Cambridge University Press

978-1-108-49161-7 — Algorithm Design with Haskell
Richard Bird , Jeremy Gibbons

Index

More Information

Index
Abelian group, 107, 114 Ball, Walter William Rouse, 394
abs, 46 Baum, Eric B., 394
abstraction function, 44, 49, 53 Bellman, Richard, 311, 326
accumulating parameter, 14-16, 85, 99, 112, 382 Bentley, Jon, 84
accumulating function, 15, 16, 34, 39, 57, 99, 279, Berlekamp, Elwyn, 110
280, 302 big omega, 25
acyclic graph, 206, 229, 231 big omicron, 25, 38—41
directed, see directed acyclic graph big theta, 25, 38-41
Adamaszek, Michal, 166 binary comparisons, 80
Adelson-Velskii, Georgy M., 84 binary search, 63-67, 85, 177, 270
adversarial argument, 137, 138 binary search tree, 63, 73-81, 85-86, 88-90, 94, 270,
Abhrens, Joachim H., 257 282
Aigner, Martin, 228 optimum, 336, 347-349, 358
algebraic ring, 107 binary tree, 47, 96, 177, 188, 197, 335
all, 17, 19 perfect, see perfect binary tree
amoeba fight show, 343, 358 search, see binary search tree
amortised complexity, 34-38, 40, 42, 46, 51 unordered, see unordered binary tree
and, 261 binomial coefficient, 314-316
Andersson, Arne, 84 bit vector, 373-375, 394, 395, 398
Applicative class, 5 Blum, Manuel, 135
apply, 18, 144, 190 Bool type, 5
array, 51-53, 55, 58 bottom-up algorithm, 98, 123, 178, 199, 203, 311
accum, 55 Bottom-up Mergesort, see Mergesort
accumArray, 52, 105 Bounded class, 104
array, 51, 109 boustrophedon product, 345, 358, 360, 363
assocs, 53 breadth-first search, 369, 372, 378-386, 389, 393,
elems, 53, 105 396-397, 400401, 405, 409, 412, 424
immutable, 51, 212 Bridge hand, 112
listArray, 52, 212 Bubble sort, 173
mutable, 95, 212, 367 Bucketsort, 102-106, 113-114, 117-118
association list, 52 Bunkenburg, Alexander, 166
associative operation, 21, 122 Cai, Xuan, 166
A*, 220, 4.110—41-2, 415, 425, 426, 428 Catalan numbers, 200
asymptotic notation, 25-27, 38 Chao, Kun-Mao, 281
Augustsson, Lennart, '110 Chapman, Noyes P., 425
average-case complexity, 27 coin-changing, 151-156, 165, 167-168, 173-175,
AVL tree, 84 248-251, 259, 263-264, 330, 333
Backhouse, Roland, 84 collapse, 14
balanced tree, 75-81, 84, 87,91, 96, 97, 101-102, 113,  Collette, Sébastien, 394
117, 270, 282, 355 commutative operation, 122
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compact sorting, 94

compare, 100, 109

comparing, 112

complexity
average-case, see average-case complexity
worst-case, see worst-case complexity

concat, 8, 30

concatMap, 10

concrete mathematics, 38

connected graph, 206, 229-231

cons, 9,43

Cormen, Thomas H., 84

Countsort, 117, 133

Crochemore, Maxime, 281

Curtis, Sharon, 257, 281

cycle, 206, 224, 229-231, 428

data compression, 289
data declarations, 5
data structure, 36
destructive, 51
persistent, 51
Data.Array library, 51, 55, 105
Data.Bits library, 374, 395
Data.List library, 5, 17, 47, 99, 397
Data.Map library, 410, 426, 429
Data.Ord library, 112
Data.Sequence library, 47
Data.Set library, 412
Data.Text library, 421
Data.Word library, 6, 374
Dechter, Rina, 425
decimal fractions, 156-161, 165, 168-169, 175-176,
239
decision tree, 73, 80
Demaine, Erik D., 111
Denardo, Eric V., 326
dependency graph, 311, 313-333
depth-first search, 369, 372, 373, 378-386, 393, 396,
400, 405, 409, 412
de Moor, Oege, 166, 257, 300
Dick, Philip K., 54
dictionary, 74
digraph, see directed graph
Dijkstra’s algorithm, 220-225, 228, 230, 233-235, 244,
248, 263, 405, 426, 428
Dijkstra, Edsger W., 84, 228, 281
directed acyclic graph, 244, 251, 311, 313, 373, 379
directed graph, 205, 230, 372
acyclic, see directed acyclic graph
discriminator function, 103, 106
disjoint sets, see union—find
distributive law, 147, 163, 166, 169, 170, 176, 275, 293,
317
of thinning, see thinning, distributive law
divide-and-conquer, 11, 29, 61-140, 167, 171, 178,
229,232,239, 268, 311
Double type, 5
Dreyfus, Stuart, 326

drop, 17, 19

dropWhile, 17, 19, 34

dropWhileEnd, 17

dynamic array, 40, 42

dynamic programming, 239, 248, 252, 271, 311-364,
367

dynamic set, 81-84, 86-87, 90-91

eager evaluation, 28

8-puzzle, see sliding-block puzzle
elem, 17, 19

Engelhardt, Matthias R., 394

Enum class, 104

EQ, 100

Eq class, 5, 22

equational reasoning, xiii, xiv, 146, 162
error messages, 45, 49, 55, 57
Euclidean distance, 416, 418
exhaustive search, 239, 367-431
expression problem, 376-378, 395-396, 398-400
extend, 148

factor, see segment

Feijen, Wim H. J., 281

fetch, 47

fib, 75, 313

Fibonacci, 75, 313-314, 327, 330-331

15-puzzle, see sliding-block puzzle

Filliatre, Jean-Christophe, 359

filter, 6, 17,20

Finke, Gerd, 257

Fischer, Michael J., 326

fission, 185, 278

Flake, Gary W., 394

flatten, 55, 74, 85, 95, 96, 101, 104, 111

flip, 7

Float type, 5

floating-point numbers, 5

Floyd, Robert W., 110, 135

Foldable class, 5, 20

foldl, 7,17, 18, 290

foldll, 121, 180

foldr, 6,17, 18, 20, 144, 146, 168, 174, 248, 268, 290

foldrl, 121, 145, 180

foldrn, 180, 295

folds, 6-9

forest, 206
spanning, see spanning forest

Forsyth, Mark, 16

Fredman, Michael L., 110, 111

fringe (of a tree), 178, 189, 335, 336

functional composition, 8, 13

fusion, xiv, 11-14, 144, 241, 246, 248, 254-256, 268,

269, 272,273, 276, 277, 292, 295, 371, 377
condition, 12, 146, 158, 162, 181, 182, 246, 250,
256, 259, 264, 294, 300

context-sensitive, 18, 22, 149, 181, 291
law for foldl, 19, 23, 39, 41
law for foldrn, 181, 185, 200
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law for foldr, 12, 18, 39, 41, 146, 157, 164, 168, 175,
276,278
law for until, 112, 115

Garsia, Adriano M., 359
Garsia—Wachs algorithm, 199, 344, 349-358, 361-362,
364
Gauss, Carl Friedrich, 393
GHCi, 16, 28, 31, 393, 424
Gilbert, Edgar N., 359
Golden Ratio, 75, 327, 330
Graham, Ronald L., 38, 84, 228
graph, 205-235
acyclic, see acyclic graph
adjacency representation, 206, 229, 232, 406
connected, see connected graph
directed, see directed graph
directed acyclic, see directed acyclic graph
labelled, see labelled graph
undirected, see undirected graph
greedy algorithm, 9, 11, 22, 143-235, 239, 246, 248,
260, 265, 268, 272, 287, 292-294, 296-298, 301,
304, 306, 335, 344, 367
greedy condition, 161, 192-194, 216, 293, 297, 301,
306, 321, 328
Gries, David, 54, 84, 281
group, 126
GT, 100
Gusfield, Dan, 280, 281, 326

halve, 97
Hancart, Christof, 281
Harper, Lawrence H., 111
Hart, Peter E., 425
Haskell, xiii, 3, 5, 16, 104, see also GHCi, Hugs
Haskell Platform, 16
head, 20
heap, 101, 197
condition, 197
leftist, see leftist heap
maxiphobic, see maxiphobic heap
skew, see skew heap
Heapsort, 101-102, 110, 113-114, 116-117
height (of a tree), 74, 76, 86, 89, 177
Hell, Pavol, 228
heuristic
admissible, see optimistic heuristic
monotonic, see monotonic heuristic
optimistic, see optimistic heuristic
heuristic search, 369, 405-431
hillclimbing algorithm, 143
Hinze, Ralf, 425
Hoare, Charles A. R., 110, 111, 135
Hoffman, Eric J., 394
Hood, Robert, 54
Hoogerwoord, Rob R., 54
Hu, Te Chiang, 199, 358, 359
Hu—Tucker algorithm, 199, 358
Huet, Gérard, 84

Huffman coding, 187-196, 200-201, 203-204, 208,
336, 344, 348, 349, 358

Huffman, David A., 199

Hughes, John, 16

Hugs, 28

hyperbaton, 16

identity element, 21

imperative programming, 7

implicit search, 369-375

in-place algorithm, 95, 102

incrementing a binary integer, 35, 50
indirect equality, 87

induction, 75

inductive definitions, 9

infinite list, 6, 9, 14, 18, 47

infinite loop, 127

inits, 17, 19, 33, 39, 42, 46, 274, 283, 286
Insertion sort, 11, 150, 165, 167, 173

Int type, 5, 169, 175, 218, 398

Integer type, 5, 313, 398

inversion count, 147-149, 165, 420, 423, 428, 431
iterate, 35

Ix class, 52, 105

Jarnik, Vojtéch, 228

Jiang, Tao, 281

jogger’s problem, 224-228, 231, 235
Johnson, William W., 425

Karpinski, Marek, 359
Kingston, Jeffrey H., 359
knapsack problem, 252-255, 259-260, 264-265, 268,
313, 316-319, 328, 331
0/1, 253
fractional, 253, 260, 265
integer, 253, 260, 265
Knuth, Donald E., 16, 38, 84, 110, 111, 165, 166, 199,
300, 358, 359, 394
Koenig, Sven, 425
Kruskal’s algorithm, 208-215, 228, 230, 232-233
Kruskal, Joseph B., 228

label, 6

labelled graph, 206, 229

Lambert’s algorithm, 107

Lambert, Jean-Luc, 107, 111

Landis, Evgenii M., 84

Larmore, Lawrence L., 359

LaValle, Steven M., 394

layered network, 244-248, 251, 258-259, 262-263,
311,318

lazy evaluation, 8, 23, 28, 32, 93, 111, 124, 173

Lecroq, Thierry, 281

leftist heap, 197

Leiserson, Charles E., 84

length, 7

lexical order, 102, 103, 132, 149, 153, 155, 160, 161,
173,174, 182, 272

1hs2TEX, xvi

Lin, Yaw-Ling, 281
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linear search, 63, 203, 270

linear time, 27

linearithmic time, 67, 101, 113

list comprehension, 10

list indexing, 125

list of successes, 369

Loessi, J. C., 394

logarithmic time, 64

longest common subsequence, 270-274, 280-283,
285-286, 313, 319, 322-323, 329, 332-333

longest upsequence, 267-270, 281-285, 329

loop invariant, xiii

lower median, 124

Loyd, Sam, 419, 425

LT, 100

Lunar Landing, 383-386, 390, 394, 397, 403

Lunar Lockout, see Lunar Landing

Manhattan distance, 421, 423, 428, 431
map, 6, 17, 20
Marlow, Simon, 61
Martello, Silvano, 257
maxBound, 104
maximum, 17, 19, 121
maximum-sum segment, 283, 287
maximum-sum short segment, 281
maxlint, 218, 263
maxiphobic heap, 199
median, 121, 124, 126
Meertens, Lambert, 359
Melville, Robert, 54
memoisation, 15, 311
merge, 90, 96, 109, 128
Mergesort, 96-100, 110, 112, 114-115, 177, 178, 289,
301
Bottom-up, 98, 112, 115
Natural, 99
Smooth, 99, 106
Straight, 98
minBound, 104
minimum, 17,19, 121
minimum edit distance, 313, 319-322, 326, 328-329,
331-332
minimum-cost spanning tree, 205, 207, 228
minimum-height tree, 177-187, 199-203
minimum-sum short segment, 274-280
MinWith, 162
minWith, 145
Mitchell, Joseph S. B., 111
Monad class, 5
monad, 51
monolithic updates, 51
monotonic heuristic, 410415, 426, 428-429
monotonicity, 106, 107, 150, 162, 163, 167, 172, 184,
262,307,311, 317, 320, 328, 330, 333, 339-341,
345-347, 349, 358, 360-363, 367, 377, 395, 398,
399
Moore, Edward. F, 359
Moore, Robert C., 394

Morris, Joseph M., 166
Mu, Shin-Cheng, 257, 281

n-queens problem, 369-375, 377, 393, 395, 398

Nash, Alex, 425

Nat type, 6

Natural Mergesort, see Mergesort

Navarro, Gonzalo, 326

navigating a warehouse, 415-419, 426-427, 429-430

Niewiarowska, Anna, 166

Nilsson, Nils J., 425

nondeterministic function, 161-165, 169170, 176,
241

Nordin, Thomas, 110

normal form, 27

Norvig, Peter, 425

null, 17, 19

Num class, 5

Numeric.Natural library, 6

0, see big omicron
O’Rourke, Joseph, 111
offline algorithm, 9
Okasaki, Chris, xv, 54, 199
Q, see big omega
online algorithm, 9, 46
Open Problems Project, 110
optimistic heuristic, 405-411, 426, 428429
optimum bracketing, 335-364, see also amoeba fight
show, boustrophedon product
addition, 341
cartesian sums, 344
concatenation, 341
Huffman coding (restricted), 344
matrix multiplication, 335, 337, 343, 358
multiplication, 342
or, 261
Ord class, 5, 93
Ordering type, 100

paragraph problem, 8, 294-299, 301-303, 306-308
partial order, 242
partition, 277, 289-308
partition (by a predicate), 76, 86, 89, 94
partition3 (into three parts), 89, 125
parts (all partitions), xiv, 289-291, 300, 303
ptn (into buckets), 103, 105
partition, 133
Patashnik, Oren, 38, 84
Paterson, Michael S., 135
path, 206
Payne, Thomas H., 111
Pearl, Judea, 425
perfect binary tree, 48
permutation, 9-11, 31, 34, 38, 39, 41, 42, 80, 147, 396,
420
perms, Xiv, 9, 10, 18, 148, 167, 370, 371
picks, 10, 150, 190, 209
planning, 369, 386-393, 397-398, 403, 425
Plass, Michael F., 300

© in this web service Cambridge University Press

www.cambridge.org



www.cambridge.org/9781108491617
www.cambridge.org

Cambridge University Press

978-1-108-49161-7 — Algorithm Design with Haskell
Richard Bird , Jeremy Gibbons

Index

More Information

436

Pohl, Ira, 135

point-free reasoning, 14

point-wise reasoning, 13

Pratt, Vaughan, 135

prefix, see inits

prefix-closed, 291, 292, 295, 300, 304, 306
prefix-free code, 188

Prelude library, 5

preorder, 241, 246, 249, 254, 269, 272, 276, 281, 283,

294, 299
Preusser, Thomas B., 394
Prim’s algorithm, 215-219, 228, 230-233
Prim, Robert C., 228
priority queue, 102, 196-199, 201, 204, 405, 406
priority search queue, 406, 414, 425
Promel, Hans Jiirgen, 228
ptails, 325

quadrangle inequality, 340, 345, 347, 349, 358, 360,

363
quadratic time, 27
queens problem, see n-queens problem
queue, 194, 381
priority, see priority queue
QuickCheck, xvi
Quicksort, 94-96, 110-112, 114-115, 125, 133

Rabe, Florian, 166

Radixsort, 102-106, 110, 113-114, 117-119
random-access list, 47-51, 54-55, 57-58, 214
Raphael, Bertram, 425

Raskin, Jean-Francgois, 394

Rational type, 5

Rausch, John, 394

recurrence relation, 28-32

recursion, 7

red-black tree, 84

reduction steps, 27

refinement, 144, 161-165, 241
representation invariant, 44

reverse, 17,20, 112

Revilla, Miguel A., 326

Richards, Martin, 394

ring, see algebraic ring

Rivest, Ronald L., 84, 135

rose tree, 103

rotation, 77, 78

rule of ceilings, 85, 87, 117, 201

rule of floors, 85, 87, 157, 168, 169, 175
running time, 27

runs, 98

Rush Hour, 384, 389-394, 397, 403
Russell, Stuart J., 425

Rytter, Wojciech, 281, 359

Saddleback search, 68-69, 84
Savage, John E., 111

Scan Lemma, 21, 275, 276
scanl, 9, 275, 283, 301

scanr, 21, 275, 283

Index

scanrl, 316
scheduling problem, 291-294, 299-301, 304-306
search
binary, see binary search
linear, see linear search
two-dimensional, see two-dimensional search
segment, 267, 274-281, 283, 286-287, 289
initial, 267, 290
tail, 267, 290
Selection, 121-140
Selection sort, 11, 151, 165
Servais, Frederic, 394
set
combination, 81-82
deletion, 81
insertion, 81
membership, 81
splitting, 81-84
union, 81-82, 86
Shing, Man-Tak, 358, 359
shortest paths, 219-228, 230-231, 233-251
shortest-paths spanning tree, 219, 220, 226, 230
show, 106
shuttle-bus problem, 313, 323-326, 330, 333
single, 17, 20, 98
size (of a tree), 74, 86, 89, 97, 177, 335
skew heap, 199
skew tree, 84
Skiena, Steven S., 326
sliding-block puzzle, 419-425, 428, 430431
Sloane, Neil, 394
smart constructor, 48, 76, 77, 101, 186, 195, 197
Smooth Mergesort, see Mergesort
smooth sorting, 94, 99, 100
snoc, 43, 105
sortBy, 100, 112, 116
sorting, 52, 80, 86, 93—119, 143, 147-151, 177, 396,
400, see also Bubble sort, Bucketsort, compact
sorting, Countsort, Heapsort, Insertion sort,
Mergesort, Quicksort, Radixsort, Selection sort,
smooth sorting, stable sorting
sorting sums, 106-110, 114, 119, 344
sortOn, 100, 113, 116, 210
span, 17, 19
spanning forest, 207, 229, 230, 233
spanning tree, 205-219, 229-230, 232-233
minimum-cost, see minimum-cost spanning tree
shortest-paths, see shortest-paths spanning tree
spine (of a tree), 180
splitAt, 17, 19
stable sorting, 94, 95, 97, 99, 100, 104, 105
stack, 381
steep, 19, 23
Steger, Angelika, 228
Stein, Clifford, 84
step-by-step algorithm, 143
Stirling number, 327, 331
Stirling’s approximation, 40, 80, 86
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Story, William E., 425

Straight Mergesort, see Mergesort

Straus, Ernst G., 111

stream, see infinite list

strict function, 22, 58, 171

strictly increasing function, 63

stringology, 267, 280, 326

structural recursion, 9

subseqs, 257

subsequence, 241, 242, 250, 267-274, 281-286
substring, see segment

suffix, see tails

suffix-closed, 291, 292, 295, 300, 304
symmetric list, 43-47, 54, 56-57, 105, 194, 201, 279

tabulation, 311, 313-333, 338
tails, 17, 19, 33, 40, 42, 274, 283, 286
proper, see ptails
take, 17, 19
takeWhile, 17, 19, 20, 26
Tarjan, Robert E., 135, 228, 358
tennis tournament, 122
TgX problem, see decimal fractions
text processing, 289
0, see big theta
ThinBy, 241
thinning
distributive law, 243, 246, 250, 258, 262, 269, 286
elimination law, 243, 258, 262
filter law, 244, 247, 258, 262, 269, 286
idempotency law, 243, 258, 261, 262
identity law, 242, 257, 261, 262
introduction law, 243, 246, 254, 256, 258, 262, 268,
273
map law, 243, 247, 258, 262, 269, 286
thinning algorithm, 11, 239-308, 367
3-puzzle, see sliding-block puzzle
top-down algorithm, 178, 311
Toth, Paolo, 257
transposition, 420
Traversable class, 5
tree, 206, 311
AVL, see AVL tree
balanced, see balanced tree
binary, see binary tree
decision, see decision tree

red-black, see red-black tree
rose, see rose tree
skew, see skew tree
spanning, see spanning tree
triangle inequality, 429
T*, 406409, 411, 426, 429
Tucker, Alan C., 358, 359
tupling, 14-16, 97
law, 122
two-dimensional search, 67-73, 85, 88, 107
two-sorted, 353-355, 364
type class, 5
type synonym, 5
Tyrrell, Malcolm, 166
uncons, 17, 20
uncurry, 55, 82, 204
undefined value (J_), 8,22,45
undirected graph, 205, 230
Unicode, 104, 421
union, 90
union—find, 211-215, 228
unordered binary tree, 189
until, 11, 98, 144
unwrap, 17, 20, 98

Vandermonde’s convolution, 73
von Neumann, John, 110

Wachs, Michelle L., 359
Wadler, Philip L., 54

Wagner, Robert A., 326
while, 11

Williams, John W. J., 110, 111
worst-case complexity, 27
wrap, 17, 20, 98, 180

Yamamoto, Hiroshi, 384
Yao, Frances F., 358, 359
Yoshigahara, Nobuyuki, 384
Young tableau, 107

Zantema, Hans, 281, 299
Ziegler, Giinter M., 228
Zipper, 84

zipWith, 17, 19
Zongyan, Qiu, 394
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