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Accurate dot product, 8, 101–102,
104–105

ACRITH, 102–103
ACRITH-XSC, 100, 102–103
Ada, 43, 103, 105
Algol, 100
Algol-60, 101
Anonymous FTP, xv, 69, 74, 105,

109, 137, 164
Approximate optimizer, 173
Augment precompiler, 101
Automatic differentiation, 29, 36,

48, 92–93, 205
forward mode, 36, 38, 48
reverse mode, 38, 48, 94

Automatic verification, 24
BIAS, 105–106
BIBINS, 105
Binary code list, 83
Bisection, 120, 146, 172–173
BLAS, 70, 105
BNR Prolog, 226, 228
Bound constraints, 168, 170, 173,

176, 178–183, 187–190,
192–193, 195, 198, 201, 203

Box complementation, 143–145,
152, 155

Box, 1, 6, 93–94
Box-splitting strategies, 173
Branch and bound, 143, 169, 173
Branch function, 85, 207
Brouwer degree, 65–66, 109
Brouwer fixed point theorem, 18,

58–59
C, 104

C++, 43, 101, 103–105, 107, 109,
174, 226

Borland, version 4, 104
C-LP-DENSE, 138
C-preconditioner, 122–123, 126
C-XSC, 8, 104

free version via FTP, 104
Cancellation subtraction, 5
Case statement, 47

Fortran-90, 47
CDC mainframes, 102
CDLINEQ, 84
CDLLHS, 44, 81, 84
CDLVAR, 44, 81, 84–85
Centered form, 16
Certainly feasible, 177
CHI, 207
Circular arithmetic, 10
CM-LP-preconditioner, 134
Code list, 42–44, 47, 49, 76, 81, 83,

85–87, 89–99, 157, 159,
196–197, 223–224, 227–230

ASCII, 83
binary, 83
derivative, 89, 91
first derivative, 92, 97
gradient, 92–93, 97, 99, 196–197,

199, 203, 226, 229
second derivative, 91

CODELIST VARIABLES,
module, 93

Common subexpressions, 99
Complementation, box, 143–145,

152, 155
Complete pivoting, 185
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Complex interval arithmetic, 9
circular, 10
rectangular, 10

Complex interval dependency, 10
COMPONENT-SOLVE, 227
Computational cost, 95
Computational fixed point theory,

58
Concavity test, 170
Configuration file, 81
Constraint logic programming,

107–108
Constraint processing, 108
Constraint propagation, 108, 127,

226, 228
Constraint satisfaction, 107
Constraints, xii, 97, 167–168,

175–178, 183, 200, 203
bound, 168, 170, 176, 178–183,

187–190, 192–193, 195, 198,
201, 203

equality, 168, 175, 177–178, 182,
184, 192, 196

inequality, 167, 175–178
Continuation method, 187
Controlled solution set, 19
Convergence theory, interval

Newton methods, 206, 215
Conversion error, 83
Convex hull, 6
Convexity, 171
CP/M, 102
Cray machines, 76
Degeneracy, 68
DENSE-GAUSS-SEIDEL-STEP,

230
DENSE-JACOBI-MATRIX,

subroutine, 94
DENSE-NLE-BOX-LIST, 163–164
DENSE-SLOPE-MATRIX, 94, 223
Dependency, 4, 229
Dependent variable, 91–92

Derivative code list, 89–91, 93, 208
Derivative tensor, 92
Diameter, relative, 144
Differentiation arithmetic, 37,

40–41
Differentiation, 81

automatic, 29, 36, 38
numerical, 36
symbolic, 36, 42, 89

Directed rounding simulated, 69
Directed rounding, 3, 7, 105,

113–114, 118
simulated, 8, 70

Distributed-memory, 174
DOS, 102, 107
Dot product, accurate, 8, 101–105
E-preconditioner, 122–125
Eigenvalues, 171
Einzelschrittverfahren, 21
Epsilon-inflation, 141, 143, 145,

148–149, 174, 201, 203, 205
Equality constraints, 168, 176–178,

182, 184, 192, 196
feasibility of, 176
proving feasibility, 177

Excel, 101, 107
Existence verification, 18, 24,

58–61, 67, 124, 126, 141,
148–149, 169–170, 172, 174,
215

Expanded system, 38, 107,
224–225, 228

Expression swell, 38
Extended interval arithmetic, 3, 9,

173
Extended interval, 9
F-2, subroutine, 94
F-POINT, subroutine, 94
Feasibility, proving, 170–171,

176–177, 191
First derivative code list, 92, 97
First order interval extension, 14
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Fixed point iteration, 24, 55
Fixed point theory, 49–50, 58–59

classical, 50
computational, 55, 58
interval, 49

FORTRAN IV, 101–102
FORTRAN-66, 101
FORTRAN-77, 8, 11, 13, 43,

69–71, 74, 99, 102, 108–110,
173

Fortran-90, 7, xiii–xiv, 43–46, 49,
69, 74, 76–79, 81, 84–85, 95,
102–104, 107–108, 165,
226–228

FORTRAN-SC, 8, 100, 102
Fortran-XSC, 104
Forward mode, automatic

differentiation, 36, 38, 48
Forward substitution, 227
FORWARD-SUBSTITUTION, 229
Frechét arithmetic, 92
Fritz John equations, 98, 168, 170,

177, 190, 192, 201, 204
FTP, xv, 69, 74, 104–105, 109,

137, 164
F, subroutine, 93
Gap, 125
Gauss–Seidel method, interval,

21–22, 57, 59, 111–112, 115,
117, 119–122, 124, 139, 141,
146, 148, 173, 177, 201, 223,
225, 228, 186–187

GAUSS-SEIDEL-STEP, 230
Gaussian elimination, complete

pivoting, 185
Gaussian elimination, interval, 21,

50, 57, 111–112, 116–117,
119–121, 139, 141, 177, 193

Generalized bisection, 68, 120, 139,
143, 146, 152, 155, 173–174,
228

coordinate selection strategies,
155

Generic functions, 47
Gradient code list, 92–93, 97, 99,

196–197, 199, 203, 226, 229
GRADIENT CODELIST, module,

92
Gradient

reduced, 99
GRADIENT-CODELIST, module,

89
Hansen slope, 33, 35, 94, 223, 230
Hansen’s algorithm, 172
Hessian, 92, 97

reduced, 99
Horner’s method, 4, 17
Hull

interval, 20
solution set, 20

Hypercube, 174
IBM 360, 101, 103
IBM 370, 102
IBM PC, 105, 109
Idealized interval arithmetic, 3
IEEE binary floating point

standard, 7
Ill-conditioning, 149
InC++, 105, 107
Inclusion isotonic, 17
Inclusion monotonic, 17, 35
Inequality constraints, 167,

175–178
feasibility of, 176
proving feasibility, 177

Infeasibility, proving, 170–171,
176–178, 191

INFFOR, 110
INITIALIZE CODELIST

module, 85
Inner estimates, 9, 20
INTCOM, 109
Interior, 6
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Intermediate variable, 89, 92
Internal representation, 42
Interpreter, 47
Interval arithmetic, 3

complex, 9
directed rounding, 7
extended, 3, 9
idealized, 3
Kahan, 3, 8, 52
operational definitions, 3
ordinary interval division, 3
overestimation, 4, 8

complex, 10
real, 3
rounded, 7
software packages, 8
subdistributivity, 4

INTERVAL ARITHMETIC,
module, 76, 78, 103, 160

Interval constraint propagation,
107

Interval data type, 76
Interval dependency, 4, 229

complex, 10
Interval enclosures, 3
Interval extension, 11, 205

centered form, 16
first order, 14
inclusion isotonic, 17
inclusion monotonic, 17
mean value, 15, 94
natural, 11–17, 26–27, 35–36, 55,

94, 140, 147, 223
non-smooth, 205
order, 14, 175
properties, 13
second order, 14, 145, 228
united, 6

Interval Gauss algorithm, 21
Interval Gauss–Seidel method,

21–22, 57, 59, 61, 111–112,
115, 117, 119–122, 124, 139,

141, 146, 148, 173, 177,
186–187, 201, 223, 225, 228

Interval Gaussian elimination, 21,
50, 57, 61, 111–112, 116–117,
119–121, 139, 141, 177, 193

Interval hull, 20
Interval Jacobi matrix, 27,

119–120, 225, 230
Interval linear systems of

equations, 18
Interval linear systems, 111

preconditioning, 21
Interval Newton methods, 18,

25–26, 32–33, 49–51, 54, 58,
61, 68, 106, 112–113, 115,
118–119, 149, 155, 172–174,
182–185, 187–190, 192, 195,
205–206, 211, 215, 225, 228,
230

multivariate, 54
convergence theory, 206, 215
multivariate, 54
quadratic convergence, 58
univariate, 50–51

Interval, 3
dependency, 4
complex, 9
thin, 6

INTLIB ARITHMETIC, module,
105

INTLIB, 8, 43, 69–72, 74, 76–77,
79, 105, 164

INTLIB-90, xiv, 44, 76, 87, 89–91,
93, 99–101, 103–104, 108,
148, 164, 207, 224, 227, 230

INTOPT-90, xiv, 76, 92, 138,
143–144, 151, 157, 160,
163–165, 168, 195–197,
202–204, 223, 227, 229–230

Inverse midpoint preconditioner,
112–113, 116–120, 139–140

optimality properties, 117
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IVL, 78
Jacobi matrix, 26, 65–66, 92, 94,

97, 184, 192
ill-conditioned, 148
interval, 27, 117, 119–120, 225,

230
singular, 149

Kahan arithmetic, 3, 8–9, 52, 113,
122, 125, 134, 173

Kantorovich theorem, 58
Karlsruhe University, 103
Kaucher arithmetic, 9
Krawczyk method, 21, 24, 50,

55–57, 59, 111, 114, 117,
139–140

Krawczyk operator, 55
Lagrange multiplier, 192–193, 195
LANCELOT, 36, 86, 202
LANCELOT-OPT, 201–204
Left-optimal preconditioner,

123–124, 136
Linear algebra, numerical, 105
Linear programming, 183
Linear systems of equations,

interval, 18, 111
Linear systems of equations,

interval
solution set, 19

Linked list, 163
Lipschitz matrix, 26, 33, 59, 61–62,

206, 208, 215
Lipschitz set, 216
Load balancing, 174
Local optimization, 173
Logic programming languages,

107–108
Logic programming, 108, 226
Logical-valued operators, 78
LP-preconditioners, 134, 140, 173,

229
CM, 134

M77 compiler, 102

Machine interval arithmetic, 7
MACSYMA, 36, 93
Magnitude, 5
Magnitude-optimal LP

preconditioner, 134
Magnitude-optimal preconditioner,

123–124, 126–127, 132–133,
135, 139, 141, 186

MAKE-GRADIENT, 197
Maple, 36, 93, 101, 106
Markov arithmetic, 9
Mathematica, 36, 93, 101, 106
Mathematics Research Center, 102
Maximum smear, 151, 155, 173
Mean value extension, 15, 55, 94,

215
Midpoint test, 170–173, 201
Mignitude, 5
Mignitude-optimal

LP-preconditioner, 135
Mignitude-optimal preconditioner,

125
Mignitude-optimal splitting

preconditioner, 125–127, 134,
136–137, 139, 141, 165, 191

Minimum smear, 151
Miranda’s theorem, 58–59
Modula-2, 105
Modula-SC, 105
Monotonicity test, 170–171, 173,

201
Moore–Skelboe algorithm, 108,

171–172, 228
Moore–Skelboe, 172
Multivariate interval Newton

methods, 54
NAG, 95, 227
Natural interval extension, 11–17,

26–27, 35–36, 55, 94, 140,
147, 223

NEAREST, Fortran-90, 7
NETLIB, 74
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Newton methods, interval, 18,
25–26, 32–33, 49–51, 54, 58,
68, 106, 118–119, 182–185,
187–190, 192, 195, 225, 228,
230

Non-convexity, 171
Non-smooth functions, interval

extensions of, 205
NP-completeness, 178
Numerical differentiation, 36
Operator overloading, 43, 81,

101–102
Optimal LP-preconditioners, 122
Optimal preconditioners, 112, 127,

173, 177, 187, 225
width-, 121

OPTTBND.CFG, 196, 200, 202
Order, interval extension, 14, 175
Ordinary interval division, 3
Outer estimates, 9, 20
Outward rounding, 7
Overestimation, 86, 155, 186
Overhead, 95
OVERLOAD, 81
OVERLOAD.CFG, 83, 157, 159,

196
Parallelization, 174
Parameter-fitting, 174
Parametrized systems, 152
Partial separability, 86
Pascal-SC, 8, 102–104
Pascal-XSC, 8, 104, 172
Peeling, ix, 179, 181, 195
Penalty function, 177
PL/I, 102, 110
POINT-JACOBI-MATRIX,

subroutine, 94
Portability, 103
Positive definite, 171
PRECISION BASIC, 109
Preconditioner

width-optimal, 141

Preconditioning, 21, 54, 57, 111
inverse midpoint, 112–113,

116–120, 139–140
left-optimal, 123–124, 136
magnitude-optimal, 123–124,

126–127, 132–133, 135, 139,
141, 186

mignitude-optimal splitting,
125–127, 134, 136, 139, 141,
165, 191

mignitude-optimal, 125
optimal C, 123
optimal LP, 122, 126, 229

theory, 136
optimal, 112, 132, 134–136, 177

C, 122–123
E, 122–125
LP, 132, 229
S, 122
width-, 121

right-optimal, 123–124, 136
splitting, 165
width-optimal, 123–124,

126–127, 131, 135, 138–139,
141, 148, 165, 186, 195, 225

PROFIL, 105
Prolog, 101, 108, 226, 228

BNR, 226, 228
Proving feasibility, 176–177, 191

equality constraints, 176–177
inequality constraints, 176–177

Quadratic convergence, 51, 58, 64,
170, 172

Quadratic programming, 178
Range arithmetic, 108
RATFOR, 102
Rational approximations, 13
Real interval arithmetic, 3
Reduce, 36, 93
Reduced gradient, 99, 170, 178,

180
Reduced Hessian matrix, 99
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Regular, 18, 61
Regularity, 18

strong, 117
Relative diameter, 144
Relative width, 144
Reverse mode, automatic

differentiation, 38, 48, 92, 94
Right-optimal preconditioner,

123–124, 136
RNDOUT, 71
ROOTS-DELETE, 157–158, 160,

163–165
ROOTSDL.CFG, 158–159, 164
Rounded interval arithmetic, 7
Roundout error, 7, 17, 41
RUN-GLOBAL-OPTIMIZATION,

194–197, 199, 201–202, 204
RUN-ROOTS-DELETE, 157–158,

160, 164, 194–195
Russian Institute of Artificial

Intelligence, 107
S-preconditioner, 122
SC languages, 8, 43, 100, 102
Second derivative code list, 91–92
Second order interval extension,

26, 145, 228
SEPAFOR, 101
Separable, 86
SIMINI, 74
Simulated directed rounding, 8,

69–70
Single-step method, 21
Singularity, 65, 68
Slack variables, 176
Slope arithmetic, 40
Slope matrix, 26–27, 30, 33, 35,

40–41, 50, 57, 59, 61–63, 65,
94, 215

Slopes, 27
multivariate, 29
univariate, 27

Smear, 151, 173

Smear, maximum, 155, 173
Software packages, 8
Solution hull, 20
Solution set

interval linear systems, 19
Splitting preconditioners, 134, 165
Splitting strategies, 173
Spreadsheet, 107
Standard function, 11–15, 17–18,

37, 40–41, 43, 49, 69, 72, 101,
103

Strongly regular, 117, 139
Subdefinite calculations, 107, 226
Subdistributivity, 4
SUBSIT, 229–230
Substitution-iteration, 99, 107,

201, 224–226, 228–230
Sun, 105
Symbolic differentiation, 36, 42,

89, 92–93
Symbolic manipulation packages,

36, 106–107
MACSYMA, 93
Maple, 93, 101, 106
Mathematica, 93, 101, 106
Reduce, 93

Symmetric interval, 113
Syntax rules, 84
Taylor arithmetic, 105
Tessellation, 143, 170, 173, 176,

201, 226
Thin interval, 6
Tolerable solution set, 19
Topological degree, 65–66, 68, 109
Tree, 180
Triplex-Algol, 101
Trisection, 174
ULP, 8, 104
Unconstrained optimization, 172
UniCalc, 101
Unicalc, 107
UNICALC, 226
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Uniqueness verification, 18, 24, 58,
61–63, 65, 124, 126, 141,
148–149, 169–170, 172, 174,
191, 215

United extension, 6
United solution set, 19

inner estimates, 20
outer estimates, 20

Univac, 101
Unix, 165
Variable precision, 101, 104,

108–109
Verification

existence, 18, 24, 58–61, 67, 124,
126, 148–149, 215

uniqueness, 148
Width, 6

relative, 144
Width-optimal LP-preconditioner,

132, 136
Width-optimal preconditioner,

121, 123–124, 126–127, 131,
135, 138–139, 141, 148, 165,
186, 195, 225

Winding number, 66
World Wide Web, 69, 72
XSC languages, 103

C-XSC, 104
XSC Languages

free version via FTP, 104
XSC languages

Fortran-XSC, 104
Pascal-XSC, 104


