COM, DCOM, ActiveX

« Components a la Microsoft

- Compare with OpenDoc

e Trying to solve the same problem
- Building programs using separately deliverable
components
 Technology buzzwords
- COM: Common Object Model
DCOM: Distributed COM
OLE: Object Linking and Embedding
ActiveX

e Microsofts usage
- Building blocks of WinXX & applications

» Relation with OpenDoc

- COM: bottom-up additions of solutions, ad-hoc

- OpenDoc: 'top-down’, clean development of
distributed components
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Overview

* The big picture

OLE Controls

I(OLE) Documents

In-Place Activation
(Visual Editing)

Linking

Property Events Property Change
Pages Notification

Embedding

Drag and Drop

A 4 A 4 A 4

Naming and Connectable
Binding

Uniform

Data Transfer Objects

v
Persistent Objects

(possible)
use

4
Type Information

Structured Storage Depenaency

A 4 A 4

Component Object Model:
Objects and Interfaces
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(D)COM Architecture

e Qverview

o class
Client , factory basic
| Server programming
: abject architecture
o i | ?
| ! i -:-bJ .
i Irvter . COmM SCM(z) ! Inter. [stubil cCom remoting
obyj. 2 rebist o i ]
ProRy | prosy library VEPIB r¥ E/ stub d lirary architecture
SCM  [—=D— SCM
| wire
registry ' recistry FJF'Z_'1'3'30|
! architecture
RPC ¢hannel S
! ! obiject

Ohject exporter

OxID ___b QxID

resolver resolver

Client machine Firy client —-rD— Firg server Server machine

« COM/DCOM
- Compare with CORBA

« Therest (OLE, ...)

- Compare with OpenDoc
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Component

 What is a component (in this context)?

Function calls to
objectinterfaces

Client

\

- Component=
Server

Object

00 0O

Object

- Client code accesses functionality

- Functionality is offered via interface

- Basically: client/server

e Interface

- Set of functions

Distributed Object Systems 09/17/99
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Interface

e Binary standard and usage

Interface —>| IpVibl | —>
pointer

private
object
data

Pointer to Function 1 Object

implementation

Pointer to Function 2 of interface

functions
Pointer to Function 3

vV

- Client uses interface pointer

- Points to function table + object data

- Basically: C++ implementation

e Client sees:

Interface pointer >0 Object
o——

e But

- Interface pointer is not the object (no identity!!)

- Interface pointer is ‘channel’ to object

 But what is then identified?

- Interface has 128 bit globally unique identifier

(IID: Interface id)

- Class: group of interfaces, also has id

(CLSID: Class id)

Distributed Object Systems 09/17/99
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Interface

* Object supports multiple interfaces
- E.qg. IDataObject, IPersistent, I...

- Convention: interface name starts with 'I'

* Object always supports a 'minimal’
Interface

- lUnknown

e |[Unknown offers

- Queryl nt er f ace for finding out if another
interface is supported

- AddRef , Rel ease for reference counting

Distributed Object Systems 09/17/99
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Interface

e Written in an IDL (Interface Description
Language)

/1 uuid and definition of IGidl

[ object,
uui d( 3CFDB283- CCC5- 11D0- BAOB- 00A0C90DF8BC) ,
hel pstring("1Gidl Interface"),
poi nt er _def aul t (uni que)

]

interface 1Gidl : I Unknown {
i mport "unknwn.idl";
HRESULT get([in] SHORT n, [in] SHORT m [out] LONG *val ue);
HRESULT set([in] SHORT n, [in] SHORT m [in] LONG val ue);
1

- Grid of values example
 Interface is given unigue id (via uuid)
- Calculated by external tool UUIDGEN

- Based on time + location

e Immutable
- Once defined, never changed
- Version management by adding new interfaces
(gives cluttering ...)
e Result of function

- Return code

- EXxceptions have to be arranged otherwise
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Interface

e |Interface: abstract class

[ ...
]

interface 1Gid2 : | Unknown {
i mport "unknwn.idl"
HRESULT reset([in] LONG val ue);

};
- A second one

e Can be combined into concrete class

/1 uuid and definition of type library

[ uui d(3CFDB281- CCC5- 11D0- BAOB- 00A0OC90DF8BC) ,
version(1.0),
hel pstring("grid 1.0 Type Library)

]
library GRIDLI b

{
importlib("stdole32.tlb");

// uuid and definition of class
[ uui d(3CFDB287- CCC5- 11D0- BAOB- 00A0C90DF8BC) ,
hel pstring("Gid C ass")

]

/1 multiple interfaces
coclass CGid
{ [default] interface |Gidl;
interface 1Gid2;
b
b

- A la multiple inheritance
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8 Dept. of Comp.Science, UU




Server Implementation

* A method implementation

STDVETHODI MP CGrid::get (IN SHORT n, IN SHORT m OUT LONG
val ue)

{
*value = ma[n][mM;
return S _CK;

}
 But also IUnknown's interface

STDVETHODI MP CGrid:: Querylnterface(REFIID riid, void** ppv) {

if (riitd == 11D_Unknown || riid == 11D_1Gidl)
*ppv = (1 Gidl*) this;
else if (riid == 11D_1Gid2) *ppv = (1Gid2*) this;

el se { *ppv = NULL; return E_NO NTERFACE; }
AddRef (); return S_COK;

- Each object must be able to answer "do you
implement this interface?"

« With a factory for creating

STDVETHODI MP
Cd assFactory: : Creat el)n?t ance(LPUNKNOMW p, REFIID riid, void**
ppv
| Gidl* punk = (IGidl*) new CGid(100, 100);
HRESULT hr = punk->Querylnterface(riid, ppv);
punk- >Rel ease();
return hr;

}
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Server Implementation

« Starting the server

HANDLE hevt Done;

voi d mai n()

{
/'l Event used to signal this main thread
hevt Done = Creat eEvent (NULL, FALSE, FALSE, NULL);
hr = ColnitializeEx(NULL, CO N T_MJLTI THREADED) ;
Cd assFact ory* pcf = new CCO assFactory;
hr = CoRegi sterC assObj ect (CLSID CGid, pcf,

CLSCTX_SERVER, REGCLS MJLTI PLEUSE , &dwRegi ster);

/1 WAt until the event is set by CGid::~CGid()
Wi t For Si ngl eQbj ect (hevt Done, | NFI NI TE);
Cl oseHandl e( hevt Done) ;
CoUninitialize();
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Client Iimplementation

 The usage

void mai n(int argc,
{
|Gidl *pl Gidi;
IGid2 *plGid2;
LONG val ue;

Colnitialize(NULL);

char**argv)

/[l initialize COM

CoCreatel nstance(CLSID C&Gid, NULL, CLSCTX SERVER,

pl Gi dl->get (0, 0, &value);
pl Gidl->Querylnterface(lID I1Gid2, (void**) &pl Gid2);
pl Gri d1->Rel ease();

pl Gi d2->reset (val ue+l);

pl Gri d2- >Rel ease();

CoUninitialize();

}

e An overview

1D I1Gidl, (void**) &l Gidl);

o [ o
COM run—ti tem — fact
et tun—time system /_/:f }ac ory >(5}
() _ Senver object
] mlf A ]
_,—o-'—_"'-'J
COM | //' COM
liborary [1][2][3] library
tif 141 Pl

« Finding the executable/library for a class

- Using the WinXX registry
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Connectable objects

« Kinda Event service, observer pattern

Incoming interfaces

Outgoing interfaces

O— Connectable
o object

e Incoming interfaces

- The 'normal’, called as methods

« QOutgoing interfaces

Client passes sink interiace
pointer to connectable object

Client

Sink

\

Connectable

object

\

<

Conneclable object calis
sink when appropriate

- Implemented elsewhere

- But specified as 'needed' in connectable object

e Connectable object has to implement

i nterface | Connecti onPoi nt Cont ai ner :

{

| Unknown

HRESULT EnuntConnecti onPoi nts( | EnumConnecti onPoints ** ) ;
HRESULT Fi ndConnecti onPoi nt ( REFII D, | ConnectionPoint ** ) ;

}

Distributed Object Systems 09/17/99
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Naming

e Using intermediate components

- Moniker
- Kinda pointer, but more general

- But: not a naming service

e Indirection
(3) (4)
| Sonel nt er f ace pointer Moniker not used anymore
returned to client
Client | Sonel nterface Linking Server

Named
O object I

(2)
Launch server, request an
object, query for client's
requested interface

%) Moniker
(1)

| Moni ker : : Bi ndToObj ec (Persistent)
state identifies

t
(name, named object
1D | Sonel nterface)

e Moniker variants

- File: manages a pathname
- Pointer: non-persistent indirection

- And others, e.g. for composites
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Automation

 Kinda scripting/macro's

- Controlling controllable components

e Controllable component

- Offers interface IDispatch
- Compare with CORBA's dynamic invocation

e Using extra indirection

| D spat ch viabie

pointer other

private pInvoke | D spat ch
object functions

data
.._|I D spatch::Invoke(..)

Object
implementation
of interface
functions

Interface =—3| IpVibl | —> ;;) I Unkown and
—>

DISPID O = ...

DISPID 1= ..

BER

Dispaich table

 And

- Standardized structures for parameter/result
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Compound documents

OLE: Object Linking and Embedding

- Containers containing containable components
e Used in almost any Microsoft application
e Structured storage
o Persistency
* Linking
 Drag and drop

 In-place editing
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Other features

e Type libraries
- TLB is Abstract Syntax Tree of IDL

- Interface available for querying TLB

e Marshalling (with RPC)

- Customization allowed
- Normally done with IDL compiler
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Other iIssues

* Inheritance
- Replaced by aggregration, containment

- Is it object-oriented?

 Distribution
- On top of (longer existing) DCE, RPC package

- When object cannot be found locally, it will be
searched on other machines in the network.

- Through a utility remote objects (servers) can be
registered

- In registry info about remote objects

- At runtime proxies will be used.
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Visual J++ en COM

o Java Type Library Wizard generates
Interface and class files from TLB (Type
Library)

| nport conserver. *; /1l 1nport conserver
- of

| nport conserver. | ConBeeper;

| nport conserver. CConBeeper ;

| ConBeeper testBeep = (| ConBeeper) new
CConBeeper () ;

I nt myTone = testBeep. get Sound();
t est Beep. put Sound( 64) ;
t est Beep. Beep();
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COM Server In Java

e use the JavaTLB tool to generate .CLASS
files based on the type library.

e create a .JAVA source file containing the
Java implementation of the class.

| nport com ns.com *;

| nport nytroupe. *;

public class MyPerformer inplenents
| CanSi ng, | CanDance

{
public void sing() throws Contxception {}

public void hun() throws Contxception {}
public void dance()

t hrows ConException }
public void shuffle()

t hrows ConException {}

}

« COM clients can read the .TLB file to
determine what services your class
exposes

Distributed Object Systems 09/17/99
19 Dept. of Comp.Science, UU




