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1 Overview

This section provides a brief background to the Traffic Engineering Accident Analysis System (TEAAS) project and describes the overall objective of this document relative to the project.

1.1 Background

The State of North Carolina Department of Transportation-Information Systems Technology (DOT-IST) and the Traffic Safety Systems Management Unit (TSSMU) requested that Keane, Inc., design, construct, test, and implement a new client/server system to replace the current mainframe Merge system, also referred to as TEAAS, since it cannot be remediated for Year 2000 (Y2K) compliance.

1.2 Objective

It is crucial to resolve all technology requirements and decisions before beginning the actual design and construction activities for the TEAAS project.  Deferring the selection or definition of specific technology solutions can have a substantial impact on system development if these decisions are made during later stages of the project.

The objective of this document is to define the technologies and products required to develop and support TEAAS within the guidelines set forth by the North Carolina Statewide Technical Architecture document and the general direction of DOT-IST, TSSMU, and DOT Engineering Technology Services (ETS). This document seeks to define the following:

· A feasible, well planned technology architecture that meets the current and future requirements of the system and its users

· The products and technologies necessary to implement that architecture

· The hardware configuration requirements necessary to support the system through its lifecycle.

2 technical architecture

North Carolina state law N.C.G.S. 143B-426.21(b)(8) requires that all state agencies use an open, vendor-neutral systems approach for building technology infrastructure.  In response to this legislation, the state’s Information Resource Management (IRM) group has developed the Statewide Technical Architecture.  This overriding policy will enable agencies throughout the state to make better decisions about deploying technology resources.  Its purpose is to provide a framework of principles, recommended best practices, and state standards that will direct the design, construction, deployment, and management of distributed client/server information systems.  It will help agencies develop a technology infrastructure that can cost-effectively support rapid change in business and administrative processes across the state.  The new TEAAS must conform to the Statewide Technical Architecture.

TEAAS will be developed according to an N-tier client/server architecture.  This means that the application will be designed as multiple components deployed in multiple tiers.  Defined interfaces will allow the components within the tiers to communicate with each other.  N-tier applications have the following advantages over applications adhering to other types of technical architectures (e.g., monolithic, 2-tier, 3-tier):

· They are easy to modify in support of changing business rules.

· There is less risk modifying the code that implements any given business rule.

· They are highly scaleable.

· They can support any combination of user interfaces (e.g., character, graphical, web browser, and telephone).

· They offer the highest potential for code reuse and sharing.

Implementing an N-tier architecture for TEAAS provides a more effective solution for the system and its users as business processes and data sources change over time.

Within the state’s general guidelines toward N-tier architectures for all new applications, there is some flexibility regarding particular types of technologies and/or products that can be adopted.  The technical architecture described within this document, as well as the specific technologies and products that will be used for TEAAS, were agreed upon by representatives from DOT-IST ETS and IRM group for the following reasons:

· Adherence to the Statewide Technical Architecture

· Similarity with the architecture, technologies, and products of the new Crash system

· Non-vendor tied technologies

· Product platform flexibility.

One of the major business requirements of TEAAS is that it share services with the new Crash system.  To facilitate this sharing, it is imperative that these services be developed under the Common Object Request Broker Architecture (CORBA) standard that the new Crash system is using.  CORBA is an architecture and specification for creating, distributing, and managing program objects in a network.  It calls for an object-oriented approach to creating software components that can be reused and shared between applications.  Each object encapsulates the details of its inner workings and presents a well-defined interface, which reduces the application complexity.  Components developed using the CORBA standard are language neutral, so components written in one language can inter-operate with components written in other languages.  CORBA objects support inheritance, thus components developed under this standard are very reusable. 
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The following diagram identifies the technical architecture, the various technologies, and the actual products chosen for TEAAS.  A brief discussion of each tier and the specific product(s) to be used within that tier follows the diagram.

The following sections address the various tiers (i.e., presentation, middleware, componentware, and data) depicted in the above diagram, as well as the implementation of documentation and software configuration management.

2.1 Presentation Tier

The presentation tier provides the user a means to interact with the application through intuitive screens that employ techniques to make the application easier to learn and use.  The graphical user interface (GUI) will target the most popular desktop environments and support the business requirements of the system.  The presentation tier will provide a means for the user to enter new data, view/edit existing data, run pre-defined reports, and perform administrative tasks. 

JBuilder 2 Client/Server Suite will be used to create the GUI screens; the resultant code is 100% pure Java and hence can be deployed on any platform where a Java Virtual Machine (JVM) is implemented.  These screens will contain a minimum of processing logic to more effectively separate the logical architectural tiers.  The GUI screens will be developed according to industry and DOT standards. 

2.2 Middleware Tier(s)

Middleware is the software that facilitates communications between the various functional tiers of an application, between two or more applications, and between applications and shared services.  Middleware serves to hide the underlying complexity of network communications from the developers and thus prevent them from having to hard-code application interfaces. 

Middleware can be used for both intra-application communication within the multiple tiers of an N-tier system and inter-application communication between the system and external services.  It is possible for the logical tiers within a single N-tier application to reside on different physical machines and different platforms.  Thus, there is a need for communication and coordination among the logical tiers.  Intra-application middleware simplifies the development and deployment of applications in a distributed environment.

Inter-application middleware will facilitate TEAAS access to other business systems or common business services as well as other systems’ access to TEAAS.  Through the middleware, an application can locate and interact with other applications or services on the network in a reliable and scaleable manner.

2.2.1 Presentation Tier to Componentware Tier Communication

TEAAS will use Inprise’s VisiBroker for Java 3.2 Object Request Broker (ORB) to implement the CORBA standard.  The VisiBroker ORB for Java connects a client program running on a Java virtual machine (presentation tier) with the objects it requests for use (componentware tier).  The ORB locates the object, routes the request, and returns the result.  VisiBroker supports a development environment for building, deploying, and managing distributed object applications that are interoperable across platforms.  Each TEAAS object will have a clearly defined interface, specified in the Interface Definition Language (IDL).   The interface definition specifies which member functions are available to a client.  Using Internet Inter-ORB Protocol (IIOP), a client is able to transparently invoke operations on remote network services.  IIOP will facilitate communication between the presentation tier and the componentware and provides both inter-application and intra-application communication.

2.2.2 Componentware Tier to Data Tier Communication

TEAAS will use the Oracle JDBC drivers as the data access middleware.  This middleware will provide communication between data access programs (componentware tier) and the relational database (data tier).  JDBC is a standard application program interface (API) specification providing access for programs written in Java to the data in a wide range of relational databases.  TEAAS will use the JDBC API to connect and interact with the data tier.  The API allows the developer to encode access request statements in structured query language (SQL) in the data access objects that are then passed to the program that manages the database.  It returns the results through a similar interface.  JDBC will be implemented as a server-based solution, in order to comply with Statewide Technical Architecture guidelines.

2.3 Componentware Tier

The development of business rule and data access components provides the foundation for developing adaptable systems that will accommodate changing business environments.  Business rules automate the business processes, and the data access components automate the storage, search for, and retrieval of data by the application and define how the business rules interact with the information in the database.  By isolating each business rule as a separate component or service, and then calling combinations of components to create a specific transaction, the system becomes more adaptable.  These components provide the functionality the application needs to accomplish its defined business processes, as well as providing the same services to other systems that might have similar business processes or needs.  This partitioning of business rules thereby allows for the reuse of code, which is more efficient and cost effective.

JBuilder 2 Client/Server Suite will be used to create the business rule components that will be called to carry out the system’s data processing capabilities.  These objects will be written in Java and distributed on the production server through the use of the VisiBroker ORB.  Each object will have a clearly defined interface, specified using Interface Definition Language (IDL).  Since the business rule objects will be implemented discretely, rather than tightly integrated with the GUI, changes to the business rules will not necessarily require updates to the presentation tier.  This facilitates greater scalability and manageability. 

Embedded SQL will be created to carry out the data access functions required in TEAAS.  These queries will access the data tier through the JDBC interface.  Since the data access objects are implemented discretely, changes to data sources will not necessarily require updates to the business rules or the presentation tier.

TEAAS will use Enterprise Reports 3.0 Pro - Swing Edition for creating the report templates.  These templates will be used along with the other report writer classes to produce the reports in TEAAS.  The templates will be placed on the application server and the other reporting classes will be placed on the client workstations.

2.4 Data Tier

The data will be organized and managed through the use of a relational database management system (RDBMS).  The RDBMS manages data storage, structure, access, and security.  Data is organized into related tables so that relationships between and among the data can be established.  In the adopted N-tier architecture, the RDBMS will be implemented on a tier separate from the presentation, middleware, and componentware objects. As discussed earlier, the database will be accessed from the data access objects of the componentware tier through the use of JDBC.

Oracle8 has been selected as the TEAAS RDBMS.  Oracle8 supports ANSI standard SQL and JDBC.  Oracle8 also contains a robust data dictionary that will be used to ensure that data is defined accurately and used in the manner intended by both end users and remote application systems.

The database design and modeling will be performed using PowerSoft PowerDesigner Data Architect 6.1.  This tool will provide a repository of system entities, attributes, and relationships.  It has the capability of creating the following:

· Entity relationship diagrams

· A data dictionary

· Comprehensive model reports

· The conceptual data model

· A physical data model generated from the conceptual data model

· Database definition scripts from the physical data model.

2.5 Documentation

User and Technical documentation will be provided for TEAAS.  User documentation will be created for helping users of TEAAS and the Technical Documentation will be created primarily for use by the technical support team for TEAAS.  The TEAAS documentation will be created using Microsoft Word.  Both hardcopy and softcopy versions will be made available.

2.6 Software Configuration Management

Software Configuration Management (SCM) is crucial to maintaining consistency, coherence, and integrity in any software application.  SCM is also a vital component of the Carnegie Mellon Software Engineering Institute’s (SEI) Capability Maturity Model (CMM) Level 3 practices.  

PVCS Version Manager will be used to provide SCM for the application development effort.  The PVCS Version Manager enables a team of developers to coordinate concurrent development, with secure access and a complete audit trail.  This improves application quality and speeds development by automating common tasks, increasing code reuse and protecting against lost changes, overwrites and content errors.

3 technical resource requirements

This section identifies the recommended computing infrastructure requirements needed to support the development, testing, and operation (production) of TEAAS.  For optimal productivity, it is recommended that the development site be located at Gateway Plaza and the production site at the Thompson Building.  

The development site will deploy the following environments:

· The development environment, which will be used for design, programming, and unit test

· An SCM environment, which will be used for managing the software products, version control, and archive

· A test environment, which will be used for system test activities.

The production site will deploy the following environments:

· A test environment, where user acceptance testing will occur prior to promoting the code to the production environment

· An SCM environment, for managing the software products, version control and archive at the production site

· And a production environment, where approved software products are released for production use.

The resource requirements for each site are described in the sections that follow.

3.1 Development Site

Resources shared by all the environments at the development site are listed in the table below.  Resources specific to each environment are identified in the appropriate sections that follow.

Resource
Resource Specification
Quantity

Application Server
NT server with a minimum of 256 MB of RAM and an 8 GB or larger hard disk drive
1

Database Server
NT server with a minimum of 256 MB of RAM, a 16 GB or larger hard disk drive, and a tape backup drive
1

RDBMS
Oracle8
15-20 concurrent connections

Workstations
Desktop workstation with Windows 95/NT/98, a minimum of 64 MB of RAM, and a minimum of 2 GB hard disk drive
6

Network
The application server, database server and the developers at Gateway Plaza should be on a 100-Megabit Ethernet or a 16-Megabit Token Ring network.  Traffic Engineering and Safety Systems Branch personnel at the Thompson Building and DOT-IST personnel at the Raney Building should have either T-3 or T-1 connectivity to this network
Not applicable

Printer
HP LaserJet or compatible
1

Backup Media – Data
Any tape compatible to the tape drive in the database server
5 (to be recycled)

Backup Media – Source code
CDRW (read and write CD)
5 (to be recycled)

3.1.1 Software Development Environment

The resources identified in the following table are required to support the software development environment.

Resource
Resource Specification
Quantity

Development Tool
JBuilder 2 Client/Server Suite (including VisiBroker and PVCS)
5

Reporting Tool
Enterprise Reports 3.0 Pro – Swing Edition
3 (Designer Licenses)

Disk Space – Application Server
2 GB of hard disk space (also used for disk backups)
Not applicable

Disk Space – Database Server
4 GB of hard disk space
Not applicable

Connectivity to Merge
Access to the Merge application and to Merge data for query and conversion
5 users

Connectivity to Crash
Access to the Crash Reporting System (CRS) production and replicated Oracle data.
2 users

Software Configuration Management Environment

The resources identified in the following table are required to support the SCM environment.

Resource
Resource Specification
Quantity

SCM Tool
PVCS (included as part of the JBuilder 2 Client/Server Suite, identified in the development environment)
5

Disk Space – Application Server
2 GB of hard disk space
Not applicable

3.1.2 Test Environment

The resources identified in the following table are required to support the test environment.

Resource
Resource Specification
Quantity

Disk Space – Application Server
2 GB of hard disk space
Not applicable

Disk Space – Database Server
4 GB of hard disk space
Not applicable

Connectivity to Crash
Access to CRS production and replicated Oracle data
2 users

3.2 Production Site

Resources shared by all the environments at the production site are listed in the table below.  Resources specific to each environment are identified in the appropriate sections that follow.

Resource
Resource Specification
Quantity

Application Server
NT server with a minimum of 256 MB of RAM and an 8 GB or larger hard disk drive
1

Database Server
NT server with a minimum of 256 MB of RAM, an 8 GB or larger hard disk drive, and a tape backup drive
1

RDBMS
Oracle8 
15-20 concurrent connections.  This will change depending on the use of an ad hoc query tool.

Workstations
Desktop workstation with Windows 95/NT/98, a minimum of 64 MB of RAM
As required

Network
The application server, database server and the users at the Traffic Engineering and Safety Systems Branch should be on a 100-Megabit Ethernet network.  DOT-IST personnel at the Raney Building should have either T-3 or T-1 connectivity to this network.
Not applicable

Printer
HPLasetJet or Compatible
1

Backup Media – Data
Any tape compatible to the tape drive in the database server
As required

Backup Media – Application
Any tape compatible to the tape drive in the application server
As required

3.2.1 Test Environment

The resources identified in the following table are required to support the test environment.

Resource
Resource Specification
Quantity

Disk Space – Application Server
2 GB of hard disk space
Not applicable

Disk Space – Database Server
4 GB of hard disk space
Not applicable

Connectivity to Crash
Access to CRS production and replicated Oracle data
1 user

3.2.2 Software Configuration Management Environment

The resources identified in the following table are required to support the SCM environment.

Resource
Resource Specification
Quantity

SCM Tool
PVCS (included as part of the JBuilder 2 Client/Server Suite, identified in the development environment)
1

Disk Space – Application Server
2 GB of hard disk space
Not applicable

3.2.3
Production Environment

The resources identified in the following table are required to support the production environment.

Resource
Resource Specification
Quantity

Run-Time License
VisiBroker Run-Time
To be determined

Disk Space – Application Server
2 GB of hard disk space
Not applicable

Disk Space – Database Server
4 GB of hard disk space
Not applicable

Connectivity to Crash
Access to CRS production/replicated Oracle data
1 user

Physical Deployment Diagram

The physical deployment of the production environment is represented in the diagram below.
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4 justifications, advantages, and features

The following table provides justification, advantages, and features for each of the technical architecture hardware and software system components chosen for TEAAS.

System Component
Specific Product(s)/Version
Justifications, Advantages, and Features

Presentation Environment
Microsoft (MS) Windows 95/98/NT
· Windows has been adopted as DOT’s standard desktop environment

Application Server
MS Windows NT Server 4.0 with Service Pack 2 or higher 


· Windows NT clustering is available to improve reliability

· Windows NT support personnel are available within ETS

· The development tools of choice are readily available on this platform

Database Server(s)
MS Windows NT Server 4.0 with Service Pack 2 or higher 
· Oracle has consistently performed well when deployed on Windows NT

Presentation Tier
JBuilder 2 Client/Server Suite
· Produces pure Java applications for cross-platform deployment

· Tight CORBA standards integration

· Integrated PVCS version manager for team development

· Complies with the NC Statewide Technical Architecture standards

Middleware 
VisiBroker for Java 3.2
· Complete support of CORBA standards

· Integrated with the development tool Jbuilder 2 Client/Server Suite

· Distributed object deployment wizards to facilitate system development and deployment

· DataExpress provides high performance, native JDBC drivers for multiple database formats

Follows NC Statewide Technical Architecture guidelines

Componentware Tier
Java objects written with JBuilder 2 Client/Server Suite
· Pure Java facilitates the reuse of developed components

· Code written in Java can run anywhere where a Java Virtual Machine (JVM) is implemented

· Java is an object-oriented language with integrated CORBA objects support

· SQL builder and monitor to visually create, edit, test, and debug SQL queries 

· Follows NC Statewide Technical Architecture guidelines


Report writer - Enterprise Reports Pro 3.0 - Swing Edition
· Very efficient designer. 

· Support for sub-reports. A report can contain various sections and each section can have it own query independent of the other queries. This is an important requirement in TEAAS

· Report viewer provides a facility to view the report in its full form or to go to any section

· Support for Application Data Sources available

· Support for Cross-Tab reports

Data Tier
Oracle8
· Availability of developers and administrators

· Direction of TSSMU and ETS

· Complies with the NC Statewide Technical Architecture standards

Application Documentation
MS Word
· At the time of printing of this document, only hardcopy application documentation will be provided for TEAAS
· MS Word is the predominant word processing software used within DOT

Software Configuration Management
PVCS
· Provides version control management for the development environment

· Widely used industry standard

· Familiarity within project team

· Integrated with JBuilder 2 Client/Server Suite
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