ISE3 Final Report
Overview ISE strategic plan

The ISE3 project must be viewed in the context of an overall plan to develop an information interoperability capability for US naval shipbuilding. The road map for that plan is depicted in figure 4 as the boxes for HVAC (Heating, ventilation, and air conditioning) and Common Parts Catalog (CPC). The following subsections describe the ISE strategic plan.

Computer-based ship design and engineering
In the 1990’s the US Navy and its shipbuilders began the migration from a design process that captured ship design information on 2D drawings to a process in which ship design information is formulated electronically (with geometry represented in 3D) and captured as a digital product model. The family of systems required to create and maintain a digital product model has come to be known as the Integrated Product Development Environment (IPDE). The process of developing and deploying an IPDE capable of dealing with the intricacies and scope of a modern US Navy warship design entails substantial costs.

As new ship design and construction programs were authorized for complex ships, the use of an IPDE to create the design became imperative. The shipbuilder design agent then invested in an IPDE. The costs of this investment were borne by the US Navy customer as part of the price of the ship design. Of course, the creation of hardware, software, training, and integration into legacy systems of advanced computer-based design capabilities is a business – with several vendors offering products to serve the IPDE market. Not surprisingly, this new technology (at this stage of its development) tends to be vendor unique and not interoperable. Furthermore, the technology advances rapidly so that subsequent products of the same vendor can be essentially incompatible with the vendor’s own legacy offerings. In short, the situation is that the US Navy has paid for several major versions of IPDE, installed by different shipbuilders design agents over the span of the last fifteen years. The Navy is understandably frustrated. It observes what seems to be redundant investment in IPDE, and it tries to determine how it will manage the maintenance and logistic support of the various ship classes through their decades long futures, serving in the fleet. Maintenance and logistic support require continuous ready access the ship class design and engineering information, information which is more easily used if it is available through an IPDE. Absent the needed standards, information created in an IPDE is not easily accessed except through the IPDE in which it was created.

· The cost and schedule for the deployment of an IPDE adversely affects the cost and schedule for the design of Navy ships – with implications for the cost and schedule of the lead ship construction.
Today, approximately one-tenth of the design costs for a US Naval shipbuilding program are consumed by the deployment and support of its IPDE system. In some respects, this is not an unreasonable burden. However if it were much higher, the cost/benefit rationale would disappear.  For any given design program, it is still a substantial cost encumbrance for the acquisition process. But, more importantly, because IPDEs have been developed as part of the design of each ship program, the Navy has been paying for versions of the same basic capability over and over in each new program. Moreover, IPDE development and deployment do not begin until the design contract is awarded. This approach, which is time-consuming and inopportune, inevitably impacts the design and construction schedule, resulting in wasteful costs that, while difficult to account for, are also substantial.

· Two forces, competition (both among shipbuilder design agents and among IPDE providers) and the ceaseless advance of technology, have converged to create the shipbuilding IPDE dilemma.

The Navy deals with a shipbuilders that compete for design and construction work. The competition is motivated by a desire to improve quality and reduce cost and schedule. The shipbuilders seek advantage by selecting an IPDE from competing IPDE vendors.  Imposing a mandated IPDE system on the shipbuilders would frustrate that competition, even supposing it were realistic to imagine that it would be possible to align the various software systems, versions and integrations at competing shipyards. Additionally, imposing a specific IPDE would put the Navy into a very difficult position with respect to the responsibility for performance on the design contract. Simultaneously, the enabling computer systems technologies have been evolving apace. No sooner is an IPDE system designed and validated than new and improved capabilities become available. So, each IPDE is a custom system, suitable for one program and for one shipbuilder design agent. Each program, unavoidably, builds its own IPDE from scratch.
· A root cause obstructing a solution to this dilemma is that there is no consensus on the fundamental question of what constitutes a digital product model.

The first generation IPDE systems were viewed by most as a means to facilitate the publication of 2D drawings. Eventually it became clear that the digital product model was itself the prime work product, enabling multiform efficiencies associated with the re-use of its data, and that it could, in fact, constitute the design deliverable. Unfortunately, there has not yet emerged an industry consensus on the fundamental question of what constitutes a digital design deliverable. This should be a key element of the requirements set forth in the ship’s specifications. Without such a foundation, the selection and subsequent deployment of the IPDE system becomes an overbearing factor in the acquisition process. Moreover, deployment costs are exacerbated rather than decreased as each new program debates the question of what the digital design deliverable should be. Typically, this debate starts anew with each new program -- with participants who are at a disadvantage with respect to lessons learned from prior deployments.
This complex problem is further exacerbated by the collaborative nature of current naval shipbuilding programs. Because each IPDE system is built independently for each new program, the collaboration infrastructure needed for two or more shipbuilder design agents to work together in a program has to be built from scratch. The collaboration infrastructure itself has a price tag in the millions of dollars. It is even less repeatable than the IPDE it services because its links touch the IPDE and its surrounding proprietary support systems.

· Complete the development of the ISE information interoperability infrastructure to serve as an enabler to a flexible, open, next-generation IPDE capability.

The development of the next-generation IPDE capability, which has already begun within the Virginia program, is a vast undertaking, dependent upon many process and technology enablers. Information interoperability, the sharing of information across system, application and organization boundaries, is one such enabler. .  The ability to archive the data in a neutral format to provide a migration path to the next-generation of systems is part of the issue. The following describes the costs, benefits and technical approach for completing this enabler.
Current and future IPDE situation

Each major US Navy shipbuilding program in recent years has built its own IPDE from scratch. This is true even among different business units of the same corporation. Collaboration team members typically deploy a lesser, satellite instance of the lead yard’s IPDE or rig up connectivity to the primary IPDE. As a consequence, the team member is compelled to support and maintain one or more ancillary IPDE environments. The landscape is illustrated in figure 1:
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Figure 1
Each major program boasts a different IPDE implementation. The most widely publicized difference is the selected CAD platform, but, in fact, the more crucial difference is in the surrounding shipyard IT systems, the application systems, the data management systems and the plexus of integration threads that hold the system together.  At the core of each IPDE is the digital product model which is authored, managed, used internally for analysis and manufacturing, and ultimately transformed into the design deliverable. However, the digital product models are different for each program. One reason for the discrepancy is that the constituent elements of the product model deliverable have not been unambiguously specified at a fundamental level. This deficiency impedes the prospects for collaboration of product data as well as for the collaboration of IPDE system components (i.e. plug and play).

Before discussing the development of the next generation IPDE some background is in order. An IPDE system entails the interconnections of software systems, business processes and human resources. Different shipyards use different names for the entire system or for major components of the system. Some examples include Integrated Development Environment (IDE) and Shared Data Environment (SDE). The acronym IPDE has been applied to the Virginia system and processes.

The relationship between a PLM software package and an IPDE system can be confusing. PLM is a software commodity. It is an implement that provides the backbone for an IPDE capability. The IPDE itself, of course, entails much more, including the functional applications, the business processes, and the interoperability of product information. The goal of the Navy’s current PLM (Product Lifecycle Management) development activity is to deploy a next generation IPDE capability (built upon a COTS PLM foundation) that is multi-program, multi-application, configuration managed, standards-based and open.  In other words, the objective is to deploy a system that is integrated and deployed in such a way that its component elements can be re-used for different programs and within different computing environments. Of course, this does not mean the re-deployment is without cost; costs would include license costs as well as installation and maintenance costs, costs that are well-understood and not unexpected. The costs that are avoided are the costs to build the underlying IPDE capability.

A secondary benefit of the next generation IPDE system is that it facilitates collaboration across different IPDEs. As implied in figure 1, the current IPDEs do not communicate with each other. Today collaboration is accomplished by standing up a local, scaled-down instance of the primary IPDE at the collaborating site. As a result of honoring the information interoperability ground-rules (being defined by ISE), the future IPDE has the opportunity to import product data as if it were created natively in its own systems. This capability is enabled by the work proposed for NSRP/ISE but is only brought to fruition after a program deploys the requisite supporting tools. The specifics of these prerequisites are described in the next section.

III. Role of information interoperability in next generation PLM-based IPDE

There are a number of process-related and technological prerequisites to the next generation IPDE capability. This paper addresses one of those prerequisites: information interoperability. Information interoperability is the sharing of information across system, application and organization boundaries. Information interoperability is a key enabler of next-generation IPDE; it is a necessary but not a sufficient condition of its production deployment. Surprisingly, the primary focus of information interoperability is not on data exchange for collaboration. The vast majority of the information exchanges take place (thousands of times a day) among the application systems within a single IPDE.

The next step toward the NAVSEA vision of ONE SHIPYARD via the next generation PLM-based IPDE work, should be the establishment of a consensus regarding what constitutes the digital design deliverable. Today design deliverables are conveyed via drawings (which are human but not computer interpretable). These paper-based deliverables are specified to the minutiae (down to the shape and color of arrowheads and leader lines on schematics). No such consensus exists for the digital product model (even though it drives the entire acquisition process). We need an implementable and enforceable yet open specification of the digital product model for naval shipbuilding.

It should be emphasized again that information interoperability is the vehicle by which applications interact within the IPDE system itself and, consequently, to other applications within the IPDE enterprise. Only secondarily is it the vehicle for data interchange between companies (different IPDE’s)

Finally, the ISE architecture (and prototypes) have defined how to create the formal documentation of the requirements for digital product model deliverable. This is an exacting and demanding process, but it should be the cornerstone of any Navy policy that seeks to sustain the ONE SHIPYARD vision. The goal of this activity is to specify the digital product model for shipbuilding, to a level of detail and aligned with current Web capabilities, that enables the production-worthy sharing of the product model between and within various IPDE deployments. This is illustrated in figure 2:


[image: image2.wmf]Future IPDE

Landscape

CAD

CAD

DATA MANAGER 

DATA MANAGER 

(Triggers, 

(Triggers, 

Assy

Assy

Links)

Links)

DB2 

DB2 

-

-

DATA BASE 

DATA BASE 

(Storage)

(Storage)

CONFIGURATION MANAGER

CONFIGURATION MANAGER

Config

Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM

Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling

CAD

CAD

CAD

DATA MANAGER 

(Triggers, 

Assy

Links)

DATA MANAGER 

DATA MANAGER 

(Triggers, 

(Triggers, 

Assy

Assy

Links)

Links)

DB2 

-

DATA BASE 

(Storage)

DB2 

DB2 

-

-

DATA BASE 

DATA BASE 

(Storage)

(Storage)

CONFIGURATION MANAGER

CONFIGURATION MANAGER

CONFIGURATION MANAGER

Config

Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement

Config

Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement

MRP

MRP

Visualization

Visualization

Mgt & Control

Mgt & Control

Collaboration

Collaboration

Logisitics

Logisitics

CAM

CAM

Hangers

Hangers

Joints

Joints

Cable Routing

Cable Routing

Publishing

Publishing

Pipe Bend

Pipe Bend

Lofting

Lofting

Planning

Planning

Parts Modeling

Parts Modeling

CAD

CAD

DATA MANAGER 

DATA MANAGER 

(Triggers, 

(Triggers, 

Assy

Assy

Links)

Links)

DB2 

DB2 

-

-

DATA BASE 

DATA BASE 

(Storage)

(Storage)

CONFIGURATION MANAGER

CONFIGURATION MANAGER

Config

Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM

Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling

CAD

CAD

DATA MANAGER 

DATA MANAGER 

(Triggers, 

(Triggers, 

Assy

Assy

Links)

Links)

DB2 

DB2 

-

-

DATA BASE 

DATA BASE 

(Storage)

(Storage)

CONFIGURATION MANAGER

CONFIGURATION MANAGER

Config

Management, Area/System Management,  

Model Management, Parts Management

, Data Integrity, People and Organization, 

Connectivity, Procurement

MRP

Visualization

Mgt & Control

Collaboration

Logisitics

CAM

Hangers

Joints

Cable Routing

Publishing

Pipe Bend

Lofting

Planning

Parts Modeling

Navy customer

EB/Virginia

NG

-

NNS

NG

-

SS

GD/BIW

Product

Model

Product

Model

Product

Model

Product

Model

Product

Model



Figure 2
The centerpiece of the approach is that there is a common understanding of what constitutes the design deliverable/digital product model. Variations in representation are permitted, but the basic definition (the information elements) is unambiguously specified. Each shipyard, of course, deploys its own (PLM-based) IPDE instance; however, all of them respect the specified product model. There is no requirement or guarantee that every shipyard deploys the selfsame PLM system and supporting applications, though as a result of the next-generation IPDE capability, a large portion of that capability will be available in COTS product upon successful completion of the project.

Overview of the information interoperability lifecycle for each application domain

The shipbuilding problem universe is broad, but it is comprised of a finite number of well-understood application domains. The information interoperability lifecycle is virtually the same for each application domain. This fact can be used to help estimate costs per application domain (which can also be tailored if needed).
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Figure 3
Figure 3 depicts the stages and responsibilities of the information interoperability life cycle. It should be noted that there is a role that is well suited to NSRP, but that role is not comprehensive and depends upon support from other stakeholders. The roles are illustrated as the swim lanes in figure 3. The first role belongs to the international standards organizations (such as ISO and, at a more technological level, the World Wide Web Consortium -- W3C).  Work to define the digital ship product model has been underway since the 1980’s and is now substantially complete. This work consists of the definition of the universe of information elements needed to represent a ship across the stages of the product development life cycle.

The second role belongs to NSRP; it entails the production level refinement of the standards-based information requirements into a form suitable to provide information interoperability. This work has an element of R&D and is independent of any single Navy program. The ISE project has developed a very detailed technical approach. It is important to understand that broad directives to use STEP, XML or any IT standard, while well-intentioned, are NOT SUFFICIENT to provide information interoperability.

A detailed description of the ISE process is available on the ISE website. The following summarizes the technical approach. The international standards published by ISO/STEP initiate the move toward implementation level consensus, but they are not sufficient; the ISE process elaborates the STEP standards, making them suitable for production use by simplifying, bounding and testing the standard. The process steps (illustrated in green in figure 3) have been proven, prototyped and demonstrated by the ISE project in selected application domains. 

1) Information model: this step consists of the definition of a use case specific information model, that is, an unambiguous delineation of the information elements needed for each significant ship design/build/support usage scenario. Please note an important technical detail. The information must employ end-user friendly information elements, not the impenetrable STEP-specific jargon. The bulk of the effort at this stage consists of simplifying and scoping the information requirements. This entails correcting deficiencies and eliminating ambiguities that still exist in the broad standards. Once the content is resolved a consensus must be developed on format issues for various representations. As one example, DON and industry are moving toward standard name spaces that can be utilized by XML implementations to facilitate data interoperability.

2) Development of prototype translators: This pertains to CAD as well as other applications. The primary purpose for developing prototype translators is the need to ensure completeness of each interaction in a way that cannot be ensured by a mere paper review. This stage generally results in the realization of some commercially available translators but does not guarantee a production capability or deployment. Since this stage is fundamentally part of the testing process, it need not cover the whole population of available CAD platforms. 

3) Test framework: The ISE work has revealed that two stages of testing are needed. The first stage consists of automated testing using ISE tools; the second consists of end user testing with actual data files. The second stage is now done catch as catch can; in the future it should become part of NSRP ISE SOW.

Upon completion of the NSRP/ISE work there are still important steps that remain before production deployment is accomplished. First, the specifications (the information requirements) must be mandated by the Navy customer. This is the only way the technology will be deployed. This does not differ materially from prior practice whereby the Navy specifies the content and meaning on a drawing. It is imperative that specifications be detailed enough to be implementable. Statements such as “STEP shall be used to represent product data” are so vague that they are meaningless and unenforceable. Today there is still no consensus on basic issues such as what comprises the digital model of a piping system.   ISE has found the right level of specificity and flexibility. An unambiguous specification eliminates many of the problems associated with IPDE startup. For example, without a clear definition of information requirements it is easy for IT technologists to obfuscate the completeness of their tools. The published specification also obviates, or should obviate, the situation in which a vendor can sell an application (for an IPDE) which does not even create a complete design model (just the graphics that look like a model).  Moreover, without a consensus specification, it is virtually impossible to aggregate a complete product model for parts that originate in different applications. In the end, all this does not guarantee that all vendors will support, but it will make it possible and fairly easy to determine which ones do. 

This stage should not be thought of as a data exchange exercise, the definition of the information models represents the definition of the fundamental information requirements (and, consequently, the required modeling capabilities) of each application system in the IPDE.

The final stage is deployment: The formal specification of the digital product model deliverable as part of the acquisition cycle is the penultimate step. Deployment remains. At this point there is still no deployed system. Each program must be motivated to execute the deployment guided by the specifications, which define the information requirements for each application in the (PLM-based) IPDE. It is important to note that the real life deployment of future IPDE’s will still involve multiple, competitive vendors’ products. Some assembly will be required at each shipyard, especially with respect to integration. The next generation Virginia IPDE will provide a tested, COTS-based, open reference implementation. It will be readily deployable at other shipyards (obviously, that shipyard would have to purchase the system). Its deployment would, of course, entail installation, integration, and configuration costs, but not new IPDE software development costs. On the other hand, other vendors (PLM vendors, infrastructure and/or application vendors) will undoubtedly seek to participate. Their path is clear. If they can support the creation and maintenance of the specific digital deliverables, they can have a role. The conformance testing tools from the ISE project can be used to grade the level of each vendor’s conformance. Finally, the employment of a commonly defined digital deliverable simplifies the process of inter-organization information sharing; the last piece of the puzzle is the ability to import/export (portions of) the product model from the IPDE. This capability is implied by virtue of the fact that the customer expects its final deliverable in the prescribed format; mediating between the representations of different IPDEs is a capability that is, then, supported by ISE tools.

V. Roadmap

Figure 4 is the Information Interoperability roadmap; it shows the current status, what’s done and what’s left:


[image: image4.wmf]Information  Interoperability Roadmap

Ship Product Model Data

Ship Structural 

Envelope

Distribution 

Systems

Equipment / 

Subsystems

Life Cycle 

Maintenance

Miscellaneous

HVAC

ISO AP 227 Ed. 2

Piping

ISO AP 227:2001

Ship Arrangement

ISO AP 215:2004

Ship 

Moulded

Forms

ISO AP 216:2003

Ship Structures

ISO AP 218:2004

Reference Data 

Libraries

ISO 15926

Common Parts 

Catalog (CPC)

Electrical

ISO AP 212:2001

Mechanical Systems

ISO AP 227 Ed. 2

Cable Trays

ISO AP 227 Ed. 2

Finite Element 

Analysis

ISO AP 209:2001

Product 

Config

/ Geometry

ISO AP 203:1994

Product Life Cycle 

Support

ISO AP 239

Systems Engineering

ISO AP 233

Logistics / Spares

ISO AP 232:2002

Outfit & Furnishings

NSRP 0428:1992

Manufacturing 

Support

ISO 

APs

224, 238, 240

Standard 

Approved

Information 

Model

Prototype 

Translators

Testing 

Framework

Deployment, integration,

testing

Standard 

In Work


Figure 4
Each box correlates to one application domain. The current progress of information interoperability development is indicated by the color code (relative to the legend on figure 4). Upon completion of this roadmap (when all the boxes are blue), a production capability will be in place by which IPDE information requirements are specified; at least one PLM-based IPDE reference implementation will be in place; the capability will exist to share information between components of that IPDE system; it will be possible to roll out and configure the IPDE implementation (or alternative implementations) at other shipyards; it will be possible to test the completeness of the modeling capability of a proposed IPDE deployment.
The HVAC box is at the stage of Prototype translators complete. As with other APs, final production testing remains and needs to be carried out under the framework established by the NSRP Systems Technology Panel.  CPC is listed as deployment complete because the CPC implementation itself enables CPC to user interoperability. The ISE3 project, however, has published the interfaces and information models needed to CPC to CPC application integration. There was no implementation activity in the ISE3 project so final testing of the CPC interface remains until other tasks deploying CPC capabilities are completed.
Goals of ISE3 project

The goals of the ISE3 project were enumerated in the ISE3 proposal, which was divided into two modular tasks: HVAC and CPC.
HVAG goals:

Current engineering of new HVAC systems or modifications of such systems requires significant manual re-entry of data in an iterative cycle between CAD and CAE environments. Standards-based exchange of HVAC design data is important in order to allow interoperability and enable partnering in ship contracts. Data archiving of HVAC design information is important so that older designs may be brought into current projects from previous computer systems. 

STEP AP227, Edition 2, Plant Spatial Configuration, has incorporated HVAC and shipbuilding requirements; however, the HVAC portion of the standard has not been tested in the shipbuilding or other enterprise areas. This project will use this STEP standard as a basis for the schemas to prototype typical business scenarios in the HVAC area and test and report to ISO any deficiencies, inconsistencies, or implementation issues in this standard. The previous ISE projects have found that testing has proved to be the only effective method of verifying these standards.

CPC goals:

A number of mid size US Shipyards and the US Navy have expressed a particular interest in extending Common Parts Catalog(CPC) capability, currently underdevelopment by EB, BIW, Ingalls and Avondale, across the US Shipbuilding Industry including Public Shipyards and DOD logistics organizations. The extension of CPC capability requires a set of carefully defined tasks to be executed: 

•
Cataloging and definition of CPC capabilities

•
Determination by CPC implementing shipyards of the level of access and functional use that will be allowed to third parties.

•
Definition of the needs/requirements from the additional potential “CPC”  users

•
Develop a set of use cases defining the industry wide CPC use scenarios 

•
Develop a set of CPC Interface Definitions to enable extension of CPC capabilities

Accomplishments

HVAC

The ISE3 project successfully demonstrated the interoperability of HVAC physical design models in Washington, DC in October 2004. The demonstration utilized a test HVAC model derived from the TWR vessel. The model was exchanged among the CAD and CAE systems, Intergraph ISDP, Foran, Simsmart, Tribon, and (partially due to limitations in the API) CATIA. The ISE HVAC model was also used to import the test case design into Electric Boat’s sheetmetal manufacturing systems. A scale-model of a portion of the test case model was manufactured using EB’s processes and was displayed at the demonstration. (The complete integration of the ISE model to EB’s systems was outside the scope of the project . The demonstration work was accomplished by means of  asemi-manual process. The intent was to show the completeness of the model for automated manufacturing.)

More importantly, the information models for the HVAC physical design use case have been published on the ISE website, www.isetools.org. The work products can be found by selecting the edo-hvac-physical link under the HVAC heading in the list of use cases. This link leads to the  information  use case for the HVAC physical model exchange. It enumerates the types of information that are encompassed in this exchange. It also contains links to the XML schema and supporting information model work products for this use case.

CPC

The goal of the ISE3 CPC task was to publish interfaces by which second-tier application to application exchanges of CPC data could be accomplished. These interfaces are available on the ISE website, www.isetools.org. They can be found by selecting the CPC link under the Parts heading in the list of use cases. This link leads to the information use case for CPC data sharing. The information use case describes the types of data that are accommodated in this exchange context. It also links to supplementary information: the CPC use cases, which describe the usage scenarios that were the basis of formulating the CPC context; and the interface definition document, which describes the rationale and provides the WSDL for the CPC interface definition.
Lessons learned

The following lessons learned during the course of the ISE3 project will be applied to future information interoperability tasks:

a. Early development of schemas

It is imperative that the context (conceptual) schemas (and the generated representation schemas) be completed early in the ISE information modeling process. (See the green portion of the ISE information interoperability lifecycle above.)  In every ISE development cycle to date, the schemas have overlapped translator development to some extent. This is partly unavoidable because the completeness of the schema is verified as part of the development/testing process, and the more developers that participate the more complete the schema.
b. Need for Edo models

Although it has been a precept of the ISE architecture from the beginning, the ISE3 tasks proved once again that there is significant work to be done to get from the ISO-STEP AP to a working translator.  The ISE process re-packages the ISO-STEP AP’s so that they use user friendly terminology, are integrated at the PDM level with the other ISE schemas, and are transformed into XML. Moreover, it has been demonstrated again and again that the use of STEP AIM models results in more expensive and time-consuming development cycles, as well as steeper learning curves for end users. Finally, without the ISE-style models it is not possible to use XML tools to validate any particular data interchange. This validation capability shortens development time, improves the quality of the translators, and is indispensable to the final testing of the translators.

c. Need for open source tools

The development and support of ISE information models and supporting capabilities relies to a large extent on the ability to generate a number of work products (schemas, test frameworks, mediators, UML diagrams) automatically. The shipbuilding information models are exceedingly complex, and better tools support is needed to make the information modeling process more generally accessible and foolproof. Because most of the work entails the transformation of XML files, these tools are excellent candidates for open source development.

d. CPC info model maintenance

Although the ISE3 project successfully published the first version of the XML schema for CPC parts and documents, there is no plan in place to maintain and update the models. Moreover, the CPC outlook is somewhat unique in that the CPC project has published a set of information model artifacts (DED, classification schema, UML models) that provide the basis from which the ISE CPC XML schemas were generated.  These documents capture the base information requirements but do not, in themselves, provide a formal specification. There needs to be a broader recognition of the value of the XML schemas as the unambiguous specification of the information model and as the implementable means for validating CPC exchanges.
The situation is muddied because there are two usage scenarios for parts data: CPC to user and CPC to CPC application. The current CPC implementation has the capability to support CPC to user interchanges using its proprietary Web interface. The ISE3 CPC XML schema are meant to support the CPC to CPC application scenario.

e. Coordination with Navy industry activities to advance the use of standards for shipbuilding information

The Navy has recently issued a Policy on digital product / technical data, issued by ASN(RDA) in October 2004 directs program offices to, "... accept delivery of product/technical data only in digital formats”. It further stipulates product data shall meet ISO/STEP requirements. We need to build on this direction by the Navy to increase the usability, breadth, and quality of STEP to support the delivery of data to the Navy.

The Navy needs to establish itself as not only a consumer of product model data, but as a supplier of data. Whether the Navy makes this data available in a native format, such as LEAPS, or a neutral file format such as STEP is not as important as the definition and availability of the data.

f. Proposed improvement to information modeling process

Sections a and b above summarize the importance of early development of the ISE user-level models. The following describe some of the specific process steps that have been identified as a means to improve the overall information interoperability life-cycle process:

A project, like ISE3, that is aimed for designing, developing and demonstrating prototype STEP translators for exchanging CAD and CAE data in accordance with, and while testing, ISO product model standards, implies a sequence of project stages which are quite well standardized both concerning their general contents and their respective chronological-ordinal position along the project.

A list of ordered project’s stages that we think could suit quite well to the characteristics of a project like ISE3, could be as follows:

· Acquire enough level of knowledge of the ISO standard to be used in the project in order to be able to cope with: 

· The acknowledgement of the different types of STEP product model general population cases that can be transferred by means of the corresponding ISO standard

· The identification of the STEP entities and attributes, and their corresponding logical relationships, that are required by each one the possible transfer cases supported by the ISO standard.

     The more-than-basic initial knowledge above mentioned will be completed and consolidated later in the project by means of its practical application to the modelling of the selected test cases.

· Analysis of the characteristics of the product to be used for testing (the well known TWR ship in the case of the ISE projects) in the areas that, being covered by the corresponding ISO standard to be tested, could be the subject of testing cases.

The more complete the above-mentioned analysis is, the better comprehension will be acquired of all the aspects involved in a global modelling in accordance with the ISO standard.
· Completion of the ISE EDO model context schemas should be accomplished at this point based on the use cases identified for the particular application domain. All of the use cases should be specified before proceeding further.

· Identification and selection of a set of project test cases that should gather several characteristics like: 1) allow checking of relevant aspects of the ISO standard, 2)  emulate as far as possible the type of exchange cases that are either the most useful or the most frequent, or both, in the daily real process of ship design or construction, based on the identified use cases 3) allow a progressive development of the translators along the project and  guarantee that a translator able to cope with the most complex of such test cases would be near to being a tool commercially appreciated.
The availability of a stable, high quality set of test data is critical. Too much effort was expended in making sure that the models developed by each of the participants were synchronized. The test case definitions need to include much more information about supporting pre-processor evaluation, i.e. provide more specifications, and data files to support the preparation of native data.

· Creation of  model(s) covering the areas-of-interest-for-the-project of the test product (the TWR ship) by means of the CAD system of the project team member.

Being of course limited by the available resources of time and money, it is however strongly recommended to define  CAD model(s) that are as complete and precise as allowed by the CAD system.

It is also recommended, as far as allowed by the project team member’s CAD system, the CAD model adds to the model developed or upgraded in previous projects the new model aspects considered in current project (for instance, TWR’s HVAC was added, during ISE3, to SENER’s FORAN hull, structure and piping model of TWR ship created during ISE2). This integrated model would allow developers to take into account the interaction between the different systems of the ship in the hypothetical case of a project covering the whole ship common model.

· Development of STEP export and import translators.

This stage includes several important tasks:

- Analysis and checking of the mapping developments included in the ISO standard document

- Integration in the team member’s translators of the ‘direct’ and ‘inverse’ mappings that will allow, respectively, exporting information to a STEP file in accordance with the standard, and reconstructing the imported information from a STEP file. It is important to pay special attention to, and comply with, the integrity rules included in the EXPRESS schema.

·  Analysis and development of the procedures for extracting from the team member’s CAD database the CAD model information to be exported (STEP export translator)

·  Analysis and development of the procedures for creating in the team member database a CAD model which will be populated with the data read from a foreign-but-according-with-the-standard STEP file (STEP import translator).
· Completion of the ISE EDO, ARM and AIM mapping; generation of the required mediators and XML Schemas
· Testing of the STEP export and import translators.

· Demonstrating the project results.

It should be mentioned that the stages in the above list will be not-strictly sequential, and such stages can be both overlapped and their order changed within certain limits, 

It is clear that some of the stages above-mentioned will be, perhaps, not carried out by all the team members (for instance the selection of the test cases). However, the great majority of the above-mentioned tasks will be carried out for almost all the team members.
Even when a team member was extremely well organized in its way of working, and even assuming that a part of the above-mentioned work could have been already implicitly done before starting the project (due for instance to an initial knowledge of the standard by the team member), in practice it has been demonstrated that the volume of work to be developed by each team member before getting a consolidated version of its translator is big enough to impede the starting of a fluid exchange of representative test cases before almost starting the second half of a one-year project, leaving only about the half of the project (or less if the time spent on final demonstration’s preparation is discounted) for really fruitful exchange of data.
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