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Adaptive software systems
Adaptive neural networks, See Adaptive
software systems; Neural networks
Adaptive resonance neural network
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Adaptive software systems:
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high-level goals for, 13
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overview, 1
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CSC (Computer Software Component), 49
C8CI (Computer Software Configuration
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Decompositional rule extraction, 14-15
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Development process, IEEE 5td 1012-1998:
Concept V&V activity, 46-51
Design V&V activity, 63-84
Implementation V&V activity, 84-92
Installation and Checkout V&V activity,
97-100
process summary, 39, 46
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Requirements V&V activity, 52-62
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Documentation:
concept, 4649
Software Verification and Validation Report
{SVVR}, 100
Dryden Flight Research Center {DFRC), 6, 7
Dynamic Cell Structure (DCS), 7

Eclectic rule extraction, 15

F-15 ACTIVE {Advanced Control Technology
for Integrated Vehicles) aircraft, 67
Failure, defined, 126
Failure modes and effects analysis (FMEA), 9,
11,12
Fault, defined, 126
Fault tree analysis (FTA), 8
Feedforward, defined, 125
FHA. See Functional hazard analysis (FHA)
Fidelity, 28-29, 60, 72-73, 74, 75, 76, 7778,
8%, 89, 93, 94, 95, 125
Fixed neural network, 126
Fixed systems, 126
FMEA (failure modes and effects analysis}, 9,
11,12
FTA (fault tree analysis), 8
Function testing, neural networks, 22
Functional hazard analysis (FHA):
as Concept V&V task, 50-51
defmed, 126
in hybrigd neural network safety life cycle,
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Growth, 55, 74, 80, 105, 126

Hardware:
user requirements allocation analysis, 4950
Hazard analysis:
as Concept V&V task, 50-51
as Design V&V task, 78-79
devetoping fault model, §-12
functional {FHA), 18, 50-51, 126
ag Implementation V&V task, 91-92
as Installation and Checkout V&V task,
59-100
as Maintenance V&V task, 109
as Operation V&V task, 103-104
averview, 7-12
as Requirements V&V task, 61-62
as Test Y&V task, 96
Hazards, defined, 126
HAZOPs, 8, 12, 50
High-level goals:
in Acquisition Support V&V activity, 44—45

for adaptive systern behavior and
knowledge, i3
in Concept V&V activity, 4748, 50
defined, 126
Higher-order neural network architecture, 37
HLG. See High-level goals
Hybrid neuraf networks:
safety life cycle, 15-19

IEEE Std [012-1998 (IEEE Standard for
Seftware Verification and Validation):
Acaquisition Process guidance, 4345
Development Process guidance, 46-100
Maintenance Process guidance, 107-110
Management Process guidance, 4043
Operation Process guidance, 101-107
recent changes to, 111-117
software integrity levels, 43
and V&YV standards, 1-2
If-then syntax, 14
IFCS (Intelligent Flight Control systems)
project:
adaptive system simulations, 28-29
as example of safety-critical adaptive
system, &7
F-15 ACTIVE {(Advanced Control
Technology for Integrated Vehicles)
aircraft, 6-7
GENI, 6-7
GEN2,7,11-12
neural networks in, 67
Initial knowledge, 13
Installation and checkout V&V, 97-100
Institute for Scientific Research, inc. {ISR), 6
Integration testing, 71-73, 7477
Intellectual property rights, 4546
Intelligent Flight Control systems (IFCS)
project, See IFCS (Intelligent Flight
Control Systerms) project
Interface analysis:
as Design V&YV task, 64-65
as Implementation V&V task, 85-86
overview, 21-22
as Requirements V&V tagk, 58-59
Interpolation, defined, 126
ISR {Institute for Scientific Research, Inc.), 6

Knowedge testing, neural networks, 22
Knowledge acquisition, 41, 67, 78, 83, 52,
126

Leaming, defined, 126
Lyapunov stability analysis, 26
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anomaly evaluation, 108-109
criticality analysis, 109
hazard analysis, 109
migration agsessment, 109
proposed change assessment, 108
recent changes to, 115
retirement assessment, 109
risk analysis, 110
summary, 33, 107
SVVP revision, 107-108
task iteration, 110
V&V activity, 107-110
Management process, [EEE Std 1012-1998:
assessing baseline chanpes, 4142
generating Software Venification and
Validation Plan (SVVP), 4041

interfacing with organizational and support
processes, 4243

process summary, 3%

recent changes to, 112

technical review suppert, 42

V&V activity, 40-43

V&V review, 42

MATLAB Neural Network Toolbox, 29

MLP. See Multilayer percepirons (MLPs)

Multitayer perceptrons (MLPs):
defined, 126
developing fault model, 8-12
in GENZ intelligent flight controller, 7
mathematical equations, 9
in nested loop development process, 17
overview, 8
in pretrained neural network (PTNN), 6

NASA {National Aeronautics zand Space
Administration):
ACTIVE (Advanced Control Technology for
Integrated Vehicles) aircrafl, 6-7
Ames Research Center {ARC), 6, 7
Dryden Fiight Research Center (DFRC), 6, 7
role in IFCS project, 67
National Aeronautics and Space
Administration. See NASA (National
Aeronautics and Space Administration)
Nested loop model:
neural network development process, 16-18
Neural networks:
complete vs. incomplete solutions, 31-34
continuous, 32
defined, 126
design evaluation, 8084
Dynamic Cell Saucture {DCS), 7
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dynamic vs. fixed, 15-16
function testing, 22
in GENI intelligent flight control scheme,
-7
in GEN2 intelligent flight control scheme, 7
high-level, selection, 31-34
hybrid, safety life cycle, 18-19
in ICFS3 project, 67
mterface testing, 21-22
knowledge testing, 22
low-level, 34-36
modified hife cyele for developing, 16-19
multilayer perceptron {MLF), 7
nested loop development model, 1618
pretrained (PTNN), 67
safety life cycle, 18-19
selection, 30
self-orgamzing map, 7
Sigma-Pi, 7
single-hidden layer (SHL), 7
structure testing, 22-23
taxonomy, 36, 37
testing, 17, 18
testing considerations, 20-23
testing tools, 23
training and design configuration
management, 27-28
visualization technigues, 29
Neurons, defined, 126
NN (Neural Network) Evaluator, 20

GLNN {Onhine Neura! Network}, 48, 50, 51,
54, 55, 80
Operation process, IEEE Std 1012-1998:
adaptive system and operational monitoring
performance assessment, 104-105
configuration file change assessment,
106-107
evaluation of new constraints, 101-102
hazard analysis, 103104
operating procedures evaluation, 103
periodic test excoution and verification,
105-106
proposed change assessment, 102-103
proposed knowledge change astessment, 106
recent changes te, 115
risk analysis, 104
summary, 39, 101
V&V activity, 101-107
Operational monitering:
defined, 126
overview, 19-20
performance assessment, 104105
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Pedagogical rule extraction, 15
Perceptron neural network architecture, 37
Performance assessment:
adaptive systern and operational momnitoring,
104-105
PHI. See Preliminary hazard identification
(PHI}
Practitioners, defined, 126
Preliminary hazard analysis, defined, 126. See
also Functional hazard analysis (FHA)
Preliminary hazard identification (PRI}, 18,
50-51, 126
Pretrained neural network (PTNN):
in GENI intelligent flight control scheme,
67

Radial basis neural network architecture, 37
Recurrent neural network architecture, 37
Risk, defined, 127
Risk analysis:
as Concept V&V task, 51
as Design V&V task, 79-80
as Implementation V&V task, 92
as Installation and Checkout V&V task,
100
as Maintenance V&V task, 1310
as Operation V&V task, 104
as Requirements V&V task, 62
as Test V&V task, 9697
Rule extraction:
advantages and disadvantages, 15-16
algorithms, 14
decompositional, 1413
defined, 127
eclectic, 15
overview, 13-14
pedagogical, 15
types of, 14-15
inv&v, 15
Rule initialization, 14, 15, 127
Rule insertion, 14, 15, 127
Rules, symbolic. See Symbolic rules

Safety life cycle, 1819
Security Analysis task, 116
Self-organizing map, 7, 73, 79, 90, 127
Self-organizing map (SOM) neural network:

in GEN1 intelligent flight control scheme, 7
Self-organizing map {SOM) neural networks, 7
Self-organizing neural network architecture, 37
Sensitivity Toot, 20
SHL (single-hidden layer}). 7
Sigma-Pi, 7

SILS {software-in-the-loop simulation), 28, 93,
94,96
Simulations:
adaptive systems, 28~29
Single-hidden layer (SHL) neural network, 7
Sofiware;
configuration management assessment,
6061
design evaluation, 64
developing fault model, 812
integrity levels in IEEE Std 1012-1998§, 43
interface analysis, 58-39, 64—65
migration assessment, 109
requiremnents, 5262
requirements evaluation, 53-58
retirement assessment, 109
traditional vs. adaptive, 1
user requirements altocation analysis, 49-50
Software hazard analysis, defined, 127. See
also Hazard analysis
Software-in-the-loop simulation (SILS), 28, 93,
94, 96
Software Verification and Validation Plan
(SVVP):
generating, 40-4]
revising, 107-108
Software Verification and Validation Repott
{SVVR), 160
S0OM (self-organizing map) neural networks, 7
Source code:
documentation evaluation, 85
evaluation, 85
Stability analysis, 26-27, 127
Structure testing, neural networks, 22-23
Supply process, IEEE Std 1512-1998:
contract verification, 45-46
process summary, 39, 45
recent changes to, 112
V&V planning activity, 4546
V&V /supplier interface planning, 45
Support files, 98, 127
SVVP (Software Verification and Validation
Planj):
penerating, 4041}
revising, 107108
SVVR (Software Verification and Validation
Report), 100
Symbolic rules, 13, 127
System testing, 77-78
System V&YV Test Plan, 59-60

Testers, defined, 127
Testing:



acceptance V&V test execution and
verification, 95-586

compenent V&V test execution and
verification, 9021

defined, 127

function, 22

mtegration V&V test execution and
venfication, 9495

interface, 21-22

knowledge, 22

peniodic execution and verification, 105-106

structure, 22-23

system V&V test execution and verification,
95

test case generation and verification, 86-89

component level, 86-88
integration level, 8889

test procedure generation and verification,
89-90

tools for, 23

V&YV implementation phase, 8689

Thresheld function, 8, 11, 128
Traceability analysis:

as Concept V&V task, 5¢

as Design V&V task, 63—64

as Implementation V&V task, 84-85

as Requirements V&V tagk, 53
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as Test V&V task, 93
Training data:

defined, 128

set analysis, 24-26

version contral, 26
Transients, 12, 71, 72, 128

Validation. See also V&V (verification and
validation) standards
IEEE 5td £012 definition, 2
overview, 1-2
Verification. See also V&Y (verification and
validation) standards
IEEE Std 1012 definition, 2
overview, 1-2
Visualization techniques, 29
V&V (verification and validation) standards:
adaptive system overview, 1--2
hazard analysis, 7-12
overview, -2
role of operational monitoring, 19-20
rile gxtraction in, 15
validation, defined, 1
verification, defined, 1

Weight, defined, 128






