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DISCUSSION:  	Object technology (OT) as the collection of modular methods and tools presents a logical, cost effective approach for integrating diverse and complex systems and provides a basis for reuse of designs, data, and application frameworks.  It can accommodate the integration of multiple heterogeneous hardware, applications, and data environments.  For this reason, OT has been embraced by a broad array of computing arenas (e.g., operating systems, methods, languages, development environments, middleware, databases and COTS products) and is applicable to the Military Health Services System (MHSS) enterprise. 	 This report documents the state of practice, current DoD and industry direction, and the resulting potential impact on DoD MHSS Information Management/Information Technology (IM/IT) initiatives.


Objective:  This analysis defines the potential for applying OT (beginning with object modeling) to MHSS IM/IT initiatives, and assesses whether a stable and acceptable business model can be created in accordance with the extant and clearly emerging standards.  This analysis is further designed to improve overall technical understanding of OT. It will provide insights into the broader implications of system life cycle benefits and risks in using “objects”, and how current initiatives are already applying this set of methods and tools.


Methodology:  The approach taken for this analysis was to:


Define potential aggregations/application areas of object technology (and object modeling as a subset) for which standards might be defined; 


Identify OT standards and technology initiatives in these areas;


Assess maturity indicators for OT standards and acceptance for relevant application areas across commercial industry, Defense and healthcare;


Characterize the potential applicability of OT to MHSS IM/IT initiatives; and


Understand what HA has already done and where we hope to go in the future.


Background:  Object Technology is recognized by industry as an enabler for improved requirements documentation, development, interoperability, code maintainability, and component reuse by providing concepts and tools that model and automate real world problems and solutions.  Object Modeling has the benefit of being less abstract than structured approaches.  OT establishes a standard mechanism for designing and building component-based systems and provides the means for iterative development while integrating COTS and legacy components.  Given rapidly changing requirements, the need to incorporate complex data types, and the demise of single-vendor dependence, OT promises a “plug and play” environment that allows concurrent development of interoperable components.  It provides frameworks for developing open systems architectures that are both flexible and extensible, because OT forces the predefinition of interfaces between application components, COTS and legacy systems.  These interface definitions, are defined as standard interface definition language (IDL)specifications and are implemented differently for each of the distributed computing paradigms. Other environments leave the application programmer interface (API) definition at the discretion of the developer, making interoperability and maintenance more difficult.


Before formulating OT policy within an enterprise, both the analysis and design phases of systems development and the implications for the entire life cycle must be examined. The following main aggregations and areas of application for OT are postulated as separate segments for examination:


Analysis and Design Methods (e.g., object modeling, methods, and techniques); 


Languages (e.g., Ada95, C++, Smalltalk, Java, Object Pascal);


Application Development Environment (ADE) Tools (e.g., PowerBuilder, Visual C++, Delphi, VisualAge);


Middleware (e.g., DCE, CORBA, D/OLE or D/COM);


Databases (e.g., RDBMS, ORDBMS, OODBMS); and


Object Based Repositories and Associated Tools for Guidance and Reuse.


The following sections examine each of these OT segments as they relate to MHSS system life cycles , beginning with analysis and design methods (including modeling). This will establish a The following sections examine each of these OT segments as they relate to MHSS system life cycles within the, beginning with analysis and design methods, including modeling. starting point for subsequent detailed explorations required to refine MHSS IM/IT policy on OT.


Overall Findings:  Object Technology became popular in the corporate world in the mid to late 1980’s and has been shown to provide some concrete benefits: reusability, extensibility, improved quality, and the ability to deploy better systems faster at lower cost, as evidenced by studies from Dunn and Bradstreet, IBM, AMS, and EDS.  For the first time, the computer industry has cooperated in crafting a collection of independently developed methods and tools that support the entire system development life cycle.  It should be noted that the draft Joint Technical Architecture (JTA) recommends  the Common Object Request Broker Architecture (CORBA) middleware for all new C4I systems, and that the Defense Information Infrastructure/Common Operating Environment (DII/COE) will incorporate CORBA based Object Request Brokers (ORB) by version 4 in 1997, and Java soon thereafter.  The use of object modeling is also laid out in the MHSS AIS Plan (1994). 


Analysis and Design Methodologies Segment: Object modeling is a more effective way of modeling real-world problems, because it encapsulates not only the information but how the information is used.  The most accepted and recognized methodologies are implemented in a wide range of Computer-Aided Software Engineering (CASE) tools that also enable the generation and maintenance of code.  The close relationship between object-oriented (OO) methods and their respective tools provide a mechanism for iterative development and deployment.  The evolution of methods and tools has also provided a glide path for reverse engineering of existing systems while creating bridges to other modeling documentation sources (IDEF 0, IDEF 1X).  


Market acceptance and maturity in this segment is evidenced, in part, by the broad incorporation of OO methods and tools by a variety of industries.  Dominant systems consultancies have also chosen object-oriented analysis and design (OOAD) as a better approach to serving their customers.  These include Andersen Consulting, IBM ISSC, SHL Systemhouse, and Unisys who are building products around OO.  Maturity is further indicated by the number of relatively stable standards and proponent bodies who set policy for incorporating objects: FIPS 183/184, IDEF4 draft, ANSI HL7, DICOM,  X3H7, ISO SC21, ISO/OMG Portable Common Tool Environment,  DISA/JIEO, Ada95, OSF OODCE, NIST, USAF Software Technology Support Center, and the Army Reuse Center.  The Object Management Group (OMG), is cooperating with these groups in defining standards on a number of fronts, including the CORBA Object Analysis & Design Facility, a proposed standard for documentation nomenclature, Portable Common Tool Environment, and CORBAMed, a set of standards for medical applications. 


The complexity of military healthcare requirements, together with the need to accommodate multiple development teams, lends itself to an object modeling approach.  Within the MHSS, the Clinical Integrated Workstation (CIW) and Computerized Patient Record (CPR) projects are beginning to employ some of the dominant object modeling approaches (e.g., CRC, UseCase, Booch and OMT) to document their respective requirements and to allow for concurrent development of dependent modules.  DMIM TI&S has  begun to participate on a number of standardization efforts to ensure the interests of the MHSS are addressed.  In addition, the AF Health Information Resource Service (HIRS) program is developing the operational central repository and supporting tools to facilitate portions of the object management life cycle including shared data models (FAM A & D), a data dictionary, common procedures, and useful information on OT utilization.  Under the HIRS program, some initiatives to integrate various tools and methods to ease migration and interoperability goals have commenced.  These efforts should be leveraged as we move forward. 


Languages:  Object-oriented languages provide a means of implementing a standards based architecture. Though many languages support the basic implementation of a modular and object-based design (i.e., object modeling), the long term benefits can only be fully realized through the use of OO languages.  This provides a method of implementation in which programs are organized as a cooperative collection of independent objects.  Many organizations are involved in the standardization of OO languages, including ISO SC22 and  ANSI X3  (e.g., Ada95, Smalltalk 80, Object COBOL, C++, and soon Java).  Another standard is emerging which allows for OO language interoperability, called CORBA Interface Definition Language (IDL). 


Several MHSS prototypes (e.g., PACMEDNET, CIW, Collaborative Virtual Workspace, and EuroCHCS), have relied on some form of object-oriented language, including Smalltalk, C++, Java and Powerscript (the object-oriented 4GL in PowerBuilder).  Through the use of CORBA IDL, the MHSS could enhance its interoperability goals, and meet the interface requirements for future versions of the DII/COE.  CORBA IDL allows for many OO languages (C++, Smalltalk, Java, Object COBOL) to be integrated with code written in DoD standard languages (e.g., Ada95 and "C").  


Note that DoD Ada policy allows for use of higher-level languages, such as OO  languages, for prototyping and system development. Object-oriented CASE tools provide a means of converting object models into any number of OO languages (including Ada95), allowing the MHSS to be compliant with the Ada mandate while remaining open and flexible.  This capability has begun to be explored within MHSS in the HIRS program.


Development Tools:  For greater productivity and control of the development process, a whole new generation of tools has emerged to aid the developer in building and integrating enterprise systems.  These integrated suites collectively are called integrated development environments (IDEs).  They incorporate both CASE  and application development environments (ADEs).  Several of these CASE tools are in use within MHSS including: Paradigm Plus, IDE Software through Pictures, and Rational ROSE.,  Within the HIRS program, an effort to integrate some of these tools and methods has begun to bridge between IDEF and different Object Models. This type of tools-integration effort should be encouraged within the software industry as a commercialized solution (COTS).  In parallel, Rational and LogicWorks are embarking upon similar efforts to bridge their products.


Every major tool vendor is incorporating “objects” into their tools kits including: SunSoft, HP, IBM, Microsoft, Borland, Symantec, Rational, Sybase, Oracle, Informix, and others.  These tools must be chosen in conjunction with one another in order to minimize the effort expended in integrating the products.  DMIM TI&S is developing a technology evaluation methodology, based on the CIW Tools Evaluation Study, that will help distill architecture and functional requirements into a set of selection criteria. MHSS development efforts have already embraced the use of object-oriented tools for developing new systems (e.g., CIW, PACMEDNET, DBSS, and HIRS), each using a different set of tools.  HIRS provides a WEB-based repository for storing the results of these efforts to be shared among the services. 


Middleware:  Middleware provides the necessary communication mechanism for the exchange of data and process actions between disparate subsystems in a distributed environment.   It facilitates distributed computing and allows different hosts and applications to cooperate on an enterprise level.  Three somewhat competing architectures have emerged to address this need.  Two of the three are object-based (OMG CORBA and Microsoft D/COM), but the third (OSF/DCE) is not.  OSF is evaluating an object oriented implementation called OODCE, but it is still to early to assess its viability.  Each of these approaches has its relative strengths, and can be used to solve different computing and integration problems when applied appropriately.  None of these individually solves all computing and integration problems individually.  Integration efforts are underway to combine various components of each to solve the vast majority of distributed computing problems.  Complete interoperability between the three distributed computing paradigms (DCE, CORBA, D/COM) is still an unrealized goal.  However, we are finding industry organizations (IBM, Sun, DEC, HP, Iona, OSF, OMG, and others) are all working on different ways to bring these technologies together.  


OSF DCE offers directory services, distributed time services, security services, remote procedure calls, and POSIX-based thread access.  Additional services are also available that run on top of these core services.  Though DCE offers capabilities today not found in CORBA, its complexity and limitations (DCE APIs are based on C) make integration with CORBA highly desirable including multi-language interoperability among Ada95, C, C++, Smalltalk and Java.  CORBA IDL provides a language independent interface that supports a higher level of programming integration.  Though not as mature as DCE, CORBA hides the complexity of distributed computing and allows either synchronous or asynchronous communications (DCE relies on synchronous).  A DII/COE CORBA migration plan is in preparation at DISA JIEO to resolve these issues.  For the short term, DCE is the standard interface for the Defense Information Infrastructure/Common Operating Environment (DII/COE) for the current version (2) and through the next version (3).  This is a very complex subject material and cannot be adequately covered within this initial effort.  With the DII/COE only now being ported to NT, it is too early to tell how we should incorporate this evolving set of frameworks.


Microsoft’s Distributed Common Object Model (D/COM) is the next evolution of their desktop integration tool Object Linking and Embedding (OLE) middleware.  Though D/COM is not yet commercially available, it has a potential of augmenting the CORBA market by providing a desktop component integration solution for GUI development.  However, a specification for OLE integration with CORBA is complete and already implemented in a number of commercial products, and is viable for intra-application integration.


Databases:  Database developers and database management system (DBMS) vendors have recognized the limitation of the relational model of rows and columns, and have begun to react to a need for handling complex data types.  As an alternative to the relational model, two product classes have evolved to meet this need: the Object Relational DBMS (ORDBMS), which is an adaptation of the relational model, and the object-oriented DBMS (OODBMS), a pure object model for storing data.  OODBMS standards (ODMG93) are evolving through the efforts of the Object Data Management Group (ODMG).  Major OODBMS providers in these markets include Object Design, Inc. (ODI), Objectivity, Oracle (with Version 8), Informix (with its acquisition of Illustra), UniSQL, CA, OS, POET, Fujitsu and Versant.  GemStone has transitioned its OODBMS to be a middleware product for data access.  Many organizations have chosen to use both types of DBMS depending upon their data needs.  The tools used within the HIRS repository allow for generation of database schema's directly from a CASE tool targeting any number of commercial DBMSs.  This capability is commonly used in the development of data driven two tier architectures, and will be employed by DBSS.  


Clearly, for structured data, implementation in a relational model is facilitated by the most mature and well-supported DBMS products (e.g., Oracle, Sybase, Informix).  There are well-established standards governing industry implementation of the relational model (e.g., SQL2  FIPS PUB 127 Level 3 and Open Group ODBC).  Unfortunately, these standards have yet to address the need to access, store and secure complex data types like combined images (e.g., DICOM radiography) and text processing together.  SQL3 is evolving as a standard for objects but continues to assume rows and columns for storage, which is still inadequate for complex data types.  However, ODMG 93 provides a better  architecture for object management.  The capability of an OODBMS to store and manage complex data types is invaluable to MHSS.  Since none of the major RDBMS vendors  offer shrink-wrapped versions of their RDBMS supporting standards-based OT, the OODBMS market may continue to mature.  This does not negate the MHSS requirement for object-oriented database technology.  Instead, it means that the MHSS has the opportunity for a leadership role in this arena, building on efforts already underway within HA (CIW, PACMEDNET, CPR, SHARP, HIRS).  DMIM TI&S is beginning to work with the DII/COE (SHADE) team to supply the “power user” impetus to accelerate OODBMS product development.  Fortunately, the nature of object designs, languages, tools, and other components should allow OO database implementations to be “plugged in” at a later date.  


Health Industry Domain Initiatives


Many standards organizations in the healthcare industry have begun to define standards using object-oriented approaches as a means of gaining greater interoperability and extensibility.  Carnegie Mellon is cooperating with the National Institute of Standards and Technology (NIST) to define DICOM (a computed radiography interchange standard) in object terms.  The HL7 standard series is also moving into the CORBA realm.  OMG has establish a CORBAMed working group to address the unique technical challenges of healthcare.  CORBAMed is focusing on two key initiatives: a Computerized Patient Record (CPR) and a Master Patient Index (MPI). CORBAMed is establishing these initiatives through a formal request for proposals (RFP) process.  From this process, companies are to be assured long-term standards support and development of products that can move quickly to market.  Two standards, OpenDoc and OLE, are evolving to support these initiatives.  DMIM TI&S is exploring application of these standards as they apply to CPR and MPI (CORBAMed).  The NIST Patient Oriented Management Architecture (POMA) is based on three models, one of which is an object model to document the complexity and inter-relationship that exists between each of the healthcare services.


Conclusions:	  Use of OT should be continued in support of  MHSS IM/IT life cycle needs in an orchestrated manner.  It has significant industry approval and support, and is already in use throughout DoD (e.g., TBMCS, BLSM, JSTARS, CALS) and Health Industries.  The fact that standards committees (and, in particular industry consortia) are making an effort to get standards in place, demonstrates industry consensus on OT as the way systems are, and should be, developed.  It makes sense, therefore, that MHSS systems development policy incorporate the use of objects by defining guidelines and interface requirements (CORBA IDL) for both COTS products, legacy systems APIs, and newly developed systems.  It should also develop a mechanism for ensuring reuse of application and system components including the DII/COE as it migrates towards objects. 


Though CIW, PACMEDNET, EuroCHCS and similar subsystems are being developed by different project teams, the potential for coexistence and interoperability is much greater through the object paradigm.  Studies by EDS, Dunn and Bradstreet and AMS show potentially large paybacks in adopting objects: a 14:1 increase in productivity, a 11:1 reduction in code, a 10:1 reduction in time to market.  Reuse is a driving factor in these payoffs (especially when employing a reuse repository); more importantly, it can only be gained after a basic infrastructure (e.g., reusable object libraries and associated support structures) has been established.  These, along with potential interoperability gains, are reasons for the DII/COE migration to a platform which adds CORBA to the DCE service suite.


Reuse is key to productivity increases within systems development, and must be compatible with both OO Methodologies as well as conventional modeling and development techniques (IDEF, Relational) since the business models describing processes and data outlive the technical implementations.  Therefore, it is important that our reuse initiatives employ capabilities to store and access these "assets" irrespective of the component types it manages. 


OASD(HA), through DMIM TI&S, should continue to cooperate with OT consortia and standards bodies (CORBAMed, DII/COE Working Groups, NIST) to support the adoption and employment of a consistent OT design and development approach.  This will reduce the cost and complexity of the MHSS information systems life cycle, and will increase the likelihood of meeting MHSS implementation timetables.  Some risk is inherent with the adoption of any new technology, and evidence shows most of these risks can be minimized through training, mentoring and planning.  Further investigation into the development of a comprehensive DMIM policy for transition to OT utilization is recommended. 


In the area of OOAD (object modeling), OASD(HA) through DMIM TI&S, should continue ongoing cooperative efforts (e.g., CORBAMed, NIST) and incorporate OOAD as one of the means of documenting requirements and supporting a more iterative means of deploying systems.  DMIM should encourage industry to integrate IDEF and Object Modeling tools (through CORBAMed, and HIRS involvement) in order to preserve the investments and utility each brings.


OASD(HA) should continue use of OO tools and languages.  TI&S should ensure that the suite of tools chosen for MHSS development efforts can interoperate with each other within the object paradigm.  This can be implemented through a central architecture and tools assessment and evaluation effort, building on the CIW Tools Evaluation effort.


DMIM TI&S, should provide guidance on the use of OO ADEs so that tools selected conform to applicable standards, and best support congruency with Emerald City architectural direction.  Testing for interoperability and performance will be necessary to ensure that the chosen tools provide the specific capabilities required for each development effort.  These analyses should be consolidated under DMIM to ensure that lessons learned from one effort are incorporated into the next.


DMIM and the TIWG should continue their cooperation with DISA in defining MHSS requirements and provide help in developing the blueprint for migrating the DII/COE to CORBA.  Additional cooperative efforts should include work with the Services in CORBA utilization and participation in the industry working groups (e.g., CORBAServices, CORBAMed, DII/COE Distributed Computing Working Group and the Intelink working group).


RECOMMENDATIONS:  That the TIWG adopt these recommendations as the Tri-Service TIWG position.  That the TIWG initiate further discovery into the CORBA and DCE interoperability issue and research the use of object databases for storing complex data types.  That TI&S continue its participation with industry initiatives.  That the TIWG look to leverage lessons learned in on-going efforts (CIW, HIRS, PACMEDNET), and incorporate them into consolidated guidance.
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