






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Hellerman, Herbert, 459. 
Hemachandra, Acharya 80. 
Henkin, Leon Albert, 17. 
Henrici, Peter Karl Eugen, 88. 
Herbert, George, xiv. 
Hermite, Charles, 49, 478. 
Hesse-Kassel, Louise Wilhelmine Friederike 

Karoline Auguste Julia von, 310, 311. 
Heyting, Arend, 406. 
Hilbert, David, matrix, 38. 
Hiles, John Owen, 421. 
Hill, Robert, 518. 
Hipparchus of Nicrea ("Imtcxpx.oc; 

Nbc.mcxc;), 593. 
HLT (halt), 136, 143. 
Hoare, Charles Antony Richard, 17, 

230, 461, 462. 
Hobbes, Thomas, 650. 
Hobby, John Douglas, 650. 
Holmes, Thomas Sherlock Scott, 465. 
Holt Hopfenberg, Anatol Wolf, 460. 
Honeywell H800, 124. 
Hopcroft, John Edward, 560. 
Hopper, Grace Brewster Murray, 229. 
Hu, Te Chiang 405, 596. 
Huang Bing-Chao 176. 
Huffman, David Albert, 402, 407. 

algorithm, 402-406. 
Hurwitz, Adolf, 44. 

binomial theorem, 399, 488. 
Hwang, Frank Kwangming (Ji{ :J't !!§), 

66, 405, 595. 
Hypergeometric functions, 65. 

basic, 490. 

1/0: Input or output, 215. 
11-register of MIX, 125, 142. 
IBM 650 computer, i, 124, 230, 529. 
IBM 701 computer, 230. 
IBM 705 computer, 230. 
IBM 709 computer, 124, 529. 
IBM 7070 computer, 124. 
Identity permutation, 164, 175. 
Iliffe, John Kenneth, 462. 
Illiac I computer, 230. 
Imaginary part of complex number, 21. 
d'lmperio, Mary E., 462. 
IN (input), 137, 215-216. 
In-degree of vertex, 372. 
INC! (increase rll), 133, 210. 
INCA (increase rA), 133, 210. 
Incidence matrix, 270. 
Inclusion and exclusion principle, 181, 184. 
Incomplete gamma function '"Y(a, x), 

117-122. 
INCX (increase rX), 133, 210. 
Indentation, 312. 
Index: A number that indicates a particular 

element of an array (often called a 
"subscript"), 4, 299, 313, 315. 
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Index register, 125, 127, 158, 266. 
modification of MIX instructions, 

127, 251-252. 
Index variable, 27. 
Indirect addressing, 246, 251-252, 306. 
Induction, mathematical, 11-21, 32, 

316, 475. 
generalized, 20. 

Inductive closure, 4 75. 
Infinite series: A sum over infinitely many 

values, 27-29, 58, 87-96. 
Infinite trees, 317, 382. 
Infinity lemma, 382-386. 
Information: The meaning associated with 

data-the facts or concepts represented 
by data; often used also in a narrower 
sense as a synonym for "data", or in a 
broader sense to include any concepts 
that can be deduced from data. 

Information structure, see Data structure. 
Ingalls, Daniel Henry Holmes, 522. 
Initial vertex of an arc, 372. 
inorder for a binary tree, 319-323, 

330-332, 346. 
Input, 5, 215-228. 

anticipated, 159, 216, 224. 
buffering, 159, 216-228, 231. 
operators of MIX, 136-138, 215-216. 

Input-restricted deque, 239-243, 416. 
Insertion of a node: Entering it into 

a data structure. 
into available space list, see Liberation. 
into deque, 251, 297. 
into doubly linked list, 281, 290, 297. 
into doubly linked ring structure, 358. 
into linear list, 239. 
into linked list, 235, 255, 276, 305. 
into quadruply linked binary tree, 333. 
into queue, 242, 244-245, 254, 260, 

265, 273-274. 
into threaded binary tree, 327, 332. 
into two-dimensional list, 305. 
onto a stack, 241, 242, 244-245, 247, 254, 

258, 269, 273-274, 278, 458. 
Instruction, machine language: A code 

that, when interpreted by the circuitry 
of a computer, causes the computer 
to perform some action. 

in MIX, 127-144. 
symbolic form, 128, 144. 

INT (interrupt), 228. 
Integers, 21. 
Integration, 90. 

by parts, 77, 112-113. 
related to summation, 111-116. 

Interchange operation ( ++ ), 3, 182, 274. 
Interchanging the order of summation, 

29, 33, 35, 43. 
Interest, compound, 23-24. 



638 INDEX AND GLOSSARY 

Interlock time: Delay of one part of a 
system while another part is busy 
completing some action. 

Internal nodes, 400-406. 
Internal path length, 400, 402, 405. 
Internet, iv, xvi. 
Interpreter (interpretive routine), 

200-202, 230, 340. 
Interrupt, 228. 
Intervals, notation for, 21. 
Invariants, 17. 
Inverse modulo m, 42. 
Inverse of a matrix, 37-38, 73, 307. 
Inverse of a permutation, 106, 175-178, 182. 
Inversion problem, 63-64. 
Inversions of a permutation, 542, 557, 577. 
Inverting a linked list, 269, 279. 
1/0: Input or output, 215. 
me (input-output control), 137. 
IPL, 230, 458-459, 460-461, 552. 
Irreflexive relation, 261. 
Isaacs, Irving Martin, 601. 
Isolated vertex, 37 4. 
Itai, Alon ('n'N 11'.JN), 534. 
Iverson, Kenneth Eugene, 33, 39, 459-460. 

convention, 32-33, 61, 103. 

J-register of MIX, 125, 143, 186, 189, 
212-214. 

J1N (jump if rll negative), 135, 210. 
J1NN (jump if rll nonnegative), 135, 210. 
J1NP (jump if rll nonpositive), 135, 210. 
J1NZ (jump if rll nonzero), 135, 210. 
J1P (jump if rll positive), 135, 210. 
J1Z (jump if rll zero), 135, 210. 
JACM: Journal of the ACM, a publication 

of the Association for Computing 
Machinery since 1954. 

Jacob, Simon, 81. 
Jacquard, Joseph Marie, 229. 
JAN (jump if rA negative), 135, 210. 
JANN (jump if rA nonnegative), 135, 210. 
JANP (jump if rA nonpositive), 135, 210. 
JANZ (jump if rA nonzero), 135, 210. 
JAP (jump if rA positive), 135, 210. 
Jarden, Dov (1'11' :rr), 85, 494. 
JAZ (jump if rA zero), 135, 210. 
JBUS (jump if busy), 137, 157, 212, 216. 
JE (jump if equal), 135, 209. 
Jeffrey, David John, 395. 
Jenkins, D. P., 460. 
JG (jump if greater), 135, 209. 
JGE (jump if greater or equal), 135, 209. 
JL (jump if less), 135, 209. 
JLE (jump if less or equal), 135, 209. 
JMP (jump), 134, 187, 209, 288. 
JNE (jump if not equal), 135, 209. 
JNOV (jump if no overflow), 134, 142, 209. 
Jodeit, Jane Griffin, 462. 

Johnson, Lyle Robert, 459-460. 
Johnstone, Mark Stuart, 452. 
Jokes, 54, 200. 
Jones, Clifford Bryn, 18. 
Jones, Mary Whitmore, 378. 
Jonkers, Henricus ( = Hans) Bernard us 

Maria, 614. 
Jordan, Marie Ennemond Camille, 388, 406. 
Josephus, Flavius, problem, 162, 184. 
JOV (jump if overflow), 134, 142, 209. 
Joyal, Andre, 395. 
JRED (jump if ready), 137, 222-223. 
JSJ (jump saving rJ), 134, 189, 210, 531. 
Jump operators of MIX, 134-135, 209. 
Jump trace, 214, 296, 528. 
JXN (jump if rX negative), 135, 210. 
JXNN (jump if rX nonnegative), 135, 210. 
JXNP (jump if rX nonpositive), 135, 210. 
JXNZ (jump if rX nonzero), 135, 210. 
JXP (jump if rX positive), 135, 210. 
JXZ (jump if rX zero), 135, 210. 

Kahn, Arthur B., 268. 
Kahrimanian, Harry George, 459. 
Kallick, Bruce, 404. 
Kaplansky, Irving, 184. 
Karamata, Jovan, 66. 
Karp, Richard Manning, 406. 
Katz, Leo, 590. 
Kaucky, Josef, 63. 
Keller, Helen Adams, 123. 
Kepler, Johann, 80, 81. 
Kilmer, Alfred Joyce, 232. 
King, James Cornelius, 20. 
Kirchhoff, Gustav Robert, 406, 583. 

law of conservation of flow, 97, 170-171, 
268, 278, 364-370, 380. 

Kirkman, Thomas Penyngton, 408. 
Kirschenhofer, Peter, 506. 
Klarner, David Anthony, 86. 
Kleitman, Daniel J (Isaiah Solomon), 

547, 596. 
Knopp, Konrad Hermann Theodor, 48, 498. 
Knotted lists, 459. 
Knowlton, Kenneth Charles, 462. 
Knuth, Donald Ervin ('jf61l{~), ii, iv, xi, 11, 

33, 66, 120, 193, 201, 202, 296, 297, 395, 
457, 461, 471, 484, 499, 504, 523, 525, 
565, 579, 580, 584, 592, 596, 631, 650. 

Knuth, Nancy Jill Carter (jf6 *" fjf), x, xx. 
Kolmogorov, Andrei Nikolaevich 

(KonMoropoB, AH.n;peii: HHKOJiaeBw-1), 
104, 105, 464. 

Konig, Denes, 382, 406, 588. 
Koster, Cornelis ( = Kees) Herman us 

Antonius, 461. 
Kozelka, Robert Marvin, 544. 
Kramp, Christian, 49. 
Krattenthaler, Christian, 39. 
Kreweras, Germain, 598. 



Krogdahl, Stein, 616. 
Kronecker, Leopold, delta notation, 

33, 61, 624. 
Kruskal Joseph Bernard, 386, 588. 
Kummer, Ernst Eduard, 70. 
Kung, Hsiang Tsung (fL f-t M), 563. 

Labeled trees, enumeration of, 389, 407. 
Labelle, Gilbert, 395. 
Lagrange (=de la Grange), Joseph 

Louis, Comte, 
inversion formula, 392, 594. 

Lame, Gabriel, 407. 
Lamport, Leslie B., 605. 
Language: A set of strings of symbols, 

usually accompanied by conventions 
that assign a "meaning" to each string 
in the set, 5, 241, 460-461. 

machine, viii-x, 124. 
Laplace ( = de la Place), Pierre Simon, 

Marquis de, 87. 
transform, 94. 

Laplacian of graph, 582. 
Lapko, Olga Georgievna (JiarrKo, Onbra 

reopnreBHa), 650. 
Large programs, writing, 191-193. 
Larus, James Richard, 369. 
Last in, first out, 240, 452, 459, see Stack. 

almost, 446, 449, 455. 
Latency, 228, 457. 
Lattice: An algebraic system that 

generalizes operations like u and n. 
defined on forests, 577, 598. 
free, 347. 

Lawson, Harold Wilbur, Jr., 433, 461. 
LCHILO, 352-353, 359-360. 
L01 (load rll), 129, 208. 
L01N (load rll negative), 129, 208. 
LOA (load rA), 129, 208. 
LDAN (load rA negative), 129, 208. 
LOX (load rX), 129, 208. 
LOXN (load rX negative), 129, 208. 
Leaf of tree, 308, see Terminal node. 
Least-recently-used replacement, 452. 
Leeuwen, Jan van, 596. 
Left subtree in binary tree, 312, 318. 
Left-to-right maximum or minimum, 

97-101, 104-106, 179. 
Legendre ( = Le Gendre), Adrien 

Marie, 49, 51. 
symbol, 45. 

Leger, Emile, 80. 
Lehmer, Derrick Henry, 465. 
Leibniz, Gottfried Wilhelm, Freiherr 

von, 2, 51. 
Leighton, Frank Thomson, 450-451. 
Leiner, Alan Lewine, 231. 
Leonardo of Pisa, 79-80, 84. 
Leroux, Pierre, 395. 
Letter frequencies in English, 159. 
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Level of node in a tree, 308, 316, 317. 
Level order, 351, 564, 577. 

sequential representation, 351, 359. 
LeVeque, William Judson, 466. 
Levy, Paul, 105. 
Levy, Silvio Vieira Ferreira, xi. 
Lexicographic order, 20, 299-300, 306. 
Liberation of reserved storage, 256, 259, 

291, 413-414, 420-421, 438-442, 
443-444, 452-456. 

LIFO, 240, 459, see Stack. 
Lilius, Aloysius, 159. 
Lindstrom, Gary Edward, 567-568. 
Line printer, 136-137. 
Lineal chart, 310-311. 
Linear extensions, see Topological sorting. 
Linear lists, 232, 238-307. 
Linear ordering, 20, 262, 270. 

embedding a partial ordering into, 262, 
see Topological sorting. 

of binary trees, 333. 
of trees, 346. 

Linear probing, 451. 
Linear recurrences, 83, 88. 
Link, 233-237. 

diagram, 234. 
field, purpose, 432-433, 462. 
manipulation, avoiding errors in, 260-261. 
null, 234-235. 

Link variable, 234. 
Linked allocation of tables, 234, 254-256. 

arrays, 301-307. 
contrasted to sequential, 254-256, 

296, 433. 
history, 457-461. 
linear lists, 234-237, 264-266, 269. 
tree structures, 334, 352-357. 

Linked memory philosophy, 255, 435. 
Linking automaton, 463-464. 
Linsky, Vladislav Sergeevich (JIHHCKHH, 

Bna,n;HCJiaB CepreeBH'-1), 471. 
LISP, 233, 460-461. 
LISP 2 garbage collector, 613. 
List: Ordered sequence of zero or 

more elements. 
circular, 273-280, 302, 355, 411, 459. 
doubly linked, 280-281, 288-291, 297-298, 
35~ 411, 441, 443, 452, 459. 

linear, 232, 238-307. 
of available space, see Available space list. 

List (capital-List) structures, 315-316, 
408-423, 460-462. 

copying, 423. 
diagrams of, 315-317, 408-409. 
distinguished from lists, 233, 411. 
equivalence between, 423. 
notations for, 315-317, 408-409. 
representation of, 409-412, 421. 
sequential allocation, 421. 
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List head, in circular lists, 275, 302-303. 
in doubly linked lists, 280-281, 

288-289, 441, 443. 
in Lists, 410, 414, 417. 
in threaded binary tree, 324, 334. 
in threaded trees, 337. 

List processing systems, 233, 412, 460-462. 
Listing, Johann Benedict, 406. 
Literal constants in MIXAL, 150, 156. 
Literate programming, 193. 
Littlewood, John Edensor, 406. 
LLINK: Link to the left, 280-281, 288-291. 

in binary trees, 318, 322, 327, 333, 459. 
in Lists, 411. 
in trees, 338, 348, 359, 380. 

LLINKT, 324. 
Lloyd, Stuart Phinney, 183, 184. 
Loading operators of MIX, 129, 139, 208. 
Loading routine, 144, 271-272. 
LDC, 235-236. 
Local symbols of MIXAL, 150-151, 157. 
Locally defined function in tree, 351, 361. 
Location counter in MIXAL, 155. 
Location field of MIXAL line, 145, 152. 
Logan, Benjamin Franklin(= Tex), Jr., 74. 
Logarithms, 22-26. 

binary, 23, 26. 
common, 23, 26. 
natural, 23, 26. 
power series, 91. 

Loop in a directed graph: Arc from a 
vertex to itself, 372. 

Loopstra, Bram Jan, 231. 
Louise Wilhelmine Friederike Karoline 

Auguste Julia von Hesse-Kassel, 
310, 311. 

Lovasz, Laszlo, 491. 
Lovelace, Augusta Ada Byron King, 

Countess of, 1. 
LTAG, 322, 333, 349-350, 352, 359, 380. 
Lucas, Frarn$ois Edouard Anatole, 69, 

80, 81, 85, 273, 494. 
numbers Ln, 495. 

Luhn, Hans Peter, 457. 
Lukasiewicz, Jan, 338. 
Lunch counter problem, 456. 
Luo, Jianjin (~ J{!. ~), 407. 
Lynch, William Charles, 585. 

Machine language: A language that directly 
governs a computer's actions, as 
it is interpreted by the computer's 
circuitry, viii-x, 124. 

symbolic, 144, see Assembly language. 
MacMahon, Percy Alexander, 490, 589. 
Macro instruction: Specification of a pattern 

of instructions and/ or pseudo-operators 
that may be repeated frequently 
within a program. 

Madnick, Stuart Elliot, 461. 
Magic square, 162. 
Magnetic tape, 136-137, 463. 
Mailloux, Barry James, 461. 
malloc, see Dynamic storage allocation. 
Mallows, Colin Lingwood, 536. 
Margolin, Barry Herbert, 450. 
Mark I calculator (Harvard), 229. 
Mark I computer (Ferranti), 18. 
Mark bits, 413-414. 
Marking algorithms: Algorithms that 

"mark" all of the nodes accessible from 
some given node, 271-272, 415-423. 

Markov, Andrei Andreevich (MapKoB, 
AH,llpeii: AH.n;peemP-1), the elder, 495. 

chain: Path taken by a Markov process. 
process, 253, 380-382. 

Markov, Andrei Andreevich (MapKoB, 
AH.n;peii: AH.n;peemP-1), the younger, 8. 

Markowitz, Harry Max, 461. 
Markowsky, George, 80, 404. 
Martin, Alain Jean, 605. 
Martin, Johannes Jakob, 614. 
Math. Comp.: Mathematics of Computation 

(1960- ), a publication of the American 
Mathematical Society since 1965; 
founded by the National Research 
Council of the National Academy 
of Sciences under the original title 
Mathematical Tables and Other Aids 
to Computation (1943-1959). 

Mathematical induction, 11-21, 32, 316, 475. 
generalized, 20. 

Matiyasevich, Yuri Vladimirovich 
(MaTlrn:cemP-1, lOpHii: Bna.n;HMHpOBH'-1), 
86. 

Matrix: Two-dimensional array, 
298-299, 315. 

Cauchy, 37-38, 475. 
characteristic polynomial of, 499. 
combinatorial, 37-38, 589. 
determinant of, 37-39, 81, 378-379, 382. 
extendible, 307. 
Hilbert, 38. 
incidence, 270. 
inverse of, 37-38, 73, 307. 
multiplication, 306. 
permanent of, 51. 
representation of, 158-159, 298-307. 
singular, 307. 
sparse, 302-306. 
transpose of, 182. 
triangular, 300, 305. 
tridiagonal, 307. 
unimodular, 601. 
Vandermonde, 37-38, 475. 

Matrix (Bush), Irving Joshua, 35, 36. 
Matrix tree theorem, 378-379, 586. 
Mauchly, John William, 230. 
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Maurolico, Francesco, 17. 
Maximum, algorithm to find, 96-101, 

145, 186. 
Maximum norm, 106. 
McCall's, v. 
McCann, Anthony Paul, 614. 
McCarthy, John, 460-461. 
McEliece, Robert James, 477. 
Mcilroy, Malcolm Douglas, 576, 581. 
Mealy, George, 462. 
Mean value, see Expected value. 
Meek, H. V., 230. 
Meggitt, John Edward, 471. 
Melville, Robert Christian, 540. 
Memory: Part of a computer system 

used to store data, 126. 
cell of, 127. 
hierarchy, 199, 421, 435, 463. 
map, 435-436. 
types of, 238. 

Merner, Jack Newton Forsythe, 229. 
Merrett, Timothy Howard, 560. 
Merrington, Maxine, 66. 
METAFONT, xi, 611, 650. 
METAPOST, xi, 650. 
Military game, 273, 550. 
Miller, Kenneth William, 123. 
Ming, An-T'u ('!§~Ill), 407. 
Minimum path length, 399-406. 
Minimum spanning tree, 371. 
Minimum wire length, 371. 
Minsky, Marvin Lee, 423. 
Mirsky, Leon, 587. 
Mitchell, William Charles, 525. 
MIX computer, viii-x, 124-144. 

assembly language for, 144-157. 
extensions to, 143, 228, 251-252, 455. 
instructions, summary, 140-141. 
simulator of, 203-212. 

MIXAL: MIX Assembly Language, 144-157, 
235-236. 

Mixed-radix number system, 300. 
Mixture of probability distributions, 106. 
MMIX computer, 124, 187, 215, 325. 
Mock, Owen Russell, 231. 
mod, 39-40. 
modulo, 40. 
Mohammed, John Llewelyn, 527. 
Moments of probability distributions, 105. 
Monitor routine, 212, see Trace routine. 
Monte Carlo method: Experiments with 

random data, 445-447. 
Moon, John Wesley, 407. 
Mardell, Louis Joel, 479. 
Morris, Francis Lockwood, 18, 614. 
Morris, Joseph Martin, 567. 
Morrison, Emily Kramer, 229. 
Morrison, Philip, 229. 
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Moschopoulos, Manuel (Mocrx_67touA.oc;, 
Mcxvou1)A.), 162. 

Moser, Leo, 66. 
Mother, in a tree structure, 311. 
Motzkin, Theodor Samuel 

(pp:sm '.JN1tJ\!J 1n1N'n), 85, 593. 
MOVE, 135, 142, 193, 211. 
MOVE CORRESPONDING, 426, 430-431, 434. 
MUG: MIX User's Group, 641. 
MUL (multiply), 131-132, 208. 
Multilinked structures, 232, 288-289, 

357, 424-434, 458. 
Multinomial coefficients, 65, 394. 
Multinomial theorem, 65. 
Multipass algorithms, 198-200, 201-202. 
Multiple: x is a multiple of y if x = ky 

for some integer k. 
Multiple entrances to subroutines, 189. 
Multiple exits from subroutines, 190, 269. 
Multiple precision arithmetic, 202. 
Multiple precision constants, 619-621. 
Multiple summation, 33-36. 
Multiplication of permutations, 165-167, 

172-173, 371. 
Multiplication of polynomials, 277, 280, 361. 
Multiplication of sparse matrices, 306. 
Multiplicative function, 42-43. 
Multiset: Analogous to a set, but elements 

may appear more than once. 
Multiway decisions, 158. 
Munro, James Ian, 523. 

N agorny, Nikolai Makarovich (HaropHbiii:, 
HHKOJiaii: MaKapoBH"I), 9. 

Nahapetian, Armen, 579. 
Napier, John, Laird of Merchiston, 23. 
Nash, Paul, 556. 
National Science Foundation, x. 
Natural correspondence between binary 

trees and forests, 334-335, 346. 
Natural logarithms, 23, 26. 
Naur, Peter, 17. 
Needham, Joseph, 59. 
Neely, Michael, 452. 
Negative: Less than zero (not zero). 
Negative binomial distribution, 107. 
Nested parentheses, 312-313, 349, 597. 
Nested sets, 312, 317. 
Nesting store, 240. 
Network: A graph together with additional 

data, such as weights on the edges 
or vertices. 

Neumann, John von (= Margittai Neumann 
Janos), 18, 229, 457. 

Neville, Eric Harold, 591. 
Newell, Allen, 230, 457-458, 460. 
Newton, Isaac, 22, 57, 497. 

identities, 497. 
Next-fit method of storage allocation, 

448, 453, 617. 
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Nicolau, Alexandru, 614. 
Nicomachus of Gerasa (N Lx.6µcxx.oc; 

0 EX. repcXawv), 19. 
Nielsen, Norman Russell, 450. 
Nil link, see Null link. 
Niven, Ivan Morton, 87. 
Noah ben Lamech (ltJ'.J pm), 310. 
Node: Basic component of data s

0

tructures, 
233, 462-464. 

address of, 233. 
diagram of, 234. 
link to, 233. 
notations for fields, 235-237, 458. 
size of, 257, 299, 435, 453. 

NODE, 236. 
Node variable, 236. 
Noncrossing partitions of a polygon, 408. 
Nonnegative: Zero or positive. 
NOP (no operation), 136. 
Normal distribution, 104, 122. 

approximately, 105-106. 
Notations, index to, 623-627. 
Null link (A), 234-235. 

in binary trees, 322, 331. 
in diagrams, 234. 
in trees, 318. 

NUM (convert to numeric), 138. 
Number definitions, 21. 
Number system: A language for representing 

numbers. 
binary, 24-26. 
combinatorial, 73, 560. 
decimal, 21, 691. 
Fibonacci, 86, 495. 
mixed-radix, 300. 
octal, 620. 
phi, 86. 

Number theory, elementary, 40-45. 
Nygaard, Kirsten, 229, 461. 

0-notation, 107-111, 118. 
O'Beirne, Thomas Hay, 518. 
Octal values of constants, 620. 
Odlyzko, Andrew Michael, 121, 565. 
Oettinger, Anthony Gervin, 460. 
Office of Naval Research, x, 230. 
Okada, Satio (fifi] EB"$ m, later 

fiOl EB "$-=f ~), 582. 
Oldenburg, Henry, 57. 
Oldham, Jeffrey David, xi. 
Omphaloskepsis, 214. 
One-address computer, 127, 350. 
One-way equalities, 108. 
One-way linkage, see Circular linkage, 

Straight linkage. 
Onodera, Rikio (Jj\ lff ~ fJ :1i;:), 582. 
Open subroutine, 229, see Macro instruction. 
Operation code field, of MIX instruction, 127. 

of MIXAL line, 145, 155. 

Optimal search procedure, 402. 
Order of succession to the throne, 336. 
Ordered trees, 308-309, 374, see Trees. 

enumeration of, 388-389, 398, 407. 
Ordering: A transitive relation between 

objects of a set. 
lexicographic, 20, 299-300, 306. 
linear, 20, 262, 270. 
linear, of tree structures, 333, 346. 
partial, 261-262, 269-270, 346, 562, 575. 
well-, 20, 334. 

Oresme, Nicole, 22. 
Oriented binary trees, 396-397. 
Oriented cycle in a directed graph, 372. 
Oriented forests, 353-355. 
Oriented path in a directed graph, 372. 
Oriented subtrees, enumerated, 378. 
Oriented trees, 308-309, 312, 372-382. 

canonically represented, 390-394, 
397-398, 590-591. 

converted to ordered trees, 347. 
defined, 373. 
enumerated, 386-387, 389-395, 406. 
represented in computer, 347, 353, 377. 
with root changed, 377. 

ORIG (origin), 146, 151, 155. 
Orlin, James Berger, 584. 
Orthogonal lists, 298-307. 
Orthogonal vectors of permutations, 184. 
Otoo, Ekow Joseph, 560. 
Otter, Richard Robert, 395, 589. 
OUT (output), 137, 225. 
Out-degree of a vertex, 372. 
Output, 5, 215-228. 

buffering, 147, 216-228, 231. 
operators of MIX, 136-138. 

Output-restricted deque, 239-243, 269, 274. 
OVERFLOW, 245-251, 256-258, 268-269. 
Overflow toggle of MIX, 126, 134, 142, 

208, 214, 228. 

Packed data: Data that has been 
compressed into a small space, as when 
two or more elements are placed into 
the same cell of memory, 128, 158. 

Paging, 452. 
Palla, Jean Marcel, 577. 
Palm tree, 581. 
Paper tape, 136-137, 231, 229. 
Parallelism, 296. 
Parameters of subroutines, 187, 189, 229. 
Parent, in a tree structure, 311, 317, 

334-335. 
in a threaded tree, 566. 

Parent links, 347, 353-355, 359-361, 
373, 377, 427-433. 

Parentheses, 312-313, 349, 597. 
Parker, Douglass Stott, Jr., 596. 
Parmelee, Richard Paine, 450. 



Partial field designations in MIX, 126-128, 
139, 143, 207. 

Partial fractions, 62-63, 72, 83. 
Partial ordering, 261-262, 269-270, 

346, 562, 575. 
Partitions of a set, 74, 482. 
Partitions of an integer, 12, 34, 93. 

generating function, 87, 94. 
Pascal, Blaise, 17, 53. 

triangle, 53-54, 69, 71, 73, 85, 499, see 
Binomial coefficients. 

Pass, in a program, 198-200. 
Patashnik, Oren, 11, 631. 
Path, in a graph or directed graph, 363. 

oriented, 372. 
random, 380-381. 
simple, 363, 369, 372, 376. 

Path compression, 576. 
Path length of a tree structure, 399-406. 

average, 405. 
Patience (solitaire), 377-378. 
Patt, Yale Nance, 509. 
Pawlak, Zdzislaw, 460. 
PDP-4 computer, 124. 
Peck, John Edward L., 461. 
Pedigree, 310-311. 
Peirce, Charles Santiago Sanders, 593. 
Penrose, Roger, 587. 
Peripheral device: An 1/0 component of 

a computer system, 136. 
Perlis, Alan Jay, 322, 459-460. 
Permanent of a square matrix, 51. 
Permutations, 45-46, 51, 97-98, 164-185, 

242-243. 
in place, 9, 165, 184-185, 523. 
inverse of, 106, 175-178, 182. 
multiplication of, 165-167, 172-173, 371. 
notations for, 164. 
orthogonal vectors of, 184. 

PERT network, 261-262. 
Petkovsek, Marko, 65. 
Petolino, Joseph Anthony, Jr., 516. 
Pfaff, Johann Friedrich, 486. 
Pflug, Georg Christian, 445. 
Phi (</J), 81, see Golden ratio. 

number system, 86. 
Phidias, son of Charmides ( <PEL5tcxc; 

Xcxpµt5ou), 81. 
Philco S2000 computer, 124. 
Phyllotaxis, 80. 
Pi (rr), 21, 619-620. 

Wallis's product for, 52, 116. 
Pingala, Acharya (~~), 53. 
Pile, 240. 
Pilot ACE computer, 230. 
Pipe, 198. 
Pipeline, 528. 
Pisano, Leonardo, 79-80, 84. 
Pivot step, 302-305, 307. 
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PL/I language, 433-434. 
PL/MIX language, 156. 
Plane trees, 308, see Ordered trees. 
Plex, 458. 
Poblete Olivares, Patricio Vicente, 523. 
Poincare, Jules Henri, 491. 
Pointer, see Link. 
Pointer machines, 464. 
Poirot, Hercule, xvii. 
Poisson, Simeon Denis, distribution, 

106, 524. 
tail of, 502. 

Polish notation, see Prefix notation, 
Postfix notation. 

Polansky, Ivan Paul, 461. 
P6lya, George ( = Gyorgy), 17, 93, 395, 

396, 406, 407, 496. 
Polynomials, 55, 57, 64, 67, 68, 70, 108. 

addition of, 275-280, 357-359. 
Bernoulli, 44, 113-115, 503. 
differences of, 64. 
multiplication of, 277, 280, 361. 
representation of, 275-276, 280, 356-357. 

Pool of available nodes, 257, see Available 
space list. 

Pooled buffers, 224, 227. 
Pop up a stack: Delete its top element, 

241, 242, 244-245, 247, 254, 259, 
269, 273-274, 278, 458. 

Positive: Greater than zero (not zero). 
Postfix notation, 338, 352, 593. 
Posting a new item, see Insertion. 
Postorder for a binary tree, 319, 321, 

330-332, 346. 
Postorder for a tree, 336-340, 346, 348, 460. 
Postorder with degrees, representation 

of trees, 351, 361-362. 
PostScript, 202. 
Poupard, Yves, 598. 
Power of a number, 22. 

evaluation, 509. 
Power series: A sum of the form L:k>O akzk, 

see Generating function. -
convergence of, 87, 396. 
manipulation of, 118. 

Pratt, Vaughan Ronald, 45, 539, 592. 
Prefix notation, 338. 
Preorder for a binary tree, 319, 321, 

330-332, 346. 
Preorder for a tree, 336-338, 346, 348, 460. 
Preorder sequential representation of 

trees, 349, 362. 
with degrees, 359, 460. 

Prepostorder, 568. 
Prim, Robert Clay, 371. 
Prime numbers, 19, 41, 45, 47-48, 51, 

69-70, 84-85. 
algorithm to compute, 147-149. 
factorization into, 42. 
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Prinz, Dietrich G., 230. 
Priority queue, 435, 556, 590. 
Probability distribution: A specification of 

probabilities that govern the value of 
a random variable, 98-107. 

average ("expected") value of, 98-103. 
variance of, 98-103. 

Probability generating functio:rl, 103. 
Procedure, see Subroutine. 
Procedure for reading this set of books, 

xii-xiv, 9. 
Prodinger, Helmut, 506. 
Profile of a program: The number of 

times each instruction is perfomed, 
145, 170, 214, 296, 528. 

Program: Representation of a computational 
method in some precise, formalized 
language, 5. 

Programming language: A precise, 
formalized language in which programs 
are written. 

Programs, hints for construction of, 
191-193, 296. 

Progression, arithmetic, sum of, 11, 
31-32, 56. 

Progression, geometric, sum of, 31, 88. 
Proof of algorithms, 5-6, 13-17, 321, 

361, 422, 434. . 
Proof of termination, 16-17, 19-21, 386. 
Proper divisor, see Divisor. 
Property A, 586. 
Prosody, 53, 80. 
Priifer, Ernst Paul Heinz, 407. 
Pseudo-operator: A construction in a 

programming language that is used to 
control the translation of that language 
into machine language, 146. 

Psi function 'lj;(z), 44, 75, 493. 
Purdom, Paul Walton, Jr., 448, 450. 
Push down list, 240, see Stack. 
Push down a stack: Insert a new top 

element, 241, 242, 244-245, 247, 254, 
258, 269, 273-274, 278, 458. 

q-nomial coefficients, 65, 73, 491. 
q-nomial theorem, 73, 494. 
Quadratic Euclidean domains, 468. 
Quadratic reciprocity law, 45. 
Quadruply linked binary tree, 333. 
Quadruply linked trees, 357. 
Quadtrees, 564. 
Qualification of names, 424-434. 
Quasi-parallel processing, 296. 
Queue, 239-243, 264-266, 459, 577, 607. 

deletion from the front, 242, 244-245, 
254, 261, 265, 273-274. 

insertion at the rear, 242, 244-245, 
254, 260, 265, 273-274. 

linked allocation, 259-261, 269, 
273-274, 288. 

sequential allocation, 244-245, 251, 
252, 254. 

Quick, Jonathan Horatio, 502. 
Quotient, 40. 

Rahman, Mizanur (P:i;;a1:;g ~), 490. 
Railway network, 240. 
Ramanan, Prakash Viriyur ( Ul)a;rr~ 

@SJrflYsJ,fr l)LDrOmW), 538. 
Ramanujan Iyengar, Srinivasa (l§~liillrr6YV 

l)rTLDrTW~W gf]UJriua;rrrt), 12, 121, 122. 
Ramshaw, Lyle Harold, 487. 
Ramus, Christian, 71. 
Randell, Brian, 202, 450. 
Random path, 380-381. 
Raney, George Neal, 392, 394, 593. 
Raphael, Bertram, 460. 
Rational number, 21, 25, 161. 
Raz, Yoav (n :lNP), 534. 
RCA 601 computer, 124. 
Reactive process, 5. 
Read, Ronald Cedric, 565. 
Reading: Doing input, 215. 
Real number, 21. 
Real part of complex number, 21. 
Real-time garbage collection, 423. 
Reallocation of memory, 247-251, 452, 457, 

see also Compacting memory. 
Rear of queue, 241. 
Recently used bit, 452. 
Recipe, 6. 
Reciprocity formulas, 44-45. 
Recomp II computer, 124. 
Record: A set of contiguous data; see 

also Node, 233. 
Records, blocking of, 218, 225. 
Rectangular arrays, 298-307. 
Recurrence relation: A rule that defines each 

element of a sequence in terms of the 
preceding elements, 87-89. 

Recursive definition, 308, 312, 315, 318, 
319, 335, 346, 357. 

Recursive Lists, 316. 
Recursive use of subroutines, 191. 
Reeves, Colin Morrison, 445. 
Reference, 233, see Link. 
Reference counters, 413-414, 421, 461. 
Reflection principle, 536, 593, 598. 
Reflective laws, 55, 489. 
Reflexive relation, 261, 353. 
Registers: Portions of a computer's 

internal circuitry in which data is 
most accessible. 

of MIX, 125. 
saving and restoring contents of, 188, 

198, 213, 228. 
Regular directed graph, 379. 
Reingold, Edward Martin, 23, 518. 



Relation: A property that holds for certain 
sets (usually ordered pairs) of elements; 
for example, "<" is a relation defined 
on ordered pairs (x, y) of integers, 
and the property "x < y" holds if and 
only if x is less than y. 

antisymmetric, 261. 
asymmetric, 261. 
equivalence, 353-355, 487. 
irreflexive, 261. 
reflexive, 261, 353. 
symmetric, 353. 
transitive, 108, 261, 353, see Ordering. 

Relative error, 116. 
Relatively prime integers, 40. 
Releasing a buffer, 219-223, 226-227. 
Remainder, 40. 
Remove from a structure, see Deletion. 
Renyi, Alfred, 595. 
Replacement operation ( +-), 3. 
Replicative function, 43-44. 
Representation (inside a computer), 

methods for choosing, 238, 424-433. 
of algebraic formulas, 337, 459. 
of binary trees, 318, 322, 327, 333-334. 
of deques, 251, 280, 297. 
of forests, 334. 
of Lists, 409-412, 421. 
of oriented trees, 347, 353, 377. 
of polynomials, 275-276, 280, 356-357. 
of queues, 244-245, 251-254, 259-261, 

269, 273-274, 288. 
of stacks, 244-254, 258, 269-270, 

273-274, 332, 417. 
of trees, 348-357, 359-362, 459-460. 

Reprogramming, 203. 
Reservation of free storage, 256-258, 291, 

436-438, 443, 452-456. 
Reversing a list, 269, 279. 
Reversion storage, 240. 
Ribenboim, Paolo, 466. 
Rice, Stephan Oswald, 565. 
Richmond, Lawrence Bruce, 565. 
Riemann, Georg Friedrich Bernhard, 

zeta function (( s), 76. 
Right subtree of a binary tree, 312, 318. 
Right-threaded binary trees, 327, 332-334. 
Right-threaded trees, 338, 380. 
Right-to-left maximum or minimum, 

97-101, 104-106, 179. 
Ring structure, 355-357. 
Riordan, John, 397, 494, 595. 
RISC: Reduced Instruction Set 

Computer, 124. 
Rising factorial powers, 50, 71, 624. 
Ritchie, Dennis MacAlistair, 461. 
RLINK: Link to the right, 280-281, 288-291. 

in binary trees, 318, 322, 327, 333, 459. 
in Lists, 409, 411. 
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in trees, 338, 348-353, 359, 380. 
RLINKT, 324. 
Robinson, Raphael Mitchel, 587. 
Robson, John Michael, 448, 452, 456, 

567, 604, 616. 
Rodrigues, Benjamin Olinde, 407. 
Roes, Piet Bernard Marie, 100. 
Rogers, Leonard James, 490. 
Rokicki, Tomas Gerhard, 202. 
Roll, 240. 
Root of a directed graph, 372. 
Root of a number, 22, 25. 
Root of a tree, 110, 308, 309, 317. 

change of, 377. 
Rooting a free tree, 373. 
Roots of unity, 89. 
Rosenberg, Arnold Leonard, 560. 
Rosenstiehl, Pierre, 243. 
Ross, Douglas Taylor, 450, 458, 462. 
Rotating memory devices, 228, 457. 
Rothe, Heinrich August, 63. 
Rounding, 41, 83, 160, 183. 
Rousseau, Cecil Clyde, 507. 
Roving pointer, 607. 
Row major order, 159, 182, 299. 
RTAG, 322, 332-334, 338, 349-351, 359, 380. 
Running time, see Execution time. 
Russell, David Lewis, 613. 
Russell, Lawford John, 202. 

Saddle point, 159. 
Salton, Gerard Anton, 351, 459. 
Sammet, Jean Elaine, 462, 574. 
Satterthwaite, Edwin Hallowell, Jr., 230. 
Saving and restoring registers, 188, 

198, 213, 228. 
Schaffer, Alejandro Alberto, 514. 
Schatzoff, Martin, 450. 
Scherk, Heinrich Ferdinand, 490. 
Schlatter, Charles Fordemwalt, 459. 
Schlatter, William Joseph, 459. 
Schleswig-Holstein-Sonderburg-Gliicksberg, 

Christian von, see Christian IX. 
Scholten, Carel Steven, 231, 605. 
Schoor, Amir (11\!J 1'1'JN), 559. 
Schorr, Herbert, 418, 422. 
Schreiber, Peter, 81. 
Schreier, Otto, 385. 
Schroder, Friedrich Wilhelm Karl Ernst, 592. 
Schwartz, Eugene Sidney, 404. 
Schwarz, Karl Hermann Amandus, 

inequality, 36. 
Schwenk, Allen John, 495. 
Schweppe, Earl Justin, 459. 
SCOPE link, 350, 362, 434. 
Scroll, 240. 
Segner, Johann Andreas von, 407, 536. 
Seki, Takakazu (~~*D), 112, 115. 
Self-modifying code, 187, 193. 
Selfridge, John Lewis, 78. 
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Semaphores, 231. 
Semi-invariants of a probability distribution, 

103-106. 
Sentinel: A special value placed in a table, 

designed to be easily recognizable 
by the accompanying program, 
217-218, 276, 567. 

Sequential (consecutive) allocation of 
tables, 244. 

arrays, 158-159, 299-301, 305-307. 
contrasted to linked, 254-256, 296, 433. 
history, 457. 
linear lists, 244-254, 264-266, 325. 
tree structures, 348-352, 359-362, 433. 

Series, infinite: An infinite sum. 
Series-parallel networks, 589. 
Sets, partition of, 7 4, 482. 
Sha, Jichang (~ ~ lf1t ), 547. 
Shakespeare ( = Shakspere), William, 

232, 466. 
Shaw, John Clifford, 230, 457-458. 
Shelf, 240. 
Shephard, Geoffrey Colin, 384, 587. 
Shepp, Lawrence Alan, 183, 184. 
Shift operators of MIX, 135, 211. 
Shor, Peter Williston, 514. 
Shore, John Edward, 445, 450. 
Shylock, 466. 
Sibling, in a tree structure, 311. 
Sibling link, 427-433. 
SICOMP: SIAM Journal on Computing, 

published by the Society for Industrial 
and Applied Mathematics since 1972. 

Sideways addition, 131. 
Sign function (signx), 475. 
Similar binary trees, 327-329. 
Similar forests, 346. 
Simon, Herbert Alexander, 230, 457-458. 
Simonovits, Miklos, 505. 
Simple oriented path, 372, 376. 
Simple path, 363, 369. 
SIMSCRIPT language, 461. 
SIMULA I language, 229. 
Simulated time, 283, 288. 
Simulation: Imitiation of some process, 445. 

continuous, 282, 298. 
discrete, 203, 282-298. 
of one computer on another, 9, 202-203. 
of one computer on itself, 212-214. 

Singh, Parmanand (q '(J:j I 4':: ~), 80. 
Singleton cycle of a permutation, 164, 

171, 180-181. 
Singular matrix, 307. 
Singularity of a function, 396. 
Sister, in a tree structure, 311. 
SLA (shift left rA), 135, 530. 
SLAX (shift left rAX), 135, 530. 
SLC (shift left rAX circularly), 135, 530. 
SLIP, 460-461. 

Sloane, Neil James Alexander, 595. 
Smallest in, first out, 556. 
SNOBOL, 461. 
SODA: Proceedings of the ACM-SIAM 

Symposia on Discrete Algorithms, 
inaugurated in 1990. 

Son, in a tree structure, 311. 
Software: General-purpose programs 

that extend the capabilities of 
computer hardware. 

Soria, Michele, 501. 
Spanning subtrees, 365-370. 

minimum cost, 371. 
Sparse array trick, 307. 
Sparse matrices, 302-306. 
Sparse-update memory, 298. 
Speedcoding, 230. 
Spie:B, Jurgen, 91. 
Spine of a binary tree, 568. 
SRA (shift right rA), 135, 530. 
SRAX (shift right rAX), 135, 530. 
SRC (shift right rAX circularly), 135, 530. 
ST! (store rll), 130, 209. 
STA (store rA), 130, 209. 
Stack, 239-243, 320-321, 323, 325-326, 351, 

361, 415-416, 422, 428-429, 458-459. 
deletion ("popping"), 241, 242, 244-245, 

247, 254, 259, 269, 273-274, 278, 458. 
insertion ("pushing"), 241, 242, 244-245, 

247, 254, 258, 269, 273-274, 278, 458. 
linked allocation, 258, 269, 270, 

273-274, 332, 417. 
pointer to, 244, 258. 
sequential allocation, 244-254, 325. 

Stack permutations, 242-243, 331. 
Standard deviation of a probability 

distribution: The square root of the 
variance, an indication of how much 
a random quantity tends to deviate 
from its expected value, 98. 

Stanford University, ii, x, 296, 554. 
Stanley, Richard Peter, 407, 593, 598. 
Staudt, Karl Georg Christian von, 406. 
Steady state, 381-382. 
Stearns, Richard Edwin, 464. 
Steele, Guy Lewis, Jr., 605. 
Steffens, Elisabeth Francisca Maria, 605. 
Steffensen, Johan Frederik, 503. 
Stevenson, Francis Robert, 579. 
Stickelberger, Ludwig, 51. 
Stigler, Stephen Mack, 448, 450. 
Stirling, James, 47-49, 67, 69, 73, 

87, 115, 181. 
approximation, 51, 115-116. 

Stirling numbers, 66-69, 71-74, 78, 
99-100, 506, 582. 

asymptotic behavior, 66. 
combinatorial interpretations, 66, 74, 179. 
duality law, 68. 



generating functions, 91. 
modulo p, 492. 
table, 66. 

STJ (store rJ), 130, 187, 209. 
STOC: Proceedings of the ACM 

Symposia on Theory of Computing, 
inaugurated in 1969. 

Stolarsky, Kenneth Barry, 495. 
Storage allocation: Choosing memory cells 

in which to store data, see Available 
space list, Dynamic storage allocation, 
Linked allocation, Sequential allocation. 

Storage mapping function: The function 
whose value is the location of an 
array node, given the indices of that 
node, 299-301, 305-307. 

Store: British word for "memory''. 
Storing operators of MIX, 130, 209. 
Straight linkage, 254, 258-259, 411. 
String: A finite sequence of zero or more 

symbols from a given alphabet, 8, 86, 
185, 274, 495, see Linear lists. 

binary, 598-599. 
concatenation of, 27 4. 
manipulation of, 461, 462. 

Strong, Hovey Raymond, Jr., 560. 
Strongly connected directed graph, 372, 377. 
Structure, how to represent, 238, 

424-433, 462. 
Struik, Dirk Jan, 57, 481, 497. 
Stuart, Alan, 100. 
STX (store rX), 130, 209. 
STZ (store zero), 130, 209. 
SUB (subtract), 131-132, 208. 
Subadditive law, 616. 
Subi, Carlos Samuel, 527. 
Subroutines, 158, 186-197, 202, 206-207, 

211, 269, 279-280, 290-291, 343. 
allocation of, 271-272. 
history, 229-230. 
linkage of, 186, 229. 

Subscript, 3--4, see Index. 
Substitution operation ( +-), 3. 
Subtrees, 308. 

average size of, 405. 
free, enumeration of, 378-379. 

Summation, 27-39. 
by parts, 44, 76-78. 
Euler's formula, 111-116, 120, 123. 
interchange of order, 29, 33, 35, 43. 
multiple, 33-36. 
of arithmetic progression, 11, 31-32, 56. 
of binomial coefficients 56-74, 

76-78, 85, 96. 
of geometric progression, 31, 88. 
of powers, 115. 
related to integration, 111-116. 

Sun SPARCstation, 650. 
Supremum: Least upper bound, 37. 
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Suri, Subhash (~ @"), 514. 
Sutherland, Ivan Edward, 459. 
Swainson, William, 330. 
Swapping buffers, 147, 159, 217-218, 225. 
Swift, Charles James, 231. 
Swift, Jonathan, 628. 
Switching table, 158, 205-206, 209, 210, 530. 
Sylvester, James Joseph, 407, 473, 583, 586. 
Symbol manipulation: A general term 

for data processing, usually applied 
to nonnumeric processes such as 
the manipulation of strings or 
algebraic formulas. 

Symbol table algorithms, 175, 426. 
Symbolic machine language, see Assembly 

language. 
Symmetric functions, 92-94, 497. 

elementary, 38, 94, 497. 
Symmetric order for a binary tree, 

319-323, 330-332, 346. 
Symmetric relation, 353. 
Synchronous discrete simulation, 282, 298. 
System: A set of objects or processes 

that are connected to or interacting 
with each other. 

System/360 computers, 124, 189. 
Szekeres, George, 595. 
Szpilrajn, Edward, 268. 

t-ary trees, 334, 405. 
enumeration of, 397, 593. 
sequential allocation, 401. 

Table-driven program, see Interpreter, 
Switching table. 

Tables, arrangement of, inside a computer, 
see Representation. 

Tables of numerical quantities, 54, 
66, 619-621. 

Tag field in tree node, 322, see LTAG, RTAG. 
Tail inequalities, 104, 106-107. 
Tamaki, Jeanne Keiko (.:i Li~ r), 596. 
Tamari, Dov, 577. 

lattice, 577, 598. 
Tape, magnetic, 136-137, 463. 

paper, 136-137, 231, 229. 
Tarjan, Robert Endre, 243, 581. 
Taylor, Brook, formula with remainder, 117. 
Temme, Nicolaas Maria, 66, 121. 
Temporary storage: Part of memory used 

to hold a value for a comparatively 
short time while other values occupy 
the registers, 191. 

Termial function, 48, 51. 
Terminal node of a tree, 308, 318, 

352, 397, 597. 
Terminology, viii, 45, 240, 311, 362, 435. 
Ternary trees, 334, 401. 
Tetrad tiling, 383-385. 
Tetrahedral arrays, 300-301, 306. 
'TEX, xi, 202, 611, 650. 
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Theory of algorithms, 7, 9. 
Theory of automata, 230, 240, 463-464. 
Thiele, Thorvald Nicolai, 103. 
Thorelli, Lars-Erik, 603, 613. 
Thornton, Charles, 322, 459-460. 
Thread an unthreaded tree, 333. 
Thread links, 422. • 
Threaded binary trees, 322, 331-332, 460. 

compared to unthreaded, 326. 
insertion into, 327, 332. 
list head in, 324, 334. 

Threaded trees, 335-336, 459. 
Three-address code, 337, 459. 
Tiling the plane, 383. 
Time taken by a program, see Execution 

time. 
Todd, John, 475. 
Tonge, Frederic McLanahan, Jr., 460. 
Top-down process, 309, 361. 
Top of stack, 241-242. 
Topological sorting, 261-271, 346, 376, 397. 
Torelli, Gabriele, 71, 488. 
Toroidal tiling, 384. 
Total ordering, 270, see Linear ordering. 
Totient function cp( n), 42, 184. 
Trace routine, 192, 212-214, 230, 296. 
Traffic signals, 161-162. 
Transfer instruction: A "jump" instruction. 
Transitive relation, 108, 261, 353, see 

Ordering. 
Transposing a rectangular matrix, 182. 
Transposing blocks of data, 184-185. 
Transpositions: Permutations that 

interchange two elements, 3, 182, 
274, 371. 

Traversal of binary trees, 319, 459-460. 
inorder, 320, 323. 
postorder, 331-332. 
preorder, 331-332. 

Traversal of trees, 336, 459-460. 
prepostorder, 568. 

Tree function T(z), 395. 
Tree mappings, 390. 
Trees, 232, 308-423. 

binary, see Binary trees. 
comparison of different types, 

308-309, 374. 
complete, 401-402, 405, 563. 
construction of, 340-341, 343, 428-429. 
copying of, 329-330, 333, 347. 
definition of, 308, 317, 363, 373. 
deletion from, 358. 
Dewey notation for, 313, 317, 

382-383, 460. 
diagrams of, 309-315, 337, 346, 349, 460. 
disjoint, see Forest. 
embedding of, 348, 386. 
enumeration of, 386-399, 408. 
equivalent, 346. 

erasing of, 333. 
free, see Free trees. 
history, 406-407, 459-460. 
infinite, 317, 382. 
insertion into, 327, 332. 
labeled, enumeration of, 389, 407. 
linear ordering of, 346. 
linked allocation for, 334, 352-357. 
mathematical theory of, 362-408. 
ordered, 308, 374, 388~389, see Trees. 
oriented, see Oriented trees. 
quadruply linked, 357. 
representation of, 348-357, 359-362, 

459-460. 
right-threaded, 338, 380. 
sequential allocation for, 348-352, 

359-362, 433. 
similar, 346. 
t-ary, 334, 397, 401-402, 405, 593. 
ternary, 334, 401. 
threaded, 335-336, 459. 
traversal of, 336, 459-460. 
triply linked, 353, 359-360, 427-433. 
unordered, see Oriented trees. 
unrooted, 363, see Free trees. 

Triangular matrix, 300, 305. 
Triangulations of polygons, 407, 598-601. 
Tricomi, Francesco Giacomo Filippo, 

121, 122. 
Tridiagonal matrix, 307. 
Trigonometric functions, 44, 229, 471. 
Trilling, Laurent, 461. 
Triple order for a binary tree, 567-568. 
Triply linked tree, 353, 359-360, 427-433. 
Trit, 139. 
Tritter, Alan Levi, 576. 
Tucker, Alan Curtiss, 405. 
Turing, Alan Mathison, 18, 193, 229, 

230, 459. 
machines, 8, 230, 464. 

Tutte, William Thomas, 583. 
Twain, Mark ( = Clemens, Samuel 

Langhorne), 54. 
Twigg, David William, 523. 
Two-line notation for permutations, 

164, 182. 
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We must not . . . think that computation, 
that is ratiocination, 

has place only in numbers. 

- THOMAS HOBBES, Elementary Philosophy (1656) 
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