Architecture Blueprint RTAG  - Final Report


Report of the LHC Computing Grid Project Architecture Blueprint RTAG

John Apostolakis, Guy Barrand, Rene Brun, Predrag Buncic, Vincenzo Innocente, Pere Mato, Andreas Pfeiffer, David Quarrie, Fons Rademakers, Lucas Taylor, Craig Tull, Torre Wenaus (Chair)

CERN

Final Version (1.3) – 9 October 2002

Editing History

Draft 0.0, August 8, T. Wenaus: First draft

Draft 0.1, August 12, T. Wenaus: Changes and additions in light of first discussions on draft

Draft 0.2, August 20, V. Innocente: Major changes and additions particularly in ch 5,6

Draft 0.3, August 21, T. Wenaus: Minor editing

Draft 0.4, August 25, V. Innocente: Major additions in ch 5,6, minor changes in 7

Draft 0.5, September 5, T. Wenaus: Minor editing

Draft 0.6, September 10, P. Mato: Minor changes, additions, diagrams and some section re-structuring
Draft 0.7, September 30, T. Wenaus: Various editing. ALICE memo and a response added as appendices. New version of domain diagram from Pere.
Draft 0.8, October 1, T. Wenaus: Various editing. Executive summary added. Changes in 6.6 (component configuration) and in distributed operation text, some text from Craig and John. Scope statement modified.
Draft 0.9, October 2, T. Wenaus: Minor modifications in light of discussion. Added new AIDA recommendation section from Pere. Added recommendation on follow-on RTAG on analysis including distributed aspects. Section 6.7.1 ‘Interface with the Grid’ smoothed out.
Draft 1.0, October 4, T. Wenaus: Minor editing. Sched/resources material introduced as separate spreadsheet, currently http://lcgapp.cern.ch/project/blueprint/BlueprintPlan.xls
Draft 1.1, October 4, T. Wenaus: Summary text and chart added to sched/resources section.

Draft 1.2, October 7, T. Wenaus: Added recommendations on ‘foundation and utility libraries’ and ‘physics interfaces’ projects. Changes in light of reader input: added ‘use of ROOT’ as recommendation for clarification; cleanup to where product recommendations are made; changes to address confusion over Python/ROOTCINT; architectural point on software distribution and installation clarified.

Version 1.3, October 9, T. Wenaus: Candidate final version for submission to the SC2. Recommendations re-ordered.

Table of Contents

51
Executive Summary


52
SC2 mandate to the RTAG


62.1
Response of the RTAG to the mandate


72.2
RTAG activities


73
Scope and Requirements


73.1
Scope


83.2
Requirements


104
Use of ROOT


105
Blueprint Architecture Design Precepts


115.1
Software structure


125.2
Component model


155.3
Object models


155.4
Distributed operation


165.5
Additional design guidelines


176
Blueprint Architectural Elements


176.1
Basic types


186.2
Object dictionary


186.3
Object Whiteboard


186.4
Component Bus


196.5
Scripting Language


196.6
Component specification and configuration


206.7
Interface with the Grid


216.8
Basic Framework Services


236.9
Foundation and Utility libraries


236.10
Use of External Software


237
Domain Decomposition


247.1
Foundation and utility libraries


247.2
Basic framework services


247.3
Persistency and data management


257.4
Event processing framework


257.5
Event model


257.6
Event generation


257.7
Detector simulation


257.8
Detector geometry and materials


257.9
Trigger/DAQ


257.10
Event Reconstruction


267.11
Detector calibration


267.12
Interactivity and visualization


267.13
Analysis tools


267.14
Math libraries and statistics


267.15
Grid middleware interfaces


278
Schedule and Resources


289
Specific Recommendations to the SC2


289.1
Use of ROOT


299.2
ROOT development


299.3
Core services


299.4
Foundation and utility libraries


299.5
CLHEP


309.6
AIDA


309.7
Python


309.8
Qt


309.9
STL


309.10
Java support


319.11
Third party software


319.12
Software Metrics


319.13
Analysis RTAG


319.14
Physics Interfaces


3210
Recommended reading list


33Appendix A – ALICE Memorandum


35Appendix B – Chair’s response to the ALICE Memorandum




1 Executive Summary

This document is the final report of the LHC Computing Grid Project’s Requirements Technical Assessment Group (RTAG) on a ‘blueprint’ of LCG physics applications software architecture. There is substantial potential among the four LHC experiments for the development and use of common application software. Any piece of common software developed in the LCG must conform to a coherent overall architectural vision; make consistent use of an identified set of core tools, libraries and services; integrate and inter-operate well with other LCG software and experiment software; and function in the distributed environment of the LCG. This RTAG establishes a high level ‘blueprint’ for LCG software to provide architectural guidance for individual projects to ensure that these criteria are met. The blueprint is established in terms of a set of requirements, suggested approaches and guidelines grounded in modern C++ programming paradigms, a survey of the software domains, and recommendations to the SC2. An important architectural issue is the relationship between the LCG software and ROOT. This RTAG proposes a user/provider relationship that all experiments and the ROOT team expect to yield a productive working relationship.
Recommendations of the RTAG beyond the blueprint itself include the immediate establishment of a core services software development project; support for activities surrounding a number of recommended tools including ROOT, CLHEP, Python and Qt; and the establishment of a process for selecting third party software. We recommend the prompt initiation of a new RTAG on physics analysis software to specifically address requirements and potential common project activity in this area, with particular attention to the distributed aspects of physics analysis.
RTAG members representing the experiments and other key stakeholders met between June and October 2002, in the process consulting with various external parties. It is anticipated that the results of this RTAG will be presented and discussed in a broad public meeting closely following the conclusion of the RTAG.

2 SC2 mandate to the RTAG

Preamble: Without some overall view of LCG applications, the results from individual RTAGs, and thus the LCG work, may not be optimally coherent. Hence the need for an overall architectural ‘blueprint’. This blueprint will then serve to spawn other RTAGs leading to specific proposals, and ensuring some degree of overall consistency. 

Mandate: Define the architectural ‘blueprint’ for LCG applications:

· Define the main architectural domains (‘collaborating frameworks’)  of LHC experiments and identify their principal components. (For example: Simulation is such an architectural domain; Detector Description is a component which figures in several domains.)

· Define the architectural relationships between these ‘frameworks’ and components, including Grid aspects, identify the main requirements for their inter-communication, and suggest possible first implementations. (The focus here is on the architecture of how major ‘domains’ fit together, and not detailed architecture within a domain.)  

· Identify the high-level milestones for each domain and provide a first estimate of the effort needed. (Here the architecture within a domain could be considered.)

· Derive a set of requirements for the LCG

Membership: Two representatives per experiment, representatives from ROOT team, Geant4 and relevant CERN/IT teams.

2.1 Response of the RTAG to the mandate

There is substantial potential among the four LHC experiments for the development and use of common application software. Other RTAGs are examining specific domains for commonality in requirements which can lead to common software projects. Any piece of software developed in any of these projects must conform in its architecture to a coherent overall architectural vision; must make consistent use of an identified set of core tools, libraries and services; must integrate and inter-operate well with other LCG software and experiment software; and must function in the distributed environment of the LCG. It is the intent of this RTAG to establish a high level ‘blueprint’ for LCG software which will provide sufficient architectural guidance for individual projects to ensure that these criteria are met. The end goal is the integration of LCG and non-LCG software to build coherent applications; the blueprint should provide the specifications of an architectural model that facilitates this goal. The blueprint will be established in terms of a set of requirements, suggested approaches and guidelines, and recommendations.

Further, this RTAG will document a domain decomposition of the applications area, covering the full scope without regard to whether a given area may or may not be appropriate for common projects. For a few select domains with common project potential, the RTAG will identify and briefly discuss candidate implementation choices and the architectural issues they raise. For those domains recognized as having common project potential, the RTAG will identify high-level milestones for a common effort and will make a rough estimate of the effort needed. 

This RTAG will seek to clearly establish the relationship between LCG software and ROOT, and will address the architectural implications.

The RTAG will take into consideration the context within which common projects must develop: all four experiments have established software infrastructures and an existing user base requiring continually functional software. LCG software architecture must be consistent with the progressive, gradual integration of new software into established software infrastructures. Further, it should make optimal use of the best of already existing software.

RTAG representatives from the experiments are understood to both contribute their own expertise and represent the interests of their experiment. It is anticipated that the results of this RTAG will be presented and discussed in a broad public meeting closely following the conclusion of the RTAG.

2.2 RTAG activities

The RTAG convened on June 12, June 14 and in an all-day meeting on July 3, and delivered a status report to the SC2 on July 5.  Further meetings followed on July 8, 12, 23, August 5, 6, 8, September 9, 10, October 1, 4, 7. A second interim report was presented to the SC2 on September 6. Meetings were held at CERN with remote participants joining via conference call. Meetings were complemented by extensive email discussion. External experts were invited to several meetings: Paul Kunz (SLAC), Tony Johnson (SLAC), Bob Jacobsen (LBNL). Other LHC computing experts participated as well: Lassi Tuura (CMS), Andrea Dell’Acqua (ATLAS). Shortly before completion, the report was read and commented upon by a group from the experiments with an end-user, non-expert perspective on physics applications software; their comments led to useful changes. This final report was delivered to the SC2’s October 11, 2002 meeting. Further information is available from the RTAG’s web site at http://lcgapp.cern.ch/project/blueprint. 

3 Scope and Requirements

3.1 Scope

This RTAG is to establish a blueprint architecture for the software to be developed throughout the scope of the LCG Applications Area. The Applications Area is concerned with developing, deploying and maintaining that part of the physics applications software and associated supporting infrastructure software that is common among the LHC experiments, with the experiments determining via the SC2 what software projects will be undertaken in common. The expected scope includes common applications software infrastructure, frameworks, libraries, and tools; common applications such as simulation and analysis toolkits; and assisting and supporting the integration and adaptation of physics applications software in the Grid environment. Anticipated applications area activities can be grouped into four general topics:

1) Application software infrastructure: Basic environment for physics software development, documentation, distribution and support. General-purpose scientific libraries, C++ foundation libraries, and other standard libraries. Software development tools, documentation tools, quality control and other tools and services integrated into a well-defined software process.
2) Common software frameworks: Common frameworks, toolkits and applications supporting simulation, reconstruction and analysis in the LHC experiments. Adaptation to integrate external frameworks and toolkits provided by projects of broader scope than LHC. Examples are GEANT4 and ROOT. 
3) Support for physics applications: Integration and deployment of common software tools and frameworks required by the LHC experiments, particularly in the distributed environment of LHC computing. ‘Portal’ environments required to mask the complexity of the Grid from researchers while providing fully distributed functionality. Direct assistance to the experiments at the interface between core software and the grid. Support for adaptation of physics applications to the grid environment.
4) Physics data management: Tools for storing, managing and accessing data handled by physics applications, including calibration data, metadata describing events, event data, and analysis objects. Database management systems supporting both relational and object-based data management, including support for persistent storage of objects. Persistency support for common applications. Provide data management services meeting the scalability requirements of the LHC experiments, including integration with large-scale storage management and the Grid.
3.2 Requirements

Here we identify the important high-level requirements for LCG applications software.

3.2.1 Lifetime

LCG software design should take account of the >10 year lifetime of the LHC. Software environments and optimal technology choices will evolve over time. The LCG software itself must be able to evolve smoothly with it. This requirement implies others which will be described below on language evolution, modularity of components, use of interfaces, maintainability and documentation. At any given time the LCG should provide a functional set of software with implementation based on products that are the current best choice. Any product cited in this report should therefore be considered the present best choice. This should not imply any long term commitment besides migration support.  

3.2.2 Languages

The standard language for physics applications software in all four LHC experiments is C++. All experiments recognize that the language choice may change in the future, and some support multi-language environments today. LCG software should be designed to serve C++ environments well, and also to support multi-language environments and the evolution of language choices. Java, in particular, may be an important language in the future and should be the basis of assessing the adaptability of LCG software to future languages. 

3.2.3 Distributed applications

LCG software must operate seamlessly in a highly distributed environment, with distributed operation enabled and controlled by components employing Grid middleware. All LCG software must take account of distributed operation in its design and must use the agreed standard services for distributed operation when the software uses distributed services directly (is ‘Grid-enabled’).

3.2.4 TGV and airplane work

While the software must operate seamlessly in a distributed environment, it must also be functional and easily usable in ‘disconnected’ local environments (subject to the limitations inherent in a disconnected environment).

3.2.5 Modularity of components

LCG software should be constructed in a modular way based on components, where a software component provides a specific function via a well-defined public interface. Components interact with other components through their interfaces. It should be possible to replace a component with a different implementation respecting the same interfaces without perturbing the rest of the system.

3.2.6 Use of interfaces

The interaction of users and other software components with a given component is entirely through its public interface. Private communication between components would preclude later replacement of the implementation of a component with another one. They should be designed for stability and for minimal perturbation of external software when they are required to change.

3.2.7 Interchangeability of implementations

The component architecture and interface design should be such that different implementations of a given component can be easily interchanged provided that they respect the established interfaces. Component and interface designs should not, in general, make assumptions about implementation technologies; they should be as implementation-neutral as possible.

3.2.8 Integration

A principal requirement of LCG software components is that they integrate well in a coherent software framework, and integrate well with experiment software and other tools. LCG software should include components and employ designs that facilitate this integration. Integration of the best of existing solutions as component implementations should be supported, in order to profit from existing tools and avoid duplication.

3.2.9 Design for end-users

Where design decisions involve choices between making life easier for the developer (ease of implementation) vs. making life easier for the user (ease of use), the latter should be given precedence, particularly where the targeted users are non-specialists.

3.2.10 Re-use existing implementations

Already existing implementations which provide the required functionality for a given component should be evaluated and the best of them used if possible. Use of existing software should be consistent with the LCG architecture; in particular, it should be appropriately wrapped and, if practical, factorized as necessary to conform to the component and interface models of LCG software.

3.2.11 Software quality

From design through implementation, LCG software should be at least as good and preferably better in terms of quality than the internal software of any of the LHC experiments.

3.2.12 Platforms

LCG software should be written in conformance to the language standard. Platform and OS dependencies should be confined to low level system utilities.  The current main development platform is GNU/Linux on Intel. Support for the Intel compiler under Linux,  Solaris environment on Sun and Microsoft environment on Intel should also be provided. Production software, including external software, will be provided on all these four environments. Development tools and prototype software may be deployed and supported on only a limited number of platforms. 

3.2.13 Trigger/DAQ environment

Although the Trigger and DAQ software applications are not be part of the LCG scope, it is very likely that such applications will re-use some of the core LCG components. This is a consequence of the desire of the experiments to be able to migrate physics algorithms from the reconstruction/analysis domain to the trigger and data acquisition domain and vice versa. Therefore, the LCG software must be able to operate in a real-time environment and it must be designed and developed accordingly.
4 Use of ROOT

The ROOT data analysis framework is widely used in HENP and beyond, and is being heavily used by the LHC experiments and the LCG. We see the LCG software as a user of ROOT; a user with a very close relationship with the ROOT team. While the ROOT team is highly attuned and responsive to the needs of the LHC experiments, it also supports a large and diverse non-LHC community (including many major HENP experiments) with its own requirements, not least the stability of ROOT itself. It is impractical for LCG software architecture and development to be tightly coupled to ROOT and vice versa. We expect the user-provider relationship to work much better. The ROOT team has an excellent record of responsiveness to users. So while ROOT will be used at the core of much LCG software for the foreseeable future, there will always be a ‘line’ with ROOT proper on one side and LCG software on the other.

For the purposes of the user-provider relationship described, we must define what we mean by ‘ROOT proper’. We mean the ROOT software that has been either developed or accepted by the ROOT team for inclusion in ROOT releases and is supported on the same basis as the rest of ROOT code. We do not mean any application or tool which makes use of ROOT.  Nor do we mean solely those components of ROOT which exist today: ROOT itself will grow and change over time. Decisions on making use of ROOT in the implementation of LCG software components should be made on a case by case basis, driven by the circumstances.

Despite the user-provider relationship, LCG software may nonetheless place architectural, organizational or other demands on ROOT. For example, the library organization and factorization of ROOT will impact component interdependencies in LCG software employing ROOT implementations and may drive changes in the organization and/or factorization. A consideration in assessing the pros and cons of a ROOT-based implementation of a component or service in a particular domain will be the imposition of a bulky library.

5 Blueprint Architecture Design Precepts

Here we present the design precepts we feel should be applied as part of the blueprint architecture. They are based on current “state of the art” practice and knowledge in Object-Oriented analysis, design and implementation with particular emphasis towards C++.  We acknowledge the fact that the “art of programming” is evolving fast and therefore none of these precepts should be assumed to be an immutable commitment. 

5.1 Software structure

The overall software structure consists of

· At the lowest level: the foundation libraries, utilities and services employed in building the basic framework. By foundation libraries we mean low level, fairly independent class libraries to complement the “standard” types (e.g. STL, or a library providing a LorentzVector). Utilities and services include higher level software such as grid middleware and utility libraries (e.g. Boost). Some of the software at this level will be optional, such as grid middleware.
· The basic framework: A coherent, integrated set of core infrastructure and core services supporting the development of higher level framework components and specializations. Examples of core services at this level are: the object “whiteboard” and object dictionary by which all parts of the system have knowledge of and can access to the objects of the system.
· Specialized frameworks: Frameworks for simulation, reconstruction, interactive analysis, persistency, etc. They employ and extend the services and infrastructure of the basic framework. Only a subset of these specialized frameworks, or common components within them, will be within the scope of the LCG.

· Experiment applications: The final applications built on top of the specialized  frameworks will be in general very specific to the experiment and their development will not be in general within the scope of LCG.

[image: image1]
Figure 1: Software structure

5.2 Component model

LCG software will be modular, with the unit of modularity being the software component. A component internally can consist of a number of collaborating classes. Its public interface expresses how the component is seen and used externally.

The granularity of the component breakdown should be driven by that granularity at which replacement of individual components (e.g. with a new implementation) is foreseen over time.

Components should communicate via public interfaces. They should not communicate via “hidden channels”, e.g. via data structures internal to an implementation technology used in multiple components; such communication would make it impossible to replace one of the components without interfering with the functioning of others. If a component breakdown has a finer granularity than an implementation technology underlying several related components, cost and complexity may be higher than a coarser component breakdown matching more closely the implementation technology. The more fine grained breakdown must be justified in such a case by need, such as the replaceability criterion described. Here are some good design practices:

· Dependencies among components at the same level in the architecture should be avoided.
· Relationships internal to the component (eg. a->b()->c(i)->d(“b”)) should not be exposed.
· The technicalities of the component model should be hidden from end users. 
· Components at different levels of the architecture will usually communicate directly through a master-slave (framework plug-in) model. Those at the same level will have to rely on a peer-to-peer communication model established over a  common “communication bus”. The whole system should finally provide a coherent and consistent interface toward the end user.
5.2.1 Plug-ins

In the LCG architecture a plug-in is a logical module that encapsulates the concrete implementation of a given service: either a base service such as persistency or a user provided one such as the algorithm to construct event objects. It should be possible to load, activate, deactivate and unload plug-ins at run-time. Plug-ins should be self-consistent, i.e. able to load and activate any module they depend upon. Query facilities to browse available plug-ins and eventual metadata associated with them should be provided.

Plug-ins are specific to a given framework. Components that must work within multiple frameworks may require multiple “plug” adapters.

Granularity of plug-ins is orthogonal to physical packaging: plug-ins will typically include code from more than one physical unit. Conversely, several plug-ins may finally be packaged in a single dynamically loadable module. The architecture should therefore make no assumptions about the relations between plug-ins, physical packages and dynamically loadable modules.
5.2.2 Framework, Client and User APIs

Each software package developed by the LCG has to deal with three kinds of  “direct partners”:

· Embedding framework(s)

· Its own plug-ins, since the package can be a framework itself.
· End Users

with respect to which it has to define proper interfaces. These elements are discussed in following sections.

It is good practice to keep these three APIs well separated. 

The interface towards embedding frameworks should allow flexible policy implementations and should make minimal assumptions on the running environment.

The plug-in interface should guarantee, at the same time, the correct behavior of the plug-in itself and the independence of its implementation from the framework. 

The end-user API should adopt a “by value” paradigm which allows enforcement of a strict ownership model, unless stringent performance requirements impose a different paradigm. 

The practices and techniques described in the following sections are all relevant to properly design and implement these interfaces.

5.2.3 Peer-to-peer collaboration

Besides the “master-slave” model implicit in the previous sub-section, several components will collaborate in a peer-to-peer model. In this case components will typically plug-in in a common framework that will act as communication mechanism. In such a peer-to-peer model, besides the interface (API) between a component and the framework, it is essential to specify the communication protocol. For example, in HEP applications, reconstruction and analysis algorithms will have a very narrow interface toward the framework: register, disconnect, request data, provide data. But, in addition, a protocol will be need to specify how to identify data and algorithms, the storage and retrieval policy from persistent store, etc.
5.2.4 Physical vs. logical modules

Although classes and methods are the natural granularity for developers to define interfaces and implement functionalities it is not practical to expose this level of granularity to the user.

The physical grouping of classes should be driven by criteria such as organization of the development team, ease of release management and the minimization of compile-time and run-time dependencies. This often generates too large a number of physical modules (header files, include directories, shared libraries) whose details are of no interest to the end user.

It is therefore mandatory to provide a level of logical modules (header files and dynamically loadable modules) and logical environments (include directories, bin and load paths) whose granularity matches typical use cases and scenarios.

5.2.5 Services

Services provide a uniform and flexible means of providing basic framework functionality.

Consider as an example a logical filename to physical filename mapping service.  This may involve consulting a replica catalog to get a list of physical filenames, choosing the best instance, initiating a transfer if necessary, and finally providing a local filename.  For a logical file that has been provided as part of the job description using grid tools, the same service may be provided by consulting a local grid interface to find the physical instance that has already been chosen for this job—no grid catalog lookups are required.  Both approaches should provide the same service interface to the user—indeed, these may be implemented as a single service, with the choice of how to deliver the service made by the implementation.  

5.2.6 Role of abstract interfaces

An abstract interface in C++ is a class where all the methods are pure virtual. Although abstract interfaces can be used just to standardize and “document” an API, their functional role is to allow run-time binding removing compiler-time dependencies. Service-like classes are one example of a candidate for use of abstract interfaces, when a range of different services (distinct concrete implementations) must conform to a basic set of behaviors and interfaces which can be expressed through an abstract interface. Data-like classes, less concerned with uniform behavior across a wide range of implementations, and with stringent performance requirements, are less suited to an abstract interface even if conformance to a standard API will still greatly simplify their use.

5.2.7 Composition vs. Inheritance

Classes can provide functionality by implementing interfaces typically either via composition or inheritance. Using inheritance, the class (multiply) inherits from those interfaces it is providing. Using composition, classes supporting the desired interfaces are contained by reference in the composite class. Inheritance is required if objects have to be used polymorphically and in principle can be restricted to abstract classes. Composition (including the extreme “Private-Implementation”  (Pimpl) idiom  by H.Sutter, pag.99) is in general more flexible than inheritance and allows the implementation of user APIs in terms of envelopes, facades or proxies. On the other hand, direct inheritance from powerful base classes can often simplify enormously the implementation of  final classes.

Proper balance among object composition and class inheritance has to be judged case by case taking also into account compilation performance, run time performance, code maintenance and readability.

5.2.8 Interface versioning

An interface represents a contract between a class providing a service and the clients using the service. While in principle the interface should not change, in practice this can be very difficult to achieve. To allow the detection of changes and eventually take corrective actions, it is convenient to version interfaces that can be queried at run-time.

5.2.9 Component lifetime

Services may be used by a fluctuating number of clients. It may be of interest to discard services with no remaining clients. A possible mechanism is reference counting that allows the framework to control the lifetime, the multiplicity and the scope of its components without any pre-empted allocation of resources. 

5.2.10 Granularity of Object access (Envelopes, facades and proxies)

Object design should follow the “one class – one mission” principle avoiding multi-purpose classes with disjoint functionalities. Still, classes have the tendency to grow their interfaces particularly when inheritance is involved. Often only a part of the interface is of interest to a given client and there is no need to expose the rest used elsewhere.  This problem is exacerbated by the need of C++ to have all members of a class declared in the same header file. All these problems may often be solved splitting the user interface and the implementation in different classes. Design patterns such as envelopes, facades or proxies can be used, together with abstract interfaces and factories, to effectively mitigate all kinds of dependency and stability problems a large class declaration can cause. These patterns also help in providing a more coherent user interface to a set of collaborating classes that are kept separated for design and implementation reasons. 

5.3 Object models

The architecture should permit complex objects with sophisticated behaviors. It should not presume or require an object model in which e.g. event objects are solely ‘dumb data-intensive’ objects. The distinction between data-type objects and actor-type objects is not necessarily sharp.

Enforced behaviors and policies (e.g. object ownership) must be enforced via automatic mechanisms from the beginning, such as at compilation-time or with a code checking tool, or they will surely not be adhered to by code writers.

Hooks should be built into object stores to permit the system to perform run-time checking of behavior and compliance. A performance penalty can be accepted in such a ‘check mode’ provided it is fully removed when check mode is deactivated.

The object ownership model in object stores should be simple and clear to users and bulletproof in its programmatic enforcement. The impact may be more complex service code, but this will be written once, by experts; it will be used endless times by non-experts.

5.4 Distributed operation

The architecture should enable but not require the use of distributed resources via the Grid.
The configuration and control of Grid-based operation should be encapsulated in components and services intended for these purposes. Apart from these components and services, grid-based operation should be largely transparent to other components and services, application software, and users.
Grid middleware constitutes optional libraries at the foundation level of the software structure. Services at the basic framework level encapsulate and employ middleware to offer distributed capability to service users while insulating them from the underlying middleware.

Grid-aware components and services should adapt gracefully to ‘unplugged’ environments, transitioning to ‘local operation’ modes where possible, or as necessary failing with clear reporting of the reasons.

The granularity of operations on distributed resources by Grid-enabled applications is currently expected to be coarse-grained. Nevertheless this assessment must necessarily be revisited periodically in view of the evolution of the Grid infrastructure.
5.5 Additional design guidelines

5.5.1 Global data and singletons

Global objects, from FORTRAN common blocks to simple Singletons as in Gamma et al, are incompatible with computing paradigms such as multi-threading,  runtime dynamic-loading, distributed applications and exception handling.

On the other hand it is very convenient to provide to the users some points of access that appear global. It is a framework responsibility to make sure that the proper policy about thread-safety, lifetime and multiplicity is respected. LCG should therefore provide simple and yet sufficiently powerful framework infrastructure to manage multi-thread, lifetime and context-switching. In this respect many ready to use solutions exist in the literature (for instance A.Alexandrescu  p. 129) and as public domain implementations (Loki, Boost). We strongly advise the use of such solutions. 

5.5.2 Dependencies

Dependencies between components at the same level in the architecture should be minimized. Run-time dependencies (decided at the application level) should be favored over lower level compile-time dependencies. This should however not be done at the expense of obfuscating code, particularly through the use of constructs and idioms that are not common-practice for the language in use
. 

The cost implication on testing of run time binding should also not be neglected. C++ is a strongly typed language and the compiler is an invaluable tool to detect not only typos and syntactic mistakes, but also semantic and logic errors when these involve the wrong use of private class members, const objects or classes in an inheritance tree.  Strongly typed code, which makes use of classes and mechanisms that are already unit tested,  is correct once it compiles. Code that relies on string parsing, raw-C pointers and direct cast requires additional unit and integration testing in order to be fully validated. The use of strong types (even simple enumerators)  has also the advantage to unveil dependencies that the use of bare strings would otherwise mask.

5.5.3 Interface to external components

LCG software will use many external software components and, conversely, will be used together with very diverse software components by the four experiments. To ensure a seamless integration LCG should develop a set of generic adapters that ensure the proper behavior of external software when this is used as a service or a client of an LCG component. These adapters should “translate” whatever mechanism is used internally by the external software to the corresponding LCG mechanism particularly in the areas of version and variant identification, exception handling, state and error reporting, management of object lifetime, multiplicity and scope. 

5.5.4 Exception Handling

All Object-Oriented languages currently supported in LCG (C++, Java, Python) support exception handling. Foundation libraries, such as C++ std, use exceptions internally.

LCG will use exceptions as standard practice to handle error conditions. An exception should be caught in the component that throws it. If a local corrective action is not possible, escalation to the embedding framework will be performed throwing the appropriate exception defined in the framework itself. Exceptions are therefore an integral part of any plug-in interface. Plug-ins are not required to use or handle framework exceptions internally. Exceptions thrown by external toolkits, such as C++ std, should be handled in the scope where the throwing function is called. Any uncaught exception will cause the program to terminate gracefully. Interactive applications should catch all exceptions, notify the user with a clear message that includes possible corrective action, and return the control to the user leaving the application in the state it was before the last user action. If this is impossible the user should be notified. If the exception implies leaving the application in a state that prevents further safe execution the user should be notified of the limited choices he has before terminating the program gracefully. 

5.5.5 Coding styles and standards

Different components can be (will inevitably be) built to different styles of C++. What must be common and standard is interfacing and integration.

5.5.6 Interface naming conventions

It is a good practice to have a convention for naming interfaces.  In this way, developers will identify immediately what C++ classes are interfaces.

5.5.7 Metrics

The project should identify and employ metrics which provide meaningful measures of the quality, usability, maintainability, modularity etc. of both frameworks and the applications based on them. Criteria to be considered in developing and choosing further metrics should be identified. We suggest the Lakos book on large scale C++ software design as a reference.
6 Blueprint Architectural Elements

Here we describe general architectural elements, suggested idioms and patterns and their application, provide examples, etc.

6.1 Basic types

These we suggest as the types which can be used freely in the definition of public interfaces:

· Intrinsic C++ types

· Components of the C++ std library

· Exceptions

· Any LCG defined types
· HEP types (e.g. LorentzVector)

6.2 Object dictionary

Applications such as object streamers, object browsers and debuggers need access to details of the structure of objects that the native object model would otherwise not allow. Object introspection – the ability to query a class about its internal structure – finds applications also in some rapid prototyping applications (circumventing standard scripting language binding) and in runtime discovery of interfaces (circumventing strong typing implicit in the use of abstract or parametric interfaces).

C++ does not provide this kind of object introspection service. Object introspection will be provided in LCG applications via an object dictionary This mechanism is not intended to supersede but only to complement native language features such as abstract base classes, parametric polymorphism, built-in RTTI. 

The C++ dictionary API should support the standard C++ constructs (e.g., inheritance, methods, data members, accessibility, templates, etc.)

6.3 Object Whiteboard
Access to application-defined objects (event data objects, for example) will be supported throughout the system. (How this capability is used should be an enforceable policy of the experiment, to ensure usage consistent with the object model of the experiment.) In this sense the system will have an ‘object whiteboard’ providing uniform access to objects throughout the system. Object introspection will be provided via the described object dictionary, also available throughout the architecture.

6.4 Component Bus

We define a “component bus” as a framework allowing easy ‘plug-in’ integration of components providing a wide variety of functionality, possibly implemented in a variety of languages. This capability is typically available in modern scripting languages, where it can provide a powerful interactive (or non-interactive) environment through which diverse components are “glued together” and uniformly available. We propose to include Python, which is strong in this area particularly for object oriented applications, in the architecture for this purpose. Python is a powerful and widely used object oriented scripting language with a simple syntax. It is easy to interface C++ (and Java) classes to Python via their interface. 

The standard means by which components interface to one another in the architecture will remain in any case via their C++ interfaces. Adapters of these C++ interfaces to the component bus will be provided for all LCG components.  Python-specific interfaces layered on the C++ interfaces are not fundamental and their packaging will guarantee their independency. Building adapters to other implementations of  a component bus such as ROOT will always be possible. 

6.5 Scripting Language

Scripting (run time interpreted) languages cover a large implementation domain ranging from system engineer utilities to end user configuration files. These languages are usually accompanied by a large collection of utility libraries that extend their capability well beyond the built-in functionalities with the effect of reducing considerably the development effort. Scripting languages essentially find their best application wherever either inline editing or rapid prototyping is preferable over external configuration of pre-compiled software. As discussed in the previous section, integration of custom software as plug-in modules in object oriented scripting languages is also very simple and makes the use of a scripting language as an integration framework very attractive. However, the integration so provided is not a panacea. Its ease and flexibility and its reliance on a scripting environment come at the expense of performance. It is suitable for interactive work and configuration/control scripting in batch work. It is not a replacement for e.g. high statistics event loop processing.

Modules and utility libraries from scripting languages and other integration tools should not be used directly from LCG core software. Their use should be limited to the scripting environment and the corresponding interface adapters. 

6.6 Component specification and configuration

The LCG has already decided to adopt a configuration and build system based on one of the tools used by the LHC collaborations: either CMT or SCRAM. A static component configuration will therefore be available in the LCG application environment. The code itself will be part of the configuration. The configuration will include all available component versions and variants.  It is not possible at the moment either to access or to build at run-time any version or variant of a component not included in the current configuration. The ability to modify, build and load at run-time any user defined component will be provided particularly for the interactive environment. This functionality will exploit the full power of the standard configuration and build system in order to guarantee consistency and coherency.

Run-time management of Components/Plug-ins may have to rely upon files (such as a plug-in database) other than shared libraries. These files should be created at build time and should be considered integral part of the static configuration.

Static application configuration will be managed by the configuration and build system (SCRAM BuildFiles for instance). Run-time application (and job) configuration, for example the job-by-job configuration of the adjustable parameters of individual algorithms, has several distinct use cases with implications from and interconnections with work currently going on in the context of the Grid (JCL, Virtual Data Products) and distributed production control. Care should be taken that run-time configuration mechanisms be manageable and maintainable as the number of managed configurations grows (very) large. It is essential that there be a uniform and coherent way to configure components of the system using various source inputs (simple text files, database entries, scripts, etc.).
6.6.1 Up-front Configuration 

The traditional mechanism for job configuration calls for a full, explicit specification of the configuration as part of the input to the job. 
6.6.2 Data-driven Configuration

Using a data product catalog (virtual or actual) it may be possible to fully configure an application dynamically knowing which data products have been requested, which are actually already available, what are the dependencies among them and which components/plug-ins are actually required to build them. Once this has all been determined, a fully specified configuration may be generated and the problem reduces to the previous up-front configuration use-case.

6.6.2.1 Implicit invocation and lazy loading

A possible alternative to up-front configuration is to use the information about the relations between data-products and plug-ins to load the required component at run-time just at the moment when a given data product is required and therefore the corresponding reader or producer is implicitly invoked. 

6.6.3 Multi-process vs glued-component jobs

Multi-step jobs have traditionally been configured using scripts managing a process pipeline using temporary files (rarely real Unix pipes), environmental variables and command line parameters as communication channels. The ability LCG will offer to access components directly from the script environment will allow to explore the utility of a different approach: to run just a single process with the various components communicating through the component bus.  

6.7 Interface with the Grid
6.7.1 Software distribution and installation on the Grid

The software environment on a computing element (processing site on the Grid) upon which application software runs will have to be pre-configured with a complete and internally consistent set of software appropriate to the application being run. While the mechanisms providing this pre-configuration are a responsibility of the Grid middleware and services, LCG software must support convenient and efficient configuration of computing elements. Every component required by an application must be easily exportable and configurable.
6.7.2 Use of Grid middleware services and/or libraries

Grid middleware services are typically realized as autonomous servers. It is expected that the APIs to these services are available from a set of linkable libraries. These libraries can be treated as optional foundation libraries for framework components which access those Grid services.
6.7.3 Grid-based execution
Modern, component-based frameworks in the LHC experiments have adopted the approach of dynamically binding their components at runtime. This approach implies that the actual executable submitted to the Grid is, in fact, minimal. IE. The executable contains a minimum amount of code and dynamically loads the majority of code necessary for the application.
6.8 Basic Framework Services

6.8.1 Framework Infrastructures

Object Oriented Software, and frameworks in particular, relies on a set of mechanisms and idioms (patterns) that are by now standard and well described in literature. The advance of OO/C++ technology has made possible to implement these mechanisms in more generic fashion such as to be able to support multiple behavior policies (including very intrusive ones such as thread support and lifetime control) even at run time. Generic class libraries implementing such mechanisms are now widely available and they can be used in any framework without committing a priori to any particular behavioral model.

We propose to adopt this kind of widely used OO/C++ standard mechanism to implement a number of the basic framework services, as described below.

Libraries such as Loki (Andrei Alexandrescu "Loki" library)  and Boost can be a good starting point  for implementing such generic infrastructure. Most probably LCG will have to develop some more, using a similar generic approach, to complement the external software.

Framework infrastructure will essentially provide generic classes for managing creation of objects (factories), lifetime, multiplicity and scope (singleton, multiton, smart pointers), simple communication mechanisms (registries, multi-methods) and extended type management. 

6.8.2 Object dictionary

See section 6.2.

6.8.3 Component/ Plug-in management

Defines a protocol, and associated API, by which any component that requires interaction with another can discover what is available; query component/interface metadata such as version, variant and detailed functionalities; choose the most appropriate one; and have it loaded and constructed together with all other required services.

6.8.4 Incident (‘event’) management

A MVC (Model-View-Controller) like mechanism to post and receive incidents (‘events’, but that word is taken). It can be used effectively as a peer-to-peer communication protocol.

6.8.5 Monitoring and reporting 

A facility for reporting out state, status, timing, statistics and other information to monitoring systems.

6.8.6 Component configuration

Independently from the original source (database, flat file, script, network URL, GUI widget, command line) there is a need for a mechanism that consistently brings this information deep into the heart of the application.  The configuration system should allow application developers to register objects or simple variables and have them configured transparently according to the source decided at run time.

6.8.7 GUI manager

Interactive access to LCG applications should be possible through a graphical user interface with an embedded command line. The GUI should be based on a widely-used base software supporting LCG  languages and  computing paradigms (component architecture, run-time loading, multi-threading, distributed computing). 

6.8.8 Exception handling and error reporting

A consistent hierarchy of exception classes should be developed that, coupled with the monitoring and reporting system, enables developers, end users and the support team to easily identify the location of the error, its possible causes and propose possible correcting actions.

6.8.9 System services

LCG should provide a consistent, platform independent interface to system resources in the form of a C++ API.

Operating systems provide neither a consistent standard interface to system resources nor a native interface to high level languages such as C++. Among the LCG supported platforms Linux and Solaris provide a very similar OS interface, even if there are still too many annoying small differences. Microsoft Windows is a world apart.

Java, Python and Perl all provide a large set of utility modules for interacting with the operating system. We suggest to use them when developing in one of these languages. Although the idea of using Python modules to interface OS functionalities  from C++ could be attractive, we prefer, for the time being, to opt for a more specific C++ implementation. A low priority project may investigate the pro and cons of such an approach.

Many C++ libraries exist (ACE, ObjectSpace, ROOT) that provide a quite complete and consistent interface to system resources. All of them have a scope much broader than just system services and it is often not easy to use only a few of these services without embracing the whole framework that these libraries implement.

We feel that, in order to support a wide set of independent applications, the access to system resources should be provided by a highly granular set of modules with minimal coupling among them. When simple modules are available from external providers (for instance the Boost thread library) they should be adopted. In other cases we suggest to develop a C++ Object-Oriented interface to the native C API for the LCG supported platforms. We strongly encourage the various LCG collaborators to contribute with any software unit they have developed to cover this area. The project should evaluate them and re-use as appropriate. 

Where packaging is concerned, we suggest to use inline preprocessor directives only in a limited way, to deal with small differences particularly if they are likely to disappear in future (such as Posix non-compliance). When the discrepancy is large, we suggest to use different compiler units even at the cost of some code duplication. In all cases preprocessor directives should be driven by some sort of autoconfig mechanism. Module names should be kept the same on the various platforms as, in this case, runtime selection does not apply. 

A non-exhaustive list of system services that are required to cover the needs of framework services in the LCG computing environment includes:

· Signal setting and handling
· Timer setting and dispatching
· Process handling (fork, pipe, …)
· Thread handling (thread, semaphores,  …)
· Environment variable setting and getting
· File system directory and file handling
· Syslog interface
· Dynamic loading/unloading
· Networking
6.9 Foundation and Utility libraries 

Besides system resources there is a large set of simple computing functionalities that are provided by utility libraries for which the same re-use and packaging criteria  of system services apply. These utilities cover a broad range of unrelated functionalities and it is essentially impossible to find a unique optimum provider for all of them. They should be developed or adapted as the need arises, without launching a huge generic project covering all aspects of basic computing. Examples of functionalities that are clearly required already at the start include regular expression parsing, XML parsing, command line parameter and option parsing, stopwatch service, GUID generation, numerical functions, and random number generators.

6.10 Use of External Software

A clear process and set of rules should be applied in making decisions on the use of external software. We make a recommendation in this area below. Recommendations on external software have already been made by the process RTAG.

7 Domain Decomposition

Here we describe the domain decomposition of physics applications software for the LHC experiments. All domains are included, and their principal components identified, whether or not they may be appropriate for common projects. Software support services (management, packaging, distribution etc.) are not included. For select domains with common project potential, we identify and briefly discuss suggested implementation choices and the architectural issues they raise. For the remainder of the domains we comment on their applicability to common software projects. Domains are described briefly but with sufficient explanation to make their role and scope clear.

Domains have many interconnections and any given function will typically involve many domains. 
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Figure 2: Domain decomposition for physics applications software. Grey domains are not within LCG applications area scope, though they may be users of project software. The indicated products are examples and are not a complete list. The indicated components are also only examples. See the text below and the schedule/resources material for more information on resource requirements, products etc.
7.1 Foundation and utility libraries

See earlier discussion. Should be addressed by a common project.

7.2 Basic framework services
Basic framework services, system services. See earlier discussions. Should be addressed by a common project  Part of this is already a common project activity, being addressed in the context of the persistency project (e.g. object dictionary).

7.3 Persistency and data management

This is a major common project activity, the persistency project developing the POOL hybrid store. It covers object persistency; relational cataloging; event-specific data management; conditions-specific data management. This domain is already established as a common project activity (the POOL project).

7.4 Event processing framework

The framework controlling the execution flow of event processing. While common project components (such as core services) may be used in event processing frameworks, this domain is not expected to be a common project activity soon. Perhaps it will be in the long term. 

7.5 Event model

The representation of the event used by physics application code. Experiment-specific and outside LCG scope.

7.6 Event generation

Event generators themselves are outside the scope of the LCG. Ancillary services surrounding event generators (e.g. standard event and particle data formats, persistency, configuration service), and support and distribution of event generator software, are expected to be in the scope of common project activities.

7.7 Detector simulation

Support and LCG-directed development of simulation toolkits such as Geant4 and Fluka and ancillary services and infrastructure surrounding them are expected to be addressed by the LCG. Application of these toolkits in experiment-specific simulation software will not be addressed by the LCG.

7.8 Detector geometry and materials

Persistent description of geometry and materials; transient geometry representation; geometry modeling tools. Standard tools for describing, storing and modeling detector geometry and materials are expected to be covered by a common project.

7.9 Trigger/DAQ

Not currently foreseen to be addressed by the LCG. However, high level trigger applications and DAQ monitoring programs are expected to be implemented on top of experiment data processing  frameworks, in order to exploit re-use of reconstructions algorithms and services directly in such  applications. This implies that LCG common services or libraries on which the experiment frameworks will be based should be available for Trigger-DAQ environments with the required level of quality and performance (e.g. strict time budget and memory leak intolerance).
7.10 Event Reconstruction

Event reconstruction software is experiment-specific and outside LCG scope but is expected to be built on top of the common framework infrastructures allowing to use common services between the other applications. In addition, reconstruction algorithms should be callable from the interactive physics analysis environment.
7.11 Detector calibration

Apart from the conditions database tool used to store, manage and distribute calibration data, this area is experiment specific and outside LCG scope.

7.12 Interactivity and visualization
Command line environments for interactive and batch (script) access to the functionality of the system. Good candidate for common projects. We propose that Python and ROOTCINT both be available, with the possibility to easily move between them. The architecture is to make it possible to access application-defined objects from both these environments. The capabilities provided by the Python and ROOT environments, which should be largely complementary, will then both be trivially available in the architecture. How they are used by a given experiment will be a matter of experiment policy. This implies work principally on the ROOT side, in particular the capability to work with ‘foreign’ classes now being introduced. 
GUI toolkits, used to build experiment-specific interfaces but not themselves experiment specific, are a good common project candidate. We propose the adoption of Qt as a common GUI library that fulfils the criteria of Section 6.8.7.
Event, detector displays in 2D and 3D. Here again, general tools underlying experiment-specific graphics could be a good common project candidate.

7.13 Analysis tools

Histogramming, n-tuples, fitting, statistical analysis, data presentation tools. Will be addressed in a common project. Should be well integrated with the experiment framework: access to experiment data objects; integrated with event display; allow configurable interactive simulation and reconstruction. Concurrent availability of ‘event’ oriented capability and ‘distribution’ oriented capability.

7.14 Math libraries and statistics

Math and statistics libraries used in analysis, reconstruction, simulation. An established common project.

7.15 Grid middleware interfaces
The components, services and tools by which physics applications software and physicists interface to Grid middleware and services. Utilization of Grid middleware and infrastructure to support job configuration, submission and control; distributed data management; Grid-enabled analysis; etc. Entirely amenable to common projects and a major LCG focus. The role of the applications area with respect to the Grid is precisely this area, where the physicist and physics application software meet the Grid (e.g. portals and other user interfaces to analysis and physics applications).
8 Schedule and Resources

For the domains amenable to common software projects, we suggest a project breakdown, we identify high-level milestones and we offer a rough estimate of the common project effort over time that would be required. This is presented as a separate spreadsheet, explained and summarized below, which can be found at the URL http://lcgapp.cern.ch/project/blueprint/BlueprintPlan.xls.
The spreadsheet is organized in terms of a possible breakdown of applications area activities in terms of projects. Some (persistency, math libraries, SPI) already exist. Others (core tools and services, physics interface) could be created to undertake work arising from this RTAG (and a future RTAG on analysis). Others (simulation, generator services) could be created to undertake work arising from other RTAGs currently close to completion. There is not a one to one mapping between domains and projects; the domains falling within the scope of each project are indicated in the spreadsheet. For example, we suggest that the core elements of the software with which developers will build LCG applications be grouped in one project – core tools and services – and that those elements of the software interfacing directly with physicist users be grouped in another  – physics interfaces. The specific components and activities and their allocation among the projects will be a matter for relevant RTAGs and for the project; we offer only rough and tentative suggestions which we use as a basis and organization for the schedule and resource estimates we present.
The schedule presented is approximate and incomplete. Most of the projects addressed do not yet exist, and those that do exist have not yet established work plans covering the duration of phase 1. Nonetheless it is possible to estimate the approximate levels of effort required over time in the different projects to address the expected common project scope, with an understanding of what applicable existing software exists and can be used (major products we expect to use in the different projects are shown in the spreadsheet). Snapshot estimates of FTE levels are shown by quarter over the duration of phase 1 of the LCG. The total across the different projects for each quarter is shown on the left. The basis for the estimates in terms of approximate FTE levels required for individual work packages within the projects is shown on the spreadsheet. The resource estimates by project over time are summarized in the chart below.
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Figure 3: Estimated required effort profiles for applications area projects.
The quarterly totals can be compared to the actual expected project resources, which are estimated (again these are approximate estimates) on the spreadsheet. LCG, CERN, and experiment contributions are taken into account. (The ROOT team is not included in these numbers, consistent with ROOT being distinct from the LCG software in a user/provider relationship). It can be seen that the anticipated ~60 FTEs appear sufficient for the estimated needed manpower.
For comparison, the September 2001 estimates of IT+LCG resources needed to supplement experiment effort in the LCG applications activity areas are shown in the table. The 36 FTE estimate is quite consistent with the resources we actually see appearing, with together with available experiment resources, do appear sufficient to get the job done.

9 Specific Recommendations to the SC2

Here we make recommendations regarding tools and technologies, near-term work and potential common projects.

9.1 Use of ROOT

In Section 4 this RTAG has proposed a user/provider relationship between LCG software and ROOT. All members of the RTAG agree to this approach as the basis for an acceptable working relationship between the LCG applications area software projects and the ROOT team. However as the appendices to this document make clear, ALICE and the ROOT team do not accept that this approach is the best way to proceed. As is also expressed in the appendices, these differences are irreconcilable at this time. What we can achieve is a working relationship acceptable to all that will allow LCG software projects to go forward, taking advantage where appropriate of a strong and well supported ROOT product and development effort. The RTAG accordingly recommends the adoption of a user/provider relationship as described in Section 4 as the basis for the use of ROOT in the LCG.

This RTAG addresses ROOT usage only at an architectural and domain level.  Details of technology decisions (apart from any which might be specifically mandated by RTAGs) are made in the appropriate applications area project, on the basis of technical criteria and in consultation with the experiments via their project participants and the Architects Forum.

9.2 ROOT development
ROOT has an established, special role in LCG software. At this time we propose neither to ‘split’ ROOT nor to ‘cut/paste’ parts of ROOT (clone them off into parallel standalone packages, e.g. a standalone RIO). We list here aspects of current and foreseen ROOT development we expect to be particularly important for LCG software.
· The support for ‘foreign classes’ recently added to ROOT I/O, and other ROOT I/O improvements relevant to LCG (POOL), e.g. locatable persistent references

· Expanding support for STL

· Convenient external access to CINT dictionary (feed/retrieve info)

· Eventual migration to a standard C++ introspection interface

· Support for automatic schema evolution

· PROOF and grid interfacing

· Interfaces to Python and Java

· Qt based GUI

· Histogramming, fitting, n-tuples, trees

· Interface to GSL

9.3 Core services

We recommend that a common project be initiated in core services to provide those identified and described by this RTAG.

9.4 Foundation and utility libraries

We recommend that a common project address the selection, integration, development (as necessary) and support of foundation and utility libraries. This project may be combined with the core services project we have recommended, if this seems optimal.
9.5 CLHEP

Requires an examination of what parts of CLHEP are needed, and what role the LCG should have in their support and development (some components are being addressed in the generator RTAG). Requires repackaging so that different versions of components can be used. Needs to be granular. LCG has to be prepared to enhance or redevelop components if cases arise where an adequate development and support arrangement cannot be worked out with CLHEP responsibles. We recommend that a quick review of CLHEP be conducted by the LCG to address these issues.

9.6 AIDA

We propose the adoption of AIDA to provide interfaces to data analysis components. With that, we expect to facilitate the integration of existing implementations or adaptations and to provide continuity in their current use in the experiment frameworks. New implementations of the AIDA interfaces, or some subset of them, are also expected in the future. In particular, a ROOT implementation would be desirable to facilitate interoperability of analysis objects (histograms, n-tuples, etc.) between different frameworks.

LCG should follow and participate in the evolution of these interfaces. It is very likely that new interfaces to analysis components not currently covered by AIDA will be added and that the existing ones will most probably evolve based on user's and implementer's feedback. This will be an opportunity to evolve them in a direction that conforms better to the guidelines described in this document and thus providing a more coherent set of interfaces in the longer term.

9.7 Python

We have proposed Python for adoption as an interactive/scripting environment and component bus. It should be implemented so as to permit the swapping in of another scripting tool if desired later. It should be an optional element of the architecture, and should coexist with ROOTCINT as an interactive/scripting option available in the architecture. We recommend that a project working group be set up to determine how such an environment should be interfaced to the architecture, evaluating available approaches such as Swig and Boost.

9.8 Qt

Interactive access to LCG applications should be possible through a graphical user interface with an embedded command line. The GUI should be based on a widely-used base software supporting LCG  languages (C++, Python) and  computing paradigms (component architecture, run-time loading, multi-threading, distributed computing). We propose to adopt Qt as the GUI library. 

9.9 STL

We propose adoption of the full STL native to the agreed compilers of the LCG.

9.10 Java support
Multi-language support and compatibility of LCG software with migration to future languages and Java in particular have been identified as requirements. To realize this we believe that Java has to be a working tool in the LCG software environment today, and indeed most experiments are using Java in some form. We propose that the applications area take the responsibility now for supporting standard, current Java compilers and associated essential tools.

9.11 Third party software

We recommend that a clear process, and associated policies and criteria, be developed for making decisions on the use of third party software, both commercial and non-commercial. Products which will need to be addressed can already be identified, such as Qt, Classlib, and Boost. Issues to be taken into account include

· The size and activity level of the product’s user and developer communities

· Cost and complexity of licensing, measured against the return

· e.g. if payment and licenses are only an issue on Windows, the fact that Windows users are accustomed to paying for software should be considered

· And so on.
9.12 Software Metrics

The project should identify and employ metrics which provide meaningful measures of the quality, usability, maintainability, modularity etc. of both frameworks and the applications based on them. Criteria to be considered in developing and choosing further metrics should be identified. 
9.13 Analysis RTAG

In this RTAG we have not addressed in any detail the specifics of physics analysis software (but the blueprint documented here is as applicable to physics analysis software as it is to other areas). We recommend the prompt initiation of a new RTAG on physics analysis software to specifically address requirements and potential common project activity in this area, with particular attention to the distributed aspects of physics analysis. There is substantial and rapidly increasing activity in the design and development of distributed analysis software and tools – grid portals, for example. We feel an RTAG is warranted at this time to understand better the distributed analysis environment we anticipate, the common requirements in this area, and the common project activities that will address experiment needs in a coherent way.

9.14 Physics Interfaces

Some of our recommendations propose the initiation of work in areas relevant to the interface by which physicist users interact with the software (interactivity/scripting, GUI). We have also recommended that the area of physics analysis – and particularly analysis in a distributed environment – be addressed in a further RTAG, anticipating common project activity in this area. We see these areas as closely related aspects of an activity that must be treated coherently: the interfaces and tools by which physicists will directly use the software. We recommend the initiation of a project in this area to take on relevant aspects of the work arising from this RTAG, and to expand later according to the outcome of future RTAGs. Some activities (e.g. interactivity) may have parts of the work classifiable under other project areas such as core services; it is for the Applications Area to determine the specific responsibilities of the different projects.

10 Recommended reading list

B.Stroustrup: The C++ Programming Language 

N.M.Josuttis: The C++ Standard Library 

J.Lakos: Large Scale C++ Software Design 

E.Gamma et al.: Design Patterns 

S.Meyers: (More) Effective C++ 

H.Sutter: (More) Exceptional C++ 

A.Alexandrescu: Modern C++ Design 

Appendix A – ALICE Memorandum

Memorandum

From:
The ALICE Off-line Project & the ROOT Team

To:

T.Wenaus LCG Project application area coordinator

Object:
Position on the outcome of the BluePrint RTAG

Status:
Final

Date:

16 September 02

This document describes an architecture for the software of the LCG project that matches well with the current ROOT architecture and principles. The domain decomposition that we presented at the first meeting of the RTAG corresponds to the current proposal. In addition, we have indicated the relationship between the various components, the hierarchy and the requirements for a CORE system. This analysis is still missing in the current proposal.

During the work of the RTAG, we have expressed different views on some implementation points. In particular:

· We do not believe that Python is the right solution for a scripting language in our environment. We do not pretend that Python is a bad language, but we believe that a C++ interpreter like CINT is a superior solution. CINT allows an automatic transition from interpreted to compiled code. Users have to learn one single language. In the experience of the ALICE experiment this has been a very important enabling factor in the move to C++ and ALICE users now depend on it.

· ROOT has already been interfaced with Java (JavaRoot from Subir Sarkar). A preliminary ROOT-Python interface has also been developed by Pere Mato. We support and encourage such extensions and we are willing to help to improve these interfaces to make them simpler and more efficient. Tony Johnson has also shown that it is possible to read ROOT files from Java without using ROOT. This is an interesting work to be supported.

· We do not believe that taking Qt as the standard GUI system is a wise decision. We have seen so many similar wrong decisions in the past with GKS, GPR, PHIGS, Motif. We believe that the proposed implementation of the architecture must include a high level GUI system with enough flexibility to be also interfaced with any state of the art GUI toolkit, like Qt today. We note that these systems have a typical life time of 5 years and we are designing a system with an expected life time of 20 years. Of course the system must be able to collaborate with any third party components using a different GUI system.

· We expect to see an introspection system in C++ (XTI) in the coming years (in C++0x). We do not think that it is a wise decision to develop now a special language dialect on top of C++ as an input for a dictionary in memory. This would duplicate the work already done in CINT when a standard solution is close by. We expect that CINT will be able to evolve in a transparent way to the new introspection system as soon as it is available.

The ROOT team spent nearly 8 years with the help of many users to come to a coherent system, well suited to the tasks at hand in HEP computing. This blueprint RTAG proposes the development from scratch of a new system that could use ROOT as a stop gap solution in some areas. We do not understand the rationale behind this position. The economical implications of this endeavour should be well understood and quantified before launching into it. Moreover it has to be considered that the problem in the development of a modern software framework is not so much the writing of the code. Convincing a large user base to adopt it, and supporting and managing the transition is where a large part of the effort lies, in particular if the advantages of the new system are marginal.

In the developing of this RTAG we were expecting that priority would be given to the development of the components which are missing in ROOT today, such as the interface with the GRID catalogues and a good integration with the simulation and reconstruction environment. We just do not believe that copying the current ROOT functionality behind a completely new API is beneficial for the community and is feasible in the given time frame.

We do not see how the current proposal can succeed if the role of ROOT is not clarified and if major components now in ROOT are reimplemented in a different environment such as POOL. We are afraid that this may generate duplication of efforts in the short term and conflicts in the medium term

We believe that one can build a complete and viable software framework for LHC experiments much sooner and much cheaper if ROOT is used, as initially proposed to this RTAG.

The ALICE collaboration has gained enough confidence in ROOT by using it over the past 4 years. Given the lack of resources within ALICE and the absence of motivation to develop from scratch interfaces that will at the end use the ROOT implementation anyway, the ALICE collaboration will continue building its software framework on top of ROOT. However we remain open to use any useful LCG software that might emerge with time and hope that we will be able to integrate future components of LCG software, just as we were able to integrate many other Open Source components.

Appendix B – Chair’s response to the ALICE Memorandum
ALICE notes their agreement with the software architecture and domain decomposition expressed in the report, to which they have contributed; these are also agreed by the other three experiments. They indicated (in a talk from Rene, on the blueprint RTAG’s web page) several of the complex interrelationships between the various components, of which there are many more. In this report we have focused on the architectural consequences encountered in taking account of these relationships, and have not attempted to enunciate them all. It is in taking them into account where the greatest of the differences on implementation points between ALICE and the other three experiments arise. 
The principal difference is in the role of ROOT. Rene Brun presented to the RTAG a proposal that the ROOT core be taken as the core basis of the LCG software architecture, and that the LCG software be built directly on a ROOT foundation following the ROOT architecture. It became clear in the RTAG that this proposal is unacceptable to the other three experiments for several reasons. Direct use of ROOT is inconsistent with deeply held views in three experiments that while they are eager to employ existing software, their experiment software must be decoupled from specific implementation choices via generic interfaces on modular components, and they see ROOT as a specific implementation choice. There are substantial differences over software design for which there is no meeting ground apparent that would make the development of a common architecture practical. There are large software bases existing in the experiments. The ROOT development model of a very small team conducting and controlling development is hard to reconcile with ROOT becoming the core software of a large experiment that has no experiment members on the core ROOT team. The experiments themselves could cite other factors, and state these factors better, but the bottom line is that ROOT as the core software of ATLAS, CMS and LHCb is irreconcilable with the policies, approaches and existing circumstances of these experiments.
In view of this, all four experiments in the RTAG agreed on the user/provider relationship between the LCG software and ROOT as being a solution that will provide an effective working relationship among all. Three experiments will support the development of an LCG software architecture that, while employing ROOT, will do so in an encapsulated way that ALICE finds wasteful. The ROOT team, always very supportive of users, we fully expect will be particularly supportive of the LHC experiments eager to use it and requesting development and extensions in certain areas in order to do so. We are already seeing this in the context of the POOL project. ALICE, as a major contributor to ROOT, will by this avenue and we expect by others as well, contribute strongly to the LCG applications area. In the development of LCG applications area software we will seek to employ, build upon and enhance the capabilities available from existing software, ROOT and others, and so produce products which are more than the sum of their parts. In so doing we expect to feed back useful ideas, software and capabilities to the ROOT team and users among others, and this too is happening in the context of the POOL work. Priority is of course given to the ‘holes’ in existing capability, with Grid catalogue integration – a strong focus of the current POOL work – being a good example.
Agreement on the user/provider relationship was the clarification of the role of ROOT that enabled the RTAG to proceed. The further ‘clarification’ asked for in the ALICE memo seems more a return to the rejected proposal described above.

It should be clear to a reader of this report that a priority for the architecture is to leverage existing software and tools, and by no means to develop a new system ‘from scratch’. And while a principal tenet of the architecture is that replacing implementation choices as the software evolves be as tractable as possible, this does not imply that the use of ROOT is a ‘stop gap’ solution. Injecting a personal comment, my expectation is that ROOT will have a large and vital role in the LCG software at LHC startup and beyond.

Some statements in the ALICE memo require a clarifying response:

· As is made clear in this report, both Python and ROOTCINT will be supported as interactive/scripting environments available within the architecture. Both will be optional, with experiment policy determining what is used how. The implication that the RTAG adopts Python and rejects CINT is not the case. They provide complementary capabilities, a fact acknowledged by the ROOT team in our discussions.

· While we propose the use of Qt as the GUI library, this is in the context of the full body of the arguments we have made in this report: it should be used in such a way as to permit convenient migration to other libraries in the future. The ROOT team itself is encouraging the development of Qt GUIs for ROOT.

· Something all parties agree on is that we should move to a standard C++ introspection system as soon as it is available. The LCG is very interested in cooperating with the ROOT team on the evolution of the CINT interface to a C++ standard.
Finally, the ALICE memo makes a point we can all agree on: the users will ultimately determine what gets used, what software is successful. This RTAG and the LCG applications area in general try to be very cognizant of this. We further agree that ROOT, developed over many years in close and successful collaboration with a very large user community, should be used and supported.
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� For C++, strongly typed identifiers, envelopes and proxies (smart pointers) making use of language features such as templates and casts should be preferred over handling of raw C-pointers to abstract types, home-made parsing of strings and direct cast to and from void*.


� CLHEP or its evolution
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