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SYSTEM TRANSITION AND INTEGRATION ENGINEERING

by

Jeffrey A. Cory

John Kobza, Chairman

Systems Engineering

(ABSTRACT)

This Project and Report describes the Integration and Test, Demonstration,
Verification, and Transition phases of the System Engineering Process.
Chapters 2, 3, and 4 of the Project and Report examine the integration and
transition phases of a large-scale transactional relation database management
system and its multiple system interfaces as a case study. Chapter 2 provides a
description of the case study transactional relational database management
system. Chapters 3 and 4 provide sample demonstration metrics and a
demonstration report and lessons learned based on a large integrated inter-
system demonstration which involves the case study system. Chapters 5 - 10
address the System Transition and Integration Engineering process and offer
an approach to large complex system transition/integration planning and
execution based on the experiences and results from the case study project.

The Report explains the system transition and integration process, and
provides outlines and checklists intended as guidelines for the application of a
system engineering approach to these critical system phases. A primary focus
is on the planning, execution, metrics, analysis, and reporting of an actual
mega-system demonstration and verification activity. An Appendix provides a

recommended process for development of such a detailed demonstration plan.
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DEFINITION OF NEED

The System Transition and Integration Engineering process focuses the
effort in the most critical phase of the system development cycle, when the
results of the development process come to fruition as new operational
capabilities. Large complex multi-system transition/integration planning and
execution demands a highly structured approach, tailored to the specific
mega-system (system composed of multiple integrated systems) application and
the degree of criticality. From existing systems experiencing incremental
enhancements to new systems implementing evolutionary technological
changes, the experiences and results from previous similar transition and
integration efforts provide the best model from which to perform detailed
planning.  Additionally, previous related transition and integration
implementation methodologies provide a logical point of reference on which

to base detailed execution plans and schedules.

This Project and Report provides a template for a successful transition and
integration effort of an extremely large (multiple multi-million Lines of Code
software systems integrated with large-scale computer and hardware systems)
integrated mega-system, based on actual results and lessons learned from
previous experience. The intent is to provide a roadmap, with sufficient
outlines, checklists, and guidelines for the rigorous application of a system
engineering approach to the critical system transition and integration phase.
The use of a case study approach in this effort is intended to offer specific
planning, execution, metrics, analysis, and reporting examples from an actual
demonstration and verification activity of a large complex integrated mega-
system. A highly structured and disciplined approach is essential when
integrating multiple large-scale systems transition into an existing
operational production environment. The bottom-line is that the only
acceptable starting point for a system transition and integration
process in today’s environment must be based on corporate
knowledge of previous best practices and lessons learned.

This report provides a recommended model based on such experience.

xi



PREFACE

The System Transition/Integration Planning Process focuses on
test and transition activities from system delivery through transition. The
process includes the planning, coordination, execution, and issue resolution
for all test, data/message exchange, demonstration, and transition activities.

Three Major Transition/Integration Planning Process Phases
cover the period from system shipment through transition. These phases are:
1) Installation, Checkout, and Test; 2) Demonstration; and 3) Transition.

System Demonstrations provide the opportunity to accomplish formal
inter-system requirements verification through the participation of each
identified interfacing system. Demonstrations must be scheduled based on
cach interfacing system’s development and/or operational schedule. System
demonstrations are scheduled to be conducted after development systems have
completed Installation, Checkout, and Test in an operational environment.
Demonstration results serve as input to a system Transition Readiness Review.

A System Demonstration Program should be designed such that each
succeeding System Demonstration proceeds as a logical progression from
predecessor System Demonstrations, with an incremental increase in the
testing complexity with each System Demonstration. This building-block
approach to inter-system testing provides multiple opportunities to verify
system interface requirements, and reduces both schedule and technical risk.

System Demonstrations are task oriented. Two common types of
System Demonstration are the Interface Compatibility Demonstration and the
System Confidence Demonstration. Interface Compatibility Demonstrations
validate mechanical and/or electrical interfaces between systems using
deliverable versions of hardware and software, verifying inter-system
requirements identified in applicable Interface Control Documents. A
System Confidence Demonstration, exercises system Interface Compatibility
Demonstrations interfaces and requirements to a timeline with operational-
like system loading and contention. System Confidence Demonstrations also

exercise operational systems’ transition and backout capability.

xii



Large-scale complex integrated system demonstrations require
detailed planning and a highly structured and disciplined systems
engineering approach.  The Transactional Relational Database Management
System, the case study system on which this Project and Report is based, is a
large-scale (> 5 million lines of software code and sophisticated state of the art
computer and hardware system) complex integrated (interfacing with
multiple other large-scale development systems) system. The Transactional
Relational Database Management System provides the front-end and user
interface for a complex mega-system comprised of several new development
and several refurbished existing systems. This mega-system replaces several
existing operational production systems at numerous plants. Other than the
Transactional Relational Database Management System description in Chapter
2, this report focuses on the process required to integrate a mega-system,
verify interface requirements compliance, demonstrate inter-system
functionality and mega-system performance and operability, and transition
these systems simultaneously replacing existing operational production
systems in accordance with integrated system plans and schedules.

The Transactional Relational Database Management System provides a
specific example on which to base examination of the system
Transition/Integration and Transition process. This case study system
has proven to be invaluable in validating this process, as the case study system
itself has suffered numerous setbacks and problems which have forced several
system development plan and schedule replans, placing great stress on the
overall mega-system integration effort.  Technology challenges, requirements
definition delays and changes, development problems, and schedule changes
experienced early in the Transactional Relational Database Management
System development process led to forcing a systems management approach to
achieve a pre-determined system Initial Operational Capability milestone. The
focus on maintaining schedule lead to deferment of several more difficult
functional requirements, and the post-Initial Operational Capability phased
delivery of several other capabilities, which were a major selling point of the
system over the existing predecessor system. Development difficulties led to a
system which was constantly behind plan and schedule.

xiii



1.0 TRANSITION/INTEGRATION ENGINEERING

This report describes a System Engineering approach to the
planning and implementation of large System Transition and
Integration. The objective of Transition/Integration engineering is to
verify an integrated system meets inter-system requirements and to
subsequently transition the integrated system for operational use. This
involves planning, coordination, and control of pre-delivery Factory-to-

Factory Tests and post-delivery verification activities including:

* On-site system Installation, Checkout, and Testing
* Inter-System Data/Message Exchanges
* Interface Verification Tests

* System Demonstrations

Specific objectives for the accomplishment of an integrated
system Transition/Integration engineering effort include:

* Use of a consolidated inter-system team approach capitalizing on existing
organizaiional structures for resource scheduling, conflict resolution,
managing integrated tests, and Configuration Management

* Verification of inter-system requirements for system developers, system
management, system operators, system users, and interfacing systems, to
the maximum extent possible within current cost and schedule baselines

* Minimize impact to customers and on-going operations at all locations

* Orderly removal of obsolete baseline capabilities that are being replaced

1.1 Transition/Integration Planning

Transition/Integration planning of system changes into an operational
baseline requires system integration planning, scheduling, coordination, and
execution of system installation, test, and checkout, requirements verification,
demonstration, and transition activities. A rigorous readiness program is used

to achieve the goal of a seamless transition with minimal impact to operations.



A system Transition/Integration Plan provides the
requirements and constraints for system transition/integration
process planning and implementation consistent with maintaining

cognizance and control of the:

* Concurrent deliveries, Installation, Checkout, and Tests, demonstrations,
and the transition approaches used at operational plants

* Resource allocation to support Installation, Checkout, and Test,
demonstrations, Transition, and system Integration activities

* Sequencing and scheduling of multiple developers’ Installation,
Checkout, and Tests, demonstrations, and Transition activities at and
between interfacing operational plants and customers locations

* Prioritization guidance for inter-system conflict resolution consistent
with overall integrated system objectives and management direction

An integrated system Transition/Integration Plan addresses the period from
the first developer shipment to an operational plant through initial system

transition to final system transition (effectivity) of new system capabilities.
1.2 Applicable Documentation

Generic program documentation references for system engineering
planning and implementation of large-scale System Transition and

Integration activities include the following types of documents:

* System Development and Implementation Document

* System Configuration Management Plan

* System Schedule

* System Integrated Test Plan

* Programming Practices, Standards, and Conventions

* Operational Plant Interface Drawing Requirements

* Communications and Computer Equipment Environment Specifications

* Operations and Maintenance Concepts and Standard Operating Procedures
* Statements of Work and Contract Data Requirements List

* Developer Specifications

* Developer Interface Drawing Requirements

2



2.0 TRANSACTIONAL RELATIONAL DATABASE MANAGEMENT SYSTEM (TRDBMS)

A case study approach was selected as my project to develop and validate a

transition/integration and verification process for large-scale systems.
2.1System Overview

The Transactional Relational Database Management (case study) System
consists of hardware, software, database, communications, and interfaces
necessary to support a transactional relational database management system
synchronized over a distributed integrated network. The distributed nature of
the system reduces single points of failure, provides expandability, and allows
remote organizations to perform database management autonomously. The
integrated nature of the system promotes coordination between user
organizations, provides a common user interface for database transactional

processing, and provides timely responsiveness to users regardless of location.

To be responsive to users, the Transactional Relational Database Management
System was architected to consist of a large-scale automated data processing
system and multiple smaller distributed systems. The system provides a
versatile user interface for accessing data in system databases through query
and reporting tools. The system provides support and services to users
through a distributed architecture that provides interactive access and
system-to-system data exchange. This architecture delivers appropriate
software functionality and hardware to a specific physical location to support

the organizations, users, and systems resident at the respective location.

In addition to interactive access, several organizations are provided with a
system-to-system data exchange capability. Data exchanges are performed
primarily via electronic transfer, with magnetic media being used when large
volumes of data are exchanged and during communications outages. The
Transactional Relational Database Management System receives and transmits

information to external systems through messages and transactions.



2.2 System Architecture

To provide timely response and organizational tailoring to users, the system
consists of a central site and several connected distributed sites. The system
supports a variety of site configurations that have the appropriate hardware,
software, data, and data communications to operate in a functional hierarchy.
The architecture provides the flexibility to accommodate any number of
configurations to meet changing needs of users. Hierarchical configurations
provide increasing levels of functionality/capability. Each location is

provided with the level of functionality appropriate to its user requirements.

The central location maintains all system data, directly supports local users,
and provides the essential processing and database resources that support
users at the remote locations. Central location hardware includes large-scale
computers, fileservers, disk storage devices, Local Area Networks, and
workstations. All system software functionality is resident at the central
location. Remote users are provided with fileservers and workstations that
communicate with the system via dedicated or shared communications circuits.
The system database at the central location contains all the data, and databases

at each distributed site contain only the subset of data required by its users.

Each distributed location has a tailored subset of Transactional Relational
Database Management system functionality and data, sufficient to support local
users and systems. Remote locations have the capability to provide essential
processing and database resources to support users at remote distributed
locations.  Distributed locations hardware complement includes various
configurations of fileservers, disks, Local Area Networks, and workstations.
Distributed sites use databases tailored to a particular site’s needs, i.e., they
hold a subset of the Transactional Relational Database Management system data

resident and maintained at the Central location.



2.3 System Data

The system maintains a running history of all data and transactions in on-
line files accessible by user query. A select set of data is copied from on-line

files to archive media, at the end of prescribed on-line retention periods.

The system provides a versatile user interface for accessing data in the
database through both query and reporting tools. The query tool allows the
user to construct a query without knowledge of DB2 table structure, Database

Management System language syntax, or system naming conventions.

The user has several options for developing a query to access the

Transactional Relational Database Management System database, including
system-assisted and user-defined queries. Each method allows users to develop
queries specifically tailored to meet their needs. The system provides users the
capability to design a query by prompting users for appropriate data. The
system prompts users through a combination of query management tools,
smart forms, or menus. Users select and filter the specific data which will be
retrieved. The system provides two means of displaying reports: a custom
report tool, which gives users flexibility in data arrangement, and a standard

report tool - a set of complex reports that may be used to clarify statistics.
2.4 System Operations And Maintenance

The Transactional Relational Database Management System provides
continuous customer support through a Help Desk. Customers interface
through the Help Desk for hardware, software, database, network,
communications, and procedures maintenance support. Centralized computer
operations and distributed network management, configuration management,
and software maintenance and test functions support system operations and
maintenance. The system provides a very robust operations and support
environment. System maintenance and test activities are conducted in

parallel with system operations through the use of mainframe partitions.



Centralized software maintenance is provided from the central site for system,
applications, database, training, and engineering software; the supporting
documentation; and the integration of Commercial Off-The-Shelf products with
the operating system. Source code for the system is resident only at the
central site. Software engineers develop “fixes” for problems and
enhancements in response to Request For Changes, normally placing them in
“blocks” for future implementation in pre-coordinated windows. “Blocks” of
software fixes versus individual fixes introduced in a system baseline offer the
advantages of reducing change installation-driven system downtime
occurrences and permits enhanced pre-installation system-level regression
testing of corrective software maintenance. All software modifications are
tested at the central site prior to release. When tested and ready for
distribution, software packages are electronically distributed to sites’ pre-
installation libraries. Software is loaded from an installation library. Sites
have the option of deferring the installation time depending on the nature

and urgency of the “block” change and individual site circumstances.

Hardware maintenance is provided through existing resources, vendor
maintenance contracts, or Memorandums of Agreement between various
organizations, and covers workstations, printers, fileservers, mainframes, and
Local Area Network components. System hardware and device fault isolation
and diagnostics aid hardware engineers in troubleshooting hardware

problems and provide status information to the central location Help Desk.

System network management capabilities provide valuable functionality
integral to reliable communications and key in providing information in
support of the Help Desk for problem investigation. Communications problem
resolution is accomplished through a Network Operations Center - based on
information gathered from network probes, traps, and proxy agents located
within distributed locations Local Area Networks - and cooperative

information-sharing with interfacing systems’ Network Operations Centers.



Support personnel at the central site use a maintenance and test computer and
test databases to develop and test software corrections and enhancements.
Test capabilities are further enhanced by a test environment and suite of
hardware/Local Area Networks that enable test personnel to replicate or
emulate various center type/site configurations. The test environment also

supports parallel test and operations using test messages and psuedo time.

Centralized system Configuration Management provides a full range of
Configuration Management information to the central location support staff
and distributed location users. The Configuration Management database
maintained for each site includes information about: hardware and software,

database, technical documentation, procedures, and training materials.

The Configuration Management process identifies configuration item updates
for distributed sites depending on their unique configuration. Accuracy of

Configuration Management information is dependent on each site providing
hardware and network configuration item change information to the central

site, using provided system Configuration Management functionality.

The Configuration Management system provides on-line status and tracking of
problems, trouble calls, Request For Changes, technical investigations, builds
or modifications, and action items. Electronic routing enables automated

problem definition, statusing, and resolution according to pre-defined rules.
2.5 System Administration And Network Management

The system supports centralized and remote implementation capabilities of

system operations administration and network management functionality.

Monitoring and management of system mainframes and fileservers are
functionally categorized as system administration. Remote administration
capabilities permit allocation of administrative tasks to a site, and enable the

central site to administer and maintain certain aspects of the system remotely.



Transactional Relational Database Management System administration tasks
may be tailored depending on site configuration, staffing, and policy. Remote
administration functionality is available in the areas of database and computer
systems administration, network maintenance, and maintenance activities.
System communications network management is handled through the Network
Operations Center. The Network Operations Center collects, maintains, and
displays system network status and directs control for selected parts of the
network. Key types of information available through the system network
management software include: configuration, fault, and performance data.
The Network Operations Center is responsible for monitoring end-to-end
checks of the distributed system networks and for interfacing with external

communications for performance degradation and connectivity status.
2.6 System Change Control

With the exception of certain database changes delegated to operations
control, changes to the system baseline for software, database, hardware,
facilities, or documentation that change the scope, form, fit, or function of the
system are controlled through the configuration control process, whether
resulting from Discrepancy Reports or Request For Changes. Builds are used
to accomplish documentation and approval of software and database changes,
while Technical Investigations of a problem or changes resulting from

approved Request For Changes are employed for hardware changes.

The normal mode of operation for introducing software changes is to assemble
changes resulting from problem resolution or Request For Changes into
change packages for periodic distribution and installation once the changes
have been tested in the proper hardware, software, and database environment.
The Transactional Relational Database Management System provides the
flexibility to install a high priority modification for critical problems directly
into an operational library structure for all distributed locations identified by
Configuration Management as hosting the software. This allows the system

operators to directly implement priority code corrections into operations.



2.7 System Demonstration Manpower Plan
2.7.1 System Integrator Demonstration Team

The System Integrator Demonstration Support Team Staffing Plan used to
schedule support for the Transactional Relational Database Management

(Case Study) System Demonstration execution is shown in Table 2.7.1.

Table 2.7.1 - System Integrator Demonstration Team Staffing Schedule

(Table numbers reflect the quantity of personnel required by position and event/time)

EVENT O&M DEMO Stand | TRANSITION Re- Re- Re- O&M DEMO
Down DEMO test 1 | test 2 | test 3 RERUN
Month July August September October November
Week 1121341121314 1]|]2]3|4)1]2131411]|2}13]34
Demo 41414141111 1]21314]111[1]1]4)4]4)4] 4] 4
Directors
Chief 1{1}j1y1rj1ryp1ry1rpejrfr}1rjryrfryryp1fj1p1yiji
Engineer
Verification | 2] 2] 2| 2[1}J1]J]O0]JO0O]O0]4]| 4} 4] 8| 8]1]113]13]3]3
Engineers 0Jojojo 212101010710
Performance| 3| 3| 3| 3[111]J]0]O0)JO0})2|2]|]2|]2]]2]2)]2]|]4]|]4] 4] 4
Engineers
Developer | I I U O S D O [ O O I O I O 2 U D O [ U O I O S 0 O I O I
|Engineers 0]0]J]0] O 515({5]35
CM Team 2121212jojlof1j1}jrj1yprj1p1j1jrjp1y212129§2
Admin Spt 111]1J1]010{0}]0O 1 11]1]1]1 1]1111}¢1

3.0 CASE STUDY SYSTEM DEMONSTRATION METRICS

To validate the transition, integration, and verification process a mega-
system demonstration was performed, involving the case study Transactional
Relational Database Management System (TRDBMS) as well as numerous
interfacing systems. Metrics collected and analyzed during this inter-system
demonstration were invaluable evaluating overall inter-system performance,
functionality, and operability, and provided the conclusive evidence that the
level of TRDBMS system maturity and stability was insufficient to proceed with
the planned mega-system transition schedule. A description of the critical
data and associated statistical analysis follows which allowed a rational system

engineering based decision to be made to replan the mega-system schedule.



3.1 System Demonstration Run 1 Discrepancy Report Workoff Rate Study

System Demonstration Run 1 was executed in July 1995 with the objective of
verifying the Case Study TRDBMS system performance and interface
requirements. System Demonstration Run 1 was preceded by a Dry Run inter-
system functionality requirements Demonstration in May/June 1995.
Although declared a success, there¢ were a significant number of problems and
a large number of Critical (B1/B2) level discrepancies. System Demonstration
Discrepancy Report priorities for operational problems ranged from A (most
significant), through B, C, D, to E (least significant), and from B1 (most
significant), through B2, B3, B4, to B5 (least significant) for Demonstration
problems. A or Bl discrepant items were considered anomalous or critical
discrepancies. Although there were a number of liens against the TRDBMS
system, the decision was made to attempt the System Demo Run 1 in order to

maintain the system transition schedule.

System Demonstration Run 1 results were highly controversial, with the
TRDBMS developer expressing confidence in their ability to maintain system
schedule even though experiencing an extremely high number of
discrepancies, critical (B1/B2) and overall. The facts were that weakness in
the TRDBMS communications computer software configuration item prohibited
successful demonstration of performance and inter-system functionality
requirements. The System Integrator expressed significant concemn

regarding the ability of the TRDBMS to maintain schedule, and recommended a

system schedule replan based on the System Demonstration Run 1 results.

To support the System Management decision process the System Integrator
performed a metrics-based study on TRDBMS system Discrepancy Reports and a
historical study of previous large complex system deliveries and transitions
into the current operational production system environment. Results of this

metrics investigation and analysis are summarized in the following figures.
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Figure 1 profiles the weekly net open TRDBMS system Critical (B1/B2) level
Discrepancy Reports from the time of TRDBMS delivery to the operational
production location. Examination reveals a significant number of critical
discrepancies experienced during the Installation, Checkout, and Test Phase
culminating in an additional large number during the TRDBMS Stress Test
(intended to prove system readiness to proceed into the System Demonstration
Phase). The number of critical discrepancies open at the beginning of the
System Demonstration Dry Run should have been heeded as a warning that the
system was still immature and needed additional time to perform corrective
maintenance prior to adding another degree of complexity by proceeding into

inter-system compatibility and functionality verification activities.

It should not have been a surprise that the result of the System Demonstration
Dry Run was a doubling of critical discrepancies open against the TRDBMS
system. Due to system management directed priority to maintain schedule,
although the system did not have the necessary degree of stability, System
Demonstration Run 1 was executed. This compounded the problem of an
already weak system baseline with exposure to system interface and
performance requirements scenario tests, based on the TRDBMS and
interfacing systems technical performance measures. The results were an
exponential increase in critical discrepancies, further baseline instability,

loss of system confidence and ultimately a System Demonstration Run 1 failure.

Pressure to maintain schedule leading to transitioning the TRDBMS system
required System Integrators to perform a metrics study to gain the necessary
relief in the mega-system schedule to re-gain system stability. Figure 2 shows
key evidence that revealed an inability of the TRDBMS developer to maintain a
rate of critical discrepancy corrective maintenance adequate to maintain
schedule. An unstable TRDBMS configuration baseline in conjunction with
an exponential increase in critical discrepancies compounded the problem of a
lack of maturity in the system, leading to a negative net discrepancy closure
rate with no margin in the mega-system transition schedule to recover.
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