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Chapter 12
Advanced Python and COM

In Chapter 5, Introduction to COM, we presented some basic material about PythoiCaxd.
If you have never used Python and COM together@uafamiliar with basic COM concepts,
you should review that chapter before continuinghe

In this chapter we take a more technical look aMC&hd using Python from COM. We
initially provide a discussion of COM itself andvia@t works; an understanding of which is
necessary if you need to use advanced feature®bf ftom Python. We then look at using
COM objects from Python in more detail and finisithvan in-depth discussion of
implementing COM objects using Python.

Advanced COM

In order to fully understand Python and COM, ihécessary to understand COM itself.
Although Python hides many of the implementatiotaiie understanding these details makes
working with Python and COM much easier.

If you want to see how to use Python to control CGiljects such as Microsoft Word or Excel,
you can jump directly to the sectiddsing Automation Objects from Pythdn

Interfaces and Objects

COM makes a clear distinction betweaterfaces andobjects. An interface describes certain
functionality, while an object implements that ftinoality (that is, implements the interface).
An interface describes how an object is to behavde the object itself implements the
behavior. For example, COM defineslameam interface, a generic interface for reading and
writing, in @ manner similar to a file. Although Gdefines thastream interface, it's the
responsibility of objects to implement the intedfathus, you may have an object that
implements thestream interface writing to and from files or an objectglementing the

IStream interface using sockets, and so forth. This isigehadvantage to users of these
interfaces, because you can code tasheam interface, and your code works regardless of
whether your data goes to a file or out over a sbdkach COM interface has a unique 128-bit
GUID known as an interface ID (lID).

An interface defines a series of methods: intedfaam't have properties. An interface is defined
in terms of a C++#table . Highly experienced C++ programmers will know thatable
implements virtual methods in C++.
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Just as with C++, COM allows one interface to defrom, or extend, another interface; in

fact, COM explicitly requires it. COM defines arterface known asJnknown , which is the

root (or base) of all COM interfaces; that is,GDM interfaces explicitly support thenknown
interface.unknown is a simple interface defining only three methadsRef() , Release()
andQuerylinterface() . AddRef() andRelease() manage object lifetimes; a reference
counting technique is used so a particular objeotdls when it is no longer needed. The Python
COM framework manages this behind the scenes for s@these will not be discussed further.
Querylinterface() allows an object to return a specific interfadeeg that interface's unique
IID. Thus, regardless of the object you have, ya always call itQueryinterface() method

to obtain a new interface, suchiageam .

COM also defines a standard technique for idemigfiyand creating objects themselves. Each
object class is identified by a class ID (CLSIBscah GUID) that exposes interfaces, each
identified by an IID. Thus, there are a numberdehitifiers associated with every COM object:
the CLSID identifying the class that provides thgecot, and a series of 1IDs for each interface
the object supports. Each object supports at teasinterfaces, thesnknown interface as
described previously, and some useful interfaceh(sisistream ) that allows the object to
perform its task.

Objects may also register a program ID, or Progiivall as a CLSID. A ProgID is a string
describing the object, suitable for use by hum¥¥isen you need to create a particular object,
it's usually more convenient to use the ProglDeathan the CLSID. There is no guarantee that
ProgIDs will be unique on a given system; you staliloose the names of your objects
carefully to avoid conflicts with other objects.rFexample, the Microsoft Excel object has a
ProgID ofExcel.Application

The IDispatch Interface

The COM architecture works well for languages saglC++, where the methods you need to
use are known beforehand (i.e., at compile timeu ¥reate an object using the standard COM
techniques, then performQeryinterface() on the object for a particular interface. Once you
have the interface, you can make calls on its nakth®his architecture does have some
drawbacks, notably:

e There is support for methods, but no support fopprties. In many cases, properties
would simplify the object model you are attemptiogoublish.

¢ It doesn't work as well when using higher-levelgaages than C++. There may be no
compile-time step involved at all. The languagese may not support using th®L or
.H files necessary to obtain the definition of thiederfaces.

COM defines thebispatch  interface specifically to meet the requirementthese

higher-level languages. Th®ispatch  interface allows an object to expose an objectehod
(complete with methods and properties) and alldwesuser of the object to determine the
methods and properties available at runtime. Tlgama the methods or properties you need to
call can be determined when you need to call thmather than requiring them to be predefined.
You should note that the object model exposed usisgatch  is quite distinct from the
IDispatch  interface itselfjDispatch  is a COM interface that allows an arbitrary objactdel

to be exposed. In other wordsispatch  is not the object model but is the mechanism that
allows an object model to be exposed.

There are two methodBispatch ~ defines for this purpose. The first@stiDsOfNames() ; it

allows you to ask an object "do you have a methrogkrty namedoo ?" If the object does

have such an attribute, it returns an integer ixttie method or property. The method

Invoke()  performs the actual operation on the object-ithatither calling the methddo , or
getting or setting a property namied . Theinvoke() method is passed the integer ID obtained
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from GetiDsOfNames() , as well as any parameters for the function operty.

In almost all languages, you don't need to usedibgatch  interface; your language uses
IDispatch  behind the scenes to present a natural modekxXample, we'll see later that when
you execute code in VB, Python, Delphi, and safernilar to:

workbook = excel.Workbooks.Add()

behind the scenes, there is pseudo-code similar to:

propertyld = excel->GetIDsOfNames("Workbook™)

newObject = excel->Invoke(propertyld, DISPATCH_PROP ERTYGET)
methodld = newObject->GetIDsOfNames("Add")
result = newObject->Invoke(methodld, DISPATCH_METHO D)

The final piece of this puzzle relates to how trguanents and results are passed around. For
this purpose, COM definesvaRIANT data structure. AARIANT is defined as a self-describing
C++ union and allows a wide variety of common dgfzes to be passed. To createaRIANT,
indicate the type of data you wish to pass antdhsetalue. When you need to US@ARIANT
passed by someone else, first query the type afithblds and obtain the data. If the type of
the data doesn't work for you, you can either gitesmconversion or reject the call returning the
appropriate error code. This implies that type &herof the parameters and results can happen
only at runtime (although many tools can take athgm of type information provided by the
object to flag such errors at compile-time). AshittielDispatch  interface itself, most

high-level languages hide the details of tA®IANT and use them invisibly behind the scenes.

Objects that expose amispatch  interface to support method calls and propertgrezfces are
also known asutomation objects.

L ate- Versus Early-Bound I Dispatch

The process described fioispatch  has one obvious flaw: it seems highly inefficieard it
is! In many cases, the inefficiency isn't importahe objects you need to call will often take
longer to do their thing than it took to make tladl.c

Programs or languages that uziepatch  in the manner described are knownats-bound,
because the binding of objects to methods or ptigises done at the last possible moment, as
the call or property reference is made.

There is, however, a technique automation objes#sta publish their object model in a type
library. Type libraries define a set of interfagegrogram can use to determine both the
methods and properties themselves, and other us&uiation, such as the type of the
parameters or return values. Languages or envirotemeay be capable of using this
information at compile-time to provide a betteenfiace to the objects. The key benefits of
knowing this information before it's used are:

e TheGetiDsOfNames() step described previously can be removed, aypeeinformation
includes the integer ID of each method or property.

e Better type checking can be performed.

Languages that use tlmspatch  interface after consulting type information ar@Wwm as
early-bound.

Most COM-aware languages, including Visual Basielpgbi, and Python have techniques that
allow the programmer to choose between the bindiadels. Later in this chapter we discuss
the differences when using Python.
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Using or | mplementing Objects

There is a clear distinction between using COM aisjand implementing COM objects. When
you use a COM object, you make method calls onbgecoprovided externally. When you
implement a COM object, you publish an object vathumber of interfaces external clients can
use.

This distinction is just as true for th@spatch  interface; programs that use I@ispatch
object must call theetiDsOfNames() andinvoke() methods to perform method calls or
property reference. Objects that wish to allow teelves to be called viaispatch  must
implement thesetiDsOfNames() andinvoke() methods, providing the logic for translating
between names and IDs, and so forth.

In the PythonCOM world, this distinction is knows @ient- and server-side COM. Python
programs that need to use COM interfaces use «idetCOM, while Python programs that
implement COM interfaces use server-side COM.

InProc Versus L ocalServer Versus RemoteServer

COM objects can be implemented either in Window4.£ar in separate Windows processes
via an EXE.

Objects implemented in DLLs are loaded into thecpss of the calling object. For example, if
your program creates an object implemented in a,Dhat object's DLL is loaded into your
process, and the object is used directly from the.rhese objects are known lagroc

objects.

Objects implemented in their own process, obvigusbe their own process. If your program
creates a COM object implemented in an EXE, COMraatically starts the process for the
object (if not already running) and manages thenping between the two processes. Objects
implemented in an EXE that run on the local maclaireeknown asocalServer  objects, while
objects implemented in an EXE that run on a remwehine are known amoteServer

objects. We discugsemoteServer objects in the later sectidRython and DCOM

These options are not mutually exclusive; any dlijan be registered so that it runs in either,
all, or any combination of these.

In most cases, you don't need to be aware of @8l @nplementation detail. You can simply
create an object and exactly how that object iaterkis managed for you. There are, however,
some instances where being able to explicitly adniris behavior is to your advantage.

Python and COM suppoitProc , LocalServer , andRemoteServer o0bjects, as discussed
throughout this chapter.

Python and COM

The interface between Python and COM consists ofdiscrete parts: thgthoncom Python
extension module and thén32com Python package. Collectively, they are known as
PythonCOM.

Thepythoncom module is primarily responsible for exposing ra® interfaces to Python.
For many of the standard COM interfaces, sucistesam or IDispatch , there is an
equivalent Python object that exposes the inteyfiackis example, ayistream and

PylDispatch  Object. These objects expose the same methotie astive COM interfaces they
represent, and like COM interfaces, do not suppaperties. Theythoncom module also
exposes a number of COM-related functions and aotsst

4 of 33 23/8/2005 11:3



Python Programming on Win32: Chapter 12 Advancatid?yand COM http://www.oreilly.com/catalog/pythom&R/chapter/ch12.hti

5 of 33

Thewin32com package is a set of Python source files thathesgythoncom module to provide
additional services to the Python programmer. Asiast Python packagesin32com has a
number of subpackagegn32com.client is concerned with supporting client-side COM (i.e.
helping to call COM interfaces), amth32com.server  is concerned with helping Python
programs use server-side COM (i.e., implement COterfaces). Each subpackage contains a
set of Python modules that perform various tasks.

Using Automation Objects from Python

As we discussed previously, automation objectsC&®# objects that expose methods and
properties using thispatch  interface. So how do we use these objects frordey The
win32com.client ~ package contains a number of modules to providesacto automation
objects. This package supports both late and bartiings, as we will discuss.

To use anDispatch -based COM obiject, use the methaaB2com.client.Dispatch() . This
method takes as its first parameter the ProgIDL@&ID of the object you wish to create. If you
read the documentation for Microsoft Excel, yoiiril the ProgID for Excel is

Excel.Application , SO to create an object that interfaces to Exrss,the following code:

>>> import win32com.client
>>> x| = win32com.client.Dispatch("Excel.Applicatio n")
>>>

xI is now an object representing Excel. The Excelidentation also says that a boolean
property namedisible  is available, so you can set that with this code:

>>> x|.Visible = 1
>>>

L ate-Bound Automation

Late-bound automation means that the language ddeste advance knowledge of the
properties and methods available for the objecte\Vdn property or method is referenced, the
object is queried for the property or the methou] i the query succeeds, the call can be made.
For example, when the language sees code such as:

xl.Visible = 1

the language first queries tkie object to determine if there is a property namwiedle , and if
so, asks the object to set the value to 1.

By default, thewin32com.client ~ package uses late-bound automation when usingtsbja
the examples we've seen so farms2com.client package has determined thsble
property is available as you attempt to use ithtnparlance of PythonCOM, this is known as
dynamic dispatch.

If you look at the object, Python responds with:

>>> x|
<COMObject Excel.Application>

This says there's a COM object nangeckl.Application . Python knows the name
Excel.Application from the ProgID that created the object.

Early-Bound Automation

The PythonCOM package can also use early bindinG@M objects. This means that the
information about the object model (i.e., the prtipe and methods available for an object) is
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determined in advance from type information sugpbg the object.

Python uses the MakePy utility to support earlysmbautomation. MakePy is a utility written

in Python that uses a COM type library to genePatidnon source code supporting the interface.
Once you use the MakePy utility, early bindingtloe objects is automatically supported,;
there's no need to do anything special to takerddga of the early binding.

There are a number of good reasons to use MakePy:

e The Python interface to automation objects is fasteobjects supported by a MakePy
module.

¢ Any constants defined by the type library are matlable to the Python program. We
discuss COM constants in more detail later in tegoter.

e There is much better support for advanced parangies, specifically, parameters
declared by COM as BYREF can be used only with Ngksupported objects. We
discuss passing parameters later in the chapter.

And there are a few reasons to avoid MakePy:

e Using a MakePy-supported object means you muskakePy before code that requires
it can be used. Although this step can be auton{agegdmade part of your program), you
may choose to avoid it.

e The MakePy-generated files can be huge. The fireigeed for Microsoft Excel is
around 800 KB, a large Python source file by anipsindards. The time taken to
generate a file of this size, and subsequently Rgtieon compile it, can be quite large
(although it's worth noting Python can then imgbé& final.pyc file quickly).

Running MakePy

MakePy is a normal Python module that lives inwie82com\client directory of the
PythonCOM package. There are two ways to run tripts

e Start PythonWin, and from the Tools menu, seleetitttm COM Makepy utility.

e Using Windows Explorer, locate the client subdioggtunder the maiwin32com
directory and double-click the filmakepy.py.

In both cases, you are presented with a list cdaibjMakePy can use to support early binding.

We will try this out, continuing our example of ngiMicrosoft Excel. Let's start PythonWin,
and select the COM Makepy utility from the ToolsmaeYou are then presented with a list that
looks similar to that shown iRigure 12-1
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Figure 12-1.An example list of objects presented by MakePy

Type Library | =
Intemrst Explorer Scaipting Object Maodel (1.0

Itk 1.0 Type Libaan [1.0]

JET Expression Service Type Libealy [4.0]

L Libeaty (1.0 —
LaypoulDTC 1.0 Type Libracy [1.0)

Lobus Nobes Autamaton Classes [1,0]

MSFlexGnd Wwizad [1.0]

MSYM YO A epositony Inbegration [12.0

MEVSA fukomatable Event Sounces Ingtaller 1.0 Type Li.
MEVSA, Aukomatable Inproc Event Cresboe 1.0 Type Lib
MEVSA Event Source Installer 1.0 T vpe Litwarg [1.0]

MEVSA Inprocess Evert Creabor 1.0 Tppe Library [1.0)
MEWSA Uzer Inkerlace [1.0)

TS 20 Acmin Type Libiarp [1.0)

Mamues Contiol Library [1.0)

Marques OLE Cortrol modade [1.0]

Microzoft AD0 Data Contral & 0 (OLEDE] (6.0

Micromoét Access B0 Object Libeany (3.0

hd
[ PR T (T SR | | S L

Cancel L]

The exact contents of the list depends on the soéwou have installed on your PC. Scroll
down until you find the entry Microsoft Excel 8.(bfect Library (1.2, or the entry that
represents the version of Excel you have instalied)) press Enter. You should see a progress
bar displayed as MakePy does its thing, and wherptate, you should see a message in the
PythonWin interactive window:

Generating to c:\Program Files\Python\win32com\gen_ py\00020813-0000-0000-C000-00000C

Your first reaction may be one of horror: how aoel gupposed to use a filename that looks like
that? The good news is that you don't need tousstPythonCOM as normal, but from now
on, all references to the Excel object model usestirly binding features generated by MakePy.

Now we have created MakePy support; let's seeatiion. You can either use the existing
PythonWin session, or start a new session anchessaime code used earlier to create the
Excel.Application object:

>>> jmport win32com.client

>>> x|=win32com.client.Dispatch("Excel.Application" )
>>>

And you can still set theisible  property:

>>> x|.Visible=1
>>>

At this stage, the only difference is when you ptitexl object:

>>> x|
<win32com.gen_py.Microsoft Excel 8.0 Object Library ._Application>
>>>

If you compare this with the output Python preseémtethe previous example, note that Python
knows more about the object; it has referencechdéimee of the type library (Microsoft Excel
8.0 Object Library) and the name of the objectefndd by Excel itself (Application ).

How MakePy works

In most cases, you don't need to know how MakeRksytut in certain cases, particularly
when tracking down problems, it is handy to know.

Themakepy module generates Python source code into a sthnmasource file. The items in
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this file may include:
e A standard Python class for each automation objettided in the type library
e A set of constants exposed by the type library

The Python class has one method for each of thieadetdefined by the object and a list of
properties supported by the object. Let's takeok & some generated code.

Let's open the source file you generated previdiasiiMicrosoft Excel. The simplest way to
open this file is to copy the name of the file frme PythonWin interactive window, then paste
it into the File Open dialog of your favorite edito

To find the class definition for the Excelpplication ~ object, you can perform a search for

class _Application , and locate code similar to this:
class _Application(DispatchBaseClass):
CLSID = pythoncom.MakellD('{000208D5-0000-0000-C0O 00-000000000046}")
def ActivateMicrosoftApp(self, Index=defaultNamed NotOptArg):
return self._ApplyTypes_(0x447, 1, (24, 0), ((3 D)L\
'ActivateMicrosoftApp’ , None, Index)
def AddChartAutoFormat(self, Chart=defaultNamedNo tOptArg, \
Name=defaultNamedNot OptArg, \
Description=defaultN amedOptArg):
return self._ApplyTypes_(0xd8, 1, (24, 0), ((12 1), (8,1), (12, 17)\
'AddChartAutoFormat’, None, C hart, Name, Description)

There are many more methods. Each method inclh@esame of each parameter (including a
default value). You will notice the series of magiambers passed to th&pplyTypes_()

method; these describe the types of the paramaterare used by the PythonCOM framework
to correctly translate the Python objects to tlipiiredVARIANT type.

Each class also has a list of properties avail@bléhe object. These properties also have
cryptic type information similar to the methods,@operties also benefit from the increased
knowledge of the parameters.

At the end of the generated source file, thereRgthon dictionary describing all the objects
supported in the module. For example, our modutegded for Excel has entries:

CLSIDToClassMap ={

'{00024428-0000-0000-C000-000000000046}' : _Query Table,
'{00024423-0001-0000-C000-000000000046}' : ICusto mView,
'{00024424-0001-0000-C000-000000000046}' : IForma tConditions,
'{00024425-0001-0000-C000-000000000046}' : IForma tCondition,
'{00024420-0000-0000-C000-000000000046}' : Calcul atedFields,
# And many, many more removed!

}

This dictionary is used at runtime to convert CObjeats into the actual classes defined in the
module. When the PythonCOM framework receivetapatch  object, it asks the object for
its Class ID (CLSID), then consults the map for ¢less that provides the interface to the
object.

Forcing Early or Late Binding

When you use thein32com.client.Dispatch() method, the PythonCOM framework
automatically selects the best available bindingho if MakePy support for an object exists,
it provides early binding; otherwise the dynamispditch method provides late binding. In
some cases, you may wish to get explicit contrelrakie binding method.

Thewin32com.client.Dispatch() method achieves this functionality by initiallyestking to
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see if MakePy support exists for the object. If Rk support doesn't exist, the Python module
win32com.client.dynamic is called to perform the late-bound functionalify. force late

binding for your objects, use thén32com.client.dynamic module directly, bypassing any
MakePy-generated objects.

Thewin32com.client.dynamic module contains only one function designed to dexllby

Python programmersjin32com.client.dynamic.Dispatch() . This function is used in the
same way asin32com.client.Dispatch() , except that MakePy support is never used for the
returned object.

To force the use of early binding to access COMatisj you must force the MakePy process in
your code. Once you have ensured the MakePy sugpists, use

win32com.client.Dispatch() as usual. It always returns the MakePy-supporteghpers for
your COM object.

To force the MakePy process, thi@32com.client.gencache module is used. This module
contains the code that manages the directory ofegigenerated source files: the generated
cache, ogencache. There are a number of useful functions in thiglude, and you are
encouraged to browse the source file if you neqabtform advanced management of these
generated files.

To generate a MakePYy file at runtime, you neechtmnkthe unique ID of the type library (a
CLSID) and its version and language identifier.sTinformation is usually not easy to find, so
the MakePy module supports a convenient methodtairothis information.

If you run the MakePy script with & parameter, instead of generating the source moiule
prints the information necessary to force the Makafcess at run-time. The easiest way to do
this is to perform the following steps:

1. Start PythonWin and select F—:Run.

2. Click on the Browse button and locate the filakepy.py in thewin32comiclient
directory.

3. Enter i in the arguments control.
Your dialog should now look something likggure 12-2

Figure 12-2.Running MakePy with the -i argument
RunScipt K

Seript File | Files\Pythor\win32cam'clisntmakepy py Browse. ..

Argumenils |-i | ok I

[ Run under debugger

¥ Emable post-montem debuaging Eancel

Click on the OK button and again select the entigrésoft Excel 8.0 Object Library (1.2).
You should see the following text printed in thel@yWin interactive window:

{00020813-0000-0000-C000-000000000046}, Icid=0, maj or=1, minor=2

>>> # Use these commands in Python code to auto ge nerate .py support

>>> from win32com.client import gencache

>>> gencache.EnsureModule('{00020813-0000-0000-C00 0-000000000046}, 0, 1, 2)

Let's tie all this together in a file that demoasts what we've covered so far.

The following example first creates a late-boungecbfor Microsoft Excel, then forces
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MakePy to be run over the type library and createaly-bound object. You do nothing with
the object; simply print the object to the outpuhdow:

# LateAndEarly.py - Demonstrates how to force
# late or early binding of your COM objects.

import win32com.client
import win32com.client.dynamic

print "Creating late-bound Excel object"
xI = win32com.client.dynamic.Dispatch("Excel.Applic ation")
print "The Excel object is", "xI'

print "Running makepy for Excel"

# NOTE - these 2 lines are copied verbatim from the output

# of makepy.py when run with the -i parameter.

from win32com.client import gencache
gencache.EnsureModule('{00020813-0000-0000-C000-000 000000046}, 0, 1, 2)

xI =win32com.client.Dispatch("Excel.Application™)
print "The Excel object is", "xI'

Note that you copied the outputredkepy -i  verbatim into your source code.

Before running this code, remove the existing caxthpy files. If you run this code with a
previously generated MakePYy file for the Excel obj& won't be created again. To delete the
cache ofpy files, locate théython\win32com\gen_py directory and delete it. You can delete
the entire directory or just the files in the digey. Be sure to remove all files, not just thg
files.

If you run this code, notice that a progress balisplayed as thgy file is generated, and this
newly generated module is used for the early-babject. If you then run this code a second
time, notice you get the same output, but no géioerarocess; this demonstrates you can force
late-bound objects to be used, even when earlysMakePy support exists for the object.

The output from this script should be:

Creating late-bound Excel object

The Excel object is <COMODbject Excel.Application>

Running makepy for Excel

The Excel object is <win32com.gen_py.Microsoft Exce | 8.0 Object
Library.Application>

Differences Between Early and Late Binding

There are a number of differences between usirg a@ad late binding within Python. All these
changes are specific to Python and not to COMfit$&lese differences are most significant
when moving from code that uses late binding teedbet uses early binding.

The key difference is the handling of parameterdact, these differences are so significant that
we discuss them separately later in the se¢arssing and Obtaining Python Objects from
CcoM."

Another fundamental difference is case sensititite binding is generally not sensitive to the
case of methods and properties, while early bindingjo see an example of this, create a
late-bound Excel object and adjustvtsible  property. As discussed in the previous section,
you force a late-bound object even if MakePy supexists for the object:

>>> import win32com.client.dynamic

>>> x|=win32com.client.dynamic.Dispatch("Excel.Appl ication")
>>> x|.Visible=1

>>> print xI.VISIBLE

1
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>>>
You can use botkiisible andVISIBLE in this context.

Now let's try the same example using early bindidgsume that you have generated MakePy
support for Microsoft Excel and use the same code:

>>> import win32com.client
>>> x|=win32com.client.Dispatch("Excel.Application" )
>>> x|.Visible=1
>>> print xI.VISIBLE
Traceback (innermost last):

File "<stdin>", line 1, in ?

File "c:\\Program Files\Python\win32com\gen_py\000 20813-0000-0000-C000-00000000004
line 1462, in _ _getattr_

raise AttributeError, attr

AttributeError: VISIBLE

Note that usingyISIBLE fails. The reason is simple; when using late migdPython asks Excel
for avisible  property and then for\@siBLE property. Excel itself is case-insensitive, so it
happily indicates both properties are OK. Whengisiarly binding, Python source code is
generated, and all property and method referenegsaadled by Python itself. Because Python
is case-sensitive, it allows only the case thateEseports for the property--in this case

Visible . When the early-binding code attempts towuseLE , Python raises the exception
without consulting Excel.

Using COM Constants

Many COM type libraries also include enumeratiamisich are named constants and used with
the type library. For example, the type librarydigeth Microsoft Excel includes constants
namedkiAscdending , xIDescending , and so forth, and are used typically as paramébefor
return values from) methods or properties.

These are made available from the Python obj@gtcom.client.constants , for example,
win32com.client.constants.xlAscending

It's important to note that the constants for e&kpge don't exist until the MakePy-generated
module has been imported; that is, until you createse an object from the module. You can
see this in action if you start Python and attetnpeference a constant from the Microsoft
Excel type library:

>>> from win32com.client import constants, Dispatch
>>> constants.xlAscending
Traceback (innermost last):
File "<stdin>", line 1, in ?
File " win32com\client\_ _init_ _.py", line 53,in_ _getattr_
raise AttributeError, a
AttributeError: xIAscending
>>>

You can see that attempting to use these consesuls in an attribute error. However, if you
first create arExcel.Application object, the constants become available:

>>> x|=Dispatch("Excel.Application")
>>> constants.xIAscending
1

Of course, because these constants are read frgpe dbrary, they aren't available when you

use late-bound (or dynamic dispatch) objects. imdhse, you must use integer literals, rather
than named constants in your source code.

Passing and Obtaining Python Objectsfrom COM
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COM supports a variety of argument types, using/BfRIANT data structure. The types that can

be passed to COM functions include integers aratglof various sizes, strings, date/time
values, COM objects, or arrays of any of thesedype

In many cases, PythonCOM can translate betweeroRythjects an®ARIANT structures

seamlessly. When you call a COM object and pasgleoR object, PythonCOM automatically
creates &ARIANT of the right type and passes therIANT to COM. In the absence of any hints,

PythonCOM performs the translations as listedable 12-landTable 12-2In Table 12-1 for
example, you can see that a Python integer is aitoafly converted to ®¥ARIANT typeVvT_l4 .

Table 12-1:Default Python Object to VARIANT Trandlation

Python Object Type VARIANT Type
Integer VT_l4
Long Integer VvT_l4 if the value is less than 232,r_I8 if greater
String/Unicode VT_BSTR
Float VT_R8
PyTrue /PyFalse VT_BOOL
None VT_NULL
yvin3200m.client.Dispatch VT_DISPATCH
instance
PylIDispatch VT_DISPATCH
,g\ll)ljg(t:t:sr Pyl* PythonCOM VT_UNKNOWN
Pywintypes PyTIME object VT_DATE

An array of VARIANTS; each element of the sequeisce

Any other Python sequence | (o using this table

&nbsp:

Table 12-2: Default Python Object to
VARIANT Trandation

VARIANT Type Python Object

VT_BOOL
VT_I2

Integer
VT_l4
VT_ERROR
VT_R4

Float
VT_RS8
VT_DISPATCH PylDispatch
VT_UNKNOWN PylUnknown
VT_BSTR PyUnicode
VT_NULL

None
VT_EMPTY
VT_DATE Pywintypes PyTIME object

In some cases, these translations aren't suit@plexample, a COM object may be picky about

the VARIANT types passed and accept onlyrai2 integer, not a/T_14 integer. This should be

considered a bug in the COM object, but it doegpkapln this case, you must use early-bound
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COM by using MakePy. The code generated by Make&lydes information about the types
of parameters expected by the COM object, and yileoRCOM framework correctly coerces
the Python object into the requiredrIANT type. If you can't use MakePy for your COM
object, you must get your hands dirty and usePiimispatch.InvokeTypes() method
manually; this is how MakePy gets the behavioogsl The use ofivokeTypes() is beyond
the scope of this book.

Just as with the C and Visual Basic languageqdssible in COM to pass objects by value or
by reference. Passing by value means the valugsised, and changes to the value aren't
reflected in the calling object. Passing by refeeemeans a pointer to the value is passed, so
changes to the value are reflected in the callljgat.

Python doesn't support this concept; it's not jbs$0 pass simple parameters by reference in
Python. The common pattern is for Python to rethenvalues from the function.

Fortunately, parameters passed by reference telnel &voided. The Microsoft Office suite
doesn't use them, nor do any of the other typariies you could reasonably assume are
installed on your PC. This makes demonstratingptibblem using real code somewhat
difficult, but as an example, let's assume you rieezll a function that in C looks like:

BOOL GetSize( int *left, int *right, int *top, int *bottom);
Your C code to call this function looks like this:

int left, right, top, bottom;
BOOL ok;
ok = GetSize( &left, &right, &top, &bottom);

Or in Visual Basic, the code looks like:

Declare GetSize( ByRef left as integer, ByRef right as integer, _
ByRef top as integer, ByRef bottom as integer) as Integer

ok = GetSize(left, right, top, bottom);

In Python, the code looks something like:

left, right, top, bottom = GetSize() # Exception in dicates error.

Note that the output parameters have been conviertb@ function result; the same style is
used for PythonCOM. It's critical to note, howeubgt ByRef-style parameters may be
detected only when using early-bound dispatchotf gaven't used MakePy for the type library,
PythonCOM may not detect that the parameters aeeoh marked as by reference and therefore
may not work as expected.

The moral of the story is this: for anything otllean simple arguments, it's highly
recommended you use MakePy to force early-bounghttik. If you have any problems with
COM parameters and aren't using MakePy, try switcho it, and your problem is likely to go
away.

Using Other COM Interfaces

So far, we have only discussed usibigpatch  (or automation) COM objects from Python and
only via Python helper classes. Although this esriost common way to use COM objects,
more advanced applications often need native CQétfaces.

To illustrate this contingency, we will demonstrdte use of native interfaces with a little
utility to dump statistics from a Microsoft Offiaoplication file (e.g., a Word document or
Excel spreadsheet).
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COM provides a technology known sisuctured storage. This is a set of functions and
interfaces that allows you to store rich, hierazahstreams of data inside a single file, often
referred to as a "filesystem within a file."

Part of this implementation provides for standam@pprties about the file--the author of the file,
for example. Windows Explorer is aware of theseriiaices and can display the properties
without any knowledge of the application that ceelahe file. Microsoft Office stores its
documents in structured storage files, and theedfoe Windows Explorer can display rich
information about Office documents.

To access these properties, call a COM functiavptn the structured storage file. This
operation results in RylStorage  object, a Python object that wraps the CQMrage

interface. If the document has standard propergms get these through the COM
IPropertySetStorage interface, which means you should perforuaryinterface() on the
PylStorage Object to get the needed interface. Then opepribygerty set you want and query
for the properties.

We won't discuss thieropertySetStorage andIPropertyStorage interfaces in any detail;
the focus for this example is how to work with COterfaces from Python, not what these
particular interfaces do:

# DumpStorage.py - Dumps some user defined properti es
# of a COM Structured Storage file.

import pythoncom
from win32com import storagecon # constants related to storage functions.

# These come from Objldl.h
FMTID_UserDefinedProperties = "{F29F85E0-4FF9-1068- AB91-08002B27B3D9}"

PIDSI_TITLE = 0x00000002
PIDSI_SUBJECT = 0x00000003
PIDSI_AUTHOR = 0x00000004
PIDSI_CREATE_DTM = 0x0000000c

def PrintStats(filename):
if not pythoncom.StglsStorageFile(filename):
print "The file is not a storage file!"

return
# Open the file.
flags = storagecon.STGM_READ | storagecon.STGM_ SHARE_EXCLUSIVE
stg = pythoncom.StgOpenStorage(filename, None, flags )
# Now see if the storage object supports Proper ty Information.
try:
pss = stg.Querylnterface(pythoncom.lID_IPro pertySetStorage)

except pythoncom.com_error:
print "No summary information is available"
return
# Open the user defined properties.
ps = pss.Open(FMTID_UserDefinedProperties)
props = PIDSI_TITLE, PIDSI_SUBJECT, PIDSI_AUTHO R, PIDSI_CREATE_DTM
data = ps.ReadMultiple( props )
# Unpack the result into the items.
title, subject, author, created = data
print "Title:", title
print "Subject:", subject
print "Author:", author
print "Created:", created.Format()
if  _name_ _==" _main_
import sys
if len(sys.argv)<2:
print "Please specify a file name"
else:
PrintStats(sys.argv[1])

The first step is to check whether the file is idl@ structured storage file, then call
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pythoncom.StgOpenStorage() to obtain a PythoRyistorage interface object. You call the
Python interface objects just like normal Pythofeots, as you'd expect. The
Querylnterface() method can be used on any Python interface olgedtreturns a new
interface object or throws an exception.

The output of running the example over the Micro¥dbrd document that contains this
chapter is:

C:\Scripts>python.exe DumpStorage.py "Python and CO M.doc"
Title: Python and COM

Subject:

Author: Mark Hammond

Created: 03/04/99 00:41:00

C:\Scripts>

A final note on native interfaces: Python can'tmuparbitrary COM interfaces; thgthoncom
module (or gythoncom extension) must have built-in support for therifstee. Fortunately,
there are toolgythoncom developers use that largely automate the prodesspporting new
interfaces.

Error Handling

COM uses three schemes to report error informatiaient applications:

e All COM interface methods return an integer statode (known as aRRESULY, with
COM defining many common values for theggESULS. There is aRiRESULTtO indicate
success and a numberHHESULS that indicate warnings. All otheRESULTvalues
indicate an error status.

e COM defines two special interfaces that report motéel error
information-1SupportErrorinfo andierrorinfo . When any method fails, the client
can perform &ueryinterface() to determine if the interface supports providing
additional error information.

e IDispatch  (automation) interfaces have a standard techrfmueporting COM
exceptions. When abispatch  object encounters an error, it fills out an eximapt
structure and returns it to the caller.

The PythonCOM framework combines all these errporéng mechanisms into a single,
Python-exception mechanism. This means you cantefédy ignore the three techniques listed:
PythonCOM unifies them, so you never need to know the details of an error were obtained.

All COM errors are reported to Python programsgyasncom.com_error  exceptions. The
exception value has the following parts:

e TheHRESULTOf the COM function.

e A text representation of trHRESULT For example, if thelRESULTIS E_NOINTERFACEthe
text representation is (for English users) "No sitérface supported.”

e Additional exception information as described latethis chapter, oKone if no
additional information is supported.

e If the error is due to a parameter to a functionindeger indicating the parameter in
error. This may belone or -1 if no information about the argument in ercan be
determined.
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The error codes are worthy of discussion. The COMsrstate that if additional exception
information is available, theRESULTshould bewin32con.DISP_E_EXCEPTION . However, not
all COM objects meet this requirement, so the bemahouldn't be relied on. If additional
exception information is available, it will be gte of:

e An additional error code for the error (theode)

e The source of the error as a string, typicallyapplication name

e A text description of the error

e The name of a Windows help file with additionaldmhation about the error
¢ A help context to identify the topic in the WindoWwslp file

e Yet another error code for the error (Huade)

As mentioned, if this exception information is dable, theHRESULTShould be
win32con.DISP_E_EXCEPTION . In this case, either the&ode or thesCode contains the actual
error. One of these must be zero, but it dependl@nbject implementing the error exactly
which is used.

Let's see some code that catches a COM exceptorhis example, we'll write a function to
open an Excel spreadsheet. If this function faiks print all the details known about the error.
First, let's define the function:

>>> from win32com.client import Dispatch
>>> import pythoncom
>>> def OpenExcelSheet(filename):
try:
x| = Dispatch("Excel.Application™)
xl.Workbooks.Open(filename)

except pythoncom.com_error, (hr, msg, exc, arg):

print "The Excel call failed with code %d: %s" % (hr, msg)

if exc is None:
print "There is no extended error i nformation”

else:
wcode, source, text, helpFile, help Id, scode = exc
print "The source of the error is", source
print "The error message is", text
print "More info can be found in %s (id=%d)" % (helpFile, helpld)

>>>

As you can see, there's a Pythaeept block to catch all COM errors. The first thingdo is
print the generic information about the messaga) ttheck for extended information. If the
extended information exists, decode and print tihat

To try this function, you could use the followingde (assuming, of course, you don't have an
Excel spreadsheet namied.xls lying around):

>>> OpenExcelSheet("foo.xIs")

The Excel call failed with code -2147352567: Except ion occurred.

The source of the error is Microsoft Excel

The error message is 'foo.xls' could not be found. Check the spelling of the
file name, and verify that the file location is cor rect.

If you are trying to open the file from your list o f most recently used
files on the File menu, make sure that the file has not been renamed,

moved, or deleted.
More info can be found in XLMAIN8.HLP (id=0)

The first line of output displays the ravResuLTfor the function. In this case, it's
winerror.DISP_E_EXCEPTION , and we do have extended error information, seeEsc

16 of 33 23/8/2005 11:3



Python Programming on Win32: Chapter 12 Advancatid?yand COM http://www.oreilly.com/catalog/pythom&R/chapter/ch12.hti

following the COM rules. The second line displdys application that generated the error. The
full error text is large: in this case five lines! The error messages have been designed to be
placed directly in a message box for the user.lastdine of the text tells us the name of the
Windows help file that contains further informatiabout the error.

| mplementing COM Objectsin Python

Implementing a COM object using Python means yquos& a Python object to be used by any
COM-aware environment, such as Visual Basic or Bielp

In Chapter 5, we presented a simple example otlaoR\yclass exposed as a COM object. In
this section, we provide a more detailed picturexgfosing Python objects via COM.

Implementing a COM Server

In Chapter 5 we presented a sample COM server.eMaisple recaps that code:

# SimpleCOMServer.py - A sample COM server - almost as small as they comel!
#

# We simply expose a single method in a Python COM object.
class PythonUtilities:
_public_methods_ = [ 'SplitString' ]
_reg_progid_ = "PythonDemos.Utilities"
# NEVER copy the following ID
# Use "print pythoncom.CreateGuid()" to make a new one.
_reg_clsid_ = "{41E24E95-D45A-11D2-852C-204C4F4 F5020}"

def SplitString(self, val, item=None):
import string
if item != None: item = str(item)
return string.split(str(val), item)

# Add code so that when this script is run by

# Python.exe, it self-registers.

if_  name_ _=="_main_ _
print "Registering COM server..."
import win32com.server.register
win32com.server.register.UseCommandLine(PythonU tilities)

The main points from the example are:

e Most COM servers are implemented as Python cla3éese classes have special
attribute annotations that indicate how the ohggublished via COM; our sample uses
the minimum possible to register and expose a CéiMes.

e Thewin32com package automatically registers and unregister£tM server.

The list of annotation attributes can be brokeo tmto sets: those that expose the object via
COM and those that allow the object to be registeta COM.Table 12-3lists the annotations
used at runtime; registration attributes are cav@rg¢he next section.
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Table 12-3:Runtime-Related Annotationson COM Objects
Attribute Description

A list of strings that indicate the names of thélmumethods for the
object. COM objects can use only methods listeé,htée rest are
considered private. This is the only required latie; all others are
optional.

A list of strings that indicate the public attribat(or properties) for the
object. Any attributes not listed here are congdearivate. Any
attributes listed here but not ireadonly_attrs_ can be read or written.
It is possible to list the name of Python methoelehin which case the
property is implemented by calling the Python mdthather than
fetching the attribute directly.

A list of attributes that should be considered realy. All names in this
_readonly_attrs_ list should also be inpublic_attrs_ , otherwise they shouldn't be
exposed.

_public_methods_

_public_attrs_

A method (not the name of a method) that provitiesdefault value for
the object. We present an example of this in thepéacode. Because
this is a method, the typical way to implement tkito add a method to
your class namedvalue_ .

A method (not the name of a method) that's use¢hen the client using
_NewEnum this object requests an enumerator. This functiastrprovide a function
that conforms to the enumerator specification.

_value_

Used when the client using this object requesev#aduate it. This

_Evaluate
appears to be a rarely used COM concept.

Registering Your COM Server

Although our sample object implements registrabbthe object, we haven't discussed it in
detail.

Registering an object is the process of allowirggdhject to be independently created; once an
object is registered, a language can use its stanelehniques for creating COM objects to
access it, e.gGreateObject() in Visual Basic owin32com.client.Dispatch() in Python.

There are many cases where you wish to implem@a/d object but don't need it registered.
For example, let's assume you are designing armctaiedel for an editor that has a root
Application  object, and inside thispplication ~ object there are a numbermfcument

objects. In this case, you would typically wantegister thexpplication ~ object (clients need
to be able to create this object directly) butmegfister thebocument object (making requests
on theApplication ~ object creates these). In this case, you donit teespecify any registration
information for thedocument object.

To prepare an object for registration, you neegrtwvide additional attribute annotations on the
object. The registration process uses these aimdb provide the correct information in the
Windows registry for the object. The full list adgistration related attributes can be found in
Table 12-4
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Table 12-4:Registration-Related Attributeson COM Objects
Attribute Description

The ProgID for the object. This is the name of @@\
object clients use to create the object.

Optional description of the COM object. If not sified,
_reg_progid_ is used as the description.

_reg_progid_

_reg_desc_

An optional string identifying the Python moduledahe
object in the module. The PythonCOM framework ubes
_reg_classspec_ string to instantiate the COM object. If neithesthor
_reg_policyspec_  are provided, the COM framework
determines the value from the command line.

An optional string identifying the PythonCOM polity be
_reg_policyspec_ used for this object. If not provided, the defadticy is
used. See the sectidRolicies' later in this chapter.

The version-dependent ProgID. This is typically BveglD
with a version number appended. For example, tbense
version of a particular server may have a ProgID of
Python.Object ~ and a VerProgld afython.Object.2

_reg_icon_ The default icon for the COM object.

The default threading model for the COM object.sTimiust
be one of the COM-defined values acceptable for the
_reg_threading_ ThreadingModel key of the COM server, eApartment ,
Free , Or Both . If not specifiedBoth is used. SeAppendix
D, Threads, for a discussion on COM threading models.

A list of category IDs for the server. See the COM

_reg_verprogid_

_reg_catids_ . . ) ;
documentation on categories for more information.
A dictionary of additional keys to be written teethegistry
reg_options for the COM object. The PythonCOM framework doesn't

define the values for this; it's up to the auttwospecify
meaningful values.

The contexts defining how this object is to be stgied.

This attribute defines if the COM obiject is registbas an

InProc  object (i.e., implemented by a DLL) or a
_reg_clsctx_ LocalServer  object (i.e, implemented in an EXE). If not

specified, the default @fLSCTX_LOCAL_SERVER

CLSCTX_INPROC_SERVER used (i.e., the object is registered

as bothnproc andLocalServer ).

A boolean flag indicating if the COM object sholid
associated with the list of PythonCOM servers itesizon
the machine. If not specified, the object is assed with
the PythonCOM servers.

The dispatcher for the COM object. Dispatcherdangely

a debugging aid, allowing you to snoop on your COM

_reg_debug_dispatcher_spec_ object as calls are made on it. Dispatchers aselylo
related to policies but aren't covered in this book

_reg_disable_pycomcat_

_reg_dispatcher_spec_

The modulevin32com.server.register contains many utilities for registering and
unregistering COM servers. The most useful of thiesetions isUseCommandLine() , which
allows you to register any number of Python clasdemg this function is a no-brainer; pass to
this function the class objects you wish to expose.
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In the COM example, we include the following code:

if_  name_ _=="_main_ _
print "Registering COM server..."
import win32com.server.register
win32com.server.register.UseCommandLine(PythonU tilities)

The PythonUtilities object is the class to register. Adding this fiorality allows the COM
object to be registered or unregistered from thrernand line as detailed ifable 12-5

Table 12-5:Command-Line Options Recognized by UseCommandLine
Command-Line

Option Description

The default is to register the COM objects.

_unregister Unregisters the objects. This removes all referetcé¢he objects from
the Windows registry.

debu Registers the COM servers in debug mode. We distelzsgging

--debug O
COM servers later in this chapter.

--quiet Register (or unregister) the object quietly (idan't report success).

Each option uses a double hyphen. For exampleuif €OM objects are implemented in
Your Server.py, use the following commands.

To register objects:

C:\Scripts> Python.exe YourServer.py

To unregister the objects:

C:\Scripts> Python.exe YourServer.py --unregister

To register the objects for debugging:

C:\Scripts> Python.exe YourServer.py --debug

With a standard Python setup, double-clicking ¢tython COM server script in Explorer has
the same effect as the first example and regititerserver.

Error Handling for COM Servers

When you implement a COM object, it's often necgsiareturn error information to the
caller. Although Python has a powerful exceptiorchamism, the caller of your objects is likely
to be Visual Basic or Delphi, so standard Pytharepkons don't really work.

To support this, th@in32com.server.exception module exposes th@MException Python
object in order to raise an exception to COM. Tdhgect allows you to specify many details
about the error, including the error message, #meenof the application generating the error,
the name of a help file in which the user can fdditional information, etc. See the
win32com.server.exception module for more details.

The PythonCOM framework makes the assumption th&ython exceptions other than
COMEXxception indicate a bug in your code. Thus, your objecuddiwt allow normal Python
exceptions to be raised when calling your methbdsshould take steps to handle these Python
exceptions and translate them to an appropti@ieException .

As an example, let's assume you want to publiskethad calledqrt() that returns the square
root of its argument. If you use the following code
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def sqrt(self, val):
return math.sqrt(val)

you have a potential problem; in fact, a few onthéf you pass anything other than a positive
number to your function, the code fails, and a Bytbxception is raised. This is considered a
bug in your COM object. To improve this functiorseuthe following code:

def sqrt(self, val):
try:
return math.sqrt(val)
except (TypeError, ValueError):
raise COMException("The argument must b e a positive number", \
winerror.DISP_E_TYP EMISMATCH)

This version of the code does the right thingraps the exceptions that may be raised by the
math.sqrt()  function and raises @MException 0bject with a useful message and value.

Policies

PythonCOM policies are an advanced topic and tylgidan't need to be understood to
successfully use Python and COM. However, if yoedn® perform advanced techniques using
Python and COM, this information is valuable. Yoaynwish to skip this section and come
back to it when the need arises.

A PythonCOM policy determines how Python objectsexposed to COM; the policy dictates
which attributes are exposed to COM and the IDsdlatributes get. The policy actually sits
between COM and your object and is responsibleggponding to thedispatch  interface's
GetlDsOfNames() andinvoke() functions. The policy dictates how thedgpatch  calls are
translated into the references to your Python dbjec

The default PythonCOM policy is suitable in mostes and all the examples to date have used
the default policy. The policy implemented is:

e All methods named in thepublic_methods_  attribute are exposed to COM. Any
method not listed inpublic_methods_ IS considered private.

o All properties named in theublic_attrs_ attribute are exposed to COM. If the
property name also appears in the attribededonly_attrs_ , it can be read, but not
written; otherwise, users of this object can chahgeproperty.

e Other special attributes can obtain advanced beha¥ou can review the full list of
attributes inTable 12-4

What this means is that the PythonCOM framewomdfidoesn't determine how an object is
exposed via COM; it's determined by the policy.

The PythonCOM package provides two useful polidies:default policy (known as the
DesignatedWrapPolicy, because the attributes expaaeCOM must be explicitly designated)
and the DynamicPolicy that implements a far mdver&l approach to publishing objects.
These policies are implemented in th&32com.server.policy module.

The DynamicPolicy requires your Python class tolengent a single function named
_dynamic_ , and this function must implement the logic toedetine if the COM call is
requesting a property reference or a method call.

To demonstrate the DynamicPolicy, we present a radvanced COM server in the following
example. The aim of this COM server is to exposeetttire Python string module. Anyone
using Visual Basic or Delphi can then use all thimg-processing functions available to
Python.
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Before we look at the code, there are a coupleitp:

e The Unicode strings bite us again! As COM pasdestrithgs as Unicode, you need to
convert them to Python strings before the stringluh® can work with them.

e Most of the registration data is the same as diszlipreviously, except there is a new
attribute,_reg_policy_spec_ . This attribute identifies that you need to use th
DynamicPolicy rather than the default DesignatedWidicy.

e The handling ofbispatch.GetIDsOfNames() has been done for you (théynamic_
methods deal with attribute names), and the pdlas/dealt with the IDs for the
attributes.

e There is some extra internal knowledge of COM nd@demplement thedynamic_
method. Specifically, you need to differentiatevitn a property reference and a method
call. Also remember that VB is not case-sensitivieile Python is.

# DynamicPolicy.py -- A demonstration of dynamic po licies in PythonCOM
import string

import pythoncom

import pywintypes

import winerror

import types

from win32com.server.exception import COMEXxception

def FixArgs(args):
# Fix the arguments, so Unicode objects are
# converted to strings. Does this recursively,
# to ensure sub-lists (ie, arrays) are also con verted
newArgs =[]
for arg in args:
if type(arg)==types.TupleType:
arg = FixArgs(arg)
elif type(arg)==pywintypes.UnicodeType:
arg = str(arg)
newArgs.append(arg)
return tuple(newArgs)

class PythonStringModule:
_reg_progid_ = "PythonDemos.StringModule"
_reg_clsid_ = "{CB2E1BC5-D6A5-11D2-852D-204C4F4 F5020}"
_reg_policy_spec_ = "DynamicPolicy"

# The dynamic policy insists that we provide a method
# named _dynamic_, and that we handle the IDisp atch::Invoke logic.
def _dynamic_(self, name, Icid, wFlags, args):
# Get the requested attribute from the stri ng module.
try:
item = getattr(string, string.lower(nam e))
except AttributeError:
raise COMException("No attribute of tha t name", \
winerror.DISP_E_MEMB ERNOTFOUND)

# Massage the arguments...
args = FixArgs(args)

# VB will often make calls with wFlags set to
# DISPATCH_METHOD | DISPATCH_PROPERTYGET, a s the VB
# syntax makes the distinction impossible t 0 make.
# Therefore, we also check the object being referenced is
# in fact a Python function
if (WFlags & pythoncom.DISPATCH_METHOD) and \
type(item) in [types.BuiltinFunctionType , types.FunctionType]:
return apply(item, args)
elif wFlags & pythoncom.DISPATCH_PROPERTYGE T:
return item
else:
raise COMException("You can not set thi s attribute",
winerror.DISP_E_BADV ARTYPE)

# Add code so that when this script is run by
# Python.exe, it self-registers.
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if _hame_ _=='"_main_

“import win32com.server.register
win32com.server.register.UseCommandLine(PythonS tringModule)

To test the COM object, use the following VBA code:

Sub Test()
' Create the Python COM objects.
Set stringmod = CreateObject("PythonDemos.Strin gModule™)

' Call string.split
response = stringmod.Split("Hello from VB")
For Each Item In response

MsgBox (Item)

Next

' Call string.join

MsgBox "The items joined are " & stringmod.join (response)

' Get string.uppercase

MsgBox "The upper case character are" & stringm od.uppercase

' Attempt to set a property - this should fail.
stringmod.uppercase = "Hi"

End Sub

When you run this code, you should see a seriesestage boxes, followed by an error dialog.
As mentioned in the code, the attempt tosseiy.uppercase should fail, and indeed it does.

As you can see, the DynamicPolicy has given youdbks to wrap any arbitrary Python object,
rather than requiring you to explicitly declare fhéblic interface. Depending on your
requirements, this may or may not serve your puwester than the default policy, but if
neither of these policies meet your requirement, rite your own! Th@ython.Dictionary
sample COM object (implemented in the modute2com.servers.dictionary ) implements
its own specialized policy, so it's a good starpogt if you need to go this route.

Wrapping and Unwrapping

Whenever you expose a Python object via COM, yduisdly expose armispatch  object. As
described previously, theispatch  interface is used to expose automation objectss;Th
whenever a Visual Basic program is using a Pythohbject, VB itself is dealing with a
COM IDispatch  object. The Python COM framework provides tthispatch  object that
wraps your Python COM class instance. Wheneve€tkl framework creates a new Python
COM object, the general process is:

¢ An instance of the selected policy for the objedtreated.
e The policy creates an instance of your Python class

e An IDispatch  Object is created that wraps the Python policyi¢tvim turn wraps your
instance).

e ThelDispatch  object is returned to the client (e.g., Visual iBas

Thus, when you need to createlaigpatch  from a Python class instance, you should wrap the
object. Unwrapping is the reverse of this procésgu have anbispatch  object that wraps a
Python instance, you can unwrap thigpatch ~ object, returning the underlying Python
instance.

In many cases you don't need to worry about thise\Wou expose a COM obiject that can be
directly created via COM, the Python COM framewhbéndles all the wrapping for you.
However, there are a number of cases where thegxplapping of objects is necessary.

The most common scenario is when you need to ex@p@3eM object via some sort of factory
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method; that is, rather than allowing the useréate your object directly using VB's
CreateObject()  , you return the object from another object. Miafv©ffice provides good
examples of this behavior: the object model defitwis or Paragraph objects, but you can't
create them directly. You must create Apglication ~ object and use it to create or reference
Cells andpParagraphs .

We will use a contrived example to demonstratenttepping and unwrapping of objects. But
before that, we take a small digression into texpines that debug the COM objects. These
debugging techniques demonstrate wrapping and ypivrg and also how to usgspatch
objects passed as parameters.

Debugging Python COM Objects

When you use COM clients such as Excel from Pytlgon,can employ the same debugging
techniques as for any Python code; you are singlling Python objects. However, when you
implement COM objects in Python, things become ndiiffecult. In this case, the caller of your
Python code isn't Python, but another applicatsoich as Visual Basic or Delphi. These
applications obviously have no concept of a Pytiaception or a Python traceback, so finding
bugs in your Python code can be a problem.

In a nutshell: register your COM objects usiagpug on the command line. Then use the Trace
Collector Debugging Tool item on the PythonWin Toolenu to see any print statements or
Python exceptions. The rest of this section is te/to how this works.

To assist with the debugging problem, the PythotMdtmework has the concept of a
dispatcher. A dispatcher is similar to a policy object, bigmhtches calls to the policy. The
win32com package provides a number of useful dispatchers.

When you register the COM Server wittebug (note the double hyphen), the registration
mechanism also registers a dispatcher for yourcobjéne default dispatcher is known as
DispatcherWin32trace, although you can specify a different dispatchémgithe
_reg_debug_dispatcher_spec_ attribute on your object, as described in theieaskection
"Registering Your COM Server

The defaulDispatcherwin32trace uses thevin32trace module to display its output. To see
the output of a COM server when debugging, uséthee Collector Debugging Tool item on
the PythonWin Tools menu.

The Final Sample

A final sample COM server demonstrates wrappinguamdrapping objects, how to use
IDispatch  Objects when passed as parameters to COM functosalso how to debug your
COM servers. This example is contrived and doekingtuseful other than demonstrate these
concepts.

The sample exposes two COM objectBa@nt object and &hild object. TheParent object
is registered with COM so VB code can @seateObject  to create it. Thehild object isn't
registered and can be created only by callingthgecChild) ~ method on thearent . The
child object has no methods, justiane property.

The Parent object also has a method calledthild() , that should be called withGaild

object previously created by the parent. KBeChild() method demonstrates how to use the
IDispatch ~ passed to the method and also how to unwraptpatch  to obtain the

underlying Python object.

Finally, the code has a numberpafit statements and a lack of error handling. We use th
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load theDefaultDebugDispatcher

debugging by usingdebug

# ContrivedServer.py

#

# A contrived sample Python server that demonstrate
# wrapping, unwrapping, and passing IDispatch objec

# Import the utilities for wrapping and unwrapping.
from win32com.server.util import wrap, unwrap

import win32com.client

# Although we are able to register our Parent objec
# our Child object is not registered, so this won't
# the debugging behavior for our wrapped objects, w
debugging =1
if debugging:
from win32com.server.dispatcher import DefaultD
useDispatcher = DefaultDebugDispatcher
else:
useDispatcher = None

# Our Parent object.

# This is registered, and therefore creatable

# using CreateObiject etc from VB.

class Parent:
_public_methods_ = ['CreateChild’, 'KissChild']
_reg_clsid_ = "{E8F7F001-DB69-11D2-8531-204C4F4
_reg_progid_ = "PythonDemos.Parent"

def CreateChild(self):
# We create a new Child object, and wrap
# it using the default policy
# If we are debugging, we also specify the
child = Child()
print "Our Python child is", child
wrapped = wrap( child, useDispatcher=useDis
print "Returing wrapped", wrapped
return wrapped

def KissChild(self, child):
print "KissChild called with child", child
# Our child is a PylDispatch object, so we
#to use it as such. To make it into somet
# we must convert it to a win32com.client.D
dispatch = win32com.client.Dispatch(child)
print "KissChild called with child named",

# Now, assuming it is a Python child object
# unwrap it to get the object back!

child = unwrap(child)

print "The Python child is", child

# Our Child object.

# This is not registered

class Child:
_public_methods_ =]
_public_attrs_ = ['Name']
def _ _init_ _(self):

self.Name = "Unnamed"

if _name_ _=="_ _main_
import win32com.server.register
win32com.server.register.UseCommandLine(Parent,
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debugging techniques to see thege statements and also a Python exception raised:

t for debugging,
work. To get
e must do it ourself.

ebugDispatcher

F5020}"

default dispatcher

patcher)

will attempt
hing useful,
ispatch object.
dispatch.Name

, let's

debug=debugging)

Before you register your class, we must mentionesofrthe debugging-related code. Near the
top of the source file, we declare a variable nageedgging . If this variable isrue , you then
and assign it to a variable. In theateChild()
you pass this dispatcher to thwap function. This is due to a quirk in the debug nathm. As
mentioned previously, the registration mechanidowa you to register an object for

on the command line. While this works fine foredig you
register, recall that owrhild object isn't registered, so it doesn't benefitfthis mechanism;

method,
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this code enables it for both objects. Also no# ftou pass this debugging variable to the
UseCommandLine() function. This allows you to control the debuggbehavior totally from

your debugging variable. If set, debugging is eealibr all objects, regardless of the command
line. If not set, you don't get debugging for eithbject.

So you can register this COM server like the o@@M servers; no need for anything special
on the command line. You register the server byinmthe script (either from within
PythonWin, or using Windows Explorer). After regaion, you should see the message:

Registered: PythonDemos.Parent (for debugging)

The next step is for some VB code to use your ¢biear this demonstration, you can use the
following Visual Basic for Applications code fronitteer Excel or Word:

Sub DebuggingTest()
Set ParentObj = CreateObject("PythonDemos.Parent" )

Set child = ParentObj.CreateChild()
MsgBox "Child's name is " & child.Name

ParentObj.KissChild child
MsgBox "I kissed my child"

" Now lets pass a non-python object!
' As we are using VBA (either Word or Excel)
' we just pass our application object.
' This should fail with an InternalError.
Set app = Application
ParentObj.KissChild (app)
End Sub

This code is simple: it create®aent object, then calls thereateChild() method, giving a
child object. You fetch the name of the child, then &gt in a message box. The next step is
to call thekisschild) ~ method and display another message box when skaskcomplete.

The final step is to call theissCchild) ~ method, but pass a different object, in this ¢hee

Excel (or Word)application ~ object.

Before running this code, you should open the winttwat displays the debugging output and
select the Trace Collector Debugging Tool itemimRythonWin Tools menu.

Now, let's run the Visual Basic code and stop effiist message box. The debug window
should now display:

Object with win32trace dispatcher created (object=N one)

in _GetIDsOfNames_ with '(‘CreateChild’,)' and '103 3

in _Invoke_ with 1000 1033L 3 ()

Our Python child is <ContrivedServer.Child instance at 2a8d5e0>

Object with win32trace dispatcher created (object=< ContrivedServer.Child instance ...
Returing wrapped <PylDispatch at 0x2a80254 with obj at 0x2a801c0>

in _GetIDsOfNames_ with '(‘'Name',)' and '1033'
in _Invoke_ with 1000 1033L 3 ()

The first thing to note is there are a number axpected lines; the Python COM framework
has printed some extra debugging information far. yihe first three lines show how internally
GetlDsOfNames() andinvoke() have been translated by the Python COM framewidk.
fourth line is one of yours: it's theint  statement in thereateChild() method. Wrapping
thechild object causes the Python COM framework to priatrtbxt output line, which is
followed by the nexprint  statement.

If you now dismiss the next couple of message boxése VB example, you should see an
error message that looks like thafigure 12-3
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Figure 12-3.Visual Basic error dialog when running the sample

Microzoft Visual Basic

Fun-time ermor 2147467253 (BO004005)":

Unexpected Python Error: exceptions.YalseError: angument is nok a
Python gateway

| e |

As you can see, you have the "Unexpected Pytharr Ediscussed previously, which means
you have an unhandled Python exception in the C&Mes. If you look in the debugging
window, the last few lines are:

in _Invoke_ with 1001 1033L 1 (<PylIDispatch at Ox2a 7bbb4 with obj at Oxcdd4f8>,)
KissChild called with child <PyIDispatch at 0x2a7bb b4 with obj at Oxcdd4f8>
KissChild called with child named Microsoft Word

Traceback (innermost last):

File "L:\src\pythonex\com\win32com\server\dispatc her.py", line 40, in _Invoke_
return self.policy._Invoke_(dispid, Icid, wFlag s, args)

File "L:\src\pythonex\com\win32com\server\policy. py", line 265, in _Invoke_
return self._invoke_(dispid, Icid, wFlags, args

File "L:\src\pythonex\com\win32com\server\policy. py", line 486, in _invoke_
return S_OK, -1, self._invokeex_(dispid, Icid, wFlags, args, None, None)

File "L:\src\pythonex\com\win32com\server\policy. py", line 498, in _invokeex_
return apply(func, args)

File "L:\docs\Book\Python and COM\ContrivedServer .py", line 49, in KissChild
child = unwrap(child)

File "L:\src\pythonex\com\win32com\server\util.py ", line 36, in unwrap

ob = pythoncom.UnwrapObject(ob)
ValueError: argument is not a Python gateway

Here are the full details of the Python exceptibims makes tracking the error much simpler: it
should be obvious that the error occurs when ytmrgdt to unwrap the Microsoft Excel
application object. The unwrap fails because tieer® Python object behind this interface.

One final note relates to how @spatch  object is used as a parameter to a COM function. |
the debugging window, locate the following messages

KissChild called with child <PyIDispatch at 0x2a866 24 with obj at 0x2a865b0>
KissChild called with child named in _GetIDsOfNames __with '('Name',)' and '0'

in _Invoke_ with 1000 OL 2 ()

Unnamed

The Python child is <ContrivedServer.Child instance at 2a7aa90>

The raw parameter issChild() Is in fact aPyIDispatch  object. You may recall from the
start of this chapter thatrgiDispatch  object only has methodsetiDsOfNames() and

Invoke() . To turn the object into something useful, you truse a

win32com.client.Dispatch() object. Once you have thn32com.client.Dispatch object,
use it like any other COM object; in the example, slled thevameproperty.

Python and DCOM

Microsoft has recently enhanced COM to supportitisted objects. These enhancements are
known as distributed COM, or DCOM. The tedmstributed objects refers to objects that
operate on different machines: a COM client and C&er may be on different parts of the
network.

There are a number of reasons why this may be apgeh allows you to host your objects
close to your data; for example, on a server wigih{speed access to a database server.
Microsoft also has a product available called therdsoft Transaction Server (MTS) that
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provides additional facilities for large-scale distited applications. Alternatively, DCOM may
allow you to use specific hardware installed oeraate machine, by running on that machine
and controlling it from your own workstation.

One of the key strengths of the DCOM architectartat in many cases, the objects don't need
to have special code to support distributed obj&®OM manages all this behind the scenes,
and neither the local or remote object need be ety are not running locally.

DCOM comes with a tool that allows you to configtlie DCOM characteristics of the local
machine and of each specific object registeredoam ynachine. For each individual object, you
can specify the machine where that object shouleleeuted. In addition, the code that creates
a new COM object (i.e., the COM client) can spettgyown settings by making slight changes
to the creation process.

To demonstrate DCOM, let's use the stan@atigbn.Interpreter COM object and configure
it to be created on a remote machine. Here's theeps:

1. Configure DCOM on the remote machine.
2. Configure DCOM and our object on the local machine.
3. Test the remote object using normal COM.

4. Test the remote object using DCOM-specific calls.
Configure DCOM on the Remote M achine

The first step is to configure DCOM on the remot&chine, where the object will actually run.

To configure DCOM, start the DCOM configuration ltby selecting the Run option from the
Windows start menu, and entieomenfg . The mail display is shown irigure 12-4

Figure 12-4.The DCOM configuration tool

Distributed COM Configuration Properties HE|

Aprlications ] Drefsult Froperiies | Defaul Sml}']

Applicatons:

| AFE ServerManager
APE Warker

APE Warkeer Prowider

AFDeclsrationLoader AddinDesignes

Bitmap Image

Clest Applicabon

DME - Document Management Extenszions for M5 Exchange

Fulenem Obgect Libiary

Hierarchy Frelds Object

Image Document

1Pt

Jawa Class: com.ms.wd gnd Gid

Logagent Clasz

Machine Debug Manager

IAF LogonH emobe

e

Madia Clip

Mictasalt Access Datzbase

ticogol Agent Serves 20 ;I

Now select the Default Properties tab and ensateDEOM is enabled for this computer, as
shown inFigure 12-5
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Figure 12-5.DCOM configuration tool with DCOM enabled

Distnbuted COM Configuration Properties I

Applications  Default Froperties | Defaut Securiy |

F (Enable Distibuted COM o this computer

Defaut Distbuled COM commurication propeibes

Thes Avilherlication Level spacifies sscunty 8l the packet [meel
Detault Aythenbcation Level
I&rnl:cl ﬂ

Thea Imparzonabon Level zpecities whather applications can
detesming wiha i calling them. and whether the spplcation can do
operaiions uzEng the chent's idenbhy.

Delault [mpersonahon Level

| 1deniiry |

[~ Provide addiional sscunly for reference tracking

No additional configuration options are requiredtlo® remote machine, but you do need to
ensure the COM object itself is installed on tlasputer. There's nothing special about
registering your object for DCOM; perform a normagjistration process for the object, as
described in the previous sectitRegistering Your COM Server

ThePython.Interpreter object you use is part of the standard Python Qi¥tibution, so it
should have been registered when the Python CObhsixins were installed. However, it can't
hurt to reregister it. To register tRgthon.Interpreter object, perform the following steps on
the remote machine:

1. Start PythonWin.

2. Select File~ Run, select the Browse button, and locate the file
win32com\ser ver s\interp.py.

3. Select OK.

The PythonWin window should report:

Registering COM server...
Registered: Python.Interpreter

Configure DCOM and the Object on the
L ocal Machine

The next step is to configure your local machinkere you actually create and use the object
running on the remote machine.

First, ensure the object is registered on the lowathine; although you don't need to start the
object on this local machine, the object must lggstered locally so the COM and DCOM
architecture know about the object and how to eadit. To register the object locally, perform
the same process you did for registering the olgethe remote machine.

Now start the DCOM configuration tool to configuhee object on the local machine. Use the
same process you used to start the tool on theteemachine, but this time at the local
machine.
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The same initial dialog iRigure 12-4is displayed. Locate thmython.interpreter object in
the list and select the Properties button. Theuliefaoperties for the object should look
something like=igure 12-6

Figure 12-6.Default DCOM propertiesfor the object

Ppthon Interpreter Properhes HE I

Gerwaral properties of this DCOM appication

Apphcation name: Pythan |ntecprater

Applicalion hpe: local sepver

Local path:
C:APRDOGRA ™1 \Python'pylkoneg, exe

oc | I:m|| |

If you select the Location tab, you see the avilaptions. The default setting should indicate
that the application runs only on this computesdbie the local computer option and enable
the "Run application on the following computer"tsg. The remote computer is named
XKIPPY. Now enter the name of your remote machine. Ta®dishould now look something
like Figure 12-7

Figure 12-7.Python.Interpreter object ready for remote testing
Pothon Interpreter Properties K|

General Location ISl:cul:.ll Ideniity |

The following zeltiregs sllow DCOM fo locate e conecl computes for this
apphcabon. [f you make more tan one selechion, then DCOM wses the frst
applicable one Client applications may ovemide your selections,

[~ Run applicabion an the computer whare the data iz located

™ Run application on this computer

W Rur applicabion an the foliowing computss

SEIFRY Browese, .

Select the OK button, and you're ready to go.
Testing the object using normal COM

Before testing, there is a slight complication the¢ds to be addressed. If you recall the
discussion at the beginning of the chapter reggnéitoc , LocalServer , andRemoteServer
objects, it should come as no surprise that re@@®M objects must be hosted by an
executable. It's not possible to use an objectemphted in a DLL, since the object is running
on a different computer than the user of the obgxit must be in a different process. This is
not a problem, since by default all Python COM otgere registered with both executable and
DLL support.

The complication is on the local machine. Althoygl configured DCOM not to run the
object on the local computer, this applies onlydeniServer  objects. If there is amProc
object registered locally, this object is used rdigss of the DCOM settings. As your object is
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registered on the local machine agraanoc  application, you need to take action to ensur thi
version of the object isn't loaded.

It's worth noting that this complication is provitleourtesy of COM and DCOM. There is
nothing Python-specific about this problem; it ¢éxifor all COM objects regardless of their
implementation language. Python is slightly uniquéat the default registration for its objects
are for bothLocalServer  andinProc ; most languages force you to choose one or anqthits
early in the development process. There are tweswagolve this dilemma:

¢ Modify the COM object so it supports onlycalServer  operations by setting the
_reg_clsctx_ attribute in the class. See the earlier sectrRenistering Your COM
Servel for more details.

e Make a slight change to the object creation codexpicitly exclude thenProc version
of the object from being used.

Because we are using the existryghon.Interpreter example, we won't modify the it, but
will go for the second option. You do this by sfgag thecisctx  parameter to the
win32com.client.Dispatch() function. If you decide to change your COM objecsupport
only LocalServer ~ operations, this step isn't necessary, and threcbbjeation code is identical
to the normal object creation process.

To execute the object remotely, start Python oh&yVin on the local computer. First, let's
prove the name of the local machine:

>>> import win32api

>>> win32api.GetComputerName()
'‘BOBCAT

>>>

Now, let's create Bython.Interpreter object. As discussed, you pass a cusienx
parameter to theispatch() ~ function. Because thgsctx  parameter is not the second
parameter, specify it by name:

>>> import pythoncom, win32com.client

>>> clsctx=pythoncom.CLSCTX_LOCAL_SERVER

>>> j=win32com.client.Dispatch("Python.Interpreter" , Clsctx=clsctx)
>>>

Now, let's use this object. Ask it to report whatahine it is on. Then ask the remote interpreter
to import thewin32api module and print the value @fh32api.GetComputerName() . Because
the object is running remotely, expect to see Hraanof the remote computer:

>>> i.Exec("import win32api")

>>> j.Eval("win32api.GetComputerName()")

'SKIPPY"
>>>

If you view the Task Manager for the remote machinwtice a new procegythonw.exe. This
is the process hosting the remote object. If ybease the reference to the object, you should
see the process terminate. To release the referexeeute:

>>> j=None
>>>

And within a few seconds the process on the reiseneer terminates.

As you can see, it worked! Setting up the machiaoe®COM is quite painless, and using the
remote object is as simple as if it were a locgcth

Testing a Remote Object Using DCOM -Specific Calls
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You may have noticed that the DCOM configuratioalaly states "Client applications may
override your selection." So when you configure IMiQou really just provide default values
for non-DCOM-aware programs. In fact, if you wamiake your client code DCOM-aware, it
isn't necessary to configure DCOM on the local nraeht all; your client code provides the
information needed.

To demonstrate this, let's restore the DCOM comdition on the local machine to the defaults.
Restart the DCOM configuration tool and again dell@ePython.Interpreter object. Select
the Location tab and restore the settings to hawfiyst found them. The dialog should look
similar toFigure 12-8

Figure 12-8.Back to the default DCOM configuration for the object
[Python Interproter Properies ——————————EIE|

Gereral  Locabon ISE:uI_I.-l Iderity |

The follovang zattings allw DCOM to locate the conect computes for this
application. | you make more than one selection, then DOOM wses the firg
applicable one. Chent apphcations may ovemde pour selectons.

[~ Rurn applicabon on the computer where the data iz jocated

W Hun applicaton o this computet

™ Aun apphbcation on the: followng compuber

I |

Select the OK button to apply the changes.

First, let's check that the object is indeed restamorrectly. Execute the same lines of code used
previously, but because the DCOM configuration heen restored, the object should be local:

>>> j=win32com.client.Dispatch("Python.Interpreter" , Clsctx=clsctx)
>>> . Exec("import win32api")

>>> |.Eval("win32api.GetComputerName()")

'BOBCAT

>>>

As expected, the local machine name is now beiad,uend you should be able to locate a
pythonw.exe process running on the local computer.

Thewin32com.client.DispatchEx() function allows you to override the DCOM defalitis
your object.

The first parameter tbispatchEx()  is the ProgID for the object you wish to creabe $ame
ProgID you would pass tispatch() . The second parameter is the name of the maahine t
create the object on. If the machine name isnttipd, the call operates identically to
win32com.client.Dispatch()

Let's test drive this function. Although the DCORBgiguration for the local machine is set up
to run locally, use the following code to forceeaniote server:

>>> i=win32com.client.DispatchEx("Python.Interprete r", "skippy", clsctx=clsctx)
>>> . Exec("import win32api")

>>> |.Eval("win32api.GetComputerName()")

'SKIPPY'

>>>

Note that the samgsctx  complications exist here. If the object is registeas amProc
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server locally, all DCOM settings (including thepéigit machine name) are ignored.

Conclusion

In this chapter we took a whirlwind tour of COM. Wevered the important COM concepts
and how they relate to Python and the Python CO8kage. We discussed the differences
between COM interfaces and COM automation objéetsdxpose an object model using the
IDispatch  interface.

Thepythoncom module and thein32com package were introduced, and we discussed how to
use COM objects from Python and how to use nati@®IGnterfaces from Python.

Implementing COM objects using Python was discugselktail. We covered some simple
examples and covered some advanced topics, swetapping and unwrapping your COM
objects, PythonCOM policies, and how to debug yoOM servers.

Finally, we showed you how you can distribute yBython COM objects across various
machines on your network using DCOM.
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