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1. COM Reusability Mechanisms

= The key point to building reusable components
IS black-box reuse .

= |n other words, the code attempting to reuse a
component adepends upon the behavior of the
component and not the exact implementation

= To achieve black-box reusability, CON
through which
one object may reuse another.

= Containment and Aggregation

ref. COM Specification 0.9 - ch2
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1. COM Reusability Mechanisms

Containment(delegation) vs Aggreg ior

Outer Component

ref. Inside COM - ch8

2004-10-15 HyunSoo Kim



2004-10-15

N

oo

s

S/

ontainment(adeleg
DELAIINIEW,
CheeCLENISTICS
B il Proje) el



2. Containment (delegation) — detail view,
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2. Containment (delegation)

= (Characteristics

= Quter Component Inner Component
Interface  Client

= The outer object behaves like an object
client to the inner object .

= Merit & demerit
= Aggregation

= Inner Component Interface,
method
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2. Containment (delegation) - Example  _-'.' |

= Example Implementation codé:_f_

// Component A (Outer Component)
class CA : public IX, public IY ¢

public:
// lUnknown
virtual HRESULT __ stdcall QuerylInterface(const 11D& iid, void** ppv) ;

/1 Interface IX
virtual void __stdcall FXa() { cout << "Fx" << endl ;}

/7 Interface 'Y
virtual void __stdcall FYa() & i P12 0R:

V4 (m_p1Y)
HRESULT __ stdcall Init() ;

private:
long m_cRef ;
/4 Component 1Y interface

IY* m_plY ;
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2. Containment (delegation) - Example program
T
= Example Implementation codé — 7
| S
HRESULT __ stdcall CA:: Init()
{
HRESULT hr = ::CoCreatelnstance(CLSID Compoenentz;
NULL,
CLSCTX_INPROC_SERVER,
1ID_1Y,
(void**)&m_ plY) ;
if (FAILED(hr))
{ trace("Could not create contained component.”) ;
return E_FAIL ;
¥
else { return S_OK ; }
}
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HRESULT __ stdcall CFactory:-Createlnstance (IlUnknown>
pUnknownOuter,const 11D& iid,void** ppv)

{
// Cannot aggregate
if (pUnknownOuter = NULL)
{ return CLASS_E_NOAGGREGATION ; }

/7 Create component.

CA™ pA = new CA ;
if (pA == NULL)

{ return E_OUTOFMEMORY ; }

/7 Initialize the comipornent:

HRESULT hr = pA-=Init()r;

if (FAILED(hr))

{ // Initialization failed. Delete component.
pA->Release() ;
return hr ; }

/7 Get the requested interface.

hr = pA-=>Querylnterface(iid, ppVv) ;
pA->Release() ;
return hr ;
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2. Containment (delegation) - Example: pr;_

2004-10-15

HRESULT __ stdcall

CA::QuerylInterface(const 11D& iid, void** ppv)

{
if (iid == 1ID_IUnknown) {
*ppv = static_cast<IX*>(this) ;
}
else if (iid == 1ID_IX) {
*ppv = static_cast<IX*>(this) ;
}

else if (ild == 1ID_1Y) {
*ppv = static_cast<lY*=>(this) ;
}

else{

*ppv = NULL ;

return E_NOINTERFACE ;
}
reinterpret_cast<lUnknown*=(*ppv)-=AddRef() ;

return S_OK ;
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3. Aggregation

= (Characteristics

aggregation

= Merit & demerit

= Aggregation is a convenience to allow the outer
object to avoid extra ImplEmentatiGRROVERIEEIHS

2004-10-15



3. Aggregation — problem

¢ Problem

= The goal of aggregation Is to convince the
client that an interface implemented by the
Inner component is implemented by the
outer component.

= Pass to the client an interface pointer
Implemented in the usual way by the inner
component, the client gets of
the component.

ref. Inside COM - ch8
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3. Aggregation problemi; Quer Jr
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3. Aggregation problem2 : Reference C o,-mz
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3. Aggregation — solution

= Solution %

= To support aggregat r], the wmoonemr
actually |mplements Ewo Ug}/ﬂown
mterface i

ref. Inside COM - ch8 p
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3. Aggregation — solution

¢ Delegating & NonDelegating Unknewn

= Delegating unknowin lunknewn memer
function call to either the outer Unknewin or the
nondelegating unknoewn

= Nondelegating Unknownimplements lUnKknown fol
the components in the usual way.

If the component is Not aggregates, the
delegating unknown forward call te

~.nondelegating unknown.

. If the component is aggregated, the
delegating unknown forwards calls to) the

~.outer unknown.
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3. Aggregation — solution
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3. Aggregation — example Queryl\'{f
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3. Aggregation — Example Program

Delegating
Unknown

Class relation

NonDelegating
Unknown

Outer COMo
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//

class CA : public IX

public:

private:

Component A (Outer Component)

// public IY -> Interface 1Y q{

// 1lUnknown

virtual HRESULT __ stdcall QuerylInterface(const 11D& iid, void** ppv) ;
// Interface IX

virtual void __stdcall Fx() { cout << "Fx" << endl ;}

// Initialization function called by the class factory to create the contained component

HRESULT __ stdcall Init() ;

// Reference count

long m_cRef ;

// Aggregation IY interface
IY*m_plY;

/7 IUnknown interface

IlUnknown* m_ pUnknownlnner ;

HyunSoo Kim



3. Aggregation — Example Program

= Example Implementation cod

HRESULT __ stdcall CA::Init()
{

2004-10-15

W
NS

]
A
s

// Get the pointer to the outer unknown.
// Since this component is not aggregated, the outer unknown
/1 is the same as the this pointer.

IlUnknown* pUnknownOuter = this ;

HRESULT hr =::CoCreatelnstance(CLSID_AggreComponent2,
pUnknownOuter,
CLSCTX_INPROC_SERVER,
11D _IUnknown,

(void**)&m_ pUnknownlnner) ;
if (FAILED(hr))
{
}

// This call will increment the reference count on the outer component.

hr = m_pUnknownlnner->Querylnterface(11D_1Y, (void**)&m_plY) ;
if (FAILED(hr))
{
}

// We need to release the reference count added to the
// outer component in the above call. So call Release
// on the pointer you passed to CoCreatelnstance.
pUnknownOuter->Release() ;

return S_OK ;

HyunSoo Kim



// Outer Component’s Querylnterface

HRESULT __ stdcall

CA::Querylnterface(const 1I1D& iid, void** ppv) {
if (iid == 11D_1Unknown) {
*ppv = static_cast<lUnknown*=(this) ;
} else if (iid == 1I1D_I1X) {
*ppv = static_cast<IX*>(this) ;

yelse if (ild == 11D_1Y){
return m_pUnknownlnner->Querylnterface(iid,ppv) ;

else

{

*ppv = NULL ;

return E_NOINTERFACE ;
ke

reinterpret_cast<lUnknown*>(*ppv)->AddRef() ;

return S_OK;
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3. Aggregation — Example Program
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Example Implementationi code— 2

// **** Component B (Inner Component)

INondelegatingUnknown Interface

// , lUnknown
struct INondelegatingUnknown
{

virtual HRESULT __ stdcall NondelegatingQuerylInterface( const
[ID&, void** ) = 0;

virtual ULONG __ stdcall NondelegatingAddRef() = O;
virtual ULONG __ stdcall NondelegatingRelease() = O;

HyunSoo Kim



3. Aggregation — Example Program

2004-10-15

f f;

|
"

Example Implementation|code ™"

// NondelegatingQuerylnterface.
HRESULT __ stdcall CB.:NondelegatingQuerylnterface (const D& iid,

{

void** ppv)

if (iid == 11D__IUnknown) {
*ppv = static_cast<INondelegatingUnknown*=(this) ;
H
else if (iid == 11D_1Y) {
*ppv = static_cast<lY*>(this) ;

}

else {

*ppv = NULL ;

return E_NOINTERFACE ;
}

reinterpret_cast<lUnknown*>(*ppv)-=>AddRef() ;

return S_OK ;

HyunSoo Kim



3. Aggregation — Example Program
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Example Implementation Code =8

r‘l * -'.-Z'

=) l

// Component B
class CB : public 1Y, public INondelegatingUnknown {

public:

// Delegating IUnknown

aggregate ) (m_pUnknownOuter)
//
// Aggregation , delegating unknown nondelegating unknown

virtual HRESULT __ stdcall
Querylnterface(const 11D& iid, void** ppv) {
return m_pUnknownOuter->Querylnterface(iid, ppv) ;

}

virtual ULONG __stdcall AddRef() {
return m_pUnknownOuter->AddRef() ;

}
virtual ULONG __stdcall Release() {

return m_pUnknownOuter->Release() ;

}

HyunSoo Kim



3. Aggregation — Example Program _,
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Example Implementation code —7

Inner Component’s Constructor

CB::CB(1Unknown* pUnknownOuter)

: m_cRef(1) {
::InterlockedIncrement(&g_cComponents) ;

If (pUnknownOuter == NULL)
{
m_pUnknownOuter = reinterpret_cast<lUnknown*= &

(static_cast<INondelegatingUnknown*=>(this)) ;
}

else {

m_pUnknownOuter = pUnknownOuter;
}

HyunSoo Kim



Inner Component’s IClassFactory::Createlnstance ()

HRESULT __ stdcall
CFactory::Createlnstance(lUnknown*
pUnknownOuter,const 11D& iid, void** ppv)

// Aggregate only if the requested iid is 11D_lUnknown.
if ((pUnknownOuter != NULL) && (iid !'= 1ID_IUnknown)) {
return CLASS_E_NOAGGREGATION ;

}
/7 Create component.

CB* pB = new CB(pUnknownOuter) ;

if (0B == NULL){
return E_OUTOFMEMORY ;
}

/7 Get the requested interface.
HRESULT hr = pB->NondelegatingQuerylnterface

(iid, ppv) ;
pB->NondelegatingRelease() ;
return hr ;
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IlUnknown @

CA::Init() <CTN. ... L ot
| CoCreatelnstance(CLSID_B,
@ pOuter,11D_lunknown,**m_pl

= 3
Q IUnknown ’ IIQ'nde[ g |
B CB::CB(pOuter)  «Gesrrmssres
@ - kEirs e
' m_pOuter = pOuter
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WalkThrough - Aggregation

Outer Com Inne'r',_; -' .'  il Delegating

"\\‘

B

NonDelegating

Unknown lUnKnown

1
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WalkThrough - Aggregation

Inner Component’s Constructor
CB::CB(1Unknown* pUnknownOuter)

: m_cRef(1) {
::InterlockedIncrement(&g_cComponents) ;

iIf (pUnknownOuter == NULL)
{

m pUnknownOuter = reinterpret_cast<lUnknown*=>

(static_cast<INondelegatingUnknown*=(this)) ;
}

else {

m_pUnknownOuter = puUnknownOuter ;
}

> Inner COM Inner COM
Inner COM member variable m_pUnknownOut
. Component standalone
(CoCreatelnstance ozl == 1\|U b ¢
m_pUnknownOuter casting Py e
aggregation (CoCreatelnstanc : perar

I= NULL) Outer COM
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IAREN COI\/I":
Yy NDOI
> NDA
NDR |
pDQI/
L DAR
‘ DR

> if (iid == 11D_12z) 2l

{... Ent

*ppv = static_cast<IZ*>(this) ; ...
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WalkThrough — Aggregation(Sta rJrJrlJonr\)

* Interface | "
Delegatinglu‘ 1}’ruv\m m
NonDelegatingUnkno\
Querylnterface 5 :..-"-'
Delegating

NonDeIegatmgUn "
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WalkThrough — Aggregation(Standalone)

*
CoCreatelnstance()
->ClassFactory::Createlnstance( )
->Constructor // Delegating Unknown

m_pUnknownOuter

->DelegatingUnknown Interface
Query

* Interface Interface
Query

Delegating Unknown method
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