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1. Introduction

This document represents internal technical proposal for enabling support of Standard Template Library (STL) in Open CASCADE. It will include both technical specification and workload estimation.

Today OCC makes no use of STL.

1.1. Problem origin

This document stems from [1] and [2].

Initially there is a need to port Open CASCADE on gcc 3.2 compiler, which is a default one on the latest versions of Linux (RedHat 8.x, Mandrake 9.x, etc) and which is in the system requirements list of the Salome project. This compiler should also supersede (or complement) currently supported gcc 2.95.

The most noticeable issue which makes to identify the port on gcc 3.2 as a problem, is support of the STL. Although, OCC already smoothly compiles with MS C++ 6.0 (which supports STL as well), gcc 3.2 introduces some incompatibility issues (compilation errors) which need to be resolved.

Initial investigation of the porting efforts reveals that issue is related to the correct use of STL streams and inclusion of respective header files (e.g. <iostream>, etc - without .h suffix in new STL notation). Initial estimation is given in [1]. When discussing it (see [2]), the task was set-up wider - to investigate possibility of supporting not only STL streams but also collections.

This technical proposal represents results of this investigation.

2. Technical Specification

2.1. Scope

Only STL parts described below will be in the scope of this project. All others, including explicitly disclaimed, will not be considered.

2.1.1. Support of STL streams

STL streams, such as std::ostream and std::istream (and their respective instantiations for files, strings, etc) will be supported as default implementation.

For compatibility with older compilers not supporting STL refer to 2.2.3.

2.1.2. Support of STL collections

STL collections having counterparts in OCC (as defined in 2.3.3) will be supported. STL collections having no equivalents in OCC will not be supported.

2.1.3. Support of STL strings (not in Phase 1)

Use of STL strings std::string will not be supported at Phase 1. However their further support is recommended for more consistency and improvement of current string (ASCII and UNICODE) support in OCC.

2.1.4. Support of TCollection flavorings of OCC collections (no NCollections in Phase 1)

First phase of this project (called hereinafter Phase 1) will concern only TCollection-based instantiation method. Use of NCollection classes will remain unmodified after Phase 1. However, it will be concerned at further phases, therefore impact of implementation ideas must be carefully checked against compliance with NCollection.

2.2. Technical requirements and Principles

2.2.1. STL support to be always reinforced

Unlike some other libraries (e.g. Qt by Trolltech) where STL support can be disabled by a compilation macro, OCC will always reinforce STL support. This is due to the too high overhead for implementing this option (e.g. to maintain the whole OCC not only with STL-wrapping implementation of kernel classes when STL is enabled but also with the own one as today) and overall trend towards standard compliance.

If for any reason such need seriously turns out in the future, such an option can be introduced but definitively after the Phase 1.

2.2.2. Code readability and cost-effective maintenance

Support of STL should not affect the overall source code readability - use of the std:: prefix in the OCC source code (especially in .cxx files) should be minimized. For example, this especially concerns STL streams and use of the endl symbol.

2.2.3. Backward compatibility (support of older compilers)

New code supporting STL must also run on older compilers that do not natively support STL. According to current system requirements (see Appendix) this concerns only CC 4.2 on Sun Solaris, though in some specific development projects support of older compilers coud be required on different platforms (e.g., OSF Alpha)

Regarding Sun Solaris platform, this requirement is due only until the cease of support of this older compiler and migration to newer compilers (e.g. Forte 6.x).

To enable support on older compiler STLPort (www.stlport.org) will be used as STL implementation (see also 2.2.4 and 2.3.1).

2.2.4. Standard-compliance of the code (independence from third-party products)

OCC source code must be compliant with ISO standard only, it should not use and rely on any specific STL implementation –(as possible on each platform) – either compiler vendor's or other third-party products (such as STLPort).

This will guarantee maximum portability of the code across platforms, compilers and STL implementations. Choice of STL implementation will be up to the user who compiles OCC and his application. However, OCC binaries will be delivered with some concrete STL implementation (according to 2.3.1) on each platform.

2.2.5. Compliance with STL naming conventions

Naming adopted in the OCC collection classes should be reasonably close to the naming of respective STL counterparts. This mainly concerns method names and use of iterators. The API of exisiting OCC collections will be updated to maintain common subset of methods in all collections and their iterators. However, this should not contradict the requirement 2.2.6 of OCC source compatibility.

2.2.6. Maximum source compatibility with previous OCC versions

Breaching source compatibility with previous OCC versions (up to 5.1.0) must be minimized. This means that modifications of the source code of OCC and users' application must be as small as possible. This concerns both C++ and CDL legacy codes.

2.2.7. Preserved support of WOK-based instantiation mechanism

Use of WOK mechanism of collection instantiation based on CDL syntax of generic classes (in the TCollection package) and their instantiations with custom type must be preserved. This requirement is also in coherence with 2.2.6.

This requirement does not mean that WOK-based mechanism must be the only possible one - perhaps, direct instantiation in C++ files (.hxx and .cxx) can also become available. However, for OCC code the WOK-based approach must be retained as a primary one.

2.3. Implementation details

2.3.1. Choice of STL implementation (native compiler's or STLPort)

Source code must be independent from STL implementation (see 2.2.4). However, for providing pre-compiled binaries (in official releases, use of OCC in specific developments, etc) some definite choice must be made.

The recommended choice is the following:

· On compilers not supporting STL natively (e.g. CC 4.2) - using STLPort;

· On compilers supporting STL natively - also using STLPort (instead of native compiler's implementation).

Advantage is to rely on the product, which is:

· consistent and cross-platform - thereby platform impacts will be diminished – which will result in less maintenance (mainly debug) efforts for identifying compiler's specificity (bottle-necks, etc);

· more efficient in performance than many native compiler's implementations, especially those supported now by OCC (e.g. MS VC++ 6.x);

· widely used and appreciated by open source and commercial users community (e.g. Borland provides STLPort as default native STL implementation).

Possible drawback of dependence on this third-party product can be disregarded since OCC will not have any source dependence on STLPort. It can be always dropped in favor of native compiler's implementation or any other third-party product.

2.3.2. Implementation of STL streams with use of conditional compilation

To achieve maximized source readability (requirement 2.2.2) and compatibility (requirement 2.2.6), OCC support of STL streams must be implemented in some isolated place and with introduction of std namespace.

The latter can be done for instance in the Standard_TypeDef.hxx file or other one which is always included into any C++ file. In such case there will be no need to replace occurrences of cout, endl and other frequently used objects with their fully qualified STL counterparts (std::cout, std::endl, etc).

2.3.3. Mapping between OCC TCollection classes and STL collections

The following table represents mapping between OCC TCollection classes and STL collections. 

OCC TCollection class
STL class
Notes

Array1
vector


Array2
vector 
Additional methods to translate two indices into one.

Stack
stack


Queue
queue


List
slist


Sequence
list


Set
set


Map
hash_set


DataMap
hash_map


DoubleMap
hash_map
Two instances referring each other (to be rechecked)

IndexedMap
hash_set + vector


IndexedDataMap
hash_map + vector


The table includes only classes manipulated by value, classes manipulated by handle (prefixed with H) will be modified only to achieve better compliance with naming convention (requirement 2.2.5).

2.3.4. Bi-directional conversion between OCC and STL collections

Conversion between OCC and STL collections must be bi-directional. Thus, algorithms that work on the class belonging to either of them will work also on its counterpart with minimal effort.

To achieve this, OCC collection class must have:

· constructor from the STL collection counterpart;

· assignment operator;

· operator of the type-cast to the STL counterpart.

2.3.5. Implementation of OCC collections

Implementation can have several alternatives (mutually exclusive within a group) as follows.

· Regarding data exchange with STL counterpart:

· As a wrapper - OCC class has a private field to its STL counterpart and the methods calls ones of the STL counterpart.

· As own implementation - OCC class has native implementation of data collections and bi-directional conversion (see 2.3.4) is achieved with a full copy with STL counterpart.

· Regarding C++ implementation:

· As a template - OCC class is a template that can be instantiated with custom type (e.g. directly in C++ file without WOK).

· As a normal class - OCC class is a normal C++ class and instantiation is achieved with macro redefinition for a custom type. This is the approach currently adopted for all generic classes in OCC (including TCollection).

The following table describes advantages and possible disadvantages of every alternative.

Alternative
Advantages
Disadvantages

Wrapper
· Lower maintenance efforts (STL implementations are maintained and improved outside OCC);

· Potentially more efficient in performance than native implementation;

· Fast conversion with STL counterparts (storage/retrieval of internal field)
· Use of STL is mandatory even if compilation option disables conversion with STL counterparts (see 2.2.1). Thus, this can be somewhat confusing;



Own implementation
· Rely on current implementation that withstood test of time in OCC and applications;

· Possible custom modification and tuning of the implementation - however, this can be only in extremely rare case (currently it happens once per about 6-12 months).
· Poor performance when exchanging data especially on larger sized collections (due to full copy).

· Still encountered bugs which sometimes can be substantial (like recently detected bug in maps);

· No regular improvements, performance measures, etc what is available in STL developed by other parties.

Template
· Easier instantiations in C++ - no need of WOK (thus, this will partially implement the purpose of the NCollection classes);

· Compatibility of types defined through "typedef" as instantiations of the same type;

· Better code readability and reduction of number and size of files currently generated by WOK to support generic classes (no macro redefinition and insertion of the generic header file).
· Potentially less efficient (e.g. in performance) implementation on older compilers (cc 4.2) that poorly support templates;

· Additional costs to modify WOK to implement templates only in TCollection or to migrate all generic classes to templates. In the former case this can be a source of additional inconsistency throughout OCC.

Normal class
· Lower costs of WOK modifications (instantiation mechanism will remain the same);

· Inheritance between collection classes is feasible (but anyway out of Phase 1);
· Instantiations in C++ without using WOK can be easily added with macros (but macros are inconvenient when debugging).
· Incompatibilities of collections defined as instantiations of the same types.

The following approach will be used: implementation as a wrapper and a template. However, like most other implementation details this one is to be confirmed after the Prototype phase.

Additional implementation notes:

· It also seems more efficient (due to higher flexibility) not to inherit STL classes but to create own hierarchy of collection classes (possibly with a base class like in the case of NCollection).

· For template-based approach: for better consistency it is suggested to migrate all generic classes also to the templates. This is to avoid potential inconsistencies and higher maintenance costs which would be imposed by two co-existing mechanisms in CDL - generic and template.

· For template-based approach: to reduce the object code size it is preferred to use templates databases and minimize the size of inline methods wherever possible. This will allow to instantiate object code once per library (that uses templates) rather than once per object file.

2.3.6. WOK and CDL modifications

Depending on preferred alternative - Template or Normal class (see 2.3.5) - WOK and CDL should be extended as follows:

· for "Template" alternative - WOK should migrate to the template-based approach for all generic classes (not only TCollection) or otherwise it should differentiate TCollection collections from other generic classes with introduction of a new keyword (discouraged approach);

· for "Normal class" alternative - OCC should also define macros to instantiate generic classes directly in C++ without using WOK (similarly to DEFINE and IMPLEMENT macros used in NCollection). Certainly, in this case use of such instantiations can be only in C++, not in CDL. To enable them in CDL special wrapping with the imported keyword will be required. In addition, it is important to note that such macro cannot just contain an inclusion of the .gxx file through #include directive (preprocessor directives cannot be nested) but must be a plain inclusion of the file itself.

2.3.7. Collection API and use of Iterators

To achieve compliance with STL naming convention (requirement 2.2.5), current API of OCC classes have to be extended.

In a similar way, respective iterators must be provided also as belonging to the class namespace. This will be done through "typedef" to existing iterator class names. For example:

TColStd_ListOfInteger::Iterator will be the same as existing TColStd_ListIteratorOfListOfInteger.

In addition to currently supported iteration approach, STL-compliant one must be also provided. For example:

TColStd_ListOfInteger aList;

TColStd_ListOfInteger::Iterator anIt;

for( anIt = aList.begin(); anIt != aList.end(); ++anIt ) {

}
However, following the requirement of maximum source compatibility (requirement 2.2.6) the latter iteration approach should be disregarded if it makes impossible previously used syntaxes:

TColStd_ListOfInteger aList;

TColStd_ListIteratorOfListOfInteger anIt;

for( anIt.Initialize (aList); anIt.More();anIt.Next() ) {

}
3. Testing details

3.1. Performance and object code size

Every planned step must include a thorough performance testing with possible corrections of the initial specifications. In particular the following directions must be considered:

· compare Standard::Allocate() with the adopted default STL allocator (on 2 platforms);

· compare the performance of implementation of two classes (proposed Sequence and DataMap) in: TCollection, NCollection, STL: operations add, remove, iterate, copy;

· compare the size of object code created by these three implementations;

· compare the total size of data allocated in these three implementations in test cases.

If any problem is revealed with respect to STL implementation, the possible ways of optimization should be investigated.

4. Planning

Overall project is suggested as follows:

Phase
Objectives

Port on gcc 3.2
· To provide running OCC on gcc 3.2 on latest versions of Linux

Prototyped support of STL collections
· To get in-depth knowledge of STL

· To prove overall feasibility of the approach

· To evaluate alternatives recommended for implementation

· To implement support of two collections (array and list)

· To refine technical requirements as per customer and market requirements (CEA's CIVA project)

· To define detailed workload estimations for Phase 1 and to give a draft estimation for Phase 2

Phase 1
· To implement support of STL for all TCollection classes having one-to-one mapping with STL

· To migrate WOK mechanism for generic classes to the templates

· To define detailed workload estimation for Phase 2

Phase 2
· To implement support of STL for all TCollection classes excluded in Phase 1

· To unify overall approach used in OCC, including NCollection
· To implement support of STL strings (if possible)

· To consider other auxiliary STL collections not supported in OCC

5. Workload

Workload is given per phases defined above.

5.1. Port on gcc 3.2

See [1].

5.2. Prototyped support of STL collections

(to be refined at Prototype phase)

5.3. Phase 1

(to be refined at Prototype phase)

5.4. Phase 2

(to be refined at Phase 1)

6. Appendix A. Open CASCADE 5.1 system requirements

Platform / Operating system
Compiler

Linux:

Mandrake 7.0, 7.1, 7.2, 8.0

Red Hat 7.1
GNU gcc 2.95

GNU gcc 2.96

Windows:

2000/NT 4.0 SP3 + Y2K Patches
MS Visual C++ 6.0

Sun:

Solaris 2.6 + Y2K Patches
Sun CC 4.2
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