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Levenshtein distance, [373]
Levin, D.,
Levin, L.,
lexicographic order,
Li, M.,214
linear algebra,
linear order, 338
linear preorder,
linear program (LP),
fractional solution,
integer (ILP),
0-1ILP,
0-11ILP,
branch-and-cut, 383
knapsack,
pigeonhole principle, B71]
set covering, 1370
maximum flow,
minimum-cost flow,
mixed integer (MILP),
relaxation of ILP,[369]
rounding,
shortest path,
simplex algorithm,
smoothed analysis, 398
solver,
strict inequality, 387]
tight inequality, 387
linearity of expectations, 57] 27074
B33l
Linux,
list, 341 [83]
blocked, [[11]
bulk insert,
circular, 2271
concat,
concatenate, [S8]
doubly linked,
dummy item,
empty,
find,
findNext,
first,
head,
insert,
interference between ops.,
invariant, [88]
isEmpty,
last,

linked, [88]
makeEmpty,
memory management,
move item, [89
popBack,
popFront,
pushBack,
pushFront,
remove,
rotation,
singly linked, [93] [T31]
size,
sorting,
splice,
swapping sublists,
list ranking,
by doubling,
by independent set removal,
load balancing, 1781 3831
468
by prefix sums, @33
dependent tasks, [443]
master worker
by fetch-and-add,
hierarchical,
master-worker, @31
randomized static, [d31]
scalability comparison,
work stealing, @31
randomized,
load instruction,
local search, see under algorithm design
parallel,
locate, see under sorted sequence
lock,
binary,
queue,
spin,
timeout,
lock-free,
logarithm,
logical operations, (30}
loop, B3l 53]
loop fusion, [7]
loop invariant, see under invariant,
lower bound, 373
“breaking”, [[87]
broadcast,
element uniqueness, [I71]
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minimum, 711
pairing heap priority queue, 237]
sorting, [169

lower-order term,

lowest common ancestor,

LP, see linear program

Lucas, E.,[[10

Lumsdaine, A.,[274]

Lustig, I. J.,399]

Luxen, D.,[333]

M (size of fast memory),
machine instruction, see instruction
machine model, 27]

accurate, [31]

BSP,

complex, 31]

distributed memory, 4]

external memory, 31]

parallel,

PEM, [81]

RAM,

real, 31

sequential,

shared memory,

simple, 31]
von Neumann,
word, 214

machine program,

machine scheduling,
online algorithm, B73]
shortest-queue algorithm,

machine word, 291 3T

Magnanti, R. L.,[361]

Maier, T.,[143] [[54]

main memory,

makespan, 444

Mandelbrot set, @311

map coloring,

MapReduce,

Markov, A.,[68]

Markov’s inequality, see under

inequality

Martello, S.,[363|

Martinez, C.,214]

master, @34

master theorem, see under algorithm

analysis

Index

master-worker, see under load balancing

Matias, Y., 41l

mating,

Matousek, J.,[399]

matrix,

matrix products, chained, 377]
Mattern, F., 443

Mauer, D.,[81]

maximization problem,
maximum flow,
McCreight, E. M.,
McDiarmid, C. J. H.,[09
McGeoch, L. A.,393]
Mcllroy, M. D.,214]

median, see also selection,
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Mehnert, J.,
member variable,
memcpy,[117]
memory

allocator,

initialization,
memory access, 311
memory block,

memory cell, see also machine word, 29]

memory fence,
memory hierachy,
memory management,
memory model,
memory ordering,
memory size, 3]
Mendelson, R.,237]
mergesort, see under sorting
merging, [163]

external, [I92]

multiway, [192]

parallel, [[67] B78]
mesh, @611 E64]
Meyer auf der Heide, F.,[134]
Meyer, B.,[77]
Meyer, U.,[3031 3231 336
Meyerhenke, H.,272]
Michel, L.,
microinstruction,
minimization problem,
minimum spanning forest, see

MST
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minimum spanning tree, see
MST
mobile device, {4
mod,
modulo,
Monte Carlo algorithm, see under
algorithm design, randomized
Moret, B.,
Morris, R.,[T33]
Morton-ordering,
Moseley, T.,[[12]
most significant distinguishing index,
move-to-front,
MPI,
msd, see most significant distinguishing
index
MST,
2-approximation of TSP,[338]
Boriivka’s algorithm,
bottleneck paths,
certification,
clustering,
cut property,
cycle property, B41]
Euclidean,
external memory,
Held—Karp lower bound,
Jarnik—Prim algorithm,
maximum-cost spanning tree,
parallel
Kruskal,
semiexternal Kruskal algorithm, 331
streaming algorithm, 343
uniqueness conditions, [342)
use of, B37
Miiller, 1.,
multicore processor
multigraph, 274
multikey quicksort, [[77]
multilevel algorithm,
multiplication (integer)
Karatsuba,
refined, 7]
recursive, Il
school method, [l
use of, 1]
multithreading,
Musser, D. R.,[78]
mutation,

mutex,

Nibher, S.,
Nadathur, S.,213]
Niher, S.,[78
Naor, M., [E33]
Nembhauser, G.,
network, B4l see also graph, [464]
communication network,
contention,
design,
fat-tree,
hypercube, [F64]
mesh,
torus,
Neubert, K. S.,214]
Nilsson, S.,214]
node, [68!
active,
associated info.,
depth, [731 278]
dfsNum,
finishing time,
interior,
marked,
numbering,
ordering relation (<),
potential,
reached, 2781 314
representative,
scanned, [313]
NodeArray,
non-blocking,
nonblocking,
Noshita, K.,317
NOT,
NP,[74
NP-complete,
NP-hard, B4
NUMA, @74
allocation, 71
numeric type, 33|

o(-),27

o(-),27

object, 331

object-oriented, 37]

objective function,

of (in type declaration), 331 341 B8]
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o(-),27

online algorithm,
OpenMP,
optimization,
optimization problem, [77]
OR,

Orlin, J. B.,[319] 361

Osipov, V.,213

Ost, K.,[A27]

oversampling,

owner computes, p71

P,[74

packet,
padding,
page,

Pagh, A.,
Pagh, R.,[134]
pair,

pairing heap, see under priority queue

parallel, 31 [I5] 24 38] B4] [62] [78H80L
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addition,

array processing, B4

DAG traversal,

divide and conquer,
evolutionary algorithm,
following pointers,
graph construction, 271]
graph partitioning,
graph representation, 271]
hardware multiplication, 24]
hashing, [138]

independent sets, 302]
knapsack problem, 43
linear programming,
local search,

loop,

machine model,
merging, [[67]
multiplication,
partitioning, [180]

recursion,

sampling,

sorted sequence,
sorting, see sorting
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parallel assignment, 34]
parallel external memory, [§1]
parallel processing, 311
parameter,

actual,

formal,
parameterized class,
parent,
Pareto, V.,
Pareto-optimal,
parser, [73]
partition,
partitioning,
Pascal,
Patashnik, O.,[56] [81]
path,

simple,
Pitrascu, M.,
Patterson, D. A.,P4]

Paul, W. J.,211]
pause instruction,
PE,

Peitgen, H.-O.,[432]
Pemmasani, G.,[342]
perf profiler,
performance analysis, 463
Perl,
permutation,

random,
persistent data structure,
Peru, B3]
Peterson, W. W.,[132]
Petrank, E.,
Pettie, S.,2371
Pferschy, U.,
pigeonhole principle, 370
pipe,
pipeline,
pipeline stage, 460l
pipelining,
Pippenger, N.,[427]
Pisinger, D.,
pivot,

selection, 214
Plauger, J.J.,[78]
Plaxton, C. G., @381
point-to-point communication, 1]
pointer,
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polynomial, see also under
running time,
polytope, 387
Pomerance, C.,[154]
population,
postcondition, [47]
potential function, see node, potential
powers (of numbers), 47]
PRAM, 811
aCRQW, 41 [144]
CRCW,[38| 2111
CREW,
CRQW, I
EREW,
QRQW,
Pratt, V. R.,213]
precedence relation,
precondition, [47]
predecessor, 84} [§8]
prefix sum, [6] [07] T3] (801 [T90] 288] 3011
B74B78
by two trees, 414l
exclusive,
on hypercube,
on tree, A14]
Priebe, V.,[327]
Prim, R. C.,

Prim’s algorithm, see MST, Jarnik—Prim alg.

prime number, 371
abundance,
primitive operation
full adder,
product,
principle of optimality, [B78
priority queue, 217]
addressable, p24
binary heap,
addressable, 224
bottom-up deleteMin,236]
building,
bulk insertion, 224]
deleteMin,
insert,
invariant,

invariant,
calendar queue, 237
decrease key,
deleteMin,
double-ended,
external, 231]
fat heap, 2371
Fibonacci heap, see also

priority queue, heap-ordered forest

decreaseKey,

deleteMin,

item,

rank,
heap-ordered forest,

cut,

decreaseKey,

deleteMin,

insert,

invariant,

link,

merge,

new tree,

remove,
hollow heap, 237
insert,

integer, 236] 2371
item, 224

memory management,
merge,
minimum, 224
monotone, 2181 2371
naive,
pairing heap, see also
priority q., heap-ordered forest
complexity, 237]
three-pointer items,
two-pointer items,
parallel,
bulk operation, 233]
radix heap,
base b,[322]
remove, 218
thin heap, 237]
unbounded,

siftDown,

siftUp,
binomial heap,
bounded,
bucket queue, 2371

use of, [1611 193] 2141 218l 2191 BT5l B3T]
priority update principle,
probability,
probability space,
problem instance,
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process, 474

processor core,

profiling,

profit vector, see cost vector

program,

program analysis, see algorithm analysis

programming language, 32] 341 [B1]
functional,
logical,

programming model, see machine model

Prokop, H.,237]

pseudo-polynomial algorithm, 377

pseudocode, 32 [77]

pseudorandom permutation, [437]

Puget, J.-F.,399]

Pugh, W.,

Putze, F.,

quartile, see also selection, [[82]

queue, 341 268] see also FIFO
parallel, [12]

quickselect, see under selection

quicksort, see under sorting

quipu,

radix sort, see under sorting
Radzik, T.,B338]
Rahn, M,
Rajasekaran, S, Al
RAM model, see under machine model
Ramachandran, S.,237]
Ramachandran, V., B1]
Raman, R.,214]
Ramaré, O.,[134]
Ranade, A.,
random access,
random experiment, [451]
random number, |64
random source, [78]
random variable, 571
independent,
indicator,
product, @53
randomized algorithm, see under
algorithm design; algorithm analysis
rank,
ranking, [163|
Rao, S.,[338]
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realloc,[I17]
receive, 475
recombination,
record, see composite type
recurrence relation, [[3] 211 511 541 [B1]
recursion, see also under
alg. design; alg. analysis
elimination, [I77]
red-black tree, see under sorted sequence
reduction, [234] 4011
asynchronous, [427] [443]
by two trees, [411]
on vectors,
pipelined, 1]
shared-memory,
tree,
reflexive,
register, 291 311
Reif, J. H.,[2131 2711 303
Reingold, O.,[438]
relation,
antisymmetric,
equivalence,
reflexive,
symmetric,
total,
transitive,
relaxation, see also under
linear program
remainder,
Remez, O.,273
removing from a sequence, [§4]
repeat,
resource, [429|
result checking, see under algorithm design
return, 36|
Richter, P. H.,[d32]
ring,
Rivest, R. L.,[I83] 213]
road map,
Robertson, N.,[397]
Robins, G.,[358]
Rodeh, M.,
Rodler, F.,
roll back, @63]
root, see under tree
root PE,
round-robin, E37]
Roura, S.,214]
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routing,
run, see under sorting
running time, see also
algorithm analysis,
average case, 26] [57]
best case, 26 3]
polynomial, [74]
worst case, [20]
Ruzié, M., 153

Sabela, R.,[80]
Saha, C.,24]
sample space,
Sanders, D. P.,[391]

Sanders, P.,[80 [1391 [T43] [1541 (1811 [T831 [187]

233
237 3311
B7il M1l E14
M311 371 438]
Santos, R.,273
Saptharishi, R.,
Sarnak, N.,264]
SAT solver,
satisfiability problem, [74]
satisfiable,
scalability,
of load balancing,
scan, 412
scatter,
binomial tree, @21
Schifer, G.,[327]
Schaffer, R.,
scheduling, 218l B071 B72l see also under
load balancing
threads, @711
Scheufler, S. D.,208
Schevon, C.,393]
Schirra, S.,[427]
Schlag, S.,[80]
Schonhage, A.,23]
Schrijver, A.,399]
Schultes, D.,[337]
Schulz, C.,[397]
search problem,
search tree, see sorted sequence
searching, see also sorted sequence
binary search, [9] [77]
dynamic,
exponential, 311 [77]

linear,
range,
shortest path, see under shortest path
Sedgewick, R.,[36l 771 214 237
Seidel, R.,[263] 2751 348]
selection,
deterministic, 213]
from sorted sequences, [[67]
parallel, [I84]
quickselect,
streaming, [184]
using two pivots,
self-loop,
semicolon (in pseudocode),
Sen, S.,237
send, @74]
asynchronous, 41l 2331 [427]
sentinel, 1611
sequence, 341 [83]
overview of operations, 17
space efficiency, [[17]
sequential consistency,
series, see sum
server, 44
set,
set covering,
Seymour, P.,[397]
Shapiro, H. D.,[339]
shared memory,
Sharir, M.,
Shavit, N.,[I13]
Shell sort, see under sorting
Shepherdson, J. C.,
shift,
Shmoys, D. B.,[338]
shortest path,
acyclic,
ALD (average linear Dijkstra), [338
all-pairs,
all-pairs with negative costs, 326]
arbitrary edge costs,[324]
as a linear program,
A*-search,
Bellman—Ford algorithm, 324]
refined, 337
bidirectional search,
bottleneck,
constrained, B78
correctness criterion, 311]



DAG,
Dijkstra’s algorithm, 2331
invariant,
edge relaxation,
geometric,
goal-directed search, 330]
hierarchical search, 331]
integer edge cost,
linear average time, [323]
multicriteria, 338
negative cycle,
nonnegative edge cost,
parallel
hierarchical search,
parent pointer,
public transportation,
query,
relaxing of edges,
single-source,
subpath, [309
tentative distance,
tree,
uniqueness,
unit edge cost,
use of,
shrunken graph, 292]
Shun, J.,[T43]
Sibeyn, J.,
sibling, [73]
sibling pointer, 227]
Siek, J. G.,274]
sieve of Eratosthenes, 37]
SIMD, 131
Simon, J.,
simplex algorithm, see under
linear programming
simulated annealing, see under
algorithm design, local search
Singler, 1., 2011 2131 2131 2331 360
Sipser, M.,
Sivadasan, N.,[327]
Skiena, S.,[342]
Sleator, D.,[T18] 2371 2631 2641 343]
slow memory,
snow plow heuristic, 214]
socket, @64
solution
feasible,
potential,
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sorted sequence,
(a,b)-tree,
split (node), 247
amortized update cost,
augmentation,
balance,
build/rebuild,
concatenation,
fusing, [250]
height,
insert,
invariant,
item,
locate,|246)
parent pointer, 257]
reduction,
remove,
removing a range,
splitter,
splitting, 253}
adaptable,
AVL tree,
binary search tree,
degenerate,
expected height,
implicit, 244]
insert,
locate,
perfect balance,
rotation, 244]
selection, 257
cache-oblivious,
concatenation,
concurrent access,
finger search,
first,
insert,
integer,
last,
locate, 241
merging,
navigation,
persistent,
pred,
randomized search tree,
range searching,
red-black tree,
remove, 239
skip list,
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sparse table, selection, 2138
splay tree, Shell sort, 2141
split, small inputs, [[61]
strings, small subproblems,
succ, 240 stable algorithm, [187]
trie, 264 strings, 1771 [187]
use of, 240} 24T] use of, [49] [[37H139] P13l 2711 B311 3691
weight-balanced tree, word model, 214]
sorting, [157] source node,
almost sorted inputs, space-filling curve,
bottom-up heapsort, Morton ordering, 272]
bucket, 1871 z-order,
by ranking, [[63] span,
comparison-based, [I87] Speck, I., E1nEt4
dynamic, [T6]] speed of light,
external, speedup,
flash, 214 superlinear,
heapsort, 218] spellchecking,
in-place, Spielmann, D.,
insertion, 33 611 spin lock,
large elements, Spirakis, P., [154]
list, splitter,
lower bound, [T87] SPMD, @3] 011
mechanical, [[57] stack, 34]
mergesort, 213 bounded,
multiway merge, external-memory, [[11]
numbers, [[87] pop, 109]
parallel, push,
bucket, top,
by merging, [166] unbounded,
by multiway merging, statement, 34]
distr. memory multiway merging, static array, 33 [83]
distributed-memory mergesort, statistics,
distributed-memory quicksort, 78] stencil, B8]
fast inefficient, 211 Stepanov, A. A.,[78]
log latency, Stirling’s approximation,
MPI, Stivala, A.,[143]
MSD radix, [I97] STL., 181 [781 2621
overview, deque, 18]
radix, 1971 iterator, [[18] 213
sample (implementation), list,[117]
shared-memory quicksort, [I81] map,
quicksort, 2141 2431 multimap,
radix, 1871 multiset,
LSD, parallel,
MSD, [188] [10711 2121 priority_queue,236]
random numbers, [I89) set,
run formation, 214 sort,

sample, 194 stack,[T18]



unordered_map,
unordered_multimap,
unordered_multiset,
unordered_set,

store instruction,

Strassen, V.,[23]

streaming algorithm, [[84]

string, 341 @43

striping, 214]

struct, see composite type

Stuckey, P. J.,[143]

Sturgis, H. E.,

STXXL,

subcube,

subroutine, 33]

subtask,

successor, [84] B8]

succinct data structure,

Sudoku,

sum, BTl see also under algorithm analysis
estimation by integral, [457]
geometric,

harmonic, 1301 [[741 3181 3331 48]

456
Sumerian, [§3]
Sun, Y.,2359
superscalar,
survival of the fittest,[393]
swap, 34]
sweep-line algorithm, P41]
Symmetric,
synchronization,
syntax, 32]
Szemerédi, E.,[154]
Szpankowski, W.,

table,

tablet, [83]

Taboada, L.,[80]

tabu list, see tabu search

tabu search, see under algorithm design,
local search

tabulation hashing, [142]

tail bound,

tail recursion, see recursion, elimination

Tardos, E.,[154]

target node, [6Y)

Tarjan, D.,213]
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Tarjan, R. E.,[T18] [[534] 2131 2271 P37 2631

(3713431 348
task,
atomic, [434]
based programming,
bundle,
DAG,E43]
dependencies,
graph,
independent,
parallelism, 178
splitting,
Taylor series,
TBB,
telephone book, [[37]
telephone model,
template programming,
Teng, S. H.,[398]
termination,
termination detection, [d27]
0(-),27
Thomas, R.,
Thompson, K., 379]
Thorup, M., 142} [1311 [133] 141 2371 338
thread,
pinning, [471]
thread pool,
threshold acceptance, see under
algorithm design, local search
tie breaking,
tiling,
time, see running time
time forward processing,
time step, 31]
Toom, A.,23]
topological sorting, see under
graph
torus,
total order,
Toth, P.,[363]
tournament tree, 214]
Tower of Hanoi,
Triff, J. L.,232] 360l F09] [T111 E14]
transaction,
hardware support, [[43]
roll back,
transactional memory,
transitive,
translation, 33H37]
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traveling salesman problem, [74] [73] [771
2-exchange,
3-exchange,
Held—Karp lower bound,
hill climbing,
tree, [711
binary,
binomial, 228] see binomial tree
depth, [73]
dynamic,
expression tree,
H,
height,
implicitly defined,
in-order numbering, 4071 AT1T]
interior node,
ordered,
reduction,
representation, 227]
root,
sorting tree,
traversal,
tree-shaped computation,
triangle inequality,
trie, see under sorted sequence
triple,
true,
truth value,
Tsigas, P.,[181]
Tsitsiklis, J. N.,399]
TSP, see traveling salesman problem
tuple,
type,

Udupa, R.,212]
Ullman, J. D.,[263] 349
Ullmann, Z.,[373|
unary operation, 30]
unbounded array, 84
undefined value (_L),[33]
uniform memory, 291
union—find,
path compression, 347]
union by rank, 347
universe (%),
upper bound, see worst case

Vocking, B.,B77]
Vachharajani, M., [112]

Valiant, L. G.,[801 {27

van Emde Boas layout, 263]

van Emde Boas, P.,264]

Van Hentenryck, P.,[399]

van Kreveld, M., 361]

Vanderbei, R. J.,[399]

variable,

Varman, P. J., 20§

Vazirani, V.,

vector (in C++),[[17]

verification, [d7]

vertex, see node

Vetter, C.,[333]

virtual memory,

allocation strategy,

Vishkin, U.,[303]

visitor, see under graph, see under
graph

Vitanyi, P.,214]

Vitter, J. S.,[193l 212

volatile, d17]

von Neumann, J.,

von Neumann machine, see under
machine model

Vuillemin, J.,

Vygen, J.,361]

wait-free,
Wassenberg, J.,
weak scaling,
Wegener, I,
Wegman, M.,
Weidling, C.,
Westbrook, J.,
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Wickremsinghe, R.,[2212)
Wilhelm, R.,[ET]

Williams, J. W. J.,[219]

Winkel, S.,[196] 2141 237]

Wirth, N.,[32

witness, see algorithm design, certificate
Wolsey, L.,

word, see machine word, @48

work,

work stealing, see under load balancing
worker, [£34]

Worsch, T.,[E31]

worst case, see under running time
write combining,
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