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adaptive Runge–Kutta method, 265
anonymous function, 18
array functions, 21
augmented coefficient matrix, 28

bisect, 142
bisection method, for equation root, 142
Brent’s method, 147, 175
Bulirsch–Stoer method, 273
midpoint method, 273
Richardson extrapolation, 180

bulStoer, 289

calling functions, 16
cardinal functions, 99
cell arrays, creating, 7
celldisp, 7
char, 4
choleski, 45
Choleski’s decomposition, 43
choleskiSol, 46
class, 4
coefficient matrices, symmetric/banded, 54
symmetric, 57
symmetric/pentadiagonal, 58
tridiagonal, 55

command window, 3, 15
composite Simpson’s 1/3 rule, 197
composite trapezoidal rule, 194
conditionals, flow control, 10
conjGrad, 85
conjugate gradient method, 84
conjugate directions, 86, 375
Powell’s method, 374

continue statement, 13
count_eVals, 352
creating arrays, 20
cubic spline, 113
curve fitting. See interpolation/curve fitting

data types/classes, 4
char array, 4
class command, 4

double array, 4
function_handle, 4
logical array, 4

deflation of polynomials, 169
direct methods, 30
Doolittle’s decomposition, 40, 41
Dormand-Prince coefficients, 266
downhill simplex, 383

editor/debugger window, 23
eigenvals3, 357
eigenvalue problems. See symmetric matrix

eigenvalue problems
else conditional, 10
elseif conditional, 10
embedded integration formula, 265
eps, 5
equivalent equation, 30
error, 14
euclidan norm, 29
Euler’s method, 242
eValBrackets, 355
evalPoly, 168
evaluating functions, 16
exponential functions, fitting, 128

finite difference approximations, 176
errors in, 180
first central difference approximations,

177
first noncentral, 178
second noncentral, 179

flow control, 10
conditionals, 10
loops, 12

for loop, 12
fourth-order Runge–Kutta method, 249
function_handle, 4
functions, 15
anonymous, 18
calling, 16
evaluating, 16
in-line, 18
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gauss, 36
Gauss elimination method, 33

multiple sets of equations, 37
Gauss elimination with scaled row pivoting, 66
Gaussian integration, 210

abscissas/weights for Gaussian quadratures, 214
Gauss–Chebyshev quadrature, 217
Gauss–Hermite quadrature, 217
Gauss–Laguerre quadrature, 217
Gauss–Legendre quadrature, 216
Gauss quadrature with logarithmic singularity,

218
determination of nodal abscissas/weights,

213
orthogonal polynomials, 211

gaussNodes, 218
gaussPiv, 67
gaussQuad, 219
gaussQuad2, 229
gaussSeidel, 83
Gauss–Seidel method, 81
gerschgorin, 354
Gerschgorin’s theorem, 354
goldBracket, 370
goldSearch, 371

Horner’s deflation algorithm, 169
householder, 348
householder reduction to tridiagonal form,

344
accumulated transformation matrix, 348
householder matrix, 345

if, 10
ill-conditioning, in linear algebraic equations

systems, 28
indirect methods, 30
inf, 5
infinity norm, 29
initial value problems

adaptive Runge–Kutta method, 265
Bulirsch–Stoer method, 273
midpoint method, 273
Richardson extrapolation, 275

MATLAB functions for, 285
Runge–Kutta methods, 247
fourth-order, 249
second-order, 248

stability/stiffness, 262
stability of Euler’s method, 263
stiffness, 263

in-line functions, 18
input/output, 19

printing, 19
reading, 19

integration order, 227

interpolation/curve fitting
interpolation with cubic spline, 113
least–squares fit, 123

fitting a straight line, 123
fitting linear forms, 124
polynomial fit, 125
weighting of data, 127
fitting exponential functions, 128
weighted linear regression, 127

MATLAB functions for, 138
polynomial interpolation, 99

Lagrange’s method, 99
limitations of, 105
Neville’s method, 103
Newton’s method, 101

interval halving method, 142
invPower, 332
invPower3, 358

jacobi, 322
Jacobian matrix, 156, 228
Jacobi method, 317

Jacobi diagonalization, 319
Jacobi rotation, 318
similarity transformation, 317
transformation to standard form, 325

Laguerre’s method, 169
LAPACK (Linear Algebra PACKage), 27
least-squares fit, 123

fitting a straight line, 123
fitting linear forms, 124
polynomial fit, 125
weighting of data, 127

fitting exponential functions, 128
weighted linear regression, 127

linear algebraic equations systems, 27
Gauss elimination method, 33

algorithm for, 34
back substitution phase, 36
elimination phase, 34
multiple sets of equations, 37

ill-conditioning, 28
iterative methods, 30, 81

conjugate gradient method, 84
Gauss–Seidel method, 81

linear systems, 30
LU decomposition methods, 31, 40

Choleski’s decomposition, 44
Doolittle’s decomposition, 43

MATLAB functions for, 96
matrix inversion, 79
methods of solution, 30
notation in, 27
overview of direct methods, 31
pivoting, 64
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diagonal dominance and, 65
Gauss elimination with scaled row pivoting, 66
when to pivot, 70

symmetric/banded coefficient matrices, 54
symmetric, 57
symmetric/pentadiagonal, 58
tridiagonal, 55

uniqueness of solution for, 28
linear forms, fitting, 124
linear systems, 30
linInterp, 288
logical, 4
logical array, 4
loops, 12
LUdec, 42
LUdec3, 57
LUdec5, 61
LUdecPiv, 68
LUsol, 43
LUsol3, 57
LUsol5, 61
LUsolPiv, 69

matInv, 79
MATLAB
array manipulation, 20
cells, 7
data types, 4
flow control, 10
functions, 15
input/output, 19
operators, 8
strings, 4
variables, 4
writing/running programs, 23

MATLAB functions
initial value problems, 285
interpolation/curve fitting, 138
linear algebraic equations systems, 96
multistep method, 285
numerical differentiation, 191
numerical integration, 239
optimization, 396
roots of equations, 175
single-step method, 285
symmetric matrix eigenvalue problems, 365
two-point boundary value problems, 312

matrix algebra, 402
addition, 403
determinant, 404
inverse, 404
multiplication, 403
positive definiteness, 404
transpose, 402
useful theorems, 405

matrix inversion, 79

midpoint, 275
modified Euler’s method, 248
multiple integrals, 226
Gauss–Legendre quadrature over quadrilateral

element, 227
quadrature over triangular element, 233

NaN, 5
Nelder–Mead method, 383
neville, 104
newtonCoeff, 102
Newton–Cotes formulas, 193
composite trapezoidal rule, 194
recursive trapezoidal rule, 195
Simpson’s rules, 197
trapezoidal rule, 193

newtonPoly, 101
newtonRaphson, 152
newtonRaphson2, 157
Newton–Raphson method, 151, 156
norm of matrix, 29
numerical differentiation
derivatives by interpolation, 184

cubic spline interpolant, 185
polynomial interpolant, 184

finite difference approximations, 176
errors in, 180
first central difference approximations, 177
first noncentral, 178
second noncentral, 179

MATLAB functions for, 191
Richardson extrapolation, 181

numerical integration
Gaussian integration, 210

abscissas/weights for Guaussian quadratures,
214
Gauss–Chebyshev quadrature, 217
Gauss–Hermite quadrature, 217
Gauss–Laguerre quadrature, 217
Gauss–Legendre quadrature, 216
Gauss quadrature with logarithmic
singularity, 218

determination of nodal abscissas/weights,
213

orthogonal polynomials, 211
MATLAB functions for, 239
multiple integrals, 226

Gauss–Legendre quadrature over quadrilateral
element, 227

quadrature over triangular element, 233
Newton–Cotes formulas, 193

composite trapezoidal rule, 194
recursive trapezoidal rule, 195
Simpson’s rules, 197
trapezoidal rule, 193

Romberg integration, 201
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operators, 8
arithmetic, 8
comparison, 9
logical, 10

optimization
conjugate directions, 375
downhill simplex method, 383
Powell’s method, 374

MATLAB functions for, 396
minimization along a line, 368
bracketing, 368
golden section search, 369

penalty function, 367
overrelaxation, 82

P-code (pseudo-code), 23
pivot equation, 33
pivoting, 64

diagonal dominance and, 65
Gauss elimination with scaled row pivoting, 66
when to pivot, 70

plotting, 24
polynFit, 125
polynomials, zeros of, 166
polyRoots, 170
Powell, 377
powell’s method, 374
printSol, 244

quadrature. See numerical integration

rational, 110
rational function interpolation, 109
realmax, 5
realmin, 5
recursive trapezoidal rule, 195
relaxation factor, 82
return command, 14
Richardson extrapolation, 181, 275
ridder, 147
ridder’s method, 146

romberg, 203
Romberg integration, 201
roots of equations

Brent’s method, 147
incremental search method, 140
MATLAB functions for, 175
method of bisection, 142
Newton–Raphson method, 150
ridder’s method, 146
systems of equations, 155
Newton–Raphson method, 156

zeros of polynomials, 167
deflation of polynomials, 169
evaluation of polynomials, 167
Laguerre’s method, 169

roundoff error, 179
row–sum norm, 29
Runge–Kutta methods, 247

fourth-order, 249
second-order, 248

runKut4, 250
runKut5, 268

script files, 15
second noncentral finite difference approximations,

179
second-order Runge–Kutta method, 248
shooting method, for two-point boundary value

problems, 286, 287
higher-order equations, 292
second-order differential equation, 287

similarity transformation, 317
Simpson’s 1/3 rule, 197
Simpson’s rules, 197
sortEigen, 324
sparse matrix, 27, 97
splineCurv, 116
splineEval, 116
stability/stiffness, 262

stability of Euhler’s method, 263
stiffness, 263

stdDev, 126
stdForm, 326
steepest descent method, 84
stiffness, 263
straight line, fitting, 123
strcat, 8
strings, creating, 8
Strum sequence, 351
sturmSeq, 352
swapRows, 67
switch conditional, 11
symmetric coefficient matrix, 54
symmetric matrix eigenvalue problems

eigenvalues of symmetric tridiagonal matrices,
351

bracketing eigenvalues, 355
computation of eigenvalues, 356
computation of eigenvectors, 358
Gerschgorin’s theorem, 354
Sturm sequence, 351

householder reduction to tridiagonal form,
344

accumulated transformation matrix, 348
householder matrix, 345
householder reduction of symmetric matrix,
346

inverse power/power methods, 330
eigenvalue shifting, 331
inverse power method, 330
power method, 332
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Jacobi method, 317
Jacobi diagonalization, 319
Jacobi rotation, 318
similarity transformation/diagonalization,
317

transformation to standard form, 325
MATLAB functions for, 365

symmetric/pentadiagonal coefficient matrix, 58
synthetic division, 169

Taylor series, 399
function of several variables, 400
function of single variable, 399

transpose operator, 6
trapezoid, 196
trapezoidal rule, 193
triangleQuad, 235
triangular matrix, 31
tridiagonal coefficient matrix, 55
two-point boundary value problems
finite difference method, 286, 300

fourth-order differential equation, 305
second-order differential equation, 287

MATLAB functions for, 312
shooting method, 287

higher-order equations, 292
second-order differential equation, 287

underrelaxation, 82

variables, 4
built-in constants/special variable, 5
global, 4

weighted linear regression, 127
while loop, 12
writing/running programs, 23

zeroes of polynomials, 166
deflation of polynomials, 169
evaluation of polynomials, 167
Laguerre’s method, 169
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