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THE ERRATA OF COM PUTER PROGRAMMING

This report lists all corrections and changes of Volumes 1 and 3 ofThe Art of Computer Prograninjng, as of January 5, 1979, This updates theprevious list in report CS551, May 1976. The second edition of Volume 2has been delayed two years due to the fact that it was ccziplete].y revisedand put into the TEX typesetting language ; since publication of this newedition is not far off , no changes to Volume 2 are listed here.
The present report was prepared with a typesetting system that is nowobsolete; please do not wince at the typography. Al]. cahnges and correctionshenceforth will be noted in TEX form on file ERRA~PA.TEX[~~T,DEK] at SU-AI.
In spite of inflation, the rewards to error-detectors are still $2for “new” mistakes in the second edition, $1 in the first edition.
Please do not endanger the author’s morale by asking him aboutVolume 

~~. Thank you for your understanding.

ILLJ throughout the book(s) 2/28/78 2
when t he text of these booka is on a computer I will tr y 10 be consistent in hyphenatingcompound adjecti,es like doubly-linked lists and storsge-sflocaiion algor ithms , etc. ... butuntil th en, such lapses ire not to he considered errors

1’
~d2~ line 11 

~/2 7/78 3
Leibnitx ~~.m Leibniz ~~~~~~~~~~~~~~~ ~ . 

~~~~~~~~

NT~ White S.cflon
~~ 4t Section C3

III £C3 lIne -? uNANNOU NCED 0 1I/29/~~ 4IUSTII ICAit(~t
the theorem ‘v’ that the theorem .

BY

T’IWA VA D~l’IV ~~1[~
1~~&~ line 16 11/29/77 3

3p., #S~d 3 p~

11~IP~~~~~ lIne 3, under the big p1 11/12/76 6

The preparation of this report was supported in part by Nuttona.1. ScienceFoundation grant MCS-77-23738, by Office of Naval Researcl~ contractNOOO1I~-76-c-O33O, and by IBM Corporation. Reproduction in whole or inpart is permitted for any purpose of the United States government.
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~~~~~~~~~~~ displayed formula In x.rcl.s 32 2/28/78 7

u / c  4~’ n/c

‘L~t dd a footnot e (a.. p. v for style) 4119/fl 8

line 3 after (1): book. ~~s4 book.*
footnote for bottom of page: In fact, permutations are so important, Vaugha n Pratt has
suggeste d calling them ‘peom& 5 As soon as Pratt ’s convention Ii established, tutboelis of
computer science will be somewhat sho rter (and perhaps lies expensive).

11.’~~~[ ~ lInes -4, -5(twlce), -7, -15, -16 11/12176 9

t~P.~Lt~~~ lines 3, 10, 11, 12, 21 11/12/76 10

~~~~~~~~~~ exercls. 21 line 1 7/31/76 ii

Faa ds~ Fal

~~~~~~~~~~ line 13 2/28/78 12

manner ~~~~~ matter

1L~~ line 6 after Table 1 8125/76 13

Szu-~iaan “a” Szs-yiiaus

1L~t~ change In Eq (17) 11/12176 14

-r a and a

2
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~~~~~~~~ Eq. (18) 7131176 15

.s� 0. #%ds $.

1L~~ line after (19) 11/12/76 16

a

1t4i1~ capt ion to Tabl e 2, replace thi rd line by: 9/21(76 17

see D. K Barto n, L N. David, and Pd. Merringto.i, Bi.mnnidk s 47 (1960), 439-445; 60
(1963), 169-176.

£dP~~~~~ tin. -4 11/15/78 18

‘1.s(k-1) ‘“

~‘~
) lines 8,9,10 6/25/76 19

Kepler , ... life, ‘‘.‘ Johann Kepler , 1611, w ho was musing about the numbers he saw
aroun d him (J. Kepler , TA. Sj ~-C.rus.rd S.s.../l.k. (Oxfordz Ciarendee Press, 1966), p.
21).

1U~~~ line -7 11/29/7 7 20

use same sty l, script F in this line as in line .6 (six places)

new generalized Eq. (29) 8/23/76 21

(a/(.’-l))” • I - (1/(as-1))( _13s . (1/(us-IXus-2))( .,2)s2 - . . 
~~~ Bk(”) d ’/ kt. (29)

(convert this to usual format for displayed e(uations)

1tIP~1IJ update to previous correction number 25 11/12/76 22

to appear , “ *. 7S—77,

I:



-.

~~1t replace lines 1-3 by the fol lowing new copy 8/23/76 23

The coefficients Hk(’~ 
w hici, appear in the last formula are called “generalised Bernoulli

number?; Section 1.2.112 examines them further in the important special case a • 1. For
small A, we have Bè1°

~/k!• (_ I)*( .,k] (us-k.lfl /(a-lfl, but when A a th is formula breaks
down since it reduces to 0 times cc. An analogous sit uation holds for the power series
(a/Ir.(I.a)) , where iii. coefficient of •h for A < a Is

.S~~ line -8 7/11/76 24

Faa ‘S. ~~ Faa

tt,9J13 caption, line 2 7/31/76 23

2.11 ‘a’. 2.10

£.t~1!)S3 tIns 3 7/31176 26

Faa ’...s Fal

.1111UJ hr.. lines after (12) 6/25/76 27

Rm ’~’ lR ml

•1~1I,1I line 8 11/15/ 78 28

unately 2 a”.” mate ly (4)1ek/22

1~1~4 line -6 11/29/ 77 29

Anal ysis ~~.$ A crude analysis

1J,2J4~ line -6 and Eq. (22) 11129177 30

~ui’ h/2 
~v. aM
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£.1~1iV un. 5 11129177 31

three ••S.~~ two

L1~1]&~ 
exercl.i 5 11129/fl 32

n~~~
112 ~~~~

£.11~~ lIne 2 1116177 33

is loaded. a’s S are loaded.

11~1~2~lfi line 1 1/16/77 34

The contents a”.~~ A portion of the contents

1~.112~ line 7 1116177 35

are

tin. -19 11113178 36

Over flow may occur as in *00. a” .” Same as AOO but wi th -V in place of V.

•1~~
7 lines —18 through -13 11115178 37

move this paragraph in front of the SUB definition on ii i. preceding two lines

L1]~~’1~ 
line -12 4/1 9/7 7 38

PILL requires a”.m PILL, NUll, CHAR each require

£,11S3~? box 05 4119177 39

1”.a’.SS

5
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1~.I1E11) lines -10,-9,-8 4/ 19/77 40

CON “a” CON (4 timss)

1~,11~~ line 16 11/ 29/ fl 41

fac ilats “a” facilitate

~~~~ stylistic correctIons 61141?? 42

line 2: i.e. ‘~$ e.g.
line 3: (X “s.4 (Here X
l ine 5: sun. ~~~~ sun;

line 10: (8 “..ø (Thus number 8
line 22: the year s.m that the year

~~~J~LJ m i s  19-21 6114177 4)

An ilhretration...See also the book ‘%.~ See, for siample, ks book

~~~~~~~ line -11 6/14177 44

F - 7 ” ~..” F~~9

~~~~~ line -9 6125/76 43

about 1946 “~
ø duri ng 1946 arid 1947

2~~~S3~ ’ line -10 12/19/76 46

dow n an ilca , a’~a’ an item down
ap th. stack a’~’.~4 th. stack up

IL~ ’LLL 3 insert new paragraph after line 4 4/ 19/ 77 4?

Further study of Algorithm C has keen made by a s. W ise and D. C. Watson, HIT 16
(1976), 442-450. 



~ L~i line 4 9121176 48

we “S..~ exerc ise 30 describes a somewhat more natural alternative, and we

n.w exercise 9/21176 49

30. [ 173 Suppose that queues are represented as in (II), but with an empty queue
represented by F • A and R nad./Mad. What uisertion and deletio n procedures shoul d
replace (14) and (17)?

£.!3L!iS~ exercise 9 line 4 3! 2/77 50

girls a’ .” women

lIne 8 4/19!?? 31

otherw ise. a’v° otherwise , making sh. latter node the right son of NOOE (0) .

~~~~ new quot. to insert just before SectIon 2.3.2 1(16177 52

Binary or dichotomous systems , although regulated by a principla,
are among the most art Il icla) arrangements that have ever been
invented.
--WILLIAM SWAINSON, A Treatise on the Geography and Class if icat io n of
Anir.a 7s, S.c. 250 (1835)

~~~~~ line 13 6/25/76 53

In all ‘~‘.“ Furthermore TYPE (11) is set appropriately, depending on %. In all

£.S313~ line 2 12/19(76 54

there is a man now living having a”.” somebody now hun g has

1~j 3~&1 line — l 5127178 55

wit h ma” than

7
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~~~&34~ lIne -2 1/ 16/ 7? 36

as “a” informally as

,‘~th1~ lini 11 5/27/ 78 57

-types ‘a’ -tuples

i~lt!Jt~ line 18 11115178 58

Polya “a ’ Pólya

L~11’~l step *2 lines 2-4 2/28/78 59

unmarked, mark it , and ii A.~ unmar ked : mark it and, if (twice)

~~~~~~ lines 14-15 9/21/76 60

(See the ... 372.] ‘a” An elaborate system which does this, and which also includes a
mechanism fo r postponing operations on reference counts in order to achieve further
eUicioncy, has been deecribed by L P. Deutich and D. C. Sobrow in CI9CM 19 (1976),
522-526.

~ L!) line 17 11/ 29/77 61

see ‘~‘d~ see N. L Wjsen,.n and JO. Hilee,C.mp~J. 1O(196$), 33$-343, . -

‘~~371 line 18 6/25/76 62

For these reasons the “a” A contrary example appears in exercise 7p the point is that
neither method clearly dominates the ether, hence the simple

~~
[
~‘L1~ line 11 1116177 63

each sold, . random Il/.dm., “a” each, equally likely . So she next an. deleted,

~

u
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new paragraph after line 6 1/16/7? 64

Our assumption that each deletion applies to a random reserved block will be valid if
the lifetime of a block is an exponentially-dis ributed random variable. On the other hand,
if all blocks have roughly the same lifetime, this assumption is false; John F.. Shore has
pointed out that typo A blocks tend to be oIder than typ e C blocks when allocations and
deletions tend to have a somewhat first-in-f irs t -out character , since a sequence of adjacent
reserved blocks tends to be in order from youngest to oldest and since the most recently
allocated block is almos t never typ e A. This tends to produce a smaller number of
available bloc ks, givi ng even better performance than the fif ty-perc ent rule would predic t.
(Cf. CACM 20 (1977), 812420.]

t’i~G1 lIne -9 11/15/78 65

areas “ a’ areas of the same size

~~~~~~ line 7 11161?? 66

a”.” ; John F.. Shore, CACU 18(1976), 433 440.

Lt~ 1] yet another addition after line 7 2/28/78 6?

. a’s” ; Norman B. Nielsen, CACU 20 (1977), 864-872.

~~~~~~ exercise 28 4/1 9/77 68

line 2: 5; for ‘.a’ 5. For
line 4: ” “ a’ The execution time is 2ii?’

[1~ t~ line 8 6/25/76 69

V-I ) ‘s” V-i ; and see especially also the work of Konrad Zuse, hiericht. der
GeaeUach.f s Fir Wash. and Dat.nv. 63 (Bonn, 1971), written in 1945. Zuse was the first
to develop nontr ivial algorithms that work ed with lists of dynamically varying lengths.)

~~~IP~~J~~~~~ line —7 12/19/76 70

Is divisible a’
~ ø is not divisible

9
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~.‘IJ~l~3 6/25/76 71

lines -~~ thru -13: The A-i ... code; ‘a” The machine language for tieveral early
computers used a three-address code to represent the computation of arithmetic
expressions;
lines — II and —10: the A—i compiler language a’S.” an extended three—address code

1L~~L~ line 2 II 2/77 72

The latter ~“a” Weizenbaum ’s

~~~~~~ several changes 12119/76 73

hine l: . “v* ,

line 4: older ‘S.” other
now paragraph to be inserted alter line 4:

A ?elated model of computation was proposed by A. N. Kolmogorov as early as 19S1.
His machine essentially operates on graphs C, having a specially designated starting vertex
v0. The action at each step depends only on the subgraph C consisting of all vertices at
distance � n fr om °o in C, rep lacing C - in C by anot her graph C ~

‘ f(C ~), where C - -

includes v0 and the vertices v at distance esactly n f rom v0, and possibly other ver tices;
the remainder of graph C is left unaltered, u. s components arc attached to the vertices v at
distance n as before. Here is is a fited number specified in advance for any particular
algorithm, but it can be arbitrarily large. A symbol from a fin;’; alphabet is attached to
each vertex , and restrictions are made so that no two vortices with the same symbol can be
adjacent to a common vertex. (See A. N. Kolmogorov, Usp~khi Mat. Nau.lc 6,4 U9S3), 175-
176; Kolmogorov and Uspenaki i lii peklsi Mat. Nauk 13,4 (1958), 3-28, / Jmer, Math. Soc.
Translations, series 2, 29 (1963), 217-245.) Such graph machines can easi ly simulate the
linking automata defined above, taking one graph step per linking step; conversely, linking
automata can simulate graph mach ines, taking at most a bounded number of steps per
graph step when ii and the alphabet size are fixed. The linking modes is, of course, quite
close to t he operations available to programmers on real machines, w hile the graph model is
not.

~~~~‘Z ’B.~ exercise 44 line 2 11/ 12176 74

“a’

~~L1 line 8 1/16/77 75

(to appear) “a” 13 (1915), 251-261.

10
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•~&~~ line 1 7/31/76 76

Faa ’s” FaI

new answer, cont Inued 4/ 19/77 77

For ezamph, Eq. (6) holds for all complex k and n, except in certain cues when is a
negat ive Integer ; Eq.. (7), (9), (20) are novir false, altho ugh they may occasionally take
indeterminate forms such as O ce  or co.es. We can even calmed lb. binomial theorem (13)
and Vandermonde’s convo lution (21), obtaining 2k ~~~~~~ a”1 (l’s)’ and

~a ~ ~~ ~i.-~
1 • j4 ,9 , formu las which kohl for all complex r, a, a, a, 4 whenever

the series converg e, provided that comples powers are properly defined. [See L Ramahaw ,
m l .  Proc. L.uers ~ (1977), 223-226.)

new answer 11/12/76 78

42. 1((e.l)B(ks1,r—b.i), if this is defined according to exercis e 41(b). In general it appears
best to define ~

) • 0 when 4 ii a negative integer , otherwise ~) lim,4.
J’(a’I )/I’(k.l)T(a—k.I), since this preserves most .t th. important identities.

~~~~~ line 9 11/15/78 79

Po)ya ‘S.” Pdlya

~~~~~~~~ 3l exercise 7 11/ 15178 80

(It is “ Glaisher’s constant ’ 1.2824271...) To a’s” To
This formula ... .s 4. a”s4 (The constant #1 is “Claishor’s constant” 1.2824271..., which K.
W. Cosper has proved equal to (Iwe’ t ’(2)/t(2))1/12.)

1~L~
[!)U) exerc Ise 5 11/29/77 Dl

line ii Ia-I “S..” 2,,.)
line 2: has ... da. a’..’ changes sign at r ’  a - OWn), so R O(f0 lsc)ds)” 0(111’))) .

O(lIlis)l) • 0(1(a)/ la) .

.Et~)2~ exercIse 17(b) line- 6 3! 2/27 82

J2MN ~~~~ J29

11
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2~L~ti)~ exercise 19 4/19/77 83

24’S..’ 42
Isiks “S. ” L0.l0)si

~~~~~~ exercise 25 4/19/7? 84

lines 11-12: operations” a”a’ operatio ns,” jumps on register even or odd, and binary sh ift s
last line: ft a’s.’ M , and others could set register -rA, regisi.er’-rX.

6/ 14177 85

line 1: 6 a’s” S (also make this change in previous correction no. lU)
line 6: 3694 a’~4 3495 and 6 a’s’ 5
line 7: 3495 ‘sa’ 3496 and 5 ‘s.d’ 4
line 9: 3506 a’s.’ 3506 and 6 ‘ba” 5
hue 10~ 16 a’~,m 14

~~ IP~~~~J1~ changes to answer 14 6/14/77 86

line 1: uses as muc h ~~~~~ due in part to J. Petolino uses a lot of
line 2: as possible, in ~~~~~~ in
line 9: I NCX 1 .‘\ “
line 10: C “a’ GIIINIJS1
lines —17 to end of page, rep lace by:

I NCA 61
STA CPLUS6O
IIIJL .3/14+1—
STA XPLUS57(1s2)

CPLUSSD EN TA *
IIUI .81/25+1. rA Z .24

GIIZNUSI EN12 * ES.
ENTI 1,2 rIl C
INC2 1 ,1
INC2 0,2
INC2 O,1
INC2 O,2
IN C2 773,1 r12 • JIG . 773

XPLUS57 INCA -*,2 rA • IIC.Z-X.2044 30 (� 0)

-— ~~~ ~~~~_~~~~~~~~~.I_L 
—



more changes to answer 14 6/14!?? 87

du et, h. botto m line and replace lines 1-3! by:
SRAX 5
DIV .30.
DECK 24
JXN 4F
DECK 1
JXP 2F
JXN 3F
DEC1 11
J1NP 2F

3H INCK 1
214 DECK 29 86.
4H STX 2OIIINUSN(0s2)

LDA V 84.
fu Ji —1/14+1-
ADO V
SUB XPLUS57 (lsZ) rA D-47

2OIII NUSN ENN1 *INCA 67,1 87.
SRAX 5 rX D s N
D IV -7.
SLAX 5
OECA 4,1 rA ’31-N
JAN iF ES.
DECA 31
CHAR
LDA (lARCH
JIIP 2F

1H CHAR
IDA APRIL

new answer 6/14/2? 88

16. The first such year is A.D. 10317, althou gh the error almost leads to failure in A.)).
)0l08.l9k f . r O�k� 10.

13
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~~~~~~~ still more changes to answer 14 6/14/77 89

replace lines 1-6 by:
BEGIN ENTK 1950 “driver”

ENT6 1950-2000 routIne,
JMP EASTER uses the
INC6 1 above
ENTX 2000,6 subroutine.
J6NP EASTER+1

1~P.~51~~ line 18 11/29/77 90

time . ‘~.s4 time. (It wou ld be (aster to catculate m CI/ni) directly when in is small , and
then to apply the suggested procedure.)

~ .ES1~~ bottom line 11/29/77 91

llerk’ly a’s$ Berkeley

~~~~~~~~~ lines -4,-3 4/19/77 92

3).7 a’s’ 7.5).16

~~~~~~~ exercise 12 lines 7-10 5/27/78 93

delete “Thus, ...(b).”

1~~~1~1~ line 5 3/27/ 78 94

19-27. ‘r~ t9-11~ F.. C. Cate and D. W. Twigg, ACM Trans. Math. Sof twar e 3 (WI’!),
104-110.

new answer 9/21/76 95

— 30. To insert , set P ~ AVAIL , INFO (P) o. V, LINK (P) i A , if F • A then F o~ Pelse LiNK (R) 0 P, and R . P. To delete, do (9) with F replacing T.

lit

-~~~~~~~ —~~~~~~ - .--- ---



F~’~~ ~~~~~~~~~~

-

~~~~~~~~

-—

~~~~

— - 
_ _ _ _ _ _ _ _ _ _ _

~~~~~~~~~~~~~~- -~~~ ~~~~~~~~~~~

1~~ U) exercise 18 3! 2!?? 96

denotes, ... are included. a’s.. denotes “exc lusive or.” Other invert ible operaUona, such as
addition or subtraction methilo the pointer field sass, could ala, he ...d. his convsnieaI
to inc lude

1L~~(!J exercise 2 3/ 2/?? 97

line 2: next ... list point a’5~~ next, so the links in the list must point
line 3: So ... the a’s” Deletion at both end. therefor. implies that the
line 4: ways. ~~~~~~ ways. On the other hand, exercise 2.1.4-18 shows that Iwo links can be
represented in a single link field; in this way leneral deque operations are possible.

~~~~~~ exercise 9 step G4 3/ 2/7 7 98

desired girls, a’s” young ladies desired,

11P~~~13 line -6 3/27/78 99

“pedigree.”, ‘s” “pedigrees,”

1J.~ 71~ exercise 12 line 5 9/21/76 100

on. a’s~~ cc. Here cUj) means c(J�) if I < i.

answer 5 II .5/79 101

There is ... exis t . a’5~~ When a)1, the number of series-parallel networks with I, edges is

~~n (see P. A. MacMahon , Proc. London Mail,. Soc. && (1691), 330-339].

£1~ t3L~ fourth line before exercise 33 .5 /27/78 102

minimal. a’s’ minimal. [This argument in the case of binary trees was apparently first
discovered by C. S. Peirce in In unpublished manuscript; see his Ness Elements of
MaiI,ematka 4 (The Hague: Mouton , 1976), 303-304.]
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1~I~~ ’iJ updates to previous change number 150 9/21/76 103

to appear, a’s” 491-500,
(see also the important new coneributies by H. C. Baker, Jr., CACM $1 (191$), 280-194, for
which I wil l probably wais t to revise Section 2.3.1 ei.tirelyt)

I~~~9~’L~ update to previous change number 151 111291?? 104

Clark’ s list -copy ing algori thm appeared iii CACU 31 (1918), 351-357, and Robson’s in
CACM 20 (1977), 431-433

~~~~ last line of answer 6 1/ 16/ ?? 105

list, a’s, list. For an alte rnative improveme nt to Algorithm A, see exercise 6.2.3-30.

~~~~~ exercIse 8 6/25/76 106

line 1: also set H ~~‘s” also set P1 ‘- cc, R
line 3: I f R • A o r fl a’5P ~f(~

11.tU!Jtl exercise 26 line 3 2128178 10?

two. a’s” two , with blocks in decreasing order of s ue.
())f l  ~~~ p )f l . . 2k

1LtWJ1~ program line number 12 4/19/?? 108

I a ’..,. I.

new answer 2/28/78 109

31. See David L. Russell, SIAM I. Compssis.sg 6 (1977), 607421.

tU!J~1 addition to previous change 153 4/19!?? 110

.3 a’s” ; Lars-Erik Thorelli, BIT 16 (1916), 426-441.

16
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£ ,g111) L exercIse 41, numerator in value of a(S) 6/14!?? 111

19559 a’s.’. 1853$

6I2~I?6 112

delete A-I cempiler, 45$.

~~~~~ Aardenne-~. 11/29/ 77 113

Taniana a’s’~ Taiyana

12/19/76 114

ANN \#. ANN

.~~11L1L1 .5/27/78 11.5

Baker , Henry Given., Jr ., $94.

ft~~~~ 
4/ 19/ 77 116

add p481 to entry (or Binomial the.nm, generalisetiens .1

1~9~V~ Bobrow entry 9/21/76 117

add p420

5/27/78 118

Cat., Esko George, 11$.

11/29/7 7 119

• Cheisey, Christopher Jehe, 430.

17 
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~ 1

new definition entry 12119176 120
Data organisallo,,: A way to represent information iii a data sirseturs, together withalgorit hms that access arid/es. modify this structure.

£42~1JLk 2/28/78 121
Derangements, 377.

1~t~ DSUtSCh entry 9/21176 122

add p420

1Li~~~~Q~ End of file entry 3/ 2/?? 123

224 a’
~’. 233

~~~~~~~[J Garwick entry 11/15/78 124
244 ’s ’ 245

~~i~~JLJ~ Hopper entry 6125/76 125
255,456. a’s.’ US

11129/77 126
Hike, John Owen, 420.

3/ 2!?? 127
Inv ert a linked list, 264, 216.

~~~~~~~~ INT entry 6/14/7? 128
225. a’s’S 224-225.

18
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~~LJ 5/27/78 129

LeibfIits ( Liibjiii) ‘5..’ Leibeis (• L.ibnisa)

12/19176 130

Kolmogo rov , And rer Nikolaevick, 463.

1~~~L~ MacMahon entry 115179 131

add p~ 583

9/21/76 132

Merringto n, Maxine, 66.

2/28/78 1)3

Nielsen, Norman Russell, 451.

• 5/27/78 134

Peirce, Charles Santiago Sanders, 588.

4119177 135

add p44 to Pratt entry

- 6/14177 1)6

Petolino , Joseph Anthony, Jr ., 511.

5127178 137

Pruter , Heists ~~~~~~ Priifer, Ernst Paul Heists

_ _ _ _  

- -• 
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6/25176 1)8

Prins, Dietrich C.

114~11!1(1? 411917? 1)9

Rsmahaw , Lyle Harold, 487.

~4~3fJJ[~) 3/ 2/7? 140

Reversing a list , 264, 276.

new entry 1/5/79 lii

Series-parallel network., 513.

111617? 142

Shore, John E., 446, 451.

2128178 143

Rusa ll, David Lewis, 602.

1116/7? 144

Swainson, William, 333.

£$S~ZQ~ Stirling numbers entry 8/25/76 145

90, ~~~ 90-93,

4/ 1917? 146

add p630 to Th,r,lli entry

2~) 

~~~~~~~-- - • - - - -_ - - -~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ -—---- -  —-~~~~~~ - --- --~~~ 
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~~~i3t~ 4/ 19/ 7? 147

Watson, Dan CuIdwoll, 248.

~3t~ 4/19!?? 148

add p487 to Vandermonde entry

5127178 149

Twigg, David Wil liam, 51$.

van Aardenne-... 11/29/?? 150

Taniana a’s..’ Tatyana

12/19/76 15!

Uspenshil, Vladimir Andre.vick, 463

4/19/7? 152

add p248 to Wise entry

- 
6125176 15)

Windloy, Peter F.

1~4s3qJ1L Weizenbaum entry 9/21/76 154

delete p420

~14~’IJL~ 11/29/77 155

W iseman, Neil Ernest, 420.

21
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6/25/76 156

Young Tanner, Rosalied Cscilia Hildegard, 75.

1~4~~ (namely the endpapers of the book) 
- 

4/19!?? 157

also make any changes specified for pages 136-137

~3.LJ)~ quotation for bottom of page 5/27/78 158

Two hours ’ daily exercise . . . wi l l  be enough
to keep a hack Fit For his work.

~( MAHOt~ The Handy Horse Book (Edinburgh, 1865)

~~~ lIne 21 3/ 2/ 7? 159

müeln ’5’. Müe)u

~~~~~ line 26 3/ 2!?? 160

Weiner ‘s..’ W iener - 
.

3 ,~~~ line 13 2/28/78 161

(1965 a’s.’ (3965)

~~~~ bottom line of determinant on lIne 12 5127178 162

‘5” miss

£VU!) Eq (26) 2/2808 163

the j  i~ .1 ah.sld be in smaller (superscript sins) font

~~~~ line 2 of step $3 2/28/78 164

right ~~~~~~

- 

22



£3,~~1~ line 4 2/28/78 165

°I°2’ ” °1’ °2’

~.34~3 line -4 5/27/78 166

S’s ‘5 ’  X’s
X’s ‘S...’ S’s

~~~ line -8 2/28/78 167

to better understand g,, ~~
.‘ to understand i~, 

bettor

~ $?? following (50) - 5/27/78 168

lines 2—4: we f ind . Euler ’s ‘5.’ Euler’s
line 5: in this case, since ‘s” since
lines 7—8 (the two lines following (51)): it ; this...we have proved that ‘s”

it. The derivative 1(m)(3,) is a polynomial in 7 times ~~~~ hence Rm
f

+C0
1g

(flt)
(y)1 dy O(~~

1 -sn)/4) Furthermore if we replace a and 0 by -ce and .~~ ir.

the right-hand side of (50), we make an error of at most O(exp(-2ri’)) in each term. Thus

t~9~ exercise 8 6/ 14/ 7? 169

accent over o in EriIös should be • not ”

new copy for exercise 28 11/15/78 170

28. (M43) Prove that the average length of the longest increasing subsequence of a
random permutation on (1, 7., ... , it ) is ssymptot*cally I’m . (This is the average length of
row I in the correspondence of Theorem A.)

~19~ last line before exercises 9/21/76 171

Feursig a’s” Feuneig

L1J~3 lines 7 and 12 - 11/29/ 7? 172

• log2 a’s” Ii

23
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£3.9~t 3 line 4 11/29/ 77 173

log2 a”..’ Ig

~3~~ 1I~i~ tIns -2 6/ 14/ 7? 174

inversions . ‘~‘.‘‘ inversions. Discus s corresponding improvements to Program S.

~~~~~~~ simplification. of step Q2 12/19/76 175

line 3 : K e ~- K 1, R s- R,. a’s.’ Ks - K 1.
line 4: K and R’s.~ K

~L1!P11t1 comment to program line 05 12/19/76 176

K .- K1, Rs- R1. a’s.’. K s- K1.

~.~J~t!J line —3 6/14/77 177

S
N

’S#I S
N

~~~~~~ line —6 12/ 19/ 76 178

instructions “K s- K1, R s- a’s’S inst ruction “K ‘- K1”

~~~~ line —3 4/19/77 179

v. a’s” v. Yihsiao Wang has suggested that the mean of three key values such as (28) be
used as the threshold for partitioning ; he has proved that the number of comparisons
required to so rt uni formly distributed random data will than he asymptotic to 1.082 is Ig a.

. 3~ 10 lInes after (42) 5/27/78 180

(N/a)’ ‘s.’ (N/s.)1

~1.1IS3~ 7 lInes after (42) - 
- 

5/27/78 181

O(N~ h/ 2.5N/ 2 ) ‘5.’ O(l14N11.h/h.-t-IN/2)

~~~~ -~~~--- -.—--~- ~— —------~ 
-.- — -h-- ~~~~~~~~~~ - ___-~--—



- . ~~~~~~~ In the discussion following (45) 712717$ 182

line 3: N’ a’5.’ JN.INJ’
• line 4: negligib le. “S..-’. negligi ble, when N and N’ are mush larger than N.

~Ø1~ ’1]~ Eq. (46) and the tine foUowtng 2128178 181

a’s,.’ • oô.-~~ ,
where ~~~~~~ for arbitrarily large N, where

~ .11~ 3’~ displayed formula on line 12 2(28178 184

1(n) “S.“. lf(n)i
3 725 .‘s.”. 373

~ exercise 16 11/29/ 77 185

11M46 ‘S-i’. 11M4.

,~~S1G3 exercise 46 lower limi t of Integral 6114/7 7 186

a,ico a’s’. a-ice

£3,11~ 3L~ exercise 52 binomial coefficient in the sum 6/14/77 187

remove spurious fraction line between 2.. and a.i

~~~~L’I~ line 10 2(28/78 188

Leng. ~oge, ‘%..4 Lange.g.

11112176 189

about here I will someday insert mater ial about the new ‘binom ial queue’ algorithms to be
discussed in papers by Vuillemli. and Brown, sines they appear to outperform leftist trees

25
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~1.1!~L3 lIne -5 5/27/78 190

aj ’54 a
~

.1!,g~2Y line 21 of program 5/27/78 191

Lq ‘5’ .

~~~~ line —12 5127178 192

M-b ~v. M.br

~ .t] ’2~
’
~~ lines 25-27 9121/76 193

t hat the multiplicity ... Algorithm R, even ‘s..’that it ultimate ly spends too much time fussing with very smill piles. Algorithm K is
relatively efficient, even

~~~~~~~ line —7 712717$ 194

F Well’s ‘~~.‘ Wells’s

S3.~~~S3 line -15 5/27/78 195

less ‘S.. ’ fewer

~~~~~ Eq. (4) 2128(78 196

lg r a’—..---’ n1

~~~~ replacement for exercise 14 11/29/77 197

14. (f 3) (F. K. Hwang. ) Let h~ • L(43/U).3hJ - • • 3.3k-3, h3&.i ‘
- 6/7 J for S 3, and l.t the initial values be defined so thist 

~ ~~~ 4 ~(1, 1, 2, 2, 3, 4, 5, 7, 9, 11, 14, 18, 23, 29, 38, 48, 60, 76, 97, 121, 154,...) Prove that N(3,A~
))

• and M(3,I,1-1) S i  for all •, thereb y establishing the enact values .f M(3,a) for all a.

-~~~~~~~~~~ --~~~~~
-
~~~~~~~~~~
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~~~~1~1~1 bottom line of Table 1 3! 2(77 198

17 a’s.’ 16** (twice)
add footnote:
** See K. Noshita, Trecsa. .1 ski I8CE .1 Jepaa, E69, 12 (Dec. 1976), 17-11

S~P~~~11~~~ line 4 after second Illus t ration 3! 2(77 199

the values listed in the table for n�8 ‘s” the values shown for V4(9), V5(10) and their
duals V6(9), V6(10)

~1~ 1 amendment to previous correction number 242 12(19/ 76 200

line 17: A. Schönhage (to appear] A.”. A. Schönhage, M. Paterson, and N. Pippenger (.1.
Cons p . Sys. S d .  13 (1976), 184-199)
line 18: asymptotic a’s”
lines 19-20: 3n, and -. 1.75n. ‘s” 3., • O(is log ~)3/4 On the other hand , Vaughan Pratt
has obtained an asymptotic lower bound of liSa for this problem (cf . Proc. IEXE Con!.
Sviisehing and Auioma~a Theory 14 (1973), 70-81); a generalisat ion of his result appears
in exercise 25.

£1.~ 1~
3 exercise 14 12119/76 20!

Show that ... comparisons. a’s’. Let U5(n) be the minimum number of compari sons needed
to find the t largest of is elements, without necessarily knowing their relative order. Show
that U2(5) 5 5.

new exercise 12/19/76 202

26. (M32) (A. Schonhage, 1974.) (a) 1.. the notation of exercise 14, prove that L11(n) �
mm (2.U1(it-1), 2,U5..1(n-1)) for it � ~. l1i.u: Construct an adversary by reducing from is
to is— i as soon as the current partial ordering is not composed of comp onents • or n$ . (b)
Simi larly, prove that 111(it) � mm (2.L15(it-l ), 3.U5_ 1(ii—l), 34J~(ss— 2)) for a � 5, by
constructing an adversary which deals with components • , s-. , ~~~~~ °

,%. (c)
Therefore we have L11(it) � it • i • miii (L(n-s)/2J, a) — 3 for I � a � is/I. (d) The
inequa lities in (a) and (b) appl y also when V or 31 replaces Li, thereby establishing the
optima liiy of several entries in Table 1.

27



lins I 5/27/78 203

Lns/2J ‘5.’ Li,s/IJ
L.s/2J a’~_#e ILn/IJ

~ 9 remarks about current best known sorting networks 1/16/7 7
204

line 19: D. Van Veorhis ii. 1974. a’s.’ K. L. Drysdale HI in his undergraduate honors
project at Knox College in 1973.
lines 20-21: . a Ig a . 0(s) comparators, ...3651, a’s.”.
(311/960)n lg a . 0(s) comparators; in particular, his construction yields S(256) 5 3657,
line 22: (To be publish ed.] ‘4s.’ (SIAN I. C.sipsithsg 4 (1915), 264-270.)

~~~~ update to previous change number 250 8125/76 205

o uCH , to appear ) a”s-. ’ [JACN 23 (1976), 566471]

I~~~~3~~ lIne 9 - 

5/27/78 206

)]a’s’ ,])

~~~~~~~ rati ng of exercise 48 1/ 16/77 207

11M49 s.’ 111446

2~~~’ lines 4, 5, 6, 7 9/2 1176 208

has not yet ... ns -&Th i s increase ‘s ’.
ii difficult 10 analyse precise ly, but T. 0. Espelid ha. shown how to extend the snowplow
analogy to obtain an approxima te formul a for the behavior (HIT 16 (1976), 133-142].
According to his formula1 whic h agrees well wit h empirical tests , the run length will be
about IP • b(ss-l.5X1P4(ss..2))/(2P.b(2m4)), when S is the block s u e  and .~ � 2. Such an
increase

SL~ L~L!J insert new paragraph before Table 2 2128178 209

The ideas of delayed run-reconstitution and natural selection can be combined, as
discussed by T. C. Ting and Y. W. Wang in Comp. 1. 20 (1977), 298-301.

— -  - 
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~~~~~~ 
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~~~~ lIne 7 5127/ 78 210

should be the square root of (4.-1O)P

lIne -1 5127178 211

beings ‘4..’ bogies

L~
’i’9~ line 10 after Table 4 6/ 14/77 212

JACN(to appear) ‘s.’ SIAN I. C.mp.ssiag 6 09771,149

~~~~~~ line before the big tableau 5/27/78 213

~~~~~ S.#s

L~~J line 22 II 5/79 214

143 a’s” 145

~ L3’~ lInes 4, 13, 20 1! 5/79 215

15 a’s. ’ ~7

~ .S3L!)S3 line -4 8/25/76 216

always gel a’s’. always gets

~~~~~~ line -7 11129177 217

L (p) a ’~4 L(ns]

S3.S3S3L~ lines 1 and 7 6/14/ 77 218

— -----—- —~~——- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — _______



~3,WL11] the foldout Ulu.trstlon 7133/76 239

in the bottom example (.10) lock at line 4 of the six linis, where there is a longiah black
bar as t he seventh activity (the sixth activity is a shorter black bar)...and lines 1,1,3, and S
have a blank bar vst above and below this longish black bar; actua lly line. 1,2,3, arid S
shouhi have parallel upward -slant ing diagonal lines (the symbol for Nr.adi.,g in forward
dir.ction~) inside this. blank bars

.a~’L1L1 line 9 after the first Illustration 5/27178 220

tape C “a” tape A
tape D’s’ tape R

~~~~~~ line -9 611417? 221

is a’S.” in

~3,S3~ I exercise 3 11/29/fl 222

merge ~%,.‘ radix sort

•B3I~5L1~ line -11 5/27/78 223

T3’s” Track 3

S3~ L3 line -20 12/19/76 224

art ifi cally A~.’ sifici ally

~3,Ei’1L3) EquatIon (8) 8125176 225

A .’

6/25/76 226

about here 1 should mention C. McCullocls’.s new approach to .xs.rnal dish sorting
(embodied in the U Sort on Honeywell 200) 

~~~~~~~~~~~~~ - - - - --- .
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~ .
1tI~’L1 stylistic improvements 1/16/ 77 227

line 17: large, and _. unihinkablel a’s’ large; it is, however, so larg. that N seeks are
unt hinkable .
line 24: But “~~“ On h. ethe, hand,
u s$4 : ! A..’

S~IS3&~1~ t able entries for Straight Insert ion 6/14/7? 228

Length: 12 a’s~.’ 10
Spa.e: N’5S  N’l

-: Average: 1N3•9N a’s” 1.SN2.9.SN
Maximum: 4 ‘5,4 3
N 16: 494 ‘5.’ 411
N 1000: 1985574 “a” 1491928

~3.~31~3~L1 insert new paragraph before line -1 6/25/76 229

In Germany, IL Zuse independently constructed a program for straight insertion
sorting in 1945, as one of the simpl est examples of linear list operations in his Planka lku l
language. (This pioneer ing work remained unpublished for nearly 30 years; see Bnci M.
do, G.a.UaeIne/; ~Mr Na,k n~d Doses,’. 63 (1971), part 4, 84-85.)

lIne 2 8/25/76 230

near-optional a’s” near-optimal

~~~~~~~ caption to Fig. 1 3/ 2/7? 231

search. a’s..’ or “ hones-to-house ” search.

&3IPS~9~LI Fig. 1 4/ 19/77 232

label the downward branch coming out of box SI with an ‘ sign

~.‘~lt!~(!) lInes 12 and -5 2/28/78 233

runnin g time a’~.’ average running time

•‘1
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~ .‘~112~ correction to previous change 263 4/19/ 7? 234

delete this change, the book was right the first time

~~~~~ lines -4,-3 4/19/fl 235

and N) 2 5, we “ s.’ we
h g (N_2k)J.1 Aa’. rlg(N.1-25n

~3)[~t1~
) lines 13-14 3/ 2/ 7? 236

H. Bottenhruc h ... He a’s.’ D. H. Lehmer (Proc. Symp . Appi. Nash. 10 (1960), 180-181)
was apparent ly the first to publish a binary search algorithm which works for all N. The
next stop was taken by H. Botte nbruch [1/1CM 9 (1962), 214), who

~~~~t1~~ line 30 11/12176 237

but his flowchart and analysis were incorrect. ~~~

~~~~~~~ line 7 (append to step Dl) 5/ 27/78 238

(For example, if U • RL INK (P) for some P, this means we would set RLINK (P) a-
LLZ NK (T ) , etc.)

~~~~~~~ Fig. 16 6/14/7 ? 239

insert “a)” and 1k)” to t he left of the roots of the trees, and change circ les to squares in
the right descendants of nodes AN and AS in the upper tree

S~9~ u~dat e to previous change 276 11/ 15/ 71 240

the Cars ia -Wachs algorithm appeared in Sh IM 1. Conipeising, Dec. 1917, pp. 622ff; but
now it seems an oven better way has boon found by Ifu, ~lei iman, and Tamaki (1JCSD
report 78-CS-016)

- 
32

- ~~~~~ - - -  _ _ _ _  -— 



s3.qj,
~a) modifications to exercise 33 12/19176 241

line 6: optim um. Cf. ss..’ optimum ; cf .
line 7: .) a’s.’ . On machine, which cannot make three-wa y comparisons at once, a
program for Algorithm ‘F will have so make two comparisons In step TI, one for equality
and one for less-than; B. Shell and V. 11. Pratt have observed that these comparisons need
not invo lve the same key, and it may well be best to have a binary tree whose internal
nodes specify an equality test or a less-than test but riot always both. This situation
would be interesting to explore as an alternative to the stated problem.)

1~ 11 line -3 3~ ~~ 242

put a small inver ted U over the io in Akademii.

~~~~~~~~~~~ Fig. 22 9/ 21/ 76 243

the arrows between boxes Al and A3 should be reversed (downward arrow on left , upward
arrow on right)i also delete “P • A’ below boxes A3 and A4 and insert the words ‘Leaf
found’ between the two arrows loading to AS

W~ line 15 2/ 28/ 78 244

neceuary. a’s.’ necessary. Essentially the same method can be used if the tree ii
shroodod (of. exercise 6.2.1-2), since the balancing act never needs to make difficult
changes to th read links.

~~~~~~~~~~~ line after (4) 11/29/77 245

K ’s . ’  K

~~~~~~ Table 1 11/ 29/ 77 246

I will recompute this table, since .144 should be .143; also will modify the discussion on
page 462 accordingly and will refer to exercise 11

~.~~(111 line 2 after caption 11/29/7? 247

change • and - to Iypewr iier-slyle typ e (+ and —)

33
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E3.’~I~Li3 lines 6-9 2/28/78 248

I w ill rewrite this, as these trees hav e been studied almost too thoro ughly by now

~~~~‘i~’UJ exercIse 10 11129/fl 249

I)oes ... et a’s.’ What is the asympto tic average number of comparisons made by
Algorit hm A when inserting the Nib item, assuming that items are inser ted iii random
order?

~3.’L~i1L~
) exercise 16 11129/77 250

the root node F were a’s’ node E m d  the root node F were both

new exercise 11 11/29!?? 251

(M24j (Mark R. Brown. ) Prove tha t when is�6 the average number of external nodes of
each of the types +A, —A , ++B, +—B , —+8, — — 8 is exactly (n.1)/14, in a random balanced
tree of ri internal nodes constructed by Algorithm A.

near the bot t om 11/ 15/ 78 252

lines -7, -5, -4: log a’s” lg
line -3: 350 ‘s” 307

~~~~~~ update to previous change 293 11/15/78 253

to appear a’s,.’ 9 (1978), 171-181

new paragraph before the exercIses 12119/ 76 254

it is possib le for many indopoodon i users to be accessing and updating different parts
of a large B-tree f%%e simulta neously w ithou t “deadlock,” if the algor ithm . are
imp lemented prop erly; see B. Sainadi, 1sf. Proc. Lessors 6 (1916), 107-112.

~~~~ line 25 7/31/76 255

55 a’,’.’ 49

314



‘Llt~d~ lines 6 and -2 5127/78 256

less ‘s.’ few. .

33~~19)11 line — 14 5/27/78 257

toil, e.g. a’5.’ lest; e.g.,

~~ !J1~1 lIne -14 5/27/78 258

to ua.qroely identify then, a’s” to identify them uniquely

~UL! )
~ line 13, add new sentence 2/28/78 259

See B. Sprvguioli, CACM 20 (1977), 841-850, for a discussion of su itable techniques.

line 3 5/27/78 260

superimpose a I over the • sign

~~ lines 5-7 4/1 9/ 77 261

using circular ... complicated, a”., hashing FIRE and searching down its list, as
suggested by I). E. Ferguson, since sh. lists are short.

new paragraph after line 19 11/29/ 7? 262

K C. Mallach (C..np. J. 20 (1977), 137-140] hu experimented with refinements of
Brent’s variation , and further recent work on this topic ha been done by C. Connes and I.
Munro (Proc. ACM Syssp~ Theory G.n.p 9(1977), 113-1113.

35
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LE’S2?~
/ insertion of new material after line 20 12/19/76 263

A lgorithm II may move some of the tab le entri es, and this is undesirab le if they are
being pointed to from elsewhere . Another approach to deletions is possible by adapting
some the ideas used in garbage collection (cf . Section t3.S) We might keep a “reference
count ” with each key telling how many other keys collide with it; then it in possible to
convert unoccupied cells to empty status when their reference count is sor e. Alternatively
we might go through the enti re table whenever too many deleted entries have accumulatsd ,
chant ing all the unoccupied positions to empty and then looking up all remaining keys, in
order to see which unoccupied positions really require ‘deleted’ status . This procedure,
whic h avoids relocation and works with any hash technique, was originall y suggeste d by T.
Cunp and K Cow [to appear],

~~~~~~ update to previous change 307 11/15/78 264

[To appear.) ,8,’.’ J Comp. Syss. Sci. 16(1978), 226-276.

~~~ line after (48) 2/ 28/ 78 265

likel y we, “s” likely, we

~~~~~ line -5 3/ 2/ 77 266

buckets a’s.’ pages or buckets

dp~~~~
3
~~~ 

lIne -8 4/19/ 77 267

access ‘‘s.’ accesses

i~ line 16 6/14/ 77 268

change one of “5.4 change

~~~~~~ exercise 60 1/ 5/ 79 269

M41 a’s.’ 11M41

.
~~

____________ - - —- - _______________

~~—- _~~~~~~~~~~
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~$J’~I~
) another quote, put above the other 1116/ 77 270

She made a hash of the proper names , to be sure .
--GRANT ALLEN, Th. Tents of Shim, CIt. 26 (1889)

new paragraph to insert after line 18 31 2/77 271

If carefully selected nonrandom codes are used, it is possib le to use superimposed
coding wit hout having any false drops, as shown by W. 11. Kaut s and R. C. Singleton, 1888
Transactions IT— 10 (1964), 363-377; see e~ercise 16 for one of their constructions.

~~3 P~~~~~~~3 line 11 5/27/78 272

the N**D*E •\.4 the form NeeDsE

•~1~~ line 9 8/ 25176 273

his Ph. D. thesis (Stanford University, 1973).] ~S...’SIAM I. ComputIng 6 (1976), 19-50.]

~~~~~~ Eq. (11) 31 2177 274

this is all wrong, it should be the 31 sextuples shown in the first printing of vol. 3 on page
565

~~ line -7 11/15/78 275

Pfeff erneuse a’s...’ Pfefferneusse

3,~~ ’L!~ line 6 31 2177 276

systems or “ø~~ systems on

P~~~
’
~~ L!J new exercise 3! 2/77 277

16. (25] Ce’. H. Kauts and B. C. Singleton. ) Show that a Steiner triple system of order v
can be used to construct e(v.4)/ 6 codewords of o bits each such that no codeword is
contained in the superposition of any tw o others.

37
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new paragraph after answer 19 11112/76 278
A simil ar algorith m can be used to fin d max(arj .arj I xj .xj �c); or to find , e.g.,

min (x 1+yj I xj .yj )t ) giv en t and two sor ted files 
~~ ~ i,,, ’ ‘i 

... � yj~
.

~~~~~~ line -6 12/ 19176 279

Junctions; ‘s...~ junctions; STELA, an alterna tive spelling of ‘sto le’;

answer 7, line 3 5127/78 280
>Iik and append (Bk+1) a’s.’ �k-Bk and append k-Bk

new paragraph for answer 8 8/ 2~/ 76 281

A simple 0(n2) algorithm to count the number of permutatio ns of (1, . . ., at) havingrespective run lengths Ip .  
~~ 

lj~ has been given by N. C. do Bruij n, Nieuw ArcI,lef voorWiskunde (3) 18 (1970), 61-65. -

new answer 11/15/ 78 282
28. This result is due to A. M. Vershik and S. V. Keiov , Dolel. Akad. Neak SSSR 233(1977), 1024- 1028. See also B. F. Logan and L. A. Shepp, 4ivances in Math. 26 (1977), —206-222.

exercise 14 line 7 11/29177 283
13); a’s.’ 13), and stil l anothe r by the identity in the answer to exercise 5.2.2—16 with fib)
~

~3,t~E!J~ exercise 33, comments to program 7/31/76 284
line 07: r12 ‘s~4 r13

r13 a ’s,..’ r12
lines 09 and 15; To L4 a ’ .  To L4 wi t h q n p

38
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£1$L!~ replace lines 3 and 4 by the following new copy 6/ 14/ 77 285

The 00 trick also speeds up Program S; the following cod. suggested by J. H. )lalperin
uses t his idea and the tIOVE instruction to reduce the running time to (611 • u N  - lObs,

• assuming that location INPUT+N+1 alread y contai ns the largest possible one-word valuet
01 START ENT2 N-i 1
02 211 LDA INPUT,2 N-I
03 ENT 1 INPIJT,2 N-I
04 .HlP 3F N-I
05 411 1IOVE I,i(i) ii
06 3H CIIPA 1,1 U.N-I
07 JG 4B U.N-I
oa SF4 STA 0,1 N-I
09 DEC2 I N-I
10 J2P 2B N-I
Doubling up the inner loop would save an additional B/I or so units of time.

~$liJ~ exercise 4 2/ 28/ 78 286

lower the 2 sign and the relation below it

~3$L!)~ line 10 of the program 2/ 28/ 78 287

rA ’ ’ 5 . ’  rA

answer 11 11129/77 288

In general, ... elements. a’s~.’ The si tuation becomes more complicated when N • 64; B.
Sedgowick ha. shown how to computo the worst-case permutations, and he has proved that
the max imum number of exchanges is I - lg lg N / lg N • 0(1/log N) times the number of
comparisons [5MM J. Computing, to appear].

I



new answer 16 11129/ fl 289

16. Consider the (2N ) lattice paths from (0,0) to (at ,.e) as in Figs. 11 and 1$, and suachweights lU-f) if I~f, flJ-l-l) .l if l (J, to the line from (lJ) to (l.lj ); here fib) Is thenumber of bits 6, • ~~~ in t he binary expansion 6 (..eshueo½. The total number ofexchang es on t h. final merge when N • Is. is
Zo<j <~<~(2fl I)’.1)(j~-/) (

~ :~;1-’).
K. Sedgewiel, has simplified this sum to
(l /2)i. (,~“ • 

~~k�I ~~~ 2O�f<kfl,) and used Is, gamma (unction method to obtain
t he asy mptot ic for mula (,~“ 

) l( l/4)at Ig at • (Ig(T(1/4)1/*,).l/4_(~d)/(4 In 3)4(s)),, •
0( ’I at log at) ) , where 8(n) is a periodic function of lg at with magni tude bound ed by .0005;hence about 1/4 of she comparisons load to exc hanges, on th. averag e, as N 4 U~. (SIANJ. Compisgls,1, to appear.]

second line ~,f answer 31 11/ 29/7 7 290

• 
- step 5s.. ’ s lop

~~~~~ last line of answer 37 2/28/ 78 291
. ‘s..’ .]

S3,(~2.~ exercise 48 line 4 in limits to the integral 2/28/78 292
I/I .‘ i4 — 3/ 3 (twi ce)

line 26 of the program 2120/ 78 293
r4 ’ ’5 .’  rA

answer 20 line 2 3 / 2 7/ 78 294
0<q(k •~s,.’ ~~~~

answer 2 ~:ne 1 5/27/78 295
d\.s a’s.’ d\N

~~~~

——

~~~~~~~~~~~~~~~~
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~~~~~~ 
line 16 1/ 5/ 79 296

See also ‘5.’ Se. also P. A. MacMahon, Proc. Lead.., Mask. 5.. . (1891), 341-344;

~ $2?~’ bottom of page, new paragraph for answer 6 8/25176 297

M. Paterso n observes that if the mulliplicities of k.ys are • ., at,,,), the number

of comparisons can be reduced to n lg n - 2 aj lg ag • 0(n); so. SIAM J. Corn pathsg 6
(1976), 2.

answe r 20 5/27/78 298

line 5: 1—1 ‘S.i.’ 1+1
line 6; ~-1sl ,,.‘
line 6; 2-~ ‘~..4 2-~-~
line 6: 21 15.4 31+1 (twice)
line 7: Ug NJ. I #5.4 LIg NJ

• B3.(LS~~ exercIse 6 11129/fl 299

Ig(...) a’...’ rlg(...)1

answer 10 3/ 2/77 300

(m l. Proc. L.uera ’s.’

S1j~~’l~ supplement to new answer 22 9121176 301

(See C. K. Yap, CACM 19 (1976), 501-508, for a further improvement.]

I

1k].

~~~~ ~~~~~~~~~~~~~~~~~ -~~~~ • • 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~~~~~~~~~ 



‘I!I~~

new answer 12119176 302

26. (a) Let the vertice s of the two types of components be designated a; 6 ( c. The
adversary acts as follows on nonrcdundani comparisons: Case 1, a:a , mako an arbitrar y
decision. Case 2, xb, say that x ) 6; all future comparisons 76 with this particular 6 will
result in y ) 6, otherwise the comparisons are decided by an adversary for U5(n—1) , yielding
� 2.U1(n— 1) comparisons in all. This reduction will be abbreviated “let 6 • mini 2.U5(n—1).”
Case 3, r:c, let c • max;
(b) Let the new types of vertices be designated ~~~ < e; f < g <A  > I. Case 1, a:a - or c:c~
arbitrary decision. Case 2, a:c, say that a < c. Case 3, ~4, let b min; 2.LJ,(n-1). Case 4,
x:d, lot d • m m ;  2415(n-I). Case 5, x:e, let e • max; 3.U5_ 1(at-1) . Case 6, x :f, let I • mini
2.U5(n-1). Case 7, x:g, let / and g • m m ;  3.U5(n-2) . Case 8, x:I,, let Is • max ; 3.U,..1(s-1).
Case 9, x 4 , let I • mini 2.U,(.s—1) .
(c) For t • I we have 1/~(ss) . n-I, so the inequality holds. For 1 < 1  � n/I-i, use induction
and (b). For s (n-I)/2, use induction and (a). For at/ I, U5(n-i) • 115 1 (n—1), use

inductio n end (a). Exercise 14 now yields the followin g lower bound for the median:
V5(2~s-1) � &.Ls/2i-4.

t~~~~ t!J update to previous correction number 345 2128178 303

(To appear .) ‘‘5.’ 1555 Treat.. C—27 (1978), 8447.

~~~~~~ line -2 1/16/77 304

Pollard.] a’s..’ Pollard.] All such idcn iitios can be obtained from a system of four axioms
and a rule of inference for ,nulti valuo d logic due to Lukasiewic.; see Rose and Rosser,
Trans. Amer. Math. S.c. 87 (1958), 1-53.

S~.~~Lt11~ exercIse 43 3/ 2/77 305

A. Wa ksman ansi M. Green have proved that a’s...’ By slightly extendin g a construction
duo to L j. Goldstein and S. V. Leibholx, 1555 Trans. £C 16 (1967), 637-641, one can

show that PCi.) ( P(1n/Zi) s P(r~/21), ii — 1, hence
Eq. 5.3.1-3, of. ... Green .1.. has proved a’5.’ Eq. 5.3.1-3~ M. V. Green has proved
(unpublished)

~~~~~ line 14 5/27178 106

• 4- a’s-. )

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •



new paragraph after answer 10 2/ 28/ 78 307

One might complain that the algorithm compa res KEY values that haven’t been
initia lised. If such behavior is too shocking, it can be avoi ded by setting all KEYs to 0, say,
in step Ri.

(
~~ 1~ line 7 5/27/ 78 308

increase I by 1, set ..., and return a’s..’ set ..., increase 1 by 1, and return

~~~~~ exercise 3 line 7 11/12/76 309

Trabb -Pardo a’s,.’ Trabb Pardo

~3$~~1~ exercise 2 2/ 28/ 78 310

line 1: RTAG s,.’ RTAGW )
line 2: RLINK (P) • 1.’ RLINK (P) and RTAG (P) s- +. In step T4, change the test
RL INK (P) “ A  to RlAG (P) �
last line: .) a’w.’ . Similar remarks app ly with simultaneous left and right threading.)

• 
~~~~~~~ tre . illustration in answer 23 11/15/78 311

5 a’s,,.’ 9

new answer 11 11/2 9/7 7 312

1 1. Clearl y there are as many +A’s as —— B’s and + 8’s, w hen n�2, and there is symmetry
between + and —. If there arc U nodes of types +A and —A , consideration of all possible
cases w hen n>1 sho ws that the next random insertion prod uces U-I such nodes with
probability 3M/(n,1), otherwise it produces exactly 11.1 such nodes. The result follows.
(To be published.)

new answer to exercise 16 11129177 313

Delete E; Case 3 rebalancing at 0. Delete C; replace F by C; Case I rebalancing at H;
balance factor adjusted at K.
(a new illustra t ion, in the same styl , as before, muse be iippli.d now)

143
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answer 20 8/25/76 314

the line fol low ing the tree shou ld become the followi ng (instead of what was stated In the
former correction number 355).
It is perhaps most diff icu lt to insert a now node at the extreme left of a tree like th is. An
insertion algo rithm taking at most 0(Iog )1 steps has been presented by D. S. Hirschberg,
C/ICM 19(1976), 471-473.

E~$Vl1t~ update to previous change 678 11115/78 3j 5

to appear a’~.4 9 (1978), 171.181

BJ,L~’Z1~i~ changes to answer 5 6114177 316

450. The worst ... chars. ‘5°
Interpre tatio n I, try ing to maxim iac the stated minimum: 460. (The worst ... chars.)

Interpretation 2, crying to equa lixe the number of keys after splitting, in order to keep
branching factor. high: 155 (15 short keys followed by 16 long ones).

~~1~3UJ bottom, new paragraph for answer 4 7/31/76 317

A more versatile way to economixe on trio storage has been proposed by Kurt Maly,
C/KM 19 (1976), 409-415.

~ 41~~ line -8 2/ 28/ 78 318

~~~~~~ exercise 1 2128178 319

-38~~...’ _37

S~,I1~3~? answer 4 6/14/ 77 320

change line 1 to: Consider cases with 6 pairs. The smallest a su ch that
in line 2 (the displayed formula), interchange m and a everwhe rs, then add “, for in 365,



£1.LU3~ update to previous change number 355 6/14/7? 321

Compagi.sg, to appear. ‘5.’ Compatisg 6(1977), 201-236.

new answer 12/19/76 322

10. See F. R. K. Chung and R. L Graham, Ar. C.mbüseioria 1 (1976), 57-76.

~U~&~93 exercise 14 6/14/77 323

line 2: keys ‘5’ all keys
line 12: until a’s.’ until TAG(P) • I and
line 12: points a’s,..’ points (perhaps indirectly through words with TAG • 2)

t~~~ 3 replace all but first line of answer 37 by: 12/ 19/ 76 324

MNNSN Ix 1r.,k M~ 
(k i (k i - ~Xk 1 - 1). • 6M~

6M - ~KkM -
- IM Z (

~
) (M~1?~½(k - - 1)

• IMN(N-IXN-2) (
~~~

) (M-1)~~ + ~ MMN-1) (
~ g~

) (M~i)N k

• +MMN-1XN-2)M1
~~

3

The variance is SN - ( (N- 1)/ IM) 2 (N- 1XN.6M-5)/ 12M2 
~ • 

~r
2.

new answer 1/ 5/7 9 325

80. No; see M. Ajta i, 3. Komlós, and E. Szemer6di, m l .  Proc. Letters ‘7 (1978), 270-273.

new answer 3/ 2/ 77 326

16. Let each triple correspond to a cod eword , w here each codeword has exactly three 1
bits, identif ying the elements of the corresonding triple. It ii, v, to are distinct codewords, ii
has at most two 1 bits in common w ith the superposition of v and to, since it bad at most
one in common wit h ~ or to alone. (Similarly, from quadruple systems of order a we can
construct v(v-1)/12 codewords, none of w hich is contained in the superposition of any th ree
others , etc.]

~UJ~ update to previ ous correction number 373 11/12/76 327

appear in the a’s , appear in Eq. 5.1.3-19 and in the
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II 5/79 328

Ajt ai, Miklos , 698.

L~21~L!L 1/16/77 329

Allen, Charl.. Grant Blairfiadie, 549.

4/ 19/ 7? 330

add pS76 so ANO entry

11/15/78 331

delete index entries for L N. Bar and P. Brock

11129177 332

llrown , Mark Bobb in, 470.

4/1 9/ 77 333

delete Circular lists entry

12/ 19/ 76 334

Chung, Fan Bong King , 688.

1L~E~J de Bruljn entry 8/25/76 335

• addp 585

11~t~ 12/19/76 3)6

Deadlock, 479.

146
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~~
3 6/14/7? 337

accent over o i Redo. should he • not

1116/77 33,~

Drysdale, Robert Lewis (Scot), III , 229.

4119177 339

add p576 to Exclusiv , or entry

11112/76 340

Espelid, Terje Oskar, 259

4119177 341

add p518 to Ferguson entry

- • 

line 5 9121176 342

Feuraig ‘5.’ Feurseig

2128178 343

Connet Bass, Gaston Henry, 526

3/ 2/ 77 344

Goldste in, Larry J..l, 641.

6114177 345

Halperin, John Harris, 604 •

- 
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~~ /aj,qJL~J 6114177 346

A..ordered, 86-92, 103-104w see 2-ordered.
Is-sorting, 86-92.

1112917? 347

add p601 to Gamma function eniiy

12119176 348

Cot., Eiichi, 527.

12119176 349

Cun~, Tak.o, 527.

•‘
~ ii~ a, 4/ 19/ 77 350

Index mod p, 9.

9/ 21176 351
)tinchberg, Dam.) Syna Moses, 677.

new entry 5/27/ 78 352

interchanging blocks .1 data, 591 (exercise ~ ), 664 (szereiae 3).

• II 5/ 79 353

• Koinlós, .J6nos, 698.

~~~~~ Kleitmin entry 2/28/78 354

• 640 ’5. 639
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312/fl 355

Lehmer, Derrick Henry, 419.

3/ 2/77 356

add pp. 561, 570 I. Kauts ent ry

11/ 15/ 78 357

Kerov , S. V., 594

1/16/77 358

add p641 to Lukasiewics entry

3! 2/7? 359

L.ibhoh, Staph.. V., 641.

6/2506 360

Losmakir, Elieser Leo.sid Solemosovicls, 611.

11~~1U~ MacNation entry 1/ 5/79 361

add p. 627

7/31/76 362

Ma ly, Kurt, 680.

~4pl~?11Il~1t1p 11129177 36)

Mallach, Efreun G.nh.n, 526

•
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12/19176 364

add p. 637 to he sutry fir Med ian

2/28/78 365

Mum., James Ian, $16. -

5/27/78 366

Nahen, Maurice Hariland (~ Magenta), ix.

6/14/77 367
hOVE, 604

3/ 2/7? 368
add p.115 to Noshita entry

~~~
j
~&J1~ 4/19/ 7? 369

delete Newell entry

12/19176 370

Nitty gritty a’ss.’ Nitty-gritty

4/19177 371
Packed data, 401.

new entry 5/27178 372
Pordo, see Tiabb PaMS
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11~t~1t~ Peterson entry - 8/25/76 373

add p. 627

11/15178 374

add p. 576 to Pollard ent ry

1116!?? 375

Rose, Alan, 641.
Baser, John BarkIsy, 641.

3/ 2/77 376

Ilearrangeable network , me Permutatio. network.

L~~1~
9)W new entry 5/2708 3??

Rotati on of data, 598.

11/29/fl 378

add pp. 606, 607 to Ssdgewick entry

12/19/76 379

Samadi, Behrokk, 479.

12/19/76 380

add p. 220 to ScisOithag. entry

3/ 2/7 7 381

add pp. 561,570 1. Siagletan entry

U

• •

Ii
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~~1!JL~ entry for SLG 8/ 25/76 382

add p. 509

12119/76 383

Shei l, Beaumont Alfred, 450.

2/ 28/ 78 384

Sprugno li , R , 507.

~~~ replacement for previous change 416 1/ 5/79 385

Sxemer édi, Endre, 528, 698.

1/16/77 386

Shanks , Daniel Charles, 575. -

2/ 28/ 78 387

Ting, T. C , 260.

~~~~~~~~~ Threaded tree entry 2/2 8/78 388

add p457

11112176 389

Trabb-Pardo a’ .’ Trabb Pardo

1/ 1617? 390

delete p229 from Van Voorkis entry

52
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2/28/78 391

Wang, Y. W., 260.

• 3/ 2/7? 392

Wiener , Norber i, 8.

3/ 2/77 393

delete p641 from Waksman entry

4/19/ 77 394

Wang, Y ihsiao, 128.

new names 6125176 395

Venn, John I..
Windley, Peter F. -

11/12176 396

Yap, Chee-Reng, 637.

1111517$ 397

Versh ik , Anatolir Moisoevicls, 594

6/1417? 398

• 2-ordered, 87, 103, 112. 135.

- • ~~~~~~~ (namely the endpapsrs of th. book) 4/19/77 399

also make any changes specified for pages 136-137 of volgese 1

I. 
•



— 
- -  

Si. 121l9176 400

add p. 450 to Vaughan Pratt entry

S3.~ ’~~~ edd.ndum to previous change 324 11111/78 40!

John M. Pollard has discovered an elegant method for index computat ion in about OWp)
operations mod p, requiring very little memory, based on the theory of random mappings.
See Uetls. Corn p. 32 (1978), 918-924, where he also suggests another method based on
num bers nj il mod p that have only small prime factors.

‘i
~I.U~ 

changes for th. book Man ages Stables 111177 402

p12 line 18: Ac ‘5’ ,Ja
p14 line 4: 41, 1s,.4 ft1,
p18 line -5: 8, .‘s.* Nj and jI

~ 
‘\4 A~ (four changes)

~l8 line -4: •‘ø 6, and oj ~v4 (four changes )
p18 line -3: s,, ‘5.’
p2Z hne -S,-4,-3: d: \‘ b: 1,: “ .~ c; C: ‘5.’
p32 line 6: exercises ‘5. ’ exercices
p32 line -S exercise ‘5.’ exercice
p35 illu st ralion: delete arc from 4 of ch.bs to 8 of hearts
p38 line -11:C’5 .4 ii

• p47 line 2: Ch.lsyakev ‘5’’ Tel. .cbicl,ev
p50 lines -II, -10, -3 and pSI line 5: Chobyshov a’%4 Tch6bichev
p52 line -6: c ~~~ C
p65 line -4: m d\4 rn

p66 line -10, denominator of third term in sum: nil ‘5.’ n-I
p71 line 8: quo ~~~~~~~ 

a’s,. ’ quo
p74 line -I: X S\4., ~

p78 lino-l: X ‘5.’ x
p78 line —4: Q(4] ‘5’ Q(s)
p86 line 10: lemma. ‘5.’ lemma?
p87 line -10: ZZ’ “s.’ j~’
p92 line 4: encrc~se ‘5.. e*ercice
p93 line 4: ci (/Ja, 116, Cc ‘5’’ et (Au , ftc , Cl,
p93 lines -6,-3,-2: crossed-out e should he crossed-out c
p95 line 3: nIP,, “S.-.. alp,,
p9S linc 9: X “.4

• I p95 line -2: formula should be preceded by (3)
p95 line -2: d*2,._,dr,,dy1d72 ._47,, ‘5.’
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~~~~ Changes for Surreal Numbers 1/16/77 403

p86 lines 13-14 should say: ll(y,XL,s), fl(Y 8,s,a).
• p86 line -2, change final comma to a period

p86 line -1, delete this line
p112 line -5: p. The ’5io p. [S.. Isis incredibl, book Ott Niiaskre ..sJ Cons.., published
by Academic Press in 1978.] The
p113 N.gMmadk ’.. ’ Analysis
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THE TEX/METAFON T PROJECT.

WHAT HAS BEEN DONE:
Don Knu th has finished (and frozen) th. lmp lnasntatlon of rEX (thetypesetting system) and Ii currently Involved In the imp lementation of METAFONT(the font generator) .

WHAT WE WANT TO DO:
We wan t to complement TEX / NETAFON T with a suitable hardwarienvironment, namely:
* An XGP typo dev ice that w il l prov ide hardcopy capabilities both for

proofreading and for (medium quality ) originals.

• * A high resolution typesetting device for high quali ty original s .

* A high resolution CRT terminal , capabl e of displaying TEX output.

We also want to make the system widely available, thus it is needed toImp lement it in a more widespread language (PASCAL).

And finally we would like to try our hand in making TEX moreinteractiv e than what It is now. (This one is a tougher cookie.)
IF YOU ARE INTERESTED:

There are many things to be dons. There are learning oportun itles .There are academic goodi es (unit s, CS293 projects, .tc). And there is alsomon ies.

FOR MORE INFO:
Send a message to LTP, or call 74425 or 74377.

56

-

~~~~~~~~~~ 

. 
~~~~~~~~

--•  _ _


