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ABSTRACT

ON-LINE CONFIGURATION MANAGEMENT:

Configuration Management is covered fn many books and

articles and is described in detaii for development and test of systems which are either ali

software or all hardware.

In real time simulation which involves integrated and, many times,

inferactive hardware and software, plus human interaction with instructor and/or students, a

new level of control is required called hardware software integration/test.
subjective custemer evaluation and zcceptance may extend this period indefinitely.

In addition,
This -

period of test and evaluation could result in elapsed time of half the project schedule and

s usually where all the budgets/schedules go down the tubes.

This paper describes an

approach 1o on-line system configuration management, starting with a prototype baseline

system ready for hardware software integration.

INTRCDUCTION

An Industry/Government meeting held on
November 26, 1979 prior to the first interservice/
industry training conference concluded with a Tist
of initial planning and acquisition issues for a
panel discussion during the conference. The pur-
pose was to gain a hetter understanding of problem
areas, to identify and discuss probable causes,
and to reach some agreement on possible recommenda-
tion to improve performance. Under the topic
“Contractor Performance," the following problem
areas were described:

- "The need exists for the development of more
definitive software management plans with mile-
stones adequate for monitoring developmental prog-
ress. {oncomitantly, determinative plans for the
integration of sofiware with hardware is required.
Frequently either software development lags and/

- or extenstve integration problems are encountered;
the resultant effort to catch up or correct causes
delays and additional costs.”

"Practically every major training device pro-
gram has experienced difficulty in the development
of software and its integration with hardware.
Underestimating software development adversely im-
pacts time, schedule, and performance requirements,
and creates serious 1ife cycle support problems.
What can be done by contractor management to place
the required emphasis on software development?"

"Status reporting systems are only creditable
if they factually state progress on the program
and highlight critical issues in management or
engineering that require decisions. What can be
done to improve the quality and timeliness of sta-
tus information provided by contractors?”

This paper addresses these problem areas, par-
ticularly the Tast paragraph om reporting systems,
as they occurred during the develaopment of the T-
44 Operational Flight Trainer (OFT). The T-44& OFT
development program was the first project which

applied the .on-T1ine configuration management
technique.

DEFINITIONS
Reference Figure 1 for pictorial presentation.

I. On-Line - The complete hardware/software

‘system under operation and test in real time.

Z. Verification - Test the computer program
t0 ensure that it satisffes all performance and de-
sign requirements; e.g., software engineering tests.

3. Validation - Test the computer program
to ensure that it operates properly in the system
environmenit and that it satisfies all system
requirements; e.g., system engineering tests.

4. Hardware Software System Integration - - —
This type of testing executes the computer program

in a completely real (on-Tline) environment utiliz-

ing actual hardware. This test demonstrates that
the computer. program satisfies all requirements of
the program performance specification while being

executed in a real system environment.

5.  Acceptance Test Procedures (ATP) or Cer-

tification - This type of testing makes use of the

computer program after it has completed system
hardware software integration. This test is in- -
tended to exercise all subprograms of the computer
program in consonance with the hardware. These
tests certify that all: software,. hardware, and
system requirements have bean satisfied. These
tests are defined in the Acceptance Test Proced-
ures document., Figure 1 shows the relationship

af verification, validation, and certification
testing.

CONFIGURATION MANAGEMENT

Configuration management {CM} is a discipline
traditionally applied to the development of hard-
ware systems or to, the development of hardware ele-
ments of hardware software systems. Its applica-
tion in connection with other disciplines leads to
orderly and structured system development. CM is
generally concerned with the consistent labeling,
tracking, and change control of the hardware ele-
ments of a system. Software configuration manage-
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Figure 1. Verification, Validation, and Certification

ment is CM tailored to a system, or portion of a
systam, predominantly comprising software or
firmware.

Figure 2 depicts the stages of the system
1ife cycle. Although each stage is equally ap-
plicable to hardware and software, the differ-
ences between hardware and software development
and production give rise to different specific
requirements for managing the software life cycle.
Each stage of developwent culminates in a base-
line, {Figure 3) a point at which management has
the opportunity to view the system in detail in
order to examine its integrity - that is, its
adherence to and satisfaction of the operational
requirements.

After both hardware and software become
independently operational, a pericd of hardware
software integration (HSI) begins and continues
until. all acceptance testing is completed and
the device validated. The basic four components
of configuration management will ‘be addressed

"during HSI and acceptance testing as depicted in
- Figure 4,
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tonfﬁguration Identification

Identification during hardware software -
integration and acceptance testing is well
defined and takes place at the subprogram level.
A subpragram is a subdivision of.a computer
program that accomplishes an entire set of
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CONFIGURATION
MANAGEMENT
WHAT TS MY SYSTEM COMFIGURATION?ed=! IDENTIFICATION

HOW DO I CONTROL CHANGES TO MY CON-
FIGURATION? — CONTRAL

YOUR SYSTEM CONFIGURATION CONSISTS OF THE FOLLOWING
ITEMS: (ITEMy, ITEMs, .... ITEMm)

THE STEPS IN PROCESSING CHANGES THAT DIRECTLY OR IN-
DIRECTLY AFFECT YOUR CONFIGURATION ARE: (STEPy, STEPs,
[ STEPn)

YOUR SYSTEM CONFIGURATION AND RELATED CHANGES AT THIS

AT LHONGES HAVE 1 MADE TO MY—pt STATUS ACCOUNTING [=5=TTng ARZ: (ITEM,, ITEM, ... ITEM.) + (CHANGE, . CHANGE, .
SYSTEM? - CHANGE;, PENDING CHANGE:, ... PENDING CHANGE,)

DOES THE SYSTEM I AM BUILDING SATISFY—3 AUDITING
THE PERFORMANCE REQUIREMENTS? -

‘~‘-YGUR SYSTEM AS CURRENTLY BUILT DIFFERS FROM THE REQUIREMENTS

AND DERIVATIVE SPECIFICATIONS AS FOLLOWS: (DIFFERENCE,,
DIFFERENCE;, .... DIFFERENCEr]

Figure 4. The Four Components of. Configuration Management

program performance requirements; e.g., fuel
system. Therefore, it is a specific testable
entity.

The tests are also well defined. A complete
and approved Acceptance Test Procedure is utilized
{and proofed) during this period of configuration
management. Note that during all the testing we
are asking the question, does the system satisfy
the performance requirements? The whole testing
philosophy is keyed to the audit concept of dis-
crepancies; e.g. "The current system differs from
the requirement as follows!" The audit is con-
tinuous. The schedule s keyed to the audit.

On the T-44 OFT, the schedule was developed
by the project engineer and based on the estimates
to complete obtained from his engineering staff,
the status of the hardware, and the subprogram
interdependencies. Each subprogram was .Jidentified
in accordance with the approved acceptance test
document and organized in schedule format for
each of two shifts. Included on the schedule was
a weekly summary status accounting of discrepancy
reports (DRs). Figure 5 indicates graphically
normal DR generation and abnormal DR gensration.
Note that a rormal curve peaks out and drops off
towards zero. A glance at the schedule (Figures
6, 7, 8, 9) provides the observer with a top level
audit and trend. For example "Are more DR's being
generated than fixed?" Having established what
the configuration-is and a method of determination
of status, we will now Took into methods of
control.

Configuration Control

Controls take two significant forms; the first
is control of changes to the software configuration
and the second s control of the status of testing.
On the T-44 OFT the problem was compounded .some-
what by having two devices (trainers) entering HSI
at approximately the same perfod in time. There-
fore the following management procedure was
established.

Software Configuration Control, Every Friday
morning prior to the 0800 shift, system 1 was
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backed up on magnetic tape. System 2 was made
identical to system 1 by restoring system 1 backup
tape.

system 1 was considered the master system. All
other systems were considered as test beds for
changes. It was the responsibility of each soft-
ware engineer to update system I with any modified
models or programs by informing the librarian of
the files to be moved to system 1 and on which

system they currently resided.

AlT system discrepancies (hardware and soft-
ware) were to be reported using the Discrepancy
Report (DR) form (Figure 10). The filled in form
was given to the Tibrarian who was responsibie for
assigning a DR number and entering it in the DR
master 10g. Hardware DR's were then passed on to
systems personnel for handling. As each DR was
corrected, an entry to that effect was made in
the master Tog. The DR was then defined as
"TESTED". A DR could only be defined as "CLOSED"
when tested and signed off by the project
engineer.

As each DR was tested and closed, the backup
tape number was recorded to provide traceability
for all changes. A1l changes were in the form of
source code updates. No patches!

A job accounting system incorporated into the
vendor's computer operating system was used as a
general accounting Tedger-to track all changes.
The accounting File was Tisted every Friday morning
and also saved on the system backup tape. After
the file had been saved, it was purged and made
ready for the next week. The job accounting Tist-
ing, the backup tape number, and the DR masterlog
provided an excellent means of managing the prog-
ress of the project and controlling the configura-
tion of the system.

- Testing Status Control. System test control
was established by setting up good communications
and by test status documentation. T

Communication:

Established weekly all hands meeting.

Wrote minutes for review.

Determined significant problems.

Established responsibilities and action
plans.
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Figure 5. Normal/Abnormal DR Generation
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T-44 System Integration -and Evaluation Shift 1 (Month 1)
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Figure 7. T-44 System Integration and Evaluation Schedule Shift 2 (Month 1)
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Figure 8. T-44 System Integration and Evalyation Shift ] (Month 2)
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11/5 11/12 ) 11/19 11/26 12/3 12/10
1

ATP VERIFICATION

:

DRED
REPLAY
NAV RECEIVERS \c 7]
NCS-31 SELF TEST ALY/l
NAVIGATION —
AUTOPILOT/FD Ay ]
(] or cum STATUS
Figure 9. T-44 System Integration and Evaluation Shift 2 (Month 2)
DISCREPANCY REPORT: (DR}

PROJECT: DATE:

ISSUER: PRDOBLEM NO.:

RESP. ENG.: REF:

TYPE OF PROUBLEM

{

) HARDWARE: SYSTEM # { } SOFTWARE: SYSTEM

STATEMENT OF PROBLEM

CORREETIVE ACTION TAKEN

TESTED

COMMENTS

DATE TAPE #_ ENGINEER
DATE .TAPE #_ ENGINEER ____

Figure 10. Discrepancy Report Form
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Accounting:

Set up test schedule keyed to
discrepancies.

Updated discrepancy form.

Librarian had full authority and
responsibility for accounting.

Job accounting system incorporated
into the operating system.

The status accounting report, described
below, was utilized at the weekly meetings and
proved to be the Key .ingredient to successful
communication. Each person knew his responsi-
bitlity and management visibility allowed the
decision-making processes to work!

file represents the DR data base. It is informa-
tion that is taken from the DR log and added to the
data base periodically. Thus the systems data re-
mains fixed for a given project while the DR data
base increases as the project progresses.

The first record of the systems section con-
tains the name of the program (i.e., T-44, £-130,
21E17, etc.). Next are the system descriptions,
one per record, along with a unigue system Tetter.
After the system description. comes the data sec-
tion. This information includes the DR number,

. system letter(s), initials of the assigned engi-

neer, date tested {when applicable), failed testing
or waiting for parts indicators, date closed (when

- applicable}, a brief description of the problem,

Status Accounting

In order to keep track of all hardware and
software problems which occur during Hardware
Software. Integration (HSI) or the Acceptance
Testing Procedure {ATP), a Discrepancy Report
(DR} s filled out. As each discrepancy is
reported, a control number is assigned by the
librarian and entered in the master log. The
function of this log is to keep a record of all
DRs and present this information in various
ways.

The DR Status.Accounting Report, written
in FORTRAN IV, will operate on the project
computer system in the interactive mode. This
interactive program reads a master Tog entry in
card image format, processes the input data, and
prints a hardcopy output report as specified
below.

The program can be applied to any trainer
project by preparing an appropriate set of inputs.
The program input file {project data base) can be
divided into two sections. The first part (sys-
tems section) describes the major systems of the
trainer and generally correlates with the computer
subprograms. The second part (data section) of the

and the number of the backup tape on which the
problem sotution first appears.

The program reads the input file and prepares
the master DR log which contains the status of each
DR printed out in numerical order. A summary table
is compiled which Tists each system, the number
of open, closed, or tested DRs, the total number
for each system, and the totals for the whole job.

The information s then resorted. The first
resorting procedure prints out all DRs which are
not closed. The next sort will print out a

- listing of all DR's which are ready for testing.’

The non-closed DRs are then resorted again for a
third and fourth time and printouts are mades by
system and then by assigned engineer. _

Last, another table is compiled showing the
DR totals ~ open, tested, closed, and totals - by
responsible engineer.

Figure 11 identifies thé format and contents

(as described above) and indicates that the loop

is closed by summarizing the DR's by subprogram

* on the scheduie.

1. FORMAT: DR.

NUMBER AFFECTED  ENG

e MASTER DISCREPANCY LOG

¢ OPEN DISCREPANCY LOG
- READY FOR CLOSEOUT TEST

e RESPONSIBILITY LOG

3. UPDATE: e DAILY

& TRACK DR HISTORY

SYSTEM RESP  DATE DATE TAPE
TESTED
2. CONTENTS: e SYSTEM LEGEMD - IDENTIFICATION -

- SYSTEM SUMMARY STATISTICS

s STATUS OF EACH DEFINED SYSTEM

~ INDIVIDUAL RESPONSIBILITY STATUS

® WEEKLY - DISTRIBUTED AND REVIEWED

4, SCHEDULE: e SETUP LOGICAL SYSTEM TEST SEQUENCE
KEYED SCHEDULE STATUS TO DR*

CLOSED DESCRIPTION STATUS NG.

S

Figure 11.
440
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Auditing

The final audit process follows naturally
from the HSI in that system testing proceeds
into Government acceptance testing utilizing the
Government-approved document. This occurs after
in-house testing has reduced all significant
discrepancies to zero.

have been developed and utilized on a number of
projects with excellent results.

Computer Printout Examples.

. _ A typical example of one of our programs is
shown in the following illustrations.
12 summarizes the DR statistics by system.

Figure

Figure 13 depicts the last page of the master

CONCLUSIONS

The approach described herein provided
never-before-attained management visibility into
audit status. Al11 parties were able to review
detailed printouts as to the exact status of the
praject.  Respansibilities were clear and it was
cbvious that the job was under control. The'
printouts proved to be extremely valuable when
used as the basis for communications, both at
in-house meetings and for the customer's review.

As a result of this experience, Gould, Inc.,
Simulation Systems Division Policy and Standards
for "On-Line Software Configuration Management”

software DR log.
by responsible engineer.
utilized at weekly meetings as a basis for vre-
view status.
statistics by responsible engineer.

Figure 14 summarizes open DRs
This printout is

Figure 15 summarizes the OR
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T44 DR STATISTICS
SYSTEM OPEN TESTED CLOSED TOTAL
ENGINE START 0 0 1% e
GROUND DYNAMICS 0 0 17 17
ENGINE GROUND 2 0 2 4
ACCEL, TO, STDP & DECEL 0 0 1 3
FLIGHT INSTRUMENTS 1 4] 9 L0
WHEELS & BRAKES/CRASH o ] 4 4
PROPS o 0 % 4
ATMOSPHERICS/ROUGH AIR ] ] 2 pd
ENGINE FLIGHT 0 ] 13 13
STALL AND BUFFET 0 ] 1 1
ELECTRICAL SYSTEM 2 0 24 36
FUEL SYSTEMS ] 0 13 13
GEAR & FLAPS Q o] 16 16
ANNUNCTIATOR & FIRE SYSTEM Q ] ] o
ECS & MISC SYSTEMS 1 i 13 L5
HARCHARE 23 o 128 149
DRED 1 o] 10 1L
EXEC & DEBUG I 0 & 7
CONTROL LOADING 2 0 20 22
INSTRUCTOR STATICN 23 % 80 © 104
NAVIGATION 4 1 26 31
NAV RECEIVERS 0 o 14 14
MOTION 2 o 10 12
AUTOPILOT @ o 6 7
FLIGHT & AERO 3 ¢ 23 2s
INPUT/OUTPUT 4 ¢ 11 25
COMMUNICATIONS 3 C 2 5
AURAL CUE a o] 2 2
PITCR ON GROUND 0 o 0 0
SURFACE VS CONTROL DEFLT o} o] ¢l 0
PROPELLER THRUST 0 o] e 0
CONTROL-FRICTION/INERTIA a o a 0
TRIM 2 0 0 2
LONGITUDINAL STABILITY o 0 0 0
LATERAL STABILITY 0 ] 0 0
SPIRAL STABILITY 0 ] ) ]
REPLAY 0 o 1 1
NCS-31L SELF TEST 0 Q - D Q
ATP VERIFICATION 0 ¢ 0 0
INSTRUMENTS 9 ¢ 5 kA
TOTALS B4 - 3 482 569
Figure 12. T-44 DR Statistics for Each System
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T44 DR STATISTICS
ENGINEER OPEN TESTED CLOSED TOTAL
RTM T 0 36 43
JR 26 0 135 161
TJD 9 1 96 106
5D 3 0 40 44
DDD 5 Q L9 24
TZ 4 1 35 40
HD 3 0 5 8
GL 2 4] 64 &6
RA 20 bt 5L T2
JM s o] 0 5
TOTALS 84 3 482 569
Figure 15. T-44 DR Statistics by Respcnsible Engineer
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