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1. 1. Main objectivesMain objectives

Learning how to COM Reuse.Learning how to COM Reuse.
Understanding COM reuse mechanism. Understanding COM reuse mechanism. 
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1. 1. Basic ConceptBasic Concept
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1. 1. COM Reusability MechanismsCOM Reusability Mechanisms

The key point to building reusable components The key point to building reusable components 
is is blackblack--box reusebox reuse ..
In other words, the code attempting to reuse a In other words, the code attempting to reuse a 
component component depends upon the behavior of the 
component and and not the exact implementation
To achieve blackTo achieve black--box reusability, COM box reusability, COM 
supports two mechanisms through which through which 
one object may reuse another.one object may reuse another.
Containment and AggregationContainment and Aggregation

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

Containment(delegation)Containment(delegation) vsvs AggregationAggregation
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ref. Inside COM - ch8
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2. 2. Containment(delegation) Containment(delegation) 
Detail viewDetail view
CharacteristicsCharacteristics
Example ProgramExample Program
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2. 2. Containment (delegation) Containment (delegation) –– detail viewdetail view
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2. 2. Containment (delegation)Containment (delegation)

CharacteristicsCharacteristics
Outer ComponentOuter Component는는 Inner ComponentInner Component와와
동일한동일한 InterfaceInterface를를 ClientClient에게에게 노출한다노출한다..
The outer object behaves like an object The outer object behaves like an object 
client to the inner object .client to the inner object .

Merit & demeritMerit & demerit
Aggregation Aggregation 보다보다 간단하게간단하게 구현구현 가능가능..
Inner ComponentInner Component에에 많은많은 interface, interface, 
methodmethod가가 있을있을 경우경우, , 작업량작업량 증가증가, , 비효율적비효율적
임임
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2. 2. Containment (delegation) Containment (delegation) -- Example programExample program

Class relationClass relation
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2. 2. Containment (delegation) Containment (delegation) -- Example programExample program

Example Implementation code Example Implementation code –– 1/41/4
// Component A (Outer Component)// Component A (Outer Component)
class CAclass CA : : public IX, public IYpublic IX, public IY {{
public:public:

// // IUnknownIUnknown
virtual HRESULT __virtual HRESULT __stdcall QueryInterfacestdcall QueryInterface(const IID&(const IID& iidiid, void**, void** ppvppv) ;) ;

..
// Interface IX// Interface IX
virtual void __virtual void __stdcall FXastdcall FXa() {() { coutcout << "<< "FxFx" <<" << endlendl ;};}

// Interface IY// Interface IY

virtual void __virtual void __stdcall FYastdcall FYa() { () { m_m_pIYpIY-->>FYaFYa() ;}() ;}

// // 포함한포함한 컴포넌트의컴포넌트의 인스턴스인스턴스((m_m_pIYpIY))를를 생성하기생성하기 위한위한 초기화초기화 함수함수..

HRESULT __stdcall Init() ;
private:private:

long m_long m_cRefcRef ;;

// // 포함한포함한 ComponentComponent의의 IY interfaceIY interface를를 가리키는가리키는 포인터포인터..

IY* m_IY* m_pIYpIY ;;
} ;} ;
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2. 2. Containment (delegation) Containment (delegation) -- Example programExample program

Example Implementation code Example Implementation code –– 2/42/4

HRESULT __HRESULT __stdcallstdcall CA::Init()CA::Init()
{{

HRESULT hr = ::HRESULT hr = ::CoCreateInstanceCoCreateInstance((CLSID_Component2CLSID_Component2, , 
NULL, NULL, 
CLSCTX_INPROC_SERVER,CLSCTX_INPROC_SERVER,
IID_IYIID_IY,,
(void**)&m_(void**)&m_pIYpIY) ;) ;

if (FAILED(hr))if (FAILED(hr))
{{ trace("Could not create contained component.") ;trace("Could not create contained component.") ;

return E_FAIL ;return E_FAIL ;
}}
else { return S_OK ; }else { return S_OK ; }

}}
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2. 2. Containment (delegation) Containment (delegation) -- Example programExample program

Example Implementation code Example Implementation code –– 3/43/4

HRESULT __HRESULT __stdcall stdcall CFactoryCFactory::::CreateInstanceCreateInstance ((IUnknownIUnknown**
pUnknownOuterpUnknownOuter,const IID&,const IID& iidiid,void**,void** ppvppv))

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

// Create component.// Create component.

CA*CA* pApA = new CA ;= new CA ;
if (if (pApA == NULL)== NULL)
{ return E_OUTOFMEMORY ; }{ return E_OUTOFMEMORY ; }
// Initialize the component.// Initialize the component.

HRESULT hr =HRESULT hr = pApA-->Init() ;>Init() ;
if (FAILED(hr))if (FAILED(hr))
{{ // Initialization failed. Delete component.// Initialization failed. Delete component.

pApA-->Release() ;>Release() ;
return hr ; }return hr ; }

// Get the requested interface.// Get the requested interface.

hr =hr = pApA-->>QueryInterfaceQueryInterface((iidiid,, ppvppv) ;) ;
pApA-->Release() ;>Release() ;
return hr ;   return hr ;   

}}
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2. 2. Containment (delegation) Containment (delegation) -- Example programExample program

Example Implementation code Example Implementation code –– 4/44/4
HRESULT __HRESULT __stdcall stdcall 
CA::CA::QueryInterfaceQueryInterface(const IID&(const IID& iidiid, void**, void** ppvppv))
{ { 

if (if (iidiid == IID_== IID_IUnknownIUnknown)  {)  {
**ppvppv = static_cast<IX*>(this) ;= static_cast<IX*>(this) ;

}}
else if (else if (iidiid == IID_IX) {== IID_IX) {

**ppvppv = static_cast<IX*>(this) ;= static_cast<IX*>(this) ;
}}

else if (else if (iidiid == IID_IY) {== IID_IY) {
**ppvppv = static_cast<IY*>(this) ;= static_cast<IY*>(this) ;

}}
else{else{

**ppvppv = NULL ;= NULL ;
return E_NOINTERFACE ;return E_NOINTERFACE ;

}}

reinterpret_cast<reinterpret_cast<IUnknownIUnknown*>(**>(*ppvppv))-->>AddRefAddRef() ;() ;
return S_OK ;return S_OK ;

}}
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3. 3. AggregationAggregation
Detail viewDetail view
CharacteristicsCharacteristics
ProblemProblem
SolutionSolution
Example programExample program
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3. 3. Aggregation Aggregation –– detail viewdetail view
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3. 3. AggregationAggregation

CharacteristicsCharacteristics
임의의임의의 외부외부 컴포넌트가컴포넌트가 다른다른 컴포넌트를컴포넌트를
aggregation aggregation 했을했을 때때, , 내부내부 컴포넌트에컴포넌트에 대한대한
인터페이스를인터페이스를 다시다시 구현하지구현하지 않는다않는다..
외부외부 컴포넌트는컴포넌트는 aggregationaggregation한한 컴포넌트의컴포넌트의
서비스를서비스를 요청하는요청하는 클라이언트들에게클라이언트들에게 내부내부
컴포넌트의컴포넌트의 인터페이스인터페이스 포인터를포인터를 직접직접 넘겨준다넘겨준다..

Merit & demeritMerit & demerit
Aggregation is a convenience to allow the outer Aggregation is a convenience to allow the outer 
object to object to avoid extra implementation overheadavoid extra implementation overhead..
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3. 3. Aggregation Aggregation –– problemproblem

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 a split view of 
the component.

ref. Inside COM - ch8
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3. 3. Aggregation Aggregation –– problem1problem1
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3. 3. Aggregation problem1: Aggregation problem1: QueryInterfaceQueryInterface( )( )
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3. 3. Aggregation problem2 :  Reference CountAggregation problem2 :  Reference Count
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3. 3. Aggregation problem2 :  Reference CountAggregation problem2 :  Reference Count
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3. 3. Aggregation problem2 :  Reference CountAggregation problem2 :  Reference Count
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3. 3. Aggregation Aggregation –– solutionsolution

SolutionSolution
To support aggregation, the component To support aggregation, the component 
actually implements actually implements two two IUnknownIUnknown
interface.interface.
DelegatingDelegating andand NondelegatingNondelegating UnknownUnknown

ref. Inside COM - ch8



2004-10-15 HyunSoo Kim Component Reuse -25

3. 3. Aggregation Aggregation –– solutionsolution

Delegating &Delegating & NonDelegatingNonDelegating UnknownUnknown

Delegating unknownDelegating unknown forwardsforwards IunknownIunknown member member 
function call to either the function call to either the outer Unknown or theouter Unknown or the
nondelegatingnondelegating unknownunknown
NondelegatingNondelegating UnknownUnknown implementsimplements IunknownIunknown for for 
the components in the usual way.the components in the usual way.

If the component If the component is not aggregatesis not aggregates, the , the 
delegating unknown delegating unknown forward call toforward call to
nondelegatingnondelegating unknownunknown..

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

case 1

case 2
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3. 3. Aggregation Aggregation –– solutionsolution
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3. 3. Aggregation Aggregation –– solutionsolution((not aggregationnot aggregation))
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3. 3. Aggregation Aggregation –– solutionsolution(aggregation)(aggregation)
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3. 3. Aggregation Aggregation –– example example QueryIY QueryIY from IXfrom IX
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3. 3. Aggregation Aggregation –– example example QueryIXQueryIX from IYfrom IY
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3. 3. Aggregation Aggregation –– Example ProgramExample Program
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3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 1/81/8

// Component A (Outer Component)// Component A (Outer Component)
class CA : public IX

// public IY // public IY --> > Interface IYInterface IY를를 상속하지상속하지 않음않음. . {{
public:public:

// // IUnknownIUnknown
virtual HRESULT __virtual HRESULT __stdcall QueryInterfacestdcall QueryInterface(const IID&(const IID& iidiid, void**, void** ppvppv) ;) ;
// Interface IX// Interface IX
virtual void __virtual void __stdcall Fxstdcall Fx() {() { coutcout << "<< "FxFx" <<" << endlendl ;};}
// // Initialization function called by the class factory to create the contained component

HRESULT __stdcall Init() ;
private:private:

// Reference count// Reference count
long m_long m_cRefcRef ;;
// Aggregation// Aggregation된된 컴포넌트의컴포넌트의 IY interfaceIY interface에에 대한대한 포인터포인터

IY* m_IY* m_pIYpIY ;;
// 내부 컴포넌트의 IUnknown interface에대한포인터.

IUnknown* m_pUnknownInner ;
} ;} ;
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3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 2/82/8
HRESULT __HRESULT __stdcallstdcall CA::Init()CA::Init()
{{

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

IUnknownIUnknown** pUnknownOuterpUnknownOuter = this ;= this ;
HRESULT hrHRESULT hr =::=::CoCreateInstance(CLSID_AggreComponent2CLSID_AggreComponent2,,

pUnknownOuterpUnknownOuter, , 
CLSCTX_INPROC_SERVER,CLSCTX_INPROC_SERVER,
IID_IUnknown,  ,  
(void**)&m_pUnknownInner) ; ) ; 

if (FAILED(hr))if (FAILED(hr))
{{
}}
// This call will increment the reference count on the outer com// This call will increment the reference count on the outer component.ponent.

hr = m_pUnknownInner->QueryInterface(IID_IY, (void**)&m_pIY) ;;
if (FAILED(hr))if (FAILED(hr))
{{
}}
// We need to release the reference count added to the// We need to release the reference count added to the
// outer component in the above call.  So call Release// outer component in the above call.  So call Release
// on the pointer you passed to// on the pointer you passed to CoCreateInstanceCoCreateInstance..
pUnknownOuterpUnknownOuter-->Release() ; >Release() ; 
return S_OK ;return S_OK ;

}}
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3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 3/83/8

// Outer Component’s QueryInterface 구현
HRESULT __stdcall 
CA::QueryInterface(const IID& iid, void** ppv) {

if (iid == IID_IUnknown) {
*ppv = static_cast<IUnknown*>(this) ; 

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

} else if (iid == IID_IY){
return m_pUnknownInner->QueryInterface(iid,ppv) ;

else
{

*ppv = NULL ;
return E_NOINTERFACE ;

}

reinterpret_cast<IUnknown*>(*ppv)->AddRef() ;
return S_OK ;

}
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3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 4/84/8
// **** Component B (Inner Component)
INondelegatingUnknown Interface 선언.
// 기본적으로 이름을 제외하곤, IUnknown 과 같음.

struct INondelegatingUnknown
{

virtual HRESULT __stdcall NondelegatingQueryInterface( const 
IID&, void** ) = 0;
virtual ULONG __stdcall NondelegatingAddRef() = 0;
virtual ULONG __stdcall NondelegatingRelease() = 0;

};
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3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 5/85/8

// NondelegatingQueryInterface.
HRESULT __stdcall CB::NondelegatingQueryInterface (const IID& iid, 

void** ppv)  
{ 

if (iid == IID_IUnknown) {
*ppv = static_cast<INondelegatingUnknown*>(this) ;
} 

else if (iid == IID_IY) {
*ppv = static_cast<IY*>(this) ;

}
else {

*ppv = NULL ;
return E_NOINTERFACE ;

}

reinterpret_cast<IUnknown*>(*ppv)->AddRef() ;
return S_OK ;

}
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3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 6/86/8
// Component B
class CB : public IY, public INondelegatingUnknown {
public:

// Delegating IUnknown
// 컴포넌트는 자신을 aggregate한 컴포넌트(외부 컴포넌트)의 포인터(m_pUnknownOuter)를 갖고 있으며, 
// 그 포인터에 의해 지정된 인터페이스 함수를 호출하게 된다. 
// Aggregation이 되지 않았을 경우엔, delegating unknown은 nondelegating unknown을 가리키게 된다.

virtual HRESULT __stdcall 
QueryInterface(const IID& iid, void** ppv) {

return m_pUnknownOuter->QueryInterface(iid, ppv) ;
}
virtual ULONG __stdcall AddRef()  {

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

return m_pUnknownOuter->Release() ; 
}



2004-10-15 HyunSoo Kim Component Reuse -38

3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 7/87/8
Inner Component’s Constructor

CB::CB(IUnknown* pUnknownOuter) 
: m_cRef(1) { 

::InterlockedIncrement(&g_cComponents) ; 

if (pUnknownOuter == NULL)
{

m_pUnknownOuter = reinterpret_cast<IUnknown*>
(static_cast<INondelegatingUnknown*>(this)) ;

}

else {

m_pUnknownOuter = pUnknownOuter ;
}

}
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3. 3. Aggregation Aggregation –– Example ProgramExample Program

Example Implementation code Example Implementation code –– 8/88/8
Inner Component’s IClassFactory::CreateInstance ()

HRESULT __stdcall 
CFactory::CreateInstance(IUnknown*
pUnknownOuter,const IID& iid, void** ppv)

{
// Aggregate only if the requested iid is IID_IUnknown.
if ((pUnknownOuter != NULL) && (iid != IID_IUnknown))  {

return CLASS_E_NOAGGREGATION ;
}

// Create component.

CB* pB = new CB(pUnknownOuter) ;
if (pB == NULL){

return E_OUTOFMEMORY ;
}

// Get the requested interface.

HRESULT hr = pB->NondelegatingQueryInterface
(iid, ppv) ;

pB->NondelegatingRelease() ; 
return hr ;   

}}
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Process exchange each unknown pointerProcess exchange each unknown pointer

IFactoryClassIUnknown

IX

IUnknownIUnknown INondelegatingUnknown

IY

CreateInstance(NULL)
new CA(NULL);

CoCreateInstance(CLSID_B, 
,pOuter,IID_Iunknown,**m_pInner)

CA::Init( )

CreateInstance(pOuter)
new CB(pOuter);

CB::CB(pOuter)

m_pOuter = pOuter CB::NondeleQI

CoCreateInstance(CLSID_A,NULL,,IID,**ppv)
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Added by Added by dooheedoohee in 2003 in 2003 
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WalkThroughWalkThrough -- AggregationAggregation

IUnKnown

Delegating Delegating 
UnknownUnknown

CA

IX

IUnKnown

CB

IYINondelegating
Unknown

NonDelegatingNonDelegating
UnknownUnknown

Outer ComOuter Com Inner ComInner Com
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WalkThroughWalkThrough -- AggregationAggregation

Inner Component’s Constructor
CB::CB(IUnknown* pUnknownOuter) 
: m_cRef(1) { 

::InterlockedIncrement(&g_cComponents) ; 

if (pUnknownOuter == NULL)
{

m_pUnknownOuter = reinterpret_cast<IUnknown*>
(static_cast<INondelegatingUnknown*>(this)) ;

}

else {

m_pUnknownOuter = pUnknownOuter ;
}

}

Inner COMInner COM이이 생성될생성될 때때 불려지는불려지는 Inner COMInner COM의의 생성자에서생성자에서
Inner COMInner COM의의 member variablemember variable인인 m_m_pUnknownOuterpUnknownOuter의의 값이값이
결정된다결정된다. . 즉즉 ComponentComponent가가 standalonestandalone로로 사용될사용될
경우경우((CoCreateInstanceCoCreateInstance의의 두번째두번째 param param == NULL)== NULL)에는에는
m_m_pUnknownOuterpUnknownOuter의의 값이값이 자기자기 자신이자신이 castingcasting되어되어 대입되며대입되며, , 
aggregationaggregation되어되어 사용될사용될 경우경우 ((CoCreateInstanceCoCreateInstance의의 두번째두번째 paramparam
!= NULL)!= NULL) 에는에는 Outer COMOuter COM을을 가리키게가리키게 된다된다. . 
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WalkThroughWalkThrough –– Aggregation(Standalone)Aggregation(Standalone)

Outer ComOuter Com

IxIx

Inner COMInner COM

IzIz

pUnknownInner pUnknownInner : : 
m_m_pIypIy

DRDR
DARDAR
DQIDQI
NDRNDR
NDARNDAR
NDQINDQI

pUnknownOutterpUnknownOutter == (..*) == (..*) 
CBCBIyIy

pIypIy -- > > QueryInterfaceQueryInterface(IID_(IID_Iz Iz , (void**)&, (void**)&pIzpIz););



2004-10-15 HyunSoo Kim Component Reuse -45

WalkThroughWalkThrough –– Aggregation(Standalone)Aggregation(Standalone)

Outer ComOuter Com

IxIx

Inner COMInner COM

IzIz

pUnknownInner pUnknownInner : : 
m_m_pIypIy

DRDR
DARDAR
DQIDQI
NDRNDR
NDARNDAR
NDQINDQI

pUnknownOutterpUnknownOutter == (..*) == (..*) 
CBCBIyIy

pIypIy -- > > QueryInterfaceQueryInterface(IID_(IID_Iz Iz , (void**)&, (void**)&pIzpIz););
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WalkThroughWalkThrough –– Aggregation(Standalone)Aggregation(Standalone)

Outer ComOuter Com

IxIx

Inner COMInner COM

IzIz

pUnknownInner pUnknownInner : : 
m_m_pIypIy

DRDR
DARDAR
DQIDQI
NDRNDR
NDARNDAR
NDQINDQI

pUnknownOutterpUnknownOutter == (..*) == (..*) 
CBCBIyIy

return m_pUnknownOuter->QueryInterface(iid, ppv) ;

//this->NonDelegatingQueryInterface(iid,ppv);



2004-10-15 HyunSoo Kim Component Reuse -47

WalkThroughWalkThrough –– Aggregation(Standalone)Aggregation(Standalone)

Outer ComOuter Com

IxIx

Inner COMInner COM

IzIz

pUnknownInner pUnknownInner : : 
m_m_pIypIy

DRDR
DARDAR
DQIDQI
NDRNDR
NDARNDAR
NDQINDQI

pUnknownOutterpUnknownOutter == (..*) == (..*) 
CBCBIyIy

if (iid == IID_Iz)
{…

*ppv = static_cast<IZ*>(this) ;  … };
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WalkThroughWalkThrough –– Aggregation(Standalone)Aggregation(Standalone)

Outer ComOuter Com

IxIx

Inner COMInner COM

IzIz

pUnknownInner pUnknownInner : : 
m_m_pIypIy

DRDR
DARDAR
DQIDQI
NDRNDR
NDARNDAR
NDQINDQI

pUnknownOutterpUnknownOutter == (..*) == (..*) 
CBCBIyIy

if (iid == IID_Iz)
{…

*ppv = static_cast<IZ*>(this) ;  … };

pIzpIz
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WalkThroughWalkThrough –– Aggregation(Standalone)Aggregation(Standalone)

최초로최초로 InterfaceInterface를를 얻기얻기 위해위해 QueryInterfaceQueryInterface를를
호출한호출한 경우에만경우에만 DelegatingUnknown DelegatingUnknown interfaceinterface를를
거쳐서거쳐서 NonDelegatingUnknown NonDelegatingUnknown interfaceinterface로로 가며가며
그그 후후 QueryInterfaceQueryInterface를를 통해서통해서 다른다른 interfaceinterface를를
얻고자얻고자 할때에는할때에는 DelegatingUnknownDelegatingUnknown을을 거치지거치지
않고않고 바로바로 NonDelegatingUnknownNonDelegatingUnknown이이 호출된다호출된다. . 
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WalkThroughWalkThrough –– Aggregation(Standalone)Aggregation(Standalone)

최초최초 실행시실행시

CoCreateInstanceCoCreateInstance()()
-->>ClassFactoryClassFactory::::CreateInstanceCreateInstance( )( )
-->Constructor // Delegating Unknown>Constructor // Delegating Unknown이이

m_m_pUnknownOuterpUnknownOuter에에 할당된다할당된다..
-->>DelegatingUnknownDelegatingUnknown을을 통해서통해서 다른다른 interfaceinterface를를
QueryQuery한다한다..
가지고가지고 있던있던 interfaceinterface를를 통해통해 다른다른 interfaceinterface를를
QueryQuery한한 경우에는경우에는 생성자를생성자를 거치지거치지 않기않기 때문에때문에
Delegating UnknownDelegating Unknown의의 methodmethod가가 사용되지사용되지 않는다않는다..
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