Index

A_1–singularity, 489 A’Campo, 407 addition, 91 additive function, 130 ADE–singularity, 492 affine, 449

algebraic set, 412 dimension of, 416, 452 chart, 438 cone, 435, 444, 446 Hilbert function, 291 part, 440, 441 ring, 23, 447 scheme, 427 space

n–dimensional, 412 surface, 413 variety, 412 affinization, 438, 441 AG–codes, 530

ainvar.lib, 530
algDependent, 87, 530

algebra, 3, 92

map, 92

algebra.lib, 20, 87, 198, 393, 420, 530

algebra containment, 87, 530

algebraic

dependence, 86 local ring, 484, 486 set, 404

affine, 412, 415 irreducible, 416, 434 projective, 434 variety, 404 algebraically dependent, 86

alg kernel, 20, 530

A–linear, 92 analytic

function, 484 germ, 484 K–algebra, 323 local ring, 484, 486

Ann, 302, 395, 540

annihilator, 27, 101, 183, 185, 538, 540 structure, 430 arithmetic

geometry, 423 structure, 446 Arnold, 492, 531 Artin–Rees, 293 Artinian

K–algebra, 30 ring, 30 ascending chain condition, 22 associated prime, 241, 409

embedded, 241 minimal, 208 of a module, 246 of a ring, 241

attrib, 117, 138, 239, 512

attribute, 117, 138, 239 Auslander, 400 Auslander–Buchsbaum formula, 390, 394, 397 automorphism, 20

bareiss, 512

Barth sextic, 405 basis, 102

canonical, 93 Dickson, 12

betti, 150, 513

Betti number, 133, 135, 137, 140, 149, 342, 513 graded, 137, 140 Bézout, 432

theorem of, 483 bidegree, 457 bihomogeneous, 457 bijective, 20, 21 bilinear map, 168

binomial, 533 birational, 464 block, 528 blow–up algebra, 233 blowing up, 532

blowup0, 532

boolean expression, 507

break, 528
breakpoint, 528

Brieskorn, VII Brill–Noether algorithm, 530

brnoeth.lib, 530

browser, 517 Buchberger, 44, 54, 409

algorithm, 49

factorizing, 266, 515 Hilbert–driven, 284 specialized, 545 criterion, 54, 124, 126, 144, 335 canonical

basis, 93 chart, 445 Castelnuovo–Mumford regularity, 538 Cauchy sequence, 317 Cayley cubic, 405 Cayley–Hamilton Theorem, 194 chain

criterion, 145, 545 of prime ideals, 207

length, 207 maximal, 208

char, 513

characteristic

polynomial, 162, 163 series, 513

char series, 513
charstr, 513

chart, 438, 445

affine, 438 Chevalley, 421 Chinese remainder theorem, 30 classification of singularities, 475, 493, 531

classify, 531

                                   classify.lib, 493, 531
                                   cleardenom, 513

Clebsch cubic, 405

close, 513

closed, 414

embedding, 419 immersion, 419, 449 locally, 414 subvariety, 414 closure

of image, 71, 410, 422 annihilator structure, 430 scheme structure, 430 projective, 432, 441, 442 CoCoA, I coding, 530

coef, 513

coefficient, 513

leading, 10 matrix, 188

extended, 188

coeffMat, 191
coeffMatExt, 191
coeffs, 513

Cohen, 330 Cohen–Macaulay

maximal, 384 module, 384 ring, 384, 389, 390 test for, 386

CohenMacaulayTest, 387
CohenMacaulayTest1, 395
cohom, 98

cokernel, 100 complete

intersection, 387, 494, 543 ideal, 287 ring, 386 local ring, 318, 327, 328 completely reduced, 45 completion

of a local ring, 327 of a module, 327, 329 of localization, 330 preserves exactness, 329 complex, 128

analytic function, 484 exact, 128 component function, 450 comprehensive Gröbner basis, 52, 127

concat, 536

conductor, 227 cone, 436

affine, 435 projective, 436 tangent, 479 constructible, 421

contentSB, 127
continue, 528
contract, 513

contraction, 198, 513

contrahom, 97

control structures, 528 convergent sequence, 317 Conway polynomial, 6 coordinate ring, 416, 427

homogeneous, 435, 449 correspondence, 459 counting nodes, 489 criterion

for finiteness, 196 for flatness, 348, 349 for integral dependence, 195 for normality, 228, 312 cubic, 413

twisted, 397, 468

cupproduct, 535

cyclic module, 101

dbprint, 529

decomp, 257

decomp, 271
def, 506
defined, 513

definition set, 451, 464

deform, 543
deform.lib, 495, 531

deformation, 494 equisingular, 532 of singularities, 495 theory, 404, 494

deg, 514
degBound, 529

degree, 2, 114, 122, 285, 287 geometric interpretation, 476 of graded module, 285 of projective variety, 475, 514 ordering, 14, 18

global, 14 local, 14, 297 weighted, 13, 522

degree, 290, 514

dehomogenization, 438

delete, 514

delete objects, 518

delta, 534

depth, 372

depth, 386

determinacy, 490, 491 determinantal trick, 194

develop, 534

diagonal form, 153, 154 diagonalForm, 154 Dickson basis, 12 Dickson’s Lemma, 12, 119

diff, 30, 514
dim, 211, 290, 514

dimension, 35, 207, 307, 514, 543 computation of, 35, 211 embedding, 301 global, 400 of a module, 302, 307 of a monomial ideal, 221 of a projective variety, 439 of an affine algebra, 218 of an affine variety, 290, 416 of an ideal, 207 of fibres, 363 projective, 393 direct product

of modules, 101 direct sum of modules, 101 of rings, 8 discriminant, 223, 288, 310, 477, 496, 544 divisible, 119 division

theorem

Grauert, 333 Weierstraß, 320 with remainder, 44

division, 68, 69, 178, 514

domain

integral, 23 principal ideal, 23 dominant, 419 download, 497 dual module, 93

dump, 514

early termination, 63 ecart, 122, 545

weighted, 56

ecart, 545
echo, 529

elementary divisor, 158

elim.lib, 83, 446, 532
eliminate, 71, 74, 514

elimination, 69, 532

geometric meaning, 422, 461, 469 of components, 179 ordering, 40, 70 property, 40 theory

main theorem, 460

else, 528

embedding, 419, 449

dimension, 301, 332 Segre, 457 Veronese, 449 endomorphism, 92 Endraß, 407 equality test, 25

equidim, 540

equidimensional decomposition, 263 ideal, 241, 260 part, 260

ν–th, 262 ring, 260 variety, 471 equidimensional, 261

equidimensional, 273

equidimensionalDecomp, 262

equising.lib, 532

equisingularity stratum, 532

ERROR, 514

Euclidean

algorithm, 66 topology, 471, 479, 484

eval, 514

evaluation, 514

prevent from, 523 exact sequence, 128

short, 128

example, 515
execute, 503, 515
exit, 500, 515
export, 528
Ext, 535

Ext–

modules, 342 sequence, 342 extendedDiagonalForm, 160 extension

finite, 193 integral, 193 exterior power, 527

extgcd, 515

extra weight vector, 70, 71

Facstd, 266

facstd, 266, 515

factor

module, 100 ring, 22

factorial, 533
factorize, 6, 25, 515

factorizing Gröbner basis algorithm, 266, 515 faithfully flat, 357, 358, 384, 486 fat point, 409, 427 Faugère, 515 Fermat’s problem, 404

fetch, 7–9, 515
fetchall, 542
fglm, 515

FGLM algorithm, 515

fglmquot, 515
fibonacci, 533

fibre

in flat family, 363, 364 product, 428, 459 field, 1

of fractions, 32 perfect, 9 quotient, 32 residue, 31 filtration, 292

stable, 293

find, 516

finding roots, 546

finduni, 265, 516

finite

determinacy

of singularities, 490 of standard bases, 59 extension, 193

is integral, 194 field, 5 presentation, 103 finitely

determined, 490 generated, 19, 101 finiteness test, 324

finitenessTest, 235
finvar.lib, 532
fitting, 345

Fitting ideal, 185, 343, 351 and flatness, 351 computation of, 345 is compatible with base change, 344 flat, 348, 494 faithfully, 357, 358, 384 locus, 352, 355, 356

is open, 353

flatLocus, 355
flatLocus1, 356

flatness

and dimension, 363 and standard bases, 364 criterion for, 348, 349 local criteria, 359 test for, 354 flattening

stratification, 351, 352 stratum, 351

flatteningStrat, 352

floating point numbers, 6 for, 528

formal power series, 315 free

locally, 346 module, 102, 516 resolution, 133, 393, 544

homogeneous, 136, 517, 519 minimal, 133, 135, 137, 524 periodic, 398

freemodule, 516

function

field, 34 regular, 416

Gauß–Manin connection, 533 Gaussian

elimination, 66, 99 normal form, 536

gaussman.lib, 533
gauss nf, 536
gcd, 516

Gelfand, 520, 526

gen, 98, 516

general

Jacobian criterion, 307 Noether normalization, 213, 326 position, 247 x_n–, 319

general.lib, 533 generator, 101

genus, 538

germ, 471

analytic, 484

getdump, 516

Gianni, 246, 268, 271, 515, 540 global

dimension, 400 ordering, 11, 13, 118 versus local, 35, 470 going down, 205, 225, 363 going up, 225

geometrical meaning, 199 property, 199 graded

K–algebra, 114 Betti number, 137 homomorphism, 115 ideal, 115 module, 115 ring, 114 submodule, 115 graph, 421, 429, 459 graphics, 534, 544

graphics.lib, 534

Grauert, 228, 333, 494

division theorem, 333 Gröbner, 44

basis, 45, 49, 119

comprehensive, 52, 127 reduced, 46

groebner, 5, 516

Grothendieck, 423 ground

field, 2

complex numbers, 6 finite, 5 rational numbers, 5 real numbers, 6 with parameters, 6 ring, 2 Gusein-Zade, 407

Hamburger–Noether development, 534 height, 207

and flatness, 363

help, 500, 506, 516

Hensel’s Lemma, 326

highcorner, 60, 491, 517

highest corner, 60, 491

hilb, 280, 282, 283, 517

Hilbert

basis theorem, 21 function, 277, 289, 544 affine, 291 polynomial, 279, 285, 299 of a hypersurface, 285 series, 517

first, 279, 517 second, 279, 517 weighted first, 280 Hilbert’s

Nullstellensatz, 31, 219, 415 abstract, 424 weak form, 218 Syzygy Theorem, 146, 399 Hilbert–driven, 284 Hilbert–Poincaré series, 277, 282, 299 Hilbert–Samuel

function, 296 multiplicity, 296 polynomial, 296 HilbertPoincare, 284

hilbPoly, 290, 539

Hironaka, 333

hnoether.lib, 534
Hom, 535
homog, 116, 443, 517

homogeneity test, 517 homogeneous

component, 114, 434 coordinate ring, 435 coordinates, 433 decomposition, 434 element, 114 free resolution, 136 homomorphism, 115 ideal, 115, 245, 434

prime, 117 part, 115 polynomial, 433 spectrum, 443 submodule, 115 homogenization, 56, 63, 438, 441 weighted, 64, 245, 358 homogenizing variable, 438 homolog.lib, 97, 98, 356, 535 homological algebra, 535 homomorphism, 3

local, 319 of algebras, 92 of modules, 92

hres, 517

hyperplane at infinity, 438, 441 hypersurface

affine, 413 Hilbert polynomial of, 285 projective, 434

ideal, 19

equidimensional, 241, 260 equidimensional part, 260 leading, 41 maximal, 23 membership, 67 perfect, 398 prime, 23 quotient, 27, 80, 515

geometric interpretation, 82 radical, 27 reduced, 27 saturated, 445 vanishing, 415, 424, 435

ideal, 506

identity, 1, 517 I–depth, 372

if, 528

image, 20, 99

closure of, 71, 410, 422 annihilator structure, 430 scheme structure, 430 computation of, 464 of projective morphism, 462 is closed, 461 imaginary part, 518

imap, 7–9, 517
imapall, 542

immersion, 419, 449

impart, 518

implicit function theorem, 325 implicitization, 204 independent set, 219

geometrical meaning, 220 maximal, 219

indepSet, 220, 518

indeterminacy set, 464 index of nilpotency, 27, 28 initial

form, 298, 300 ideal, 298–300 injective, 20

inout.lib, 95, 104, 535
insert, 518
inSubring, 87, 530
int, 507

integer programming, 535 integral, 193

closure, 201, 203

of an ideal, 202, 541, 542 strong, 201 weak, 201 dependence, 195

properties of, 199 domain, 9, 23, 28, 29, 306 element, 193 extension, 193 strongly, 201 integrally closed, 203 interpolation, 543

interred, 154, 518

interreduced, 45, 120 interreduction, 45

intersect, 79, 102, 518

intersection, 179

multiplicity, 480–482

of affine curves, 482 of projective curves, 482 of ideals, 79 of schemes, 427 of submodules, 180 with subrings, 69

intmat, 507
intprog.lib, 535
intStrategy, 127
intvec, 508

invariant

ring, 530, 532, 542 subspace, 163

invariant ring, 532
invers, 316

inverse, 26

of power series, 316

inverse, 536

irreducible, 408

algebraic set, 416, 434 component, 408, 416, 437 decomposition, 416, 437, 442 element, 29 polynomial, 4, 8 projective variety, 434 topological space, 425 irredundant, 241 irrelevant ideal, 435, 443

is bijective, 21, 420, 530
isCohenMacaulay, 392
isCohenMacaulay1, 394
isFlat, 354
is injective, 20, 420, 530
isIsolatedSingularity, 239
isLocallyFree, 347

isolated

critical point, 487 singularity, 487 isomorphic, 92 isomorphism, 20, 417, 427, 449 of modules, 92 projective, 433

isReg, 372
is surjective, 21, 420, 530

jacob, 30, 518

Jacobian

criterion, 304, 333, 474

general, 307 ideal, 229, 518 matrix, 229, 308 Jacobson radical, 37, 110 jet, 316, 490, 518

jet, 518

Jordan normal form, 163, 536

jordanform, 536

Kapranov, 520, 526

kbase, 518

k–determined, 490

keepring, 528

Kemper, 540, 547 kernel, 20, 84, 99

kill, 518
killattrib, 518

k–jet, 316, 490, 518 Koszul

complex, 373, 378 homology, 380 relations, 518

koszul, 518
KoszulHomology, 380
KoszulMap, 380

Krick, 263, 274, 540 Kronecker symbol, 96 Krull dimension, 207 Krull’s

intersection theorem, 110 principal ideal theorem, 218, 303, 304, 482 Kurke, VII

La Scala, 519 Laguerre, 76, 518

laguerre, 518
latex.lib, 535

Lazard, 76, 515, 543, 545 lcm, 49

lead, 10, 518
leadcoef, 10, 518
leadexp, 10, 519 leading

coefficient, 10, 41, 119 exponent, 10, 41 ideal, 41 module, 119 monomial, 10, 41, 119, 545 submodule, 119 term, 10, 41, 119

leadmonom, 10, 519

least common multiple, 49, 545 length, 207

of a resolution, 133, 393 lexicographical ordering, 13 degree, 13 degree reverse, 13 negative, 14

LIB, 519

library, 504, 519, 530

lift, 26, 53, 68, 178, 519
liftstd, 519
linalg.lib, 163, 536

linear, 92

algebra, 536

link, 508
listvar, 519
LLL.lib, 536

local, 484

degree ordering, 297 homomorphism, 319 ordering, 11, 14, 118 ring, 31

algebraic, 484, 486 analytic, 484, 486 at p, 471, 473 regular, 304, 329 localization, 32

at a prime ideal, 33 computing in, 412 of a module, 111 w.r.t. ordering, 39 locally

closed, 351, 414 free, 346 Logar, 263, 274, 540 long exact

Ext–sequence, 342 Tor–sequence, 337

lres, 135, 519

lying over, 225

geometrical meaning, 199 property, 199

Macaulay, 44, 520, 535 Macaulay2, I Main Theorem of Elimination Theory, 460 map definition of, 8 projection, 428 quotient, 23 residue, 23

map, 7, 509
mapall, 542
mapIsFinite, 198, 324, 530

Maple, 546 Mathematica, 534, 550 matrix

factorization, 398 operations, 94 ordering, 12

matrix, 509
matrix.lib, 94, 163, 172, 381, 536
maxideal, 519

maximal

chain, 208 Cohen–Macaulay, 384 ideal, 23

in general position, 247 i–th power, 519 spectrum, 423 maximality condition, 22

memory, 519

memory management, 519

Milnor, 505
milnor, 488, 506, 543

Milnor number, 487, 488, 543 total, 487, 504

minAssChar, 540
minAssGTZ, 225, 309, 443, 540
minbase, 519

minimal

polynomial, 4–6 presentation, 109 resolution, 133, 135

length, 390 standard basis, 45, 120 system of generators, 109, 519, 520 miniversal deformation, 494, 531 minor, 343

minor, 520
minpoly, 529
minres, 135, 150, 520

mixed ordering, 11, 118 modality, 492 module, 91

cyclic, 101 dual, 93 elimination of components, 180 finitely generated, 101 free, 102, 516 homomorphism, 92 isomorphic, 92 Noetherian, 108 of differentials, 314, 336 of finite presentation, 103 of syzygies, 140 ordering, 118 quotient, 183 shift of, 115 sparse representation, 104 support, 112 twist of, 115

module, 509
module containment, 530
modulo, 107, 187, 340, 380, 520
mod versal, 531

Möller, 76, 543

mondromy.lib, 537
monitor, 520

monodromy, 533, 537

monodromy, 533

monomial, 2, 118 leading, 10 ordering, 10, 118

module, 118 MonomialHilbertPoincare, 281 Mora, 44, 55, 515

normal form, 57, 123, 545 morphism, 3, 417, 427, 448, 454 dominant, 419 projective, 460 Morse lemma, 489, 490

generalized, 493

mpresmat, 520
mprimdec.lib, 245, 537
mregular.lib, 538
mres, 135, 150, 394, 520

M–sequence, 371

mstd, 520
mult, 520
multBound, 529

multiplicative subset, 32 multiplicatively closed, 32 multiplicity, 297, 332, 475, 479, 521 geometric interpretation, 479 Hilbert–Samuel, 296 intersection, 482 of monomial ideal, 520 w.r.t. an ideal, 296

multsequence, 534

MuPAD, 551

Nakayama’s Lemma, 108, 117

nameof, 521
names, 521
ncols, 521

Newton’s Lemma, 326 NFBuchberger, 49, 50, 52, 55, 57, 122, 126 NFMora, 57, 68, 122, 123, 126, 545 nilpotent, 27, 28

index, 28 nilradical, 27 node, 489 Noether, 223

normalization, 213, 324, 479 for local rings, 217 general, 213, 326 over finite fields, 216 theorem, 213

noether, 529

Noetherian

module, 108 ring, 21

NoetherNormal, 233
noetherNormal, 233, 393, 530

NoetherNormalization, 215 non–normal locus, 227

is closed, 227 non–zerodivisor, 23 non–normalLocus, 231 normal, 203

cone, 300 form, 46, 120, 334 Gaussian, 536 Jordan, 163, 536 over rings, 52 polynomial, 47, 120, 126 pseudo, 126 rational, 163, 167 reduced, 46, 66, 120 w.r.t. an ideal, 48 weak, 47, 120 without division, 126 ring, 203 variety, 411

normal, 202, 230, 236, 538
normal.lib, 202, 207, 538
normalI, 542

normality criterion, 228 normalization, 203, 538

is finite, 223 normalization, 230

normalization, 236
npars, 521
nres, 521
nrows, 521
ntsolve.lib, 538

Nullstellensatz, 423

abstract, 424 Hilbert’s, 217 projective, 436 number

of parameters, 521 of points, 265 of variables, 521

number, 5
nvars, 521

open, 521
option, 521
option(redSB), 46, 66, 522

ord, 315 order, 297, 315

weighted, 315 ordering

block, 14 degree, 14, 18 degree lexicographical, 13 degree reverse lexicographical, 13 elimination, 40 global, 11, 118

degree, 14 lexicographical, 13 local, 11, 14, 118 matrix, 12 mixed, 11, 118 monomial, 10 negative degree lexicographical, 14 negative degree reverse lexicographical, 14 negative lexicographical, 14 product, 14 semigroup, 10 test, 542 weighted degree, 14 weighted lexicographical, 13 weighted reverse lexicographical, 13

ordstr, 522

output format, 522

par, 522
paramet.lib, 539 parameter, 6, 7, 34 parametrization, 201, 539

parametrize, 539
pardeg, 522
parstr, 522

part at infinity, 440 partial derivative, 514 perfect

field, 9, 213, 247 ideal, 398 periodic free resolution, 398 Pinkham, 495 plane curve, 413

plot, 197, 407, 545
pmat, 94

Poincaré complex, VI, 336 point

closed, 425 non–singular, 474 of P^n, 433 regular, 474 singular, 474 pole set, 451, 464

poly, 510
poly.lib, 290, 539

polynomial

constant, 2 degree of, 2 distributive representation, 3 function, 3, 8 irreducible, 4 minimal, 4, 6 normal form, 47 over A, 2 recursive representation, 3 ring, 7

is Noetherian, 21 weak normal form, 120 power series, 315

expansion, 41, 119 ring, 315

is complete, 318 is local, 316 is Noetherian, 322

P -primary, 241 preimage, 19, 21

preimage, 20, 21, 85, 522
prepareQuotientring, 269
prepareSat, 271

presentation

matrix, 103 minimal, 109

presolve.lib, 539

primary

decomposition, 241, 409, 537, 540 irredundant, 241 of a submodule, 246 ideal, 241 submodule, 246 primaryTest, 251

primaryTest, 267
primdec.lib, 25, 27, 78, 276, 309,

356, 395, 437, 443, 540

primdecGTZ, 25, 540
primdecSY, 25, 540

prime

avoidance, 24 element, 29 ideal, 23, 33

embedded, 241 minimal associated, 208 relevant, 443

prime, 522
primes, 533
primitiv.lib, 541

primitive element, 9, 541 principal

ideal, 19

domain, 23, 153, 307 ring, 23 open set, 444, 450

print, 94, 95, 522
printlevel, 529
proc, 510

product

criterion, 63, 145, 545 of P^n, 457 of ideals, 19 of varieties, 421

universal property, 458 ordering, 14

projdim, 394

projection

from H, 468 from a point, 455 onto linear subspace, 410 projective, 357

algebraic set, 434 closure, 432, 441, 442 cone, 436 dimension, 393, 394 hypersurface in P^n, 434 isomorphism, 433 morphism, 460

image of, 461, 462 n–space, 433 Nullstellensatz, 436 resolution, 394 scheme, 446 scheme over R, 445 space, 433 space over R, 444 spectrum, 443 subscheme of P^n_R, 445 variety, 434

dimension of, 439 isomorphism, 449 morphism, 448 projectively equivalent, 450 prompt, 505

prune, 109, 340, 341, 380, 523 pseudo

normal form, 126

polynomial, 126 standard basis, 52, 127 Puiseux development, 534 pure dimensional, 471

ideal, 241, 260 ring, 260

qhmoduli.lib, 541
qhweight, 116, 523

                                   qring, 25, 511

quadric, 413 quartic, 413

rational, 397 quasi–affine, 414 quasi–projective

scheme, 445, 447 variety, 434, 447

affine, 449 quasihomogeneous, 114, 336, 541, 544

quickclass, 493, 531

quintic, 413

quit, 500, 528
quote, 523

quotient, 101, 544

field, 32, 33 map, 23 module, 100 of ideals, 27, 81 of module by ideal, 101, 102, 184 of submodules, 101 ring, 22, 25, 511

total, 33 quotient, 27, 102, 182, 184, 523

(R1), 312 (Ri), 390 Rabinowich’s trick, 78 radical, 27, 183, 192, 265

Jacobson, 37, 110 membership, 77, 78, 183 radical, 264

radical, 27, 78, 274, 309, 437, 540
random, 523
random.lib, 478, 541

rank, 102, 343 rational

function, 451 map, 464 normal curve, 289, 478 normal form, 163, 167 numbers, 5

read, 503, 523 read from a file, 503 real, 6

part, 524

reddevelop, 534

redNFBuchberger, 50 reduce, 25, 51, 523

reduced, 45

completely, 45 element, 120 ideal, 27 normal form, 46, 66, 120, 334 is unique, 48, 121 ring, 27, 29, 390 scheme, 445 set, 45, 120 reducible, 425 reduction

of a ring, 27, 210 of a set, 45 reductionToZero, 256 Rees–Algebra, 232, 541

ReesAlgebra, 542
reesclos.lib, 541

regular

at a point, 448 function, 416, 448

germ of, 471 local ring, 304, 307, 329, 400, 474 homological characterization, 399 is Cohen–Macaulay, 384 is integral domain, 306 is normal, 307, 312 test for, 400 point, 474 ring, 311, 314, 400 sequence, 306, 371, 372 system of parameters, 303 variety, 474 x_n–, 319

regularity, 524

relation, 140

trivial, 19 relevant prime ideal, 443 Remmert, 228

repart, 524

representation of polynomial distributive, 3 recursive, 3 representative, 100

res, 135, 394, 524
reservedName, 524

residue

field, 31 map, 23 Resolution, 142 resolution, 133, 136, 524, 544 homogeneous, 136, 517, 519 length of, 393 minimal, 133, 135 periodic, 398 projective, 394 Schreyer, 150

resolution, 511

resultant, 431, 524

multipolynomial, 520, 543

resultant, 431, 524
return, 504, 528

Riemann, 492

singularity removable theorem, 410 right equivalent, 490 right exact, 171 ring, 1, 7

affine, 23 Artinian, 30 associated to K[x] and >, 39, 40 commutative, 1 complete intersection, 386 coordinate, 416 default, 504 definition of, 503 direct sum, 8 factor, 22 map, 3 Noetherian, 21 of fractions, 32

total, 33 polynomial, 2 principal ideal, 23 quotient, 22, 25, 511

total, 33 reduced, 27 reduction of, 27 regular, 311 semi–local, 31

ring, 504, 511
ring.lib, 542
rinvar.lib, 542

Robbiano, 13 RowNF, 154

rvar, 524

(S2), 312 (Si), 390

sameComponent, 545

Samuel, 521

sat, 83, 446, 532

saturated, 445, 462 saturation, 27, 37, 81, 83, 445, 446, 532 exponent, 81 geometric interpretation, 82, 445 scalar multiplication, 91 Schanuel’s Lemma, 152 scheme, 445

affine, 427 intersection, 427 projective, 443 structure, 444, 445 union, 427 Schreyer, 143

ordering, 143 resolution, 150 Segre

embedding, 457 threefold, 458 semi–local, 31 semi–universal deformation, 494 separable field extension, 9 polynomial, 9 Serre, 307, 312, 399

conditions, 312, 390

setring, 7, 524

shift of a module, 115 Shimoyama, 537, 540

short, 7, 529

short exact sequence, 128

show, 104
simplify, 524
sing.lib, 480, 488, 543

singular

at a point, 474 locus, 308, 309, 358, 474, 475, 543 point, 474 singularity, 411, 485

ADE, 492 classification of, 493 hyperbolic, 493 isolated, 487 Kleinian, 492 parabolic, 492 simple, 492 spectrum, 543, 544 singularLocus, 309 singularLocusEqui, 308

size, 525
slocus, 543

snake lemma, 131 solvability, 74

solve, 77, 543
solve.lib, 76, 543
solve IP, 535

solving, 75, 76, 187

complex, 543 linear equations, 187 Newton, 538 prepare for, 539 with polynomial constraints, 189

sortvec, 525

space curve, 543 sparsepoly, 478
sparsetriag, 216
spcurve.lib, 543

specialization of a standard basis, 52 spectrum, 543, 544

homogeneous, 443 maximal, 423 prime, 423 projective, 443

spectrum.lib, 544

splitting lemma, 493

spoly, 545

s–polynomial, 49, 122 squarefree, 254, 534

part, 274

squarefree, 274
sres, 135, 150, 151, 525

SResolution, 147 stable filtration, 293 Standard, 54, 122 standard

basis, 45, 52, 119, 333, 526, 544, 545 finite determinacy, 59 in power series ring, 333 minimal, 45, 120 over a ring, 52, 67 pseudo, 52, 127 specialization of, 52, 125 without division, 127 representation, 46, 120

standard, 545
standard.lib, 544

StandardBasis, 59, 123

status, 525
std, 5, 284, 526
stdfglm, 526
stdhilb, 526

stratification theory, 404

stratify.lib, 544
string, 502, 511

strong integral closure, 201 strongly integral, 201

Sturmfels, 407 subalgebra membership, 86 submodule, 98 subring, 1 subscheme, 427

subst, 526

substitution, 318 substring, 516 subvariety, 414

complement of, 410 of P^n × P^m, 457 sum of submodules, 101 support, 112, 185

surf, 407, 497, 498, 544
surf.lib, 197, 204, 407, 413, 544

surface, 413

in 3-space, 413 surjective, 20, 21 swallow tail, 496 system of

generators, 19

minimal, 109 parameters, 303 syz, 141

syz, 99, 141, 526

syzygy, 140

module, 140, 409 theorem, 146

tail, 10, 41, 119, 545

tail, 545

tangent cone, 298, 479, 543

tangentcone, 480, 543
teachstd.lib, 545
tensor, 537

tensor product, 167, 537

is right exact, 171 of maps, 170 of modules, 168, 172 of rings, 175, 542 universal property, 174, 428

tensorMod, 172

term, 2

leading, 10 test ideal for normality, 228 tjurina, 488, 543

Tjurina number, 336, 487, 488, 543 total, 487 Togliatti quintic, 413 topology

m–adic, 317 Euclidean, 479, 484 Zariski, 23, 414, 424, 434, 444 Tor, 337

computation of, 340

Tor, 340

Tor–

module, 337 sequence, 337 toric ideal, 545

toric.lib, 545

torsion

free, 101 module, 101, 102 submodule, 101 total

Milnor number, 487 ring of fractions, 33 Tjurina number, 487

TRACE, 529
trace, 526

Trager, 246, 268, 271, 540

transpose, 526
triang.lib, 76, 545
triangMH, 546

triangular set, 76, 543, 545 trivial relation, 19 twist of a module, 115 twisted cubic, 468

type, 526
typeof, 526

unique factorization domain, 38, 206 unit, 1 universal property

of fibre product, 428 of localization, 34 of product, 458 of tensor product, 174 universally Japanese, 223

vandermonde, 527

Vandermonde system, 527 vanishing ideal, 415, 424, 435 var, 527

variety

affine algebraic, 412 projective, 431, 443

varstr, 527

Vasconcelos, 233

vdim, 77, 478, 527

vector, 98

vector, 511

Veronese

embedding, 449, 476

d–tuple, 449 variety, 476

versal, 495, 531

w–deg, 13, 370 w–ord, 315 Wall, 492 weak normal form, 47, 120

wedge, 527
weierstr.lib, 546
Weierstrass, 321

Weierstraß, 546

division theorem, 320 polynomial, 217, 321 preparation theorem, 321, 479 semigroup, 530

weight, 527

weight–vector, 15, 315 weighted

degree, 13, 114, 315

ordering, 14 ecart, 56 homogeneous, 114 order, 315 Weispfenning, 52

while, 528

Whitney umbrella, 74, 230, 231, 404, 406

write, 503, 527 write to a file, 503

Yokoyama, 537, 540

Zacharias, 246, 268, 271, 540 Zariski

closed, 414 closure of image, 74 conjecture, VI topology, 23, 414, 424, 434, 444 basis, 444 Zelevinsky, 520, 526 zero–dimensional ideal

in general position, 247 zero–set, 412, 423, 434, 443 number of points, 265 zeroDecomp, 252

zeroDecomp, 268

zerodivisor, 23, 183

test, 25, 184 zeroradical, 264

zeroset.lib, 546

Zorn’s Lemma, 31