, he may choose to take advantage of that knowledge.
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) # x4 #

As with any software, Rational Robot ActiveX proxies need to be tested, and will likely need to be debugged during
development. To test aproxy for an ActiveX control, a proxy developer must have (or create) an application that
contains control. A simple application such as those shown in Figures 3aand 3b is sufficient. Be sure to create a
standalone Visual Basic executable — testing a proxy is not possible when the application that contains the control is
running in the Visual Basic interpreter.

Testing

A proxy test will typically include a Rational Robot recording session, followed by a playback of the recorded
script. While recording, the tester should exercise the control fully, clicking on each of the control’ s sub-objects (for
example, each tab in the SSTab control, and each cell in the MSFlexGrid control). In addition, mouse clicks around
each sub-object’ s boundaries will verify that the proxy is converting screen coordinates properly. After recording,
the tester can examine the resultant script to ensure that Robot recorded the correct ExtensibleName for each sub-
object, and that the recorded coordinates appear to accurately reflect the location of the mouse click relative to the
sub-object. During playback, the tester should verify that Robot accurately reproduces the mouse clicks, and does
so in the correct locations. This can be accomplished by inserting verification points. Alternatively, verification can
be done visually after slowing the script down — either by stepping through it one line at atime, or by inserting

Del ayFor () commandsin the script.

Single Workstation Debugging: Viewing Trace Output

Sending informative text to aterminal or file is one of the simplest — and most useful — debugging techniques. For
ActiveX proxies this kind of debugging can be performed with just one system. More sophisticated debugging
techniques (such as setting breakpoints and stepping through proxy execution) require a second workstation. In the
sample proxies, callsto ATLTRACE2( ) send the specified text to the debugger output window in Microsoft Visual
C++. Proxy developers may want to add additional ATLTRACE2() callsto the existing samples to get a better
understanding of when and how Rational Robot calls the various methods in the proxy’ sinterface. In order to see
this output, the proxy developer must first create a standalone Visual Basic application containing the Activex
control to test (in the example below, this application is named FI exGri dSanpl e. exe), and then configure
Microsoft Visual C++ asfollows:

1) Ensurethat Microsoft Visual C++ is configured to build the debug version of the proxy

Pull down the “Build” menu
Select “Set Active Configuration...”
Verify that the debug version is selected.

For example: “FIxGdPxy — Win32 Debug”
2) Build the proxy

Pull down the “Build” menu

Select “Build <proxyname>.dil”
3) Specify the test executable and proxy DLL

Pull down the “Project” menu

Select “Settings...”

Verify that “Win32 Debug” is specified in the “Settings For:” drop down box
Click the “Debug” tab

Select the “General” category
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Under “Executable for Debug Session:”, enter the full pathname of the standalone
Visual Basic application. For example:

D:\Program Files\Microsoft Visual Studio\VB98\FlexGridSample.exe
See Figure 12.

& ! & $44

Select the “Additional DLLs” category

Add the name of the proxy DLL as a “Local Name”

For example, enter the full path to f | xgdpxy. dl | or sst abpxy. dl |
SeeFigure 13.
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Click “OK” to accept the changes

4) Start thetest application in debug mode and view the output
Pull down the “Build” menu
Select “Start Debug” then “Go”
If the debug window is not visible, pull down the “View” menu, then select “Output”

The test application should now be running

5) Start Rational Robot and record a new Robot script that exercises the ActiveX control in the
Visual Basic application. Alternatively, if such a script exists, it can be played back to
exercise the control. All ATLTRACE2() output will be visible in the debug window of
Microsoft Visual C++.

6) Exit debug mode when finished
Pull down the “Debug” menu

Select “Stop Debugging”

Dual Workstation Debugging: Breakpoints and Single Step Execution

Setting breakpoints and stepping through the Robot proxy as it executes requires two systems. This dual system
configuration is needed because Robot installs system hooks to capture mouse and keyboard events. Setting a
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breakpoint in the middle of one of these system hooks can cause the system to become unstable. Instructions for
configuring this kind of test environment can be found in “ Debugging Remote Applications’ in the Microsoft Visual
C++ Programmer’s Guide. Thefollowingis abrief summary of some of the main steps and issues to be aware of
when setting up remote debugging for ActiveX proxies.

Install the and its required DLL’s on the remote system, and run it
Map a drive on the remote system to the local hard drive that holds the proxy source code
For example, map drive H: on the remote system to the local system’s C: drive.

If the test Visual Basic application is not on the mapped drive, copy it there so it can be
accessed from the remote system.

On the local system, in Microsoft Visual C++, pull down the “Build” menu, select “Debugger
Remote Connection...”, and then select “Network”

Under “Project | Settings...”, on the “Debug” tab, under General, set the “Executable for
Debug Session” to the test application as in the single workstation configuration. In the
“Remote executable path and file name” enter the same path, but change the drive letter to
the letter of the mapped drive on the remote system. For example, if the executable is
“C:\ f 00. exe” the Remote executable will be “H: \ f 00. exe”

Still on the Debug tab, select “Additional DLLs”. Again set the Local Name to the full
pathname of the proxy DLL as in the single workstation configurations. For the remote hame
enter the same path, but again change the drive letter to the mapped drive. For example, if
the local proxy DLL is “C:\ f | xgdpxy\ debug\ f | xgdpxy. dl | ”, the remote name will be
“H:\ f | xgdpxy\ debug\ f | xgdpxy. dl | ”

At this point, the tester can set any breakpoints as desired, and select “Go” from the debug
menu

Start Robot on the remote system, and start recording a script that exercises the ActiveX
control.

Note: Under some circumstances methods containing breakpoints may be called repeatedly until the breakpoints are
removed. If thissituation arises, smply remove the breakpoint after gathering any needed debugging information,
and continue execution.
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Armed with the Rational Robot ActiveX Proxy Wizard, the source code for two sample proxies, and the background
information provided in this document, reasonably experienced developers or testers can build an ActiveX proxy --
and extend Robot’'s ActiveX support to currently unsupported controls in their applications. There are no
exceptionally complicated concepts to grasp, and no tricky techniquesto use.

Rational Robot is already an extremely powerful and effective testing tool. By following the process outlined in this
paper — running the proxy wizard, completing the TODO points, and testing the proxy — any organization can easily
broaden Rational Robot’s considerable reach to include the customized support their testers require for any and all
ActiveX controlsin their purview.
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++ $) ! !

Thefollowing isan MIDL definition of the I TestProxy interface. The interface has one method,
SetObjectToProxyFor (), which takes as its only argument a pointer to an ActiveX control’s main
interface. If aparticular control already implements the | Accessible interface for Active Accessibility, then a
developer can enable the control for direct access by Rational Robot by adding the I TestProxy interface.

[
uui d( 1EF64000- 49E5- 11d3- BC48- 00600891B6E4) ,
version(1.0),

]

l'i brary RATI ONALTESTPROXYLi b

/[l TLib : /] TLib : OLE Autonation : {00020430-0000- 0000- CO0O-
000000000046}
i mportlib("stdole2.tlb");

/1 Forward declare all types defined in this typelib
i nterface | Test Proxy;

[
odl ,

uui d( 1EF64001- 49E5- 11d3- BC48- 00600891B6E4) ,
hel pstring("I TestProxy Interface"),
dual ,
ol eaut omati on
]
interface | TestProxy : IDi spatch {
[ d(0x00000001), hel pstring("Associates the proxy with the object it
answers for.")]
HRESULT Set Obj ect ToProxyFor ([in] |Di spatch* pDisp);
b
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++ %S, #! ) SNCEE

/| CSSTabPxy.cpp : Inplenmentation of SSTabPxy | Accessi bl e nmet hods necessary
/1 for a functioning Robot ActiveX Proxy.
NNy

#i ncl ude "stdaf x. h"
#i ncl ude " SSTabPxy. h"
#i ncl ude " CSSTabPxy. h"

N NN NN NNy
/11

TEELELIE bbb
/1 STDMETHODI MP CSSTabPxy: : Set Obj ect ToPr oxyFor (1 Di spat ch *pDi sp)

/1

/1 Description: Tells the proxy which control it is proxying for.

/1 After Robot determines fromthe Registry that a given control
/1 has a proxy, it creates a proxy object and calls this function.
/1

/1 Paraneters: [in] pDisp - the ID spatch for the control

/1

/1l Returns: S OK, if proxy is correctly initialized

1/ E XXXXX, if there is an error

/1

/1 Side effects: Sets Smart Pointer to the control interface

/1

TELLELIIE bbb
STDMETHODI MP CSSTabPxy: : Set Obj ect ToPr oxyFor (I Di spat ch *pDi sp)

/1 Paraneter validation, nake sure we have a control to proxy for
i f(pDisp == NULL)

/1 ATLTRACEx calls are for debuggi ng purposes
ATLTRACE2( at | TraceUser, 0, _T("Cannot proxy for NULL object."));
return E_PO NTER,

/1 Because we're using smart pointers, there's a | ot going on behind
/1 the scenes here. The follow ng assignnent perforns a query interface
/1 and requests a pointer to the primary interface.

m spSSTabCt| = pDi sp;

/1 Now we reverse it. Fromthat pointer, obtain the |IDispatch
/1 pointer fromit and store it. Note: in strict OLE we should be
/1 able to just store pDisp, but in practice we find that the
/1 operation isn't transitive.
m spDi sp = m spSSTabCt | ;

/1 Make sure the IDispatch pointer we have is for the type of control
/1 we know how to handl e.

i f(m.spSSTabCt| == NULL)
{
/1l 1f we cannot find the interface we need, we fail.
ATLTRACE2( at| TraceUser, 0, _T("Could not Q for |SSTabCtl interface."));
return E_FAIL;
}

/1 This sanmple only knows how to handl e the ssStyl eTabbedDi al og styl e
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/!l so it returns E_FAIL if the control
/1 display style.

in question has a different

if (mspSSTabCtl->Style != ssStyl eTabbedD al og)
{

ATLTRACE2(at| TraceUser, 0, _T("Don't know how to handle this visual

return E_FAIL;

return S_CK
}

style."));

NN NNy

/1 STDMETHODI MP CSSTabPxy::::accHit Test (LONG xLeft, LONG yTop, VARIANT * pvar Child)
/1
/1 Description: Returns the child (if any) of the Accessible object at
/1 a point.
/1
/1 Paraneters: [in] xLeft - The x value, in screen coordinates
/1 [in] yTop - The y value, in screen coordi nates
/1 [out] pvarChild - Pointer to an uninitialized variant
/1 that will receive the child object.
/1
/1 If the child at the point has an | Accessi bl e object,
/1 contains the I Dispatch.
/1 If there is a sinple child at the point, contains the
/1 Child IDin the | Val menber.
/1 If there is no child at the point, contains CH LD D SELF
/1 in the | Val nmenber
/1 If the point is not inside the object, set to VI_EMPTY
/1
/1l Returns: S K, if point is over the object
/1 S FALSE if the point is not contained in the object
/1 E XXXXX, if there is an error
/1
/1 Side effects: If the point is over a child object, a new proxy for
/1 that child is created
/1
TEIIDELEEEE i rr bbb irrrrrrirrg
STDVETHODI MP CSSTabPxy: : accHit Test (LONG xLeft, LONG yTop, VARI ANT * pvar Chil d)
if (pvarChild == NULL)
return E_PO NTER,
try
{
Variantlnit(pvarChild);
PO NT pt = {xLeft, yTop};
RECT rcCtrl = CrlRect();

if (!'::PtInRect(&cCrl, pt))

RECT rcTabStrip = TabStrip();

/1 If the point isn't in the tab stri
/1 control itself.

if (!::PtInRect(& cTabStrip, pt))

{
pvar Chi | d->vt = VT_I4;
pvar Chi | d->l Val = CHI LDI D_SELF;
return S_CK;

}

is in the control
is contained. The

/1 Since the point
/1 in which tab it
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/! TabRow & TabRect are all defined bel ow.

/1 Determine which row of tabs the point falls in.
int i Row = TabRow(pt);

/! Determne the index of the first tab on that row.
int iStart = i Rowrm spSSTabCt | - >TabsPer Row,

/'l Determine the last tab on that row.
int iEnd = min(iStart + m spSSTabCt| - >TabsPer Row, m spSSTabCt | - >Tabs) ;

/1 Now we know that the point in question rmust fall in one of the
/1 tabs fromiStart (first tab inrow) to iEnd (last tab in row).
/1 So now we sinply wal k those tabs, conparing the point to

/1 each tab's rect until we find the correct tab. If for some

/1 reason the click is outside an actual tab (at the end of a

/1 short row, for instance), we'll drop through and return
/1 the control itself.
RECT rcTab;
LPRECT I prc = NULL;
for (int i = iStart; i < iEnd; i++)
{
/1 The |l prc variable is passed to TabRect in case the
/1 next tab in line can only be cal cul ated as an of fset
/1 of its previous tab. This is a shortcut to avoid having
/1 to recalculate each tab in line to get to the nth tab.
/1 This functionality is only relevant if support was added
/1 for the ssStyl ePropertyPage style.
rcTab = TabRect (i, |prc);
if (::PtInRect(&cTab, pt))
{
pvar Chi | d->vt = VT_I| 4;
pvar Chi I d->I Val = i+1;
return S_CK;
| prc = & cTab;
}

/1 If we didn't match any tabs, then just return
/1 this control.

pvar Chi l d->vt = VT_I 4;

pvar Chi |l d->l Val = CHI LDI D_SELF;

return S_CK;
}
catch(...)
{
return E_FAIL;
}

}

TELEEEEEEEE i
/1 STDMETHODI MP CSSTabPxy: :accLocati on(LONG * pxLeft, LONG * pyTop,

/1 LONG * pcxWdth, LONG * pcyHei ght,

/1 VARI ANT var Chi | d)

/1

/1 Description: Returns the bounding rectangle of the object in screen

/1 coordinates. This nethod is basically the inverse of

1/ accHi t Test. Whereas accHitTest, given a point, will return
/1 the child associated with it, this function, given a child,
/1 will return its rectangle.

/1

/1 Paraneters: [out] pxLeft - Receives the |left edge, in screen coordinates
/1 [out] pyTop - Receives the top edge, in screen coordinates
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/1 [out] pcxWdth - Receives the width, in pixels

/1 [out] pcyHeight - Receives the height, in pixels

/1 [in] pvarChild - Variant holding the child ID of the object
/1

/1 Returns: S K, if rectangle is successfully retrived

1/ E XXXXX, if there is an error

/1

/1 Side effects: None

/1

TIIILELETEE b rr bbb irrrrriirng
STDMETHODI MP CSSTabPxy: : accLocati on(LONG * pxLeft, LONG * pyTop, LONG * pcxW dth, LONG
* pcyHei ght, VAR ANT var Chil d)

if (pxLeft == NULL)
return E_PO NTER,

if (pyTop == NULL)
return E_PO NTER

if (pcxWdth == NULL)
return E_PO NTER

if (pcyHeight == NULL)
return E_PO NTER,

if (varChild.vt !'= VT_l4)
return E_I NVALI DARG

/1 Ensure that the specified child actually exists.
if (varChild.lVal !'= CH LD D SELF && varChild.IVal > this->mspSSTabCt|->Tabs)
return E_I NVALI DARG

try

{
/1 Either return the bounding rect for the entire control (if the
/1 caller asked for CH LDID SELF) or for the tab found at the
/1 index specified in varChild.|lVal. Because CH LDI D SELF is in
// fact O, the child IDs nust be 1 based, rather than O based as
/1 they are presented by SSTabCtl

RECT rc = (varChild.lVal == CH LD D _SELF) ? CrlRect()
TabRect (varChild. I Val -1);

/1 Convert RECT into x,y,cXx,cy
*pxLeft = rc.left;
*pyTop = rc.top;
*pexWdth = rc.right - rc.left;
*pcyHei ght = rc.bottom- rc.top;

return S_CK
}
catch(...)
{
return E_FAIL;
}

}

TELLELI bbb
/1 STDMETHODI MP CSSTabPxy: : accNavi gat e( VARI ANT var Chil d, VARI ANT * pvar Rol e)

/1 Description: Retrieves the sibling or child object that is navigated to in
/1 the specified direction.

/1

/1 Paraneters: [in] navDir - The navigation code that specifies the

/1 navi gati on direction. See <ol eacc.h> for a

Copyright Rational Software 2001 39



Extending Rational Robot Support for New ActiveX Controls

/1 list.

/1 [in] varStart - A Variant object that specifies the type of
/1 navi gation desired. If the variant type is
/1 VT_EMPTY, the nethod retrieves a sibling

/1 object. If the variant type is VT_I4 and the
1/ value is CH LDI D _SELF, the nmethod retrieves a
/1 child object.

/1 [out] pvarEndUpAt - the object that has been navigated to.
/1

/1

/1l Returns: S OK, Navigation successful.

/1 S FALSE, No nore objects in that direction exist.

/1 E XXXXX, if there is an error

/1

/1 Side effects: None

/1

TIIIDEEETEE bbb bbb irrrrrrirgg
STDMETHODI MP CSSTabPxy: : accNavi gat e(LONG navDir, VARI ANT varStart, VARI ANT *

pvar EndUpAt )

{

if (pvar EndUpAt == NULL)
return E_PO NTER,

Variant | nit(pvar EndUpAt);

if (varStart.vt !'= VT_l4)
return E_I NVALI DARG

if (varStart.vt == VT_EMPTY)
return S_FALSE;

swi tch(navbDir)

{
case NAVDI R_NEXT:
/1 If the tab in question is the last one, there is no NEXT tab,
/1l so we must return S_FALSE.
if (varStart.|Val == m spSSTabCt| - >Tabs)
return S_FALSE;

/1 Otherwise, sinmply increnent the tab offset by one.
pvar EndUpAt - >vt = VT_I 4;
pvar EndUpAt - >l Val = varStart.| Val +1;
br eak;

case NAVDI R_FI RSTCHI LD:
/1 Sanity check to ensure that at |east one tab exists.
if (mspSSTabCtl|->Tabs == 0)
return S_FALSE;

/1 W always start at the first tab.
pvar EndUpAt - >vt = VT_I 4;
pvar EndUpAt - >l Val = 1;
br eak;

defaul t:
return E_I NVALI DARG
}

return S_CX;
}

TELLELI bbb
/1 STDMETHODI MP CSSTabPxy: : get _accNanme (VARI ANT var Child, BSTR * pszNane)

/1 Description: Returns the nane of the control. For scripting we will want
/1 this to be the programatic nane VB uses.
/1 | MPORTANT: The nane returned shoul d be unique within the
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control. Robot will expect that no two children have the
sane nane.

[in] varChild - contains a child IDin IVal
[out] pszNane - filled with the nane

S K, if nanme is returned
E XXXXX, if there is an error

None

TELLELIE bbb
STDMETHODI MP CSSTabPxy: : get _accNanme (VARI ANT var Child, BSTR * pszNane)

}

if(varChild.vt !'= VT_l4)

return E_

I NVALI DARG,

if (pszNanme == NULL)

PO NTER;

ld.1Val == CH LD D_SELF)

VARI ANT var Name = Get Property(_T(" Nane"));
if(varNanme.vt != VT_BSTR) throw,
*pszName = var Nane. bstrVal ;

/1 For children we return the TabCaption as their name
_bstr_t bstrNane = m spSSTabCt|->TabCaption[ (short)varChild. I Val-1];
*pszName = bstrName. copy();

return E_
try
{
i f(varChi
}
el se
{
}
return S_
}
catch(...)
{
*pszNamne
return E_
}

0.8

= NULL;
FAI L;

TEEEEEEEE iy

/1

STDMETHODI MP

Descri pti on:

Par anet er s:

Ret ur ns:

Si de effects:

CSSTabPxy: : get _accRol e( VARI ANT var Chi | d, VARI ANT * pvar Rol e)
Returns the role of the object
[in] wvarChild - The child to give the role for
[out] pvarRole - The role of the object (either a constant in | Val

ROLE_SYSTEM XXXX or a | ocalized bstr)

S K, if the role is successfully returned
E XXXXX, if there is an error

None

TELLELI bbb
STDMETHODI MP CSSTabPxy: : get _accRol e( VARI ANT var Child, VARI ANT * pvar Rol e)

{

if (pvarRole

return E_

== NULL)
PO NTER,
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if(varChild.vt !'= VT_l4)
return E_I NVALI DARG
try
{
pvar Rol e->vt = VT_I 4;
if (varChild.lVal == CH LD D_SELF)

/1 W use ROLE_SYSTEM DI ALOG for the entire SSTab control
pvar Rol e- >l Val = ROLE_SYSTEM DI ALCG,

}
else if ( varChild.lval > 0 & varChild.|Val <= mspSSTabC | ->Tabs)

/1 and ROLE_SYSTEM PAGETAB for each of the child tabs.
pvar Rol e- >l Val = ROLE_SYSTEM PAGETAB;

}
el se
return E_I NVALI DARG
return S_CK
catch (...)
{
return E_FAIL;
}

TELEEEEEEE i i i
/1 STDMETHODI MP CSSTabPxy: : get _accChi | dCount (LONG * pcount Chi |l dren)

/1 Description: Retrieves the nunmber of conmponents in the parent container.

H Par anet er s: [out] pcountChildren - Number of child objects below this parent
H Ret ur ns: S O, if the count is successfully retrieved

/1 E XXXXX, if there is an error

22 Side effects: None

TELLELI bbb
STDMVETHODI MP CSSTabPxy: : get _accChi | dCount (LONG * pcount Chi | dren)

{
if (pcountChildren == NULL)
return E_PO NTER
try
{
/1 Ask the control how many tabs exist.
*pcount Chil dren = m spSSTabCt| - >Tabs;
return S_CK
catch (...)
{
return E_FAIL;
}
}

TELLELI bbb
/1 int CSSTabPxy:: TabHei ght ()

/1

/1 Description: Determines the height of a row of tabs. Each rowis of the
/1 same height. We nust conpensate for the fact that

/1 | SSTabCt|l reports the tab height in the native coordinate
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system of the formon which the control resides (whatever
that m ght be). Since this proxy assunes pixels for all of
its calculations, we nust ensure that the height reported
is in pixels. This is done by converting the coordinate
systemto pixels before querying the height. W nust
restore the original coordinate system when we are done to
ensure proper operation of the programon which the
control resides.

See PrxyBase.h & .cpp for nore information on SetPi xel Mode
and Rest or ePi xel Mbde.

None
The hei ght of each row of tabs in pixels.

The setting & restoring of the coordi nate system of the
formon which the control resides.

TEEEEEEEEEE i i i
CSSTabPxy: : TabHei ght ()

int

{

}

Set Pi xel Mode() ;
LONG | TabSi ze =

(LONG) m spSSTabCt | - >TabHei ght ;

Rest or ePi xel Mode() ;

return | TabSi ze;

TEEEEEEEEE iy

RECT CSSTabPxy: :

Descri pti on:

Par anet er s:

Ret ur ns:

Si de effects:

TabRect (1 ong | Tab, LPRECT | prcPrev)
Cal cul ates the bounding RECT for the tab at index | Tab.

In fact all of the hard work is done via further hel per
functions. Because the two display styles for this control
are so radically different, the work of calculating a
tab's bounding rect has been split up (please note that
this exanple only includes the code for the

ssStyl eTabbedDi al og style).

Just as for TabHei ght, we nust ensure that the RECT
returned by this function is in pixels, and so therefore
we nust ensure that the control reports its information
to us in pixels.

[in] I Tab - the index of the tab for whomwe are to

cal cul ate the bounding rect.

[in] IprcPrev - the bounding rect of tab | Tab-1. If

this paraneter is non-NULL, TabRect will be able to speed
the cal cul ati on of the bounding rect by computing it as
an offset to the previous tab. Wthout this information
TabRect Page nay have to step through every tab along the
row, calculating each rect in turn, dramatically slow ng
this function on rows which have nany tabs (OLE calls
across process boundaries are SLON!!).

The bounding rect for the tab at index | Tab (in pixels).

The setting & restoring of the coordi nate systemof the
formon which the control resides.

TELLELIE bbb biribiiiiirini
RECT CSSTabPxy: : TabRect (1 ong | Tab, LPRECT | prcPrev)
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enum Styl eConstants sc = m spSSTabCt| ->Styl e;
swi tch(sc)
{
case ssStyl eTabbedD al og:
return TabRect Dl g(| Tab);

case ssStyl ePropertyPage:
return TabRect Page(l Tab, | prcPrev);

/1 This shoul d never happen.
RECT rc = {0, 0, 0, 0};
return rc;

}

TELEEETEEEE i i
/1 RECT CSSTabPxy:: TabRect Page(l ong | Tab, LPRECT I prcPrev)

/1

/1 Description: Cal cul ates the bounding RECT for the tab at index | Tab
/1 for the ssStyl ePropertyPage.

/1

/1 This style is uninplenented in this sanple control.

/1

/1

/1 Paraneters: [in] I Tab - the index of the tab for whomwe are to

/1 cal cul ate the bounding rect.

/1 [in] IprcPrev - the bounding rect of tab | Tab-1. If

/1 this paraneter is non-NULL, TabRect will be able to speed
/1 the cal cul ati on of the bounding rect by computing it as
/1 an offset to the previous tab. Wthout this information
/1 TabRect Page nay have to step through every tab along the
/1 row, calculating each rect in turn, dramatically slow ng
/1 this function on rows which have nmany tabs (OLE calls

/1 across process boundaries are SLON!!).

/1

/1l Returns: The bounding rect for the tab at index | Tab (in pixels).
/1

/1 Side effects: The setting & restoring of the coordi nate systemof the
/1 formon which the control resides.

/1

TELEEEIEEEE i i i
RECT CSSTabPxy: : TabRect Page(| ong | Tab, LPRECT | prc)
{

RECT rc = {0, O, 0O, O};

return rc;

}

TELLELII i ribiribiiiiiiind
/1 RECT CSSTabPxy:: TabRect Dl g(l ong | Tab)

/1

/1 Description: Cal cul ates the bounding RECT for the tab at index | Tab
/1 for the ssStyl eTabbedDi al og.

/1

/1 Tabs in the ssStyl eTabbedDi al og are all of uniform size,
/1 occupying an equal fraction of the width of the tab

/1 control .

/1

/1 Paraneters: [in] I Tab - the index of the tab for whomwe are to

/1 cal cul ate the bounding rect.

/1

/1l Returns: The bounding rect for the tab at index | Tab (in pixels).
/1

/1 Side effects: The setting & restoring of the coordi nate systemof the
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/1 formon which the control resides.

/1

[LEEEETEEEE i rr i rrrirng
RECT CSSTabPxy:: TabRect Dl g(| ong | Tab)

{
enum TabOri entati onConstants to = m spSSTabCt| - >TabCOri ent ati on;

/1 Calculations will only work if we are starting fromo0,0
RECT rc = TabStrip();
PO NT pt; /1l To save the offsets
pt.x =rc.left; pt.y =rc.top;
i OffsetRect(&c, -rc.left, -rc.top);

int i Wdth;
int i MaxW dt h;
int i Row,
/1 W will cache these val ues because we will use themrepeatedly,

/1 and querying the control is SLOWN!!
int cRows = m spSSTabCt| - >Rows;
int cTabsPer Row = m spSSTabCt | - >TabsPer Row,
int iHeight = TabHei ght();

// Determ ne which colum | Tab resides in.
int i Col = 1Tab % cTabsPer Row,

/1 The nore rows of tabs, the shorter each of themactually is.
/1 Specifically, for each row of tabs, the width is reduced by
/1 TABROWOFFSET (each row is actually of fset TABROMOFFSET pi xel s
/1 fromthe one belowit, so the first rowis left justified with
/1 the control, but the final rowis right justified (using
/1 ssTabOrientati onTop as the exanple).
/1 Which portion of the rect that should be subtracted from depends
/1 on the orientation of the control.
switch(to)

case ssTabOrientati onTop:

case ssTabOrientationBottom
rc.right -= (cRows-1) * TABRONOFFSET;
iMaxWdth = iWdth = rc.right;
br eak;

case ssTabOrientationLeft:

case ssTabOrientati onRi ght:
rc.bottom-= (cRows-1) * TABROMOFFSET;
i MaxWdth = iWdth = rc. bottom
br eak;

/1 Each tab occupies an equal fraction of the remaining width of the
/1 row.
iWdth /= cTabsPer Row;

/1 This funky little bit of math determ nes which physical row of tabs
/1 1 Tab currently resides on. It can change based on which tab was | ast
/'l clicked (because the active tab is always in the row at the bottom.
/1 mspSSTabCt| ->Tab returns the index of the active tab, which we know
/1 occupies the zero row.

iRow = | Tab / cRows;

i Row += CcRows;

i Row -= (m_ spSSTabCt| ->Tab / cRows);

i Row % cRows;
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int i Rowd f
int iColOFf

i Row * i Hei ght;
(iCol * iWdth) + (i Row * TABROWOFFSET) ;

/1 The last tab in the row always gets the excess
if (iCol == (cTabsPer Row 1))
iWdth += i MaxW dth % cTabsPer Row,

// Different orientations neans different locations relative to the
/1 tabstrip.
switch(to)

case ssTabOrientati onTop:
rc.left += i Col OFf;
rc.right =rc.left + iWdth;

rc.bottom-= i Rowor f;
rc.top = rc.bottom - i Height;
br eak;

case ssTabOrientationBottom
rc.left += i Col OFf;
rc.right = rc.left + iWdth;
rc.top += i RowO f;
rc.bottom=rc.top + iHeight;
br eak;

case ssTabOrientationLeft:
rc.bottom-= i Col O f;
rc.top = rc.bottom- i Wdth;

rc.right -= i RowOf f;
rc.left =rc.right - iHeight;
br eak;

case ssTabOrientati onRi ght:
rc.top += i Col O f;
rc.bottom=rc.top + i Wdth;
rc.left += i RowOf f;
rc.right = rc.left + iHeight;
br eak;

}
O fsetRect (&c, pt.x, pt.y);

return rc;

}

TELEEEEEEEE i i i
/1 int CSSTabPxy::TabRow( PO NT pt)

/1

/1 Description: Determines the | ogical (as opposed to physical) row of tabs
/1 whi ch contains the point in question.

/1

/1 The physical row on which a tab resi des may change based on
/1 what tab was nost recently clicked, but a given tab wll

/1 al ways remain on the sane |ogical row

/1

/1 This function is really a shortcut function designed to

/1 reduce the nunber of out-of-proc calls we have to make. If
/1 we qui ckly determ ne which row the point is on, we wll

/1 have to query no nore than m spSSTabCt| - >TabsPer Row t abs

/1 in order to find out which tab this point belongs to. The
/1 alternative would be to wal k through all m spSSTabCt| ->Tabs
/1 which in extrene cases could take an order of nagnitude
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/1 | onger.

/1

/1 Paraneters: [in] pt - The coordinates to be converted.

/1

/1 Returns: The row of tabs which contains the point (zero-based).
/1

/1 Side effects: The setting & restoring of the coordi nate systemof the
/1 formon which the control resides.

/1

TEELELIE bbb
i nt CSSTabPxy:: TabRow( PO NT pt)

{
int i Row = -1;
RECT rc = TabStrip();
int iHeight = TabHei ght();
/1 Normalize everything
pt.x -=rc.left;
pt.y -= rc.top;
i COffsetRect(&c, -rc.left, -rc.top);
int cRows = m spSSTabCt| - >Rows;
enum TabOri entati onConstants to = m spSSTabCt| - >TabOri ent ati on;
switch(to)
case ssTabOrientationTop:
iRow = pt.y / iHeight;
i Row = (cRows-1) - i Row,
br eak;
case ssTabOrientati onBottom
iRow = pt.y / iHeight;
br eak;
case ssTabOrientationLeft:
iRow = pt.x / iHeight;
i Row = (cRows-1) - i Row,
br eak;
case ssTabOrientati onRi ght:
iRow = pt.x / iHeight;
br eak;
}
i Row += m spSSTabCt| ->Tab / m spSSTabCt| - >TabsPer Row;,
i Row % cRows;
return i Row,
}

TELLLII i briiriiiiiiirini
/1 RECT CSSTabPxy:: TabStrip()

/1

/1 Description: Det ermi nes the bounding rect which contains all of the tabs
/1 of this control.

/1

/1 Paraneters: None

/1

/1l Returns: The boundi ng rect which contains all tabs.

/1

/1 Side effects: The setting & restoring of the coordinate system of the

/1 formon which the control resides.
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TEELELIE bbb
RECT CSSTabPxy:: TabStrip()

{

RECT rc = Ctrl Rect();
enum TabOri entati onConstants to =

m spSSTabCt | - >TabOri ent ati on;

LONG | TabSi ze = TabHei ght () * m spSSTabCt| - >Rows;

switch(to)

case ssTabOrientationTop:
rc.bottom=rc.top + | TabSi ze;
br eak;

case ssTabOrientati onBottom
rc.top = rc.bottom- | TabSi ze;
br eak;

case ssTabOrientationLeft:
rc.right = rc.left + | TabSi ze;
br eak;

case ssTabOrientati onRi ght:
rc.left =rc.right - | TabSi ze;
br eak;

}

return rc;
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AFar $, # 1 . - ++

/1 CFl xGdPxy.cpp : Inplenmentation of FlxGdPxy | Accessi bl e nmethods necessary
/1 for a functioning Robot ActiveX Proxy.
NNy

#i ncl ude "stdaf x. h"

#i ncl ude "Fl xGdPxy. h"
#i ncl ude " CFI xGdPxy. h"
#i ncl ude "Cel | Proxy. h"

NNy
/1

TEEEEEEEEEE i i i
/1 STDMETHODI MP CFlI xGdPxy: : Set Cbj ect ToPr oxyFor (| Di spat ch *pDi sp)

I

/1 Description: Tells the proxy which control it is proxying for.

/1 After Robot determines fromthe Registry that a given control
/1 has a proxy, it creates a proxy object and calls this function.
I

/1 Paraneters: [in] pDisp - the ID spatch for the control

I

/1l Returns: S O, if proxy is correctly initialized

/1 E XXXXX, if there is an error

I

/Il Side effects: Sets Smart Pointer to the control interface

I

TELLLLII bbb biribiiiiirini
STDMETHODI MP CFl xGdPxy: : Set Obj ect ToPr oxyFor (I Di spat ch *pDi sp)

/1 Paraneter validation, nake sure we have a control to proxy for
i f(pDisp == NULL)
{

/1 ATLTRACEx calls are for debuggi ng purposes
ATLTRACE2(at| TraceUser, 0, _T("Cannot proxy for NULL object."));
return E_PO NTER

/1 Because we're using smart pointers, there's a | ot going on behind
/'l the scenes here. The follow ng assignnent perforns a query interface
/1 and requests a pointer to the primary interface.

m spMSFl exGrid = pDi sp;

/1 Now we reverse it. Fromthat pointer, obtain the |Dispatch
/1 pointer fromit and store it. Note: in strict OLE we should be
/1 able to just store pDisp, but in practice we find that the
/! operation isn't transitive.
m spDi sp = m spMSFl exGi d;

/1 Make sure the IDispatch pointer we have is for the type of control
/1 we know how to handl e.
i f(m.spMSFl exGrid == NULL)

{
/1 1f we cannot find the interface we need, we fail.
ATLTRACE2( at| TraceUser, 0, _T("Could not Q for IMSFlexGid interface."));
return E_FAIL;
}
return S_CX;
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TELEEEEEEEE i i i
/1 STDMETHODI MP CFl xGdPxy: :::accHit Test (LONG xLeft, LONG yTop, VARIANT * pvar Chil d)

/1

/1 Description: Returns the child (if any) of the Accessible object at

/1 a point.

/1

/1 Paraneters: [in] xLeft - The x value, in screen coordinates

/1 [in] yTop - The y value, in screen coordi nates

/1 [out] pvarChild - Pointer to an uninitialized variant

/1 that will receive the child object.

/1

/1 If the child at the point has an | Accessi bl e object,
/1 contains the I Dispatch.

/1 If there is a sinple child at the point, contains the
/1 Child IDin the |Val menber.

/1 If there is no child at the point, contains CH LD D SELF
/1 in the | Val nmenber

/1 If the point is not inside the object, set to VI_EMPTY
/1

/1 Returns: S K, if point is over the object

/1 S FALSE if the point is not contained in the object

/1 E XXXXX, if there is an error

/1

/1 Side effects: If the point is over a child object, a new proxy for

/1 that child is created

/1

TELLLLIE i bbb
STDVETHODI MP CFl xGdPxy: : accHi t Test (LONG xLeft, LONG yTop, VARI ANT * pvar Chil d)

if (pvarChild == NULL)

try
{

bor der)

return E_PO NTER

Variantlnit(pvarChild);

PO NT pt = {xLeft, yTop};
RECT rc = Ctrl Rect();

/1 make sure our click was inside the control
if (!'::PtInRect(&wc, pt))

ATLTRACE2(at| TraceUser, 2, _T("Coordi nates outside of control."));
return S_FALSE;

}

if (mspMSFl exGrid->BorderStyle == fl exBorderSingl e)
ciInflateRect(&c, -3, -3);

}

if (!'::PtInRect(&vc, pt))

{

/1 we clicked on the wi ndow, but outside of the client area (i.e. the

ATLTRACE2(at| TraceUser, 2, _T("d icked on dead area of control--return

CHI LDI D_SELF"));

pvar Chi | d->vt = VT_I4;
pvar Chi | d->l Val = CHI LDI D_SELF;
return S_CK;
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pt.x -=rc.left;
pt.y -=rc.top;
PO NT pt Twi p = Pi xel ToTwi p(pt);

/1 The FlexGid pays no attention to the Scal eMbde, and al ways returns
/!l These values in TWPS. So we'll have to convert.

int nRow =0, nCol = 0;

int nRows, nCols;

nRows = m spMSFl exGri d- >Rows;
nCol s = m spMSFl exGri d- >Col s;
f or (nRow=0; nRow<nRows; ++nRow)

i f(m spMSFl exGri d- >RowPos[ nRow] + m spMSFl exGri d- >RowHei ght [ nRow] >=

pt Twi p. y)
br eak;
}
}

/1 The cal cul ations for which cell the point is over are correct EXCEPT

/1 for the right and bottom edged of fixed rows. Wen the nei ghboring cell
is

/1 also fixed row, MouseRow and MouseCol say we are on the first nornal
cell in

/1 the colum or row. If it is the border between the fixed cell and the
nor nal

/1 cells, we are wong and think we are on the fixed cell for one extra
pi xel

for(nCol =0; nCol <nCol s; ++nCol)

i f(m spMSFI exGri d->Col Pos[nCol] + m spMsFl exGri d->Col Wdt h[nCol] >=

pt Twi p. X)

br eak;

}
i f(nCol ==nCol s || nRow==nRows)
/1 we clicked past all the rows or colums

/1 (they must not have filled up the control)
ATLTRACE2(at| TraceUser, 2, _T("d icked on dead area of control--returning

coordi nates"));

pvar Chi | d->vt = VT_I4;
pvar Chi | d->l Val = CHI LDI D_SELF;
return S_CK;

/'l create a new cell proxy using ATL
/1 ICellProxyPtr is a smart pointer that will automatically
/1 dereference itself and clean itself up when it goes out of scope
/1 This could have been acconplished w thout smart pointers
/1 but it is both cleaner and easier to do it this way.
/1 spCellProxy is a class that knows how to deal wth
/1 a single cell in the flexgrid. See CellProxy.cpp.
I Cel | ProxyPtr spCel |l Proxy(CLSID_Cell Proxy);

/1 Tell this new object which specific cell it represents
spCel | Proxy->Set | nf o(m spMSFl exGrid, (lAccessible*)this, nRow, nCol);

/1l CGet a smart pointer to the iDispatch interface
I Di spatchPtr spCel | Di sp(spCel | Proxy);
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/1 Return an |Dispatch pointer to that object, because essentially
/1 that is the only sort of interface that can be returned via an
/1 OLE function call. The caller will query the |IDispatch for

/1 the I Accessible interface associated with the object.

pvar Chi | d->vt = VT_DI SPATCH;

/1 Detach the interface fromthe smart pointer so it wll

/1 not be cleaned up when it goes out of scope. It needs
/1 to be a live pointer when we pass it back, so the caller
/1 can use it. The caller is responsible for deref'ing when
/1 it is done with it.

pvar Chi | d- >pdi spVal = spCel | Di sp. Detach();

return S_CK;
catch(...)
{

return E_FAIL;
}

TELEEEEEEEE i
STDMETHODI MP CFl xGdPxy: : accLocati on(LONG * pxLeft, LONG * pyTop,

LONG * pcxWdth, LONG * pcyHei ght,
VARI ANT var Chi | d)

Descri pti on: Ret urns the bounding rectangle of the object in screen
coordinates. This nethod is basically the inverse of
accHi t Test. Whereas accHitTest, given a point, will return
the child associated with it, this function, given a child,
will return its rectangle.

Par anet er s: [out] pxLeft - Receives the |left edge, in screen coordinates

Ret ur ns:

[out] pyTop - Receives the top edge, in screen coordinates
[out] pcxWdth - Receives the width, in pixels

[out] pcyHeight - Receives the height, in pixels

[in] pvarChild - Variant holding the child ID of the object

S K, if rectangle is successfully retrived
E XXXXX, if there is an error

Si de effects: None

TIIIDELEEEE bbb bbb irrrrrrirrg
STDVETHODI MP CFl xGdPxy: : accLocati on(LONG * pxLeft, LONG * pyTop, LONG * pcxW dth, LONG
* pcyHei ght,
{

VARI ANT var Chi | d)

/1 Do sone paraneter validation.
if (pxLeft == NULL)
return E_PO NTER

if (pyTop == NULL)
return E_PO NTER,

if (pcxWdth == NULL)
return E_PO NTER

if (pcyHeight == NULL)
return E_PO NTER,

if (varChild.vt !'= VT_l4)
return E_I NVALI DARG
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/1 If the specified object is the control itself, return the
/1 bounding rectangle of the entire control.
if (varChild.IVal == CH LDl D_SELF)

{
RECT rc = Ctrl Rect();

*pxLeft = rc.left;
*pyTop = rc.top;
*pcxWdth = rc.right - rc.left;
*pcyHei ght = rc.bottom- rc.top;
return S_CK;

}

el se

ATLTRACE2( at | TraceUser, 0, _T("MSFl exGrid proxy does not use child ID s!"));
return E_I NVALI DARG

}

catch(...)
{

}

return E_FAIL;

TEEEEEEEE iy

STDMETHODI MP CFl xGdPxy: : accNavi gat e( VARI ANT var Child, VARI ANT * pvar Rol e)

Descri ption: Retrieves the sibling or child object that is navigated to in
the specified direction.

Parameters: [in] navDir - The navigation code that specifies the
navi gati on direction. See <ol eacc.h> for a
list.

[in] varStart - A Variant object that specifies the type of
navi gation desired. If the variant type is
VT_EMPTY, the nethod retrieves a sibling
object. If the variant type is VT_I4 and the
value is CH LDI D _SELF, the nmethod retrieves a
child object.
[out] pvarEndUpAt - the object that has been navigated to.

Ret ur ns: S OK, Navigation successful.
S FALSE, No nore objects in that direction exist.
E XXXXX, if there is an error

Si de effects: None

TELEEEEEEEE i
STDMETHODI MP CFl xGdPxy: : accNavi gat e(LONG navDir, VARI ANT varStart, VARl ANT *
pvar EndUpAt)

{

if (pvar EndUpAt == NULL)
return E_PO NTER

Vari antlnit(pvar EndUpAt);

if (varStart.vt !'= VT_l4)
return E_I NVALI DARG

if (varStart.vt == VT_EMPTY)
return S_FALSE;

if (varStart.lVal !'= CH LD D _SELF)
return E_I NVALI DARG
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swi tch(navbDir)

{
case NAVDI R_NEXT:
/1 we have no peers via accessibility
return S_FALSE;

case NAVDI R_FI RSTCHI LD:
i f(m spMSFl exGid->Rows > 0 & m spMSFl exGri d->Cols > 0)

{
/!l create a new cell proxy, for the cell at row 0, colum O
I Cel | ProxyPtr spCel |l Proxy(CLSID Cell Proxy);
spCel | Proxy->Set | nfo(m spMSFl exGrid, (lAccessible*)this, 0, 0);
| Di spatchPtr spCel | Di sp(spCel | Proxy);
pvar EndUpAt - >vt = VT_DI SPATCH;
pvar EndUpAt - >pdi spVal = spCel | Di sp. Det ach();
return S_CK;
}
el se
/1l the grid is enpty--there are no cells
return S_FALSE;
defaul t:

return E_I NVALI DARG

return S_CK

NN NNy

STDVETHODI MP CFl xGdPxy: : get _accName (VARI ANT var Child, BSTR * pszNane)

Descri pti on: Returns the nane of the control. For scripting we will want
this to be the programati c nane VB uses.
| MPORTANT: The nane returned shoul d be unique within the
control. Robot will expect that no two children have the
same nane.

Par anet er s: [in] varChild - contains a child IDin IVal
[out] pszName - filled with the nane

Ret ur ns: S &, if name is returned
E XXXXX, if there is an error

Si de effects: None

TELEEEEEEEE i i i
STDMVETHODI MP CFl xGdPxy: : get _accName (VARI ANT var Child, BSTR * pszNane)

{

if(varChild.vt !'= VT_l4)
return E_I NVALI DARG

if (pszNanme == NULL)
return E_PO NTER

try

if(varChild.lVal == CH LD D_SELF)

{
/1l CetProperty is a helper function in ProxyBase. cpp.
/1 Some object properties are queried via | SSTabCt| .
/1 OQthers are generic properties that are not found in
[/ 1SSTabCtl, but are stored in the container.
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/1l GetProperty is a wapper function that can find a property
// even if it is stored in the formon which the control resides.
/1 An exanple of this is the control's nane.

/!l The control's nane is retrieved fromthe control's container.
VARI ANT var Name = Get Property(_T(" Nane"));
if(varNanme.vt !'= VT_BSTR) throw,

/1 There are scoping issues with BSTR s.
/1 See the OLE programming reference for nore information.
*pszName = var Nane. bstrVal ;

}
el se
{
return E_I NVALI DARG
}
return S_CK
}
catch(...)
{
*pszName = NULL,;
return E_FAIL;
}

TELEEEEEEEE i i i
/1 STDVMETHODI MP CFl xGdPxy: : get _accRol e( VARI ANT var Chi |l d, VAR ANT * pvar Rol e)

/1 Description: Returns the role of the object

I

/1 Paraneters: [in] wvarChild - The child to give the role for

/1 [out] pvarRole - The role of the object (either a constant in |Val
/1 ROLE_SYSTEM XXXX or a |l ocalized bstr)
I

/1l Returns: S, if the role is successfully returned

/1 E XXXXX, if there is an error

I

/1 Side effects: None

I

TIIIDELEEEE i bbb bbb irrrrrrirng
STDMETHODI MP CFl xGdPxy: : get _accRol e( VARI ANT var Child, VARI ANT * pvar Rol e)
{
if (pvarRol e == NULL)
return E_PO NTER

if(varChild.vt !'= VT_l4)
return E_I NVALI DARG

try
{
if(varChild.lVal !'= CH LDI D_SELF)
ATLTRACE2(at| TraceUser, 0, _T("MSFl exGrid proxy does not use child ID s!"));
return E_I NVALI DARG
}

/1 The role of the grid is "ROLE_SYSTEM TABLE"
pvar Rol e->vt = VT_I 4;
pvar Rol e- >l Val = ROLE_SYSTEM TABLE;
return S_CK

}
catch (...)
{
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return E_FAIL;

}

TELEEEEEEEE i i i
/1 STDMETHODI MP CFI xGdPxy: : get _accChi | dCount (LONG * pcount Chi |l dren)

/1 Description: Retrieves the nunmber of conponents in the parent container.

H Par anet er s: [out] pcountChildren - Number of child objects below this parent
H Ret ur ns: S O, if the count is successfully retrieved

/1 E XXXXX, if there is an error

22 Si de effects: None

TELLELIE bbb
STDVETHODI MP CFl xGdPxy: : get _accChi | dCount (LONG * pcount Chi | dren)

if (pcountChildren == NULL)
return E_PO NTER

try
{
int nRows, nCols;
/1l CGet the necessary info fromthe control's Rows and Col s
/'l properties
nRows = m spMSFl exGri d- >Rows;
nCol s = m spMSFl exGri d- >Col s;

/1 For the grid, the nunber of children is calcul ated by
/1 multiplying the nunber of rows by the nunber of colums.

*pcount Children = nRows * nCol s;
return S_CK

}

catch (...)

{
return E_FAIL;

}
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++ * S, # | - ++

/1 CellProxy.cpp : Inplementation of CellProxy |Accessible nethods necessary
/1 for a functioning Robot ActiveX Proxy.
N NN NNy,

#i ncl ude "stdaf x. h"
#i ncl ude "Fl xGdPxy. h"
#i ncl ude "Cel | Proxy. h"

NNy
/1 CCel | Proxy

TELLELEI i bbb
/1 STDMETHODI MP CCel | Proxy: : Set| nfo(l Unknown *pUnkMSFl exGrid, |1ong | Rowin, |ong

| Col I n)

I

/1 Description: Tells the proxy which control and which cell of the control
/1 it is proxying for.

I

/1 Paraneters: [in] pUnkMSFlexGrid - The control we are proxying the cell for
/1 [in] pAccMSFlexGid - Pointer to the MSFl exGrid proxy object

/1 [in] TRowin - The cell's row

/1 [in] 1Colln - The cell's colum

I

/1 Returns: S O, if proxy is correctly initialized

/1 E XXXXX, if there is an error

I

/1 Side effects: Sets m spMsFl exGrid to the control's |Dispatch.

/1 Sets m | Row and m| Col to the values for the cell

I

TEEEEEEEEEE i iy

STDVETHODI MP CCel | Proxy: : Set | nf o(| Unknown *pUnkMSFI exGri d, | Unknown *pAccMsSFl exGrid,
long | Rowm n, long I Colln)

{
/1 Ensure that the object we are proxying for is in fact a FlexGid.
m spMSFl exGrid = pUnkMSFI exGri d;
i f(m.spMSFl exGrid == NULL)
ATLTRACE2( at| TraceUser, 0, _T("Could not Q for IMSFlexGid interface."));
return E_FAIL;
}
/1 Connect the Cell to the underlying FlexGid object pointer,
/1 Just as is done in the main object. This is necessary so that
/1 the hel per functions found in CBaseProxy work properly.
m spDi sp = m spMSFl exGri d;
/1 Connection to the parent |Accessible in case we receive a query like
/| accCet Parent.
m spAccMSFl exGrid = pAccMsFl exGri d;
/1 Coords of actual cell we are expected to proxy.
m_| Row = | Row n;
mlCol = 1Colln;
return S_CX;
}

NNy
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/1 STDMETHODI MP CCel | Proxy: :accHit Test (LONG xLeft, LONG yTop, VARIANT * pvar Chil d)

/1

/1 Description: Returns the child (if any) of the Accessible object at
/1 a point.

/1

/1 Parameters: [in] xLeft - The x value, in screen coordinates

/1 [in] yTop - The y value, in screen coordi nates

/1 [out] pvarChild - Pointer to an uninitialized variant

/1 that will receive the child object.

/1

/1 If the child at the point has an | Accessi bl e object,

/1 contains the I Dispatch.

/1 If there is a sinple child at the point, contains the
I Child IDin the |IVal menber.

/1 If there is no child at the point, contains CH LDI D SELF
I in the |Val nmenber

/1 If the point is not inside the object, set to VI_EMPTY
/1

/1l Returns: S &, if point is over the object

/1 S FALSE if the point is not contained in the object

1/ E XXXXX, if there is an error

/1

/1 Side effects: If the point is over a child object, a new proxy for
I that child is created

/1

NN NNy

STDMETHODI MP CCel | Proxy: : accHit Test (LONG xLeft, LONG yTop, VARI ANT * pvar Chil d)

HRESULT hRet Val = E_FAIL;

if (pvarChild == NULL)

return E_PO NTER,

i f(m.spMSFl exGrid == NULL)

bor der)

ATLTRACE2( at| TraceUser, 0, _T("Cell proxy not initialized before use."));
return E_FAIL;

Variantlnit(pvarChild);

PO NT pt = {xLeft, yTop};

RECT rc = CtrlRect();

if (mspMSFl exGrid->BorderStyl e == fl exBorderSingl e)

ciInflateRect(&c, -3, -3);

/1 make sure we're in the client region of the MSFl exgrid
if(!::PtInRect(&c, pt))

/1 we clicked on the window, but outside of the client area (i.

/1 pvarChild initialized to VI_EMPTY at begi nning of function,
// don't have to set it here
hRet Val = S _FALSE;
return hRet Val ;
}
pt.x -=rc.left;
pt.y -=rc.top;

PO NT pt Twi p = Pi xel ToTwi p(pt);
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/1 The FlexGid pays no attention to the Scal eMbde, and al ways returns
/1 These values in TWPS. So we'll have to convert.

i f(m spMSFl exGri d->RowPos[m | Row] < ptTwi p.y
&& m spMSFl exGri d- >RowPos[ m | Row] + m spMSFl exGri d- >RowHei ght [ m_| Row] >=

pt Twip.y
&& m spMSFl exGri d- >Col Pos[m | Col ] < ptTw p. x
&& m spMSFl exGri d- >Col Pos[m | Col] + m spMSFl exGri d->Col Wdth[m | Col] >=
pt Twi p. X)
{
pvar Chi I d->vt = VT_I4;
pvar Chi |l d->l Val = CHI LDI D_SELF;
hRet Val = S _K;
}
el se
/1 pvarChild initialized to VI_EMPTY at begi nning of function, so we
/1 don't have to set it here
hRet Val = S _FALSE;
}
catch(...)
{
}

}

return hRet Val ;

NN NNy

STDMETHODI MP CTest Proxy: : accLocati on(LONG * pxLeft, LONG * pyTop,
LONG * pcxWdth, LONG * pcyHei ght,
VARI ANT var Chi | d)

Descri pti on: Ret urns the bounding rectangle of the object in screen
coordinates. This nethod is basically the inverse of
accHi t Test. Whereas accHitTest, given a point, will return
the child associated with it, this function, given a child,
will return its rectangle.

Parameters: [out] pxLeft - Receives the |left edge, in screen coordinates
[out] pyTop - Receives the top edge, in screen coordinates
[out] pcxWdth - Receives the width, in pixels
[out] pcyHeight - Receives the height, in pixels
[in] pvarChild - Variant holding the child ID of the object

Ret ur ns: S K, if rectangle is successfully retrived
E XXXXX, if there is an error

Si de effects: None

TEIILEEEEEE b rr bbb irrrrrrirgg
STDMVETHODI MP CCel | Proxy: : accLocati on(LONG * pxLeft, LONG * pyTop, LONG * pcxWdth,
LONG * pcyHei ght, VARI ANT var Chil d)

ATLTRACE2( at| TraceUser, 0, _T("Hit accLocation!!\r\n"));
if (pxLeft == NULL)
return E_PO NTER

if (pyTop == NULL)
return E_PO NTER,

if (pcxWdth == NULL)
return E_PO NTER
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if (pcyHei ght == NULL)
return E_PO NTER

i f(m.spMSFl exGrid == NULL)
{

ATLTRACE2( at| TraceUser, 0, _T("Cell proxy not initialized before use."));
return E_FAIL;
}

if(varChild.vt !'= VT_I4 || varChild.lVal !'= CH LD D _SELF)

ATLTRACE2( at| TraceUser, 0, _T("MSFl exGid's Cell proxy does not use child
IDs!"));
return E_I NVALI DARG
}

/1l Cbtain the top left corner of the cell, and its w dth and hei ght
PO NT pt TopLeft, ptHeight W dth;
pt TopLeft.x = m spMSFlI exGri d->Col Pos[ m | Col ];
pt TopLeft.y = m spMSFl exGri d- >RowPos[ m_ | Rowj ;
pt Hei ght Wdth. x = m spMsFl exG i d->Col Wdt h[m_| Col ];
pt Hei ght Wdth.y = m spMSFI exGri d- >RowHei ght [ m_ | Rowj ;

/1 The FlexGid pays no attention to the Scal eMbde, and al ways returns
/1l These values in TWPS. So we'll have to convert.

pt TopLeft = Twi pToPi xel (pt TopLeft);

pt Hei ght Wdth = Twi pToPi xel ( pt Hei ght W dt h) ;

/1 ptTopLeft & ptTopLeft now include the coords of the cell relative
/!l to the control itself. Those coords now need to be converted to
/!l screen coords.

/1 First determine the left, right of the control.
PO NT ptOfset;
RECT rc = Crl Rect();
ptOffset.x = rc.left; ptOfset.y = rc.top;

/1 If the control has the flexBorderSingle style, then the control
/!l has a non-w ndowed drawn border. W have to offset our cells
/1l to account for that.

if (mspMSFl exGrid->BorderStyle == fl exBorderSingl e)

{
ptOffset.x += 3;
ptOffset.y += 3;

/! Add the cell's offset fromthe border of the control
// to determine it's screen coords.

*pxLeft = ptTopLeft.x + ptOfFfset. x;

*pyTop = ptTopLeft.y + ptOffset.y;

*pcxW dt h = pt Hei ght Wdt h. x;

*pcyHei ght = pt Hei ght Wdt h.y;

return S_CX;

}

TELLELI bbb
/1 STDMETHODI MP CCel | Proxy: : accNavi gat e( VARI ANT var Chil d, VARI ANT * pvar Rol e)

/1 Description: Retrieves the sibling or child object that is navigated to in
/1 t he specified direction.

/1

/1 Parameters: [in] navDir - The navigation code that specifies the

/1 navi gati on direction. See <ol eacc.h> for a
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/1 list.

/1 [in] varStart - A Variant object that specifies the type of
/1 navi gation desired. If the variant type is

/1 VT_EMPTY, the nethod retrieves a sibling

/1 object. If the variant type is VT_I4 and the
1/ value is CH LDI D _SELF, the nmethod retrieves a
/1 child object.

/1 [out] pvarEndUpAt - the object that has been navigated to.
/1

/1

/1l Returns: S OK, Navigation successful.

/1 S FALSE, No nore objects in that direction exist.

/1 E XXXXX, if there is an error

/1

/1 Side effects: None

/1

TIIIDEEETEE bbb bbb irrrrrrirgg
STDMETHODI MP CCel | Proxy: : accNavi gat e(LONG navDi r, VARI ANT var Start, VARI ANT *

pvar EndUpAt )

{

HRESULT hRetval = E_I NVALI DARG

if (pvar EndUpAt == NULL)
return E_PO NTER,

if(navDir == NAVDI R FI RSTCHI LD && varStart.vt == VT _|14 & varStart.|Val ==
CHI LDl D_SELF)
{
/1 we have no children
Vari antlnit(pvar EndUpAt);
hRetval = S _FALSE;

}
else if (navDir == NAVDI R_NEXT)

{
I ong | Next Row, | Next Col ;
| Next Col = (m. Col +1) %n spMSFl exG'i d- >Col s;
i f(1NextCol == 0)
// if we were at the | ast col um,
/1 wrap around to the next row
| Next Row = m | Row + 1;
}
el se
| Next Row = m | Row;
}
/1 1f we're at the last row...
i f (I Next Row == m spMSFl exG i d- >Rows)
/1 we reached the last child
Vari antlnit(pvar EndUpAt);
hRetval = S _FALSE;
}
el se
/!l Create a new cell object and return a pointer to its
/1 dispatch interface
I Cel | ProxyPtr spNext Cel | Proxy(CLSI D _Cel | Proxy);
spNext Cel | Proxy->Set | nfo(m spMsFl exGrid, (1Accessible*)this, | NextRow,
| Next Col ) ;
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I Di spat chPtr spdi spNext Cel | Proxy(spNext Cel | Proxy);
pvar EndUpAt - >vt = VT_DI SPATCH;

pvar EndUpAt - >pdi spVal = spdi spNext Cel | Proxy. Det ach();
hRetval = S _K;

return hRetval;

}

TELEEEEEEEE i i i
/1 STDMETHODI MP CCel | Proxy: : get _accNanme (VARI ANT var Child, BSTR * pszNane)

/1 Description: Returns the nane of the control. For scripting we will want
/1 this to be the programatic nane VB uses.

/1 | MPORTANT: The nane returned should be unique within the
/1 control. Robot will expect that no two children have the
/1 sane nane.

/1

/1l Parameters: [in] varChild - contains a child IDin IVal

/1 [out] pszName - filled with the nane

/1

/! Returns: S &, if name is returned

/1 E XXXXX, if there is an error

/1

/1 Side effects: None

/1

TELEEEEEEE i i i
STDMETHODI MP CCel | Proxy: : get _accNane( VARI ANT var Chi |l d, BSTR * pszNane)
{
if (pszNane == NULL)
return E_PO NTER,
i f(m.spMSFl exGrid == NULL)

ATLTRACE2( at| TraceUser, 0, _T("Cell proxy not initialized before use."));
return E_FAIL;

}
if(varChild.vt == VT_l4 && varChild.|Val == CHI LDl D_SELF)
TCHAR szNane[ 100] ;
/1 Generate our own unique nane for this cell
/1 based on the row & col um
wsprintf(szNanme, "Row=%, Col =%d", m|Row, ml Col);
/1 _bstr_t converts to UNICODE if necessary
_bstr_t sbstrName(szNane);
*pszNanme = sbstrNane. copy();
return S_CK
}

return E_FAIL;
}

TELLELI bbb
/1 STDMETHODI MP CCel | Proxy: : get _accRol e( VARI ANT var Chil d, VARI ANT * pvar Rol e)

/1 Description: Returns the role of the object

/1

/1l Parameters: [in] varChild - The child to give the role for

/1 [out] pvarRole - The role of the object (either a constant in | Val
/1 ROLE_SYSTEM XXXX or a | ocalized bstr)
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I

/1l Returns: S, if the role is successfully returned
/1 E XXXXX, if there is an error

I

/Il Side effects: None

I

TELEEEEEEEE i
STDMETHODI MP CCel | Proxy: : get _accRol e( VARI ANT var Chil d, VARI ANT * pvar Rol e)

{
if (pvarRole == NULL)
return E_PO NTER,

i f(mspMSFl exGrid == NULL)

ATLTRACE2( at| TraceUser, 0, _T("Cell proxy not initialized before use."));
return E_FAIL;
}

if(varChild.vt !'= VT_I4 || varChild.lVal !'= CH LD D _SELF)

ATLTRACE2( at| TraceUser, 0, _T("MSFl exGrid's cell proxy does not use child
IDs!"));
return E_I NVALI DARG
}

/1l For every cell we return ROLE_SYSTEM CELL
pvar Rol e->vt = VT_I 4;
pvar Rol e->l Val = ROLE_SYSTEM CELL;
return S_CK

}

TELEEEEEEEE i
/1 STDMETHODI MP CCel | Proxy: : get _accChil dCount (LONG * pcount Chi | dren)

/1 Description: Retrieves the nunmber of conponents in the parent container.

/1 Parameters: [out] pcountChildren - Number of child objects bel ow this parent

/1 Returns: S O, if the count is successfully retrieved
1/ E XXXXX, if there is an error

I

/1 Side effects: None

I

TELLELI i bbb
STDMETHODI MP CCel | Proxy: : get _accChil dCount (LONG * pcount Chi | dren)

if (pcountChildren == NULL)
return E_PO NTER

/1 Individual cells don't have children, so we always return zero
*pcount Children = 0;

return S_CX;
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