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Introduction

The current Open CASCADE memory manager contains static functions and global variables that are just for internal usage by memory manager itself. These objects are accessible for the end user, provoking to use them. The aim of this work is to provide object-oriented software architecture that will be able to deny unauthorized operations with the memory manager.

1. Architecture of the Memory Manager

The architecture of the memory manager contains two levels: user interface and object interface.

1.1 User Interface. Class Standard

The following set of static functions is considered as general interface between the user and the memory manager [1]:

· Standard_Address Standard::Allocate (const Standard_Integer aSize);

· Standard_Address Standard::Reallocate (Standard_Address& anAddr, const Standard_Integer aNewSize);

· void Standard::Free (Standard_Address& anAddr);

· void Standard::Purge ( );

1.2 Object Interface. Class Standard_MMgrRoot

The abstract class Standard_MMgrRoot contains the following interface of the memory manager object:

public:

· Standard_Address Allocate (const Standard_Integer aSize) =0;

· Standard_Address Reallocate (Standard_Address& anAddr, const Standard_Integer aNewSize) =0;

· void Free (Standard_Address& anAddr) =0;

· void Purge ( )=0;

· ~ Standard_MMgrRoot ( )=0; // destructor

protected:

· void Initialize ( ) =0; // initializes the fields of the object

These methods are pure virtual functions of the abstract class Standard_MMgrRoot. The classes that inherit from Standard_MMgrRoot contain the concrete implementation of the methods above. It is important to note that as far as the memory manager has became an object, it is possible to create several objects of the memory manager. Among the others there is the one and only the object  (common memory manager), that is responsible for resolving all Standard:: prefixed calls.

2. Implementation

For the moment there are two classes that implement the interface 2.2:

· Standard_MMgrOpt – the class containing implementation of the current memory manager for the operating parameter MMGT_OPT=1 [1] (so called optimal memory manager);

· Standard_MMgrRaw - the class containing implementation of the current memory manager for the operating parameter MMGT_OPT=0 [1] (so called non-optimal memory manager);

2.1 Class Standard_MMgrOpt

The public methods of the class Standard_MMgrOpt are described in the table 3.1.1.

Table 3.1.1

No
Method
Description

1
Standard_MMgrOpt

(const Standard_Boolean aClear,

const Standard_Boolean aMMap,

const Standard_Integer aCellSize,

const Standard_Integer aNbPages,

const Standard_Integer aThreshold)
Constructor

Parameters

aClear -  sets the mode of allocation mechanism:

=1 – the memory will be allocated and initialized to 0

=0 – the memory will be allocated and not be initialized to 0

aMMap – sets the mode of allocation mechanism [1]

=0 – Mapping is not used

=1 – Mapping is used

aCellSize – sets maximum size for small-size Objects [1]

aNbPages - sets the number of memory pages for the Memory Pools [1]
aThreshold - sets upper limit for size of the Objects that can be managed by using of the Free List algorithm [1]

No
Method
Description

2
Standard_MMgrOpt

( )
Constructor (default)

aClear =1

aMMap =1

aCellSize =200

aNbPages=10000

aThreshold=40000 

3
~Standard_MMgr 

()
Destructor

· frees the memory allocated by memory pools [1]

· Frees the memory allocated by middle size objects (i.e. calls it ::Purge())

· Frees the memory allocated internally for free list algorithm [1]

4
Standard_Address

Allocate

(const Standard_Integer aLen )
Allocate the memory [1].

Parameter
aLen – size of memory to allocate (bytes)

Return Value

returns a void pointer to the allocated memory block 

Remarks

None

5
Standard_Address 

Reallocate

(Standard_Address& aStorage,

 const Standard_Integer newSize )
Reallocate memory [1]

Parameters
aStorage – Pointer to previously allocated memory block

newSize – New size in bytes

Return Value

returns a void pointer to the reallocated memory block

Remarks

None

6
void 

Free

(Standard_Address& aStorage )


Free the memory [1]

Parameter
aStorage – Previously allocated memory block to be freed

Return Value

None

Remarks

None

7
void 

Purge

( )


Free the memory allocated for middle-size objects [1]  

Parameters
None

Return Value

None

Remarks
The function frees memory blocks that can be freed in terms of the Memory Manager [1]

2.2 Class Standard_MMgrRaw

The public methods of the class Standard_MMgrRaw are described in the table 3.2.1.

Table 3.2.1

No
Method
Description

1
Standard_MMgrRaw

(const Standard_Boolean aClear)

Constructor

Parameters

aClear -  Sets the mode of allocation mechanism:

=1 – the memory will be allocated and initialized to 0

=0 – the memory will be allocated and not be initialized to 0

2
Standard_MMgrRaw

( )
Constructor (default)

aClear =1

3
~Standard_MMgrRaw 

()
Destructor

Remarks

Does nothing

4
Standard_Address

Allocate

(const Standard_Integer aLen )
Allocate the memory.

Parameter
aLen – size of memory to allocate (bytes)

Return Value

returns a void pointer to the allocated memory block 

Remarks

None

5
Standard_Address 

Reallocate

(Standard_Address& aStorage,

 const Standard_Integer newSize )
Reallocate memory [1]

Parameters
aStorage – Pointer to previously allocated memory block

newSize – New size in bytes

Return Value

returns a void pointer to the reallocated memory block

Remarks

None

6
void 

Free

(Standard_Address& aStorage )


Free the memory [1]

Parameter
aStorage – Previously allocated memory block to be freed

Return Value

None

Remarks

None

7
void 

Purge

( )


Stub

Remarks

Does nothing

3. Performance Test

The performance test has been developed and carried out to check the difference between performances of the basic operations Allocate() / Free() for the current memory manager and new one. 

The test developed as independent set of tests for the objects of three different sizes (small, middle, and large[1]). 

During the each test the randomly selected pointer (from an array of N pointers) have been assigned to the value returned by the Standard::Allocate() method or freed by the Standard::Free() method. The process has been recycled K times.

The whole performance test has been carried out for K=1000000 (debug mode). The  results of the test are shown in the Table 4.1.

Table 4.1


Operating System (machine)
Spent time, sec

No

Current
New

1
UNIX (irinox)



1.1
Small-size objects (200 bytes) N=32768
3.65
3.65

1.2
Middle-size objects (500 bytes) N=32768
6.51
6.49

1.3
Large size objects (50000 bytes) N=3276
1.52
1.17

2
WNT (alex)



2.1
Small-size objects (200 bytes) N=32768
0.38
0.39

2.2
Middle-size objects (500 bytes) N=32768
0.65
0.65

2.3
Large size objects (50000 bytes) N=3276
0.098
0.10

3
LINUX (infex)



3.1
Small-size objects (200 bytes) N=32768
1.30
1.14

3.2
Middle-size objects (500 bytes) N=32768
2.33
1.88

3.3
Large size objects (50000 bytes) N=3276
0.32
0.27

Appendix

Open CASCADE Source Modifications

· The following modifications of the sources of the Open CASCADE have been done:

· Methods removed from the class Standard:

· void Standard::StorageManagerInit ( )

· Standard_Address Standard::MAllocate (const Standard_Integer )
· void Standard::MFree (Standard_Address& )

· void Standard::Free (Standard_Address& , const Standard_Integer )

· Standard_Address Standard::Reallocate (Standard_Address& ,  

const Standard_Integer ,  

const Standard_Integer )

· Standard_Address Standard::MReallocate (Standard_Address& ,  

const Standard_Integer )

· Standard_Address Standard::RReallocate (Standard_Address& , 

const Standard_Integer , 

const Standard_Integer  )

· Standard_Integer Standard::AllocatedLength (const Standard_Address )

· Standard_Boolean Standard::ReAllocatedLength (const Standard_Address , 

const Standard_Integer )

· void Standard::StorageManagerDump (Standard_OStream& )

· Standard_Boolean Standard::Display (Standard_Ostream& , 
const Standard_CString )
· Standard_Boolean Standard::Display (const Standard_CString )
· Removed classes: StandardCSFDB,  Mgt_StorageManager
· Removed files: Standard_Allocate.lxx , StandardCSFDB.cxx Mgt_StorageManager.cdl/cxx/lxx

· Files modified due to disappearance the methods of the class Standard.

CPPExt_TemplateCSFDB.edl

AlienImage.cxx

AlienImage_BMPAlienData.cxx

AlienImage_EuclidAlienData.cxx

AlienImage_GIFAlienData.cxx

AlienImage_MemoryOperations.cdl

AlienImage_MemoryOperations.cxx

AlienImage_SGIRGBAlienData.cxx

AlienImage_SunRFAlienData.cxx

AlienImage_X11XWDAlienData.cxx

BooleanOperations_AncestorsAndSuccessors.cxx

BooleanOperations_Explorer.cxx

BooleanOperations_InterferencesList.cxx

BooleanOperations_OnceExplorer.cxx

BooleanOperations_ShapesDataStructure.cxx

DBC_VArray.gxx

DBRep.cxx

EDL_Interpretor.cxx

FSD_BinaryFile.cxx

Graphic3d_Strips.cxx

ImageUtility_X11Dump.cxx

MMgt.cdl

MMgt_TShared.cxx

MSAPI MSAPI_MetaSchema.cxx

Handle_Standard_Persistent.hxx

Handle_Standard_Transient.hxx

PMMgt_PManaged.cxx

Poly_Connect.cxx

Standard_DefineHandle.hxx

Standard_Persistent_proto.hxx

Storage_BucketOfPersistent.hxx

Storage_Schema.cxx

TCollection_AVLIterator.gxx

TCollection_AVLSearchTree.gxx

TCollection_Array1.gxx

TCollection_Array2.gxx

TCollection_AsciiString.cxx

TCollection_BaseSequence.lxx

TCollection_BasicMap.cxx

TCollection_BasicMap.lxx

TCollection_ExtendedString.cxx

TCollection_List.gxx

TCollection_Queue.gxx

TCollection_SList.gxx

TCollection_Stack.gxx

TNaming_NamedShape.cxx

TopExp_Explorer.cxx

WOKStep_WNTLink.cxx

WOKTools_BasicMap.cxx

WOKTools_BasicMap.lxx

WOKMake_BuildProcessIterator.cxx

math_DoubleTab.gxx

math_SingleTab.gxx

· Files modified due to OC internal bugs (OCC 8500)

OSD_Chronometer.cxx

4. References
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