& THE ART OF COMPUTER PROGRAMMING
wiry ERRATA TO VOLUME 3 (2nd edition) @

This document is a transcript of the notes that I have been making in my personal
copy of The Art of Computer Programming, Volume 3 (second edition) since it
was first printed in 1998.

Four levels of updates— “errors,” “amendments,” “plans,” and “improve-
ments” — appear, indicated by four different typographic conventions:

W W

»Page 666 line 1 04 Jul 1776

Technical or typographical errors (aka bugs) are the most critical items, so they
are flagged with a ‘»’ preceding the page number. The date on which T first
was told about the bug is shown; this is the effective date on which I paid the
finder’s fee. The necessary corrections are indicated in a straightforward way.
If, for example, the book says ‘n’ where it should have said ‘n + 1’, the change
is shown thus:

nAN\~rn+1

Page 666 line 2 14 Jul 1789

Amendments to the text appear in the same format as bugs, but without the ‘»’.
These are things I wish I had known about or thought of when I wrote the original
text, so I added them later. The date is the date I drafted the new text.

Page 666 line 3 ........ . ... .. . 20 Nov 1917

Plans for the future represent a third kind of item. In such notes I sketched
my intentions about things that I wasn’t ready to flesh out further when I wrote
them down. You can identify these items because they’re written in slanted type,
and preceded by a bunch of dots “............ > leading to the date on which I
recorded the plan in my files.

Page 666 line 4 10 Jan 1938

The fourth and final category —indicated by page and line number in smaller, slanted
type— consists of minor corrections or improvements that most readers don’t want to
know about, because they are so trivial. You wouldn’t even be seeing these items if
you hadn’t specifically chosen to print the complete errata list in all its gory details.
Are you sure you wanted to do that?

My shelves at home are bursting with preprints and reprints of significant
research results that I want to digest and summarize, where appropriate, in the
ultimate edition of Volume 3. I didn’t do that in the second edition because I
would surely have to do it over again later: New results continue to pour forth
at a great rate, and I will have time to rewrite that volume only once. Volumes
4 and 5 need to be finished first. So I’ve put most of my effort so far into writing
up those parts of the total picture that seem to have converged to their near-final
form. It follows, somewhat paradoxically, that the updates in this document are
most current in the areas where there has been least activity.
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2 INTRODUCTION

On the other hand I do believe that the changes listed here bring Volume 3
completely up to date in two respects: (1) All of the research problems in the
previous edition —i.e., all exercises that were rated 46 and above — have received
new ratings of 45 or less whenever I learned of a solution; and in such cases, the
answer now refers to that solution. (2) All of the historical information about
pioneering developments has been amended whenever new details have come to
my attention.

The ultimate, glorious, future editions of Volumes 1-3 are works in progress.
 Please let me know of any improvements that you think I ought to make.
Send your comments either by snail mail to D. E. Knuth, Computer Science,
Gates Building 4B, Stanford University, Stanford CA 94305-9045, or by email
to taocp@cs.stanford.edu. (Use email for book suggestions only, please— all
other correspondence is returned unread to the sender, or discarded, because
I have no time to read ordinary email.) Although I'm working full time on
Volume 4 these days, I will try to reply to all such messages within a year of
receipt. Current news about The Art of Computer Programming is posted on

http://www-cs-faculty.stanford.edu/ knuth/taocp.html

and updated regularly.
— Don Knuth, February 1998

Writing a series like The Art of Computer Programming
is similar to painting the Forth Rail Bridge.

No sooner is it finished than

the job must be started again.

— MALCOLM CLARK (1992)

The time when The Guardian ceases to make mistakes altogether
is not, at the moment, foreseeable.

— IAN MAYES (1998)
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Most of these corrections have already been made in recent printings.

»Page 1 line 7 05 May 1998

The Prince (1951) \~ The Prince (1513)

Page 5 line 3 of exercise 3 16 Nov 1998
conditions (1) and (2) N\~ conditions (1) and (=2)

»Page 6 line 1 of exercise 9 24 Aug 2002
After n N\ After N

»Page 7 line 2 03 Jan 2000

at most ten A\~ less than a dozen

Page 7 line —24 14 Sep 1998
Achtzehnhundert zwolf N\~ Achtzehnhundertzwolf

Page 7 line —7 11 Nov 1998
siissen Médeln. A\~ langen Tag.

Page 8 line 31 16 Feb 2003
upper case letter A\~ uppercase letter

Page 12 near the top 19 Dec 2001
line 9: Marshall Hall’s A\~ the simple
line 11: [See Proc. ...203.] We A\~ We

Page 14 line 7 09 Oct 2001
K. F. Hindenburg A\~ C. F. Hindenburg

»Page 15 line 2 after (7) 28 Oct 2000
Rodriguez A\~ Rodrigues

»Page 17 line 3 12 May 1998
((a1 as ...an), (P1,D2,- .. ,pn)) N~ ((al,ag, ceyan), (P1,D2,- .- ,pn))

»Page 17 line 6 12 May 1998
ind(a1,as,...,a,) N\~ ind(a as . ..ay)

Page 18 line 1 23 May 1998

54613872; A\~ 54613872 (man 1 is 5th out, etc.);

»Page 20 line 2 of exercise 19 09 Aug 1999
((n —1)m mod m) A\~ ((n — 1)m mod n)




4 CHANGES TO VOLUME 3: SORTING AND SEARCHING

Page 22 line 1 of exercise 28 23 Nov 2002
(R. W. Floyd, 1983.) A\~
Page 23 lines —20 and —15 15 Aug 2003

Anuyogadvara-sutra \~ Anuyogadvarasiitra

Page 23 near the bottom 20 Jul 2000

line —12: Lildvati of Bhascara Acharya N\~ LilavatT of Bhaskara
lines —11 and —8: Bhascara A\~ Bhaskara

»Page 23 bottom line 01 May 1998
5-7.] N\~ 5-7].
Page 27 line —10 22 Aug 2002

Paris 258 (1964) A\ 258 (Paris, 1964)

Page 31 line 2 of exercise 10 15 Jun 2003

insure A\~ ensure

»Page 31 line —5 20 Jul 2001

notion of A\~ notion of “topological sorting”

»Page 32 line 3 of exercise 15 13 Aug 2002

1 < 22 < - < xp and Ny +n2 + - + Ny :mJ\ﬁxl < 2 < - < Ty and
nit+nz+--+nm=n

»Page 40 lines 10 and 11 from the bottom 18 May 2000
k k—1
+ Z N~ + Z (twice)
j=0 j=0
»Page 41 replacement for the bottom line 19 May 2000
2z z z z z z z
R, (z) = L(z)+ + +—+ +—"+ -+ +—
z—zyg 2z—21 Z2—Z1 2z—2y 2Z—2Zs Z—2Zm Z—Zm
»Page 42 replacement for line 5 19 May 2000
2z z/z z/z z[z zZ|Z
LAl B [zm o | Ro(2),
11—z 1-2z/zy 1-2z/% 1—2/zm 1—2/Zn
»Page 42 line 3 after (31) 19 May 2000

R,.(z) = —z N\~ R, (2) — ¢z for some constant ¢

Page 42 line 4 after (31) 26 May 2000
when n > 1. A\ when n > 1. (See also exercise 28.)

Page 45 replacement for line 3 18 May 2000

§<Z> (nﬁq):{Z}q!’ integer ¢ > 0.




CHANGES TO VOLUME 3: SORTING AND SEARCHING )

Page 46 exercise 16 14 Aug 2002

[change the notation from |Z| to 3{:3{, because I'm now using the former notation
for partition numbers in Volume 4]

Page 46 exercise 19 26 Nov 2003
J. Riordan A~ I. Kaplansky and J. Riordan, 1946

Page 47 new exercise 26 May 2000

28. [HM35] Find the asymptotic value of the numbers z,, in Fig. 3 as m — oo, and
prove that

S (e +7Y) = e 2.
2
m=1

»Page 52 line 16 12 May 1998
poof A~ proof

»Page 60 line 4 after the caption 25 Nov 1998
(no+m—1) N\ (n2+m—2)

»Page 63 line 1 of (46) 17 May 1999
1lnn A» inlnn

»Page 63 line 2 of (49) 09 Aug 1999
x5 8 20
n? 9 n?

Page 64 line —6 22 Aug 2002
Paris (1782) N\~ (Paris, 1782)

Page 70 line 6 03 Jan 2003
outdegree N\~ out-degree

»Page 76 line —15 21 Jul 1998
of other A\~ of the other

»Page 77 top line 07 Jun 1998
Table 2 A\~ Table 1

Page 77 line —4 03 Jun 1998
Kl, ceay KN J\/—)Kl KN

»Page 82 replacement for line 11 01 May 1998

B = (min0, ave (N? — N)/4, max (N? — N)/2, dev \/N(N — 1)(N + 2.5)/6);

»Page 84 line 4 after the table 23 May 1998
that w sort A\~ that we sort

»Page 90 line 11 09 Aug 1998
h, .o by N by, ho
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»Page 92 in (9) 22 May 2000
r—1 r r—1 r
<s< <
( 2 )—S—<2>J\"’( 2 )—S<(2)
»Page 92 line 1 of Theorem I 09 Dec 1998
O(Necx/lnn) J\/_) O(Nem/lnN)
Page 94 new entry before line —3 of Table 6 11 Apr 2001

190 84 37 16 7 31 359 7201 7

Page 94 near the bottom 11 Apr 2001
line —5: 10NT A\~ 10(NT - S)

bottom three lines: Therefore ... first pass.\~ (The first pass is very quick,

however, if h;—; is near N, because NT —S = (N —hy—1) +---+ (N — hg).)

Page 95 lines 6-9 11 Apr 2001
He also discovered ... order N3/4. A On the other hand, subsequent tests
by Marcin Ciura show that Sedgewick’s sequence (11) apparently makes Baye =
O(N(log N)?) or better. The standard deviation for sequence (11) is amazingly
small for N < 108, but it mysteriously begins to “explode” when N passes 107.

Page 95 near the bottom 11 Apr 2001
in (12): 3hy > N N\p hyy1 > N
lines —6 to —4: recommended, again ... 10% faster. A\~ recommended. Still bet-
ter results, possibly even of order NV log IV, have been reported by N. Tokuda
using the quantity |2.25h] in place of 3hs in (12); see Information Process-
ing 92 1 (1992), 449-457.

Page 98 line —1 26 Dec 2000
discussed below in A\~ discussed in

»Page 102 line 2 of exercise 7 12 May 1999
laz = 1] A |as — 2|
»Page 105 line 4 22 May 2000
the running time A\~ the average running time
Page 105 line 2 of exercise 40 01 Nov 2002
(15) A\ (15)
»Page 105 line 4 of exercise 42 22 May 2000
N/g N> N*/%[g
Page 110 caption to Figure 16 is not an error 22 Aug 2002

cocktail-shaker short [shic] A\~ cocktail-shaker short [shic]

[Let’s drink a toast to all alcoholic shorting methods, and forgive authors who occasionally
make weird attempts at humor.]

»Page 116 line 2 of step Q7 01 May 1998
r+ 1 AN~ r+1.) If
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Page 118 line 53 of the program

27 Jul 1998

j—NANsj-N.

Page 121 replacement for line 2 of (25)

By =§ (N +1)(2Hn+1 — 2Hy42 +1—6/(M +2)) + 3,
»Page 122 line 7

Exercise 58 A\~ Exercise 42
»Page 125 line 1 of step R2

R <---<R.N~R;...R,
»Page 125 line —3

4 =1~ j] A\ [il4 = j — 1]
»Page 126 lines 30 and 81 of the program

[rI4unknown] A\~ [rI4 unknown]
b+b—1N,b+b+1

»Page 127 line —15

Ha+1)N Np TN
»Page 130 line 1

fa N\~ fa(z)

Page 136 new sentence added to exercise 28

Ignore the comparisons made when computing the median value s.

»Page 137 line 2 of exercise 41

1<k<iNpI<Ek<i
»Page 138 line 2 of exercise 55

three keys (28). A\~ three keys (28), assuming that M > 1.
»Page 141 line —18

{170, 175} N\~ {170, 275}
»Page 148 line 4

15 Aug 1998

22 May 2000

15 Aug 1998

15 Aug 1999

15 Aug 1998

14 Sep 2000

21 Sep 2001

25 Oct 1998

28 Oct 2000

05 Aug 1999

23 May 1998

14 Sep 2000

InN NP lgN
»Page 151 line —7

heaps). A\~ heaps.)
»Page 152 line 9

CACM 12 N\~ CACM 21
Page 152 line 14

01 May 1998

09 Jan 2000

29 Jul 2000

249 A 249; M. L. Fredman, JACM 46 (1999), 473-501
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Page 152 lines 24-25 20 Mar 2000
SODA 8 (1997), 83-92] A\~ SICOMP 28 (1999), 1326-1346]
»Page 155 line 2 14 Sep 2000
04805— A\, 04806—
Page 163 line —20 01 Jan 2002
regardless A\~ or in the trivial case N = 1, regardless
»Page 166 line 4 after the program 18 Sep 2003
about 9N lg N A\~ about 8N lg N
»Page 166 line —12 29 Jul 1998
111.] A~ 111].
»Page 166 line —8 13 Aug 1998
arrangement “\~ arrangements
»Page 166 line —3 31 Jul 1998
Ki<-- KN AN~ K< <Kjy
Page 166 line —1 11 May 1999
key appears A\~ keys appear
Page 168 line 1 of exercise 18 16 Feb 2000
on N records A\~ of N records
Page 174 line 07 of the program 05 Oct 1999
— TOP[:] A\~ — TOP[:].
»Page 177 line 1 20 Nov 1999
sort if A\~ sort it
Page 177 line —1 10 Aug 1998
signed-magnitude N\ signed magnitude
»Page 183 line 23 09 Aug 1998
[lnn!] A~ [lgn!]
»Page 188 row b and column e of (24) 16 Jun 1998
9N~ T
»Page 189 in Eq. (26) 28 Oct 2000
n'! n''! n'! n''!
2K T(G") 2" T (G") A\ 2K T(G") 2K T (G")
Page 192 lines 3-5 21 Jul 2003
The intermediate ... takes no fewer comparisions A\~ Marcin Peczarski [see

Lecture Notes in Comp. Sci. 2461 (2002), 785-794] extended Wells’s method
and proved that S(13) = 34, S(14) = 38, S(22) = 71; thus merge insertion is
optimum in those cases as well. Intuitively, it seems likely that S(16) will some
day be shown to be less than F(16), since F'(16) involves no fewer steps
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Page 197, exercise 35 20 Aug 2002
S(13) A\~ S(14)
»Page 204 line 2 05 Oct 1999
M (m,n—2%) N H(m,n—2%)
»Page 212 bottom line 04 Jan 1999
acieves A\~ achieves
»Page 213 line —4 23 Dec 2002
exercise 26 A\~ exercise 27
»Page 224 line 4 before (3) 21 Sep 2001
(yl;---;ym> J\/" <y17--->yn>
»Page 225 line —13 02 Jun 1998
needed in an A\ needed in a
Page 225 line —8 21 Jan 2000
still unknown. \~ known only in a very weak sense.
»Page 226 line —7 30 Jun 1999
Hughes A\~ Hugues
Page 227 replacement for bottom part of Fig. 49 10 Aug 1998
7 .
{
)
{
{ )
{ {
)¢
{ {
{ )
{
{
{
{
l :
n=16 60 modules, delay 10
Page 229 new sorting networks for Fig. 51 11 Oct 2001
{ )
{ {
) ) { )¢
)
) { )
)
)¢ { {
) ) )
) { { )
n=9 25 modules, delay 7 )
n=11 35 modules, delay 8
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Page 229 line —10 11 Oct 2001
n=6andn=9AN\~rn=6,n=9,and n =11

Page 229 replacement for the bottom two lines 11 Oct 2001

they always sort. Some of these networks were discovered in 1969-1971 by
G. Shapiro (n = 6, 12) and D. Van Voorhis (n = 10, 16); the others were
found in 2001 by Loren Schwiebert, using genetic methods (n =9, 11).

»Page 230 line 22 21 Sep 2001
{Zon+t1y- -y 2an) 10 {21,. .., 220) NP {22041, - s 2an} to {21,..., 220}

Page 231 line —5 23 Dec 2002
(m,n) merging A\~ (m,n)-merging

Page 232 line —22 24 Jan 2003
(1,7n) merging N\~ (1, n)-merging

Page 238 replacement for exercise 20 12 Sep 2003
20. [28] Prove that (a) Va(5) =7; (b) Us(n) < 3n — 10 for n > 6.

»Page 240 line —5 27 Aug 1998
r<4n® + /nlgn Ao r < 4n® + O(n®/? log n)

Page 241 line 1 of exercise 43 23 Dec 2002
(m,n) merging A\~ (m,n)-merging

Page 242 lines —3, —13, —17 17 Aug 1998

Fig. 61 A\~ Fig. 60
Fig. 61 A\~ Fig. 60

»Page 246 line 2 of exercise 66 05 Oct 1999
exercise 63 A\~ exercise 64
Page 246 lines —1, —3 17 Aug 1998

Fig. 60 A\~ Fig. 61
Fig. 60 A\~ Fig. 61

»Page 247 line 4 29 Oct 1999
1<i<NA~,1<i<N

»Page 250 line 22 21 Nov 2003
15,000000 A\~ 15000000

»Page 262 line —13 10 Jan 2003
685—687 A\~ 685—688

Page 264 line 2 of exercise 23 11 May 1999

the same order that \~ the same order as

»Page 271 line 1 of step D1 06 May 1998
D[j] — 1 and TAPE[k] « j7 A\~ D[j] < 1 and TAPE[j] « j
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Page 275 equation number in wrong font 14 Nov 1999
(12) A\~ (12)

»Page 282 line —10 14 Nov 1999
v1 4+ ug + vo N\~ v1

Page 286 line 3 of exercise 14 14 Nov 1999
Tyt N Tinry )

»Page 287 the running headline 21 Jul 2002

CASCADE A\ POLYPHASE

Page 288 line 3 19 Jun 2003
National Conf. N\~ Nat. Meeting

»Page 294 line 7 of (4) 08 Feb 2001
dp =cCp —en_1 J\/" dp =c¢p —Cp1
Page 296 line —6 08 Apr 2003

Eqs. (8) A\~ The equations in (8)

»Page 299 line —18 16 Jan 2000

Programmer A\~ Programmers

»Page 332 line 17 28 Oct 2000
nC(1+ p)w,m N> NC(1+ p)w,T
Page 348 line 3 of exercise 1 10 Aug 1998

mixed radix system “\~ mixed-radix number system

»Page 348 line —13 18 May 1998

preform A\~ perform

Page 350 in the specification of SORT10 10 Jan 2003
Tape 0 A\~ tape 0

»Page 356 line 1 of exercise 6 10 Jan 2003
Fig. 87 A\ Fig. 88

Page 369 replacement for the final three paragraphs _ 17 Jul 2003

SyncSort begins by reading the first block of each run and putting these PB
records into the memory pool. Each record in the memory pool is linked to its
successor in the run it belongs to, except that the final record in each block has
no successor as yet. The smallest of the keys in those final records determines
the run that will need to replenished first, so we begin to read the second block
of that run into the first buffer. Merging begins as soon as that second block has
been read; by looking at its final key we can accurately forecast the next relevant
block, and we can continue in the same way to prefetch exactly the right blocks
to input, just before they are needed.
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The three SyncSort buffers are arranged in a circle. As merging proceeds,
the computer is processing data in the current buffer, while input is being read
into the next buffer and output is being written from the third. The merging
algorithm exchanges each record in the current buffer with the next record of
output, namely the record in the memory pool that has the smallest key. The
selection tree and the successor links are also updated appropriately as we make
each exchange. Once the end of the current buffer is reached, we are ready to
rotate the buffer circle: The reading buffer becomes current, the writing buffer
is used for reading, and we begin to write from the former current buffer.

Many extensions of this basic idea are possible, depending on hardware
capabilities. For example, we might use two disks, one for reading and one for
writing, so that input and output and merging can all take place simultaneously.
Or we might be able to overlap seek time by extending the circle to four or more
buffers, as in Fig. 26 of Section 1.4.4, and deviating from the forecast input order.

Page 370 line 16 03 May 2004
faster. A\~ faster unless they’re being done simultaneously.
»Page 371 line —20 03 May 2004
by N\~ Iy
»Page 377 line 6 of exercise 7 28 Oct 2000

6wi + 6ws + Twz + Ywq + Yws + Tws + 4wr + 4ws J\,—) 6w, + 6ws + 7wz + w4 + Qws +
Twe + 4dwr7 + dws

Page 385 line 16 18 Feb 2002
1930 A\~ 1929-1930
Page 385 line —16 04 Dec 2000

stored program computer J\,—) stored-program computer

Page 386 near the bottom 25 Jan 2003
line —9: Holberton A\~ Snyder
line —1: Mrs. Holberton A\~ Snyder

Page 387 line 22 25 Jan 2003
F. E. Holberton A~ Frances E. [Snyder] Holberton

Page 389 line —15 03 Jul 1999
SODA 8 (1997), 370-379 N\ J. Algorithms 31 (1999), 66-104.
»Page 400 equation (12) 23 Jun 1998
¢ =1/N? Np ¢ = 1/N?
»Page 400 equation (12) 20 Nov 2002
= 0.1386 \~ =~ 0.1386
»Page 403 line 17 02 Jun 1998

a interesting A\~ an interesting
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Page 406 line 14 14 Nov 1999
Py_1m-1 N\~ Piv—1y(m—1)
Page 410 line —16 10 Jan 2003

R1R2...RNJ\/-)R1,R2,...,RN

Page 412 equation number in wrong font 14 Nov 1999
(1) A~ (1)
Page 414 line —9 14 Nov 1999

number of A\~ number of

»Page 416 lines 5 and 6 after the program 14 Nov 1999
C1 is weighted more heavily than C2 A~ C1 is weighted more heavily than C2

Page 418 line 7 10 Jan 2003
RiR>...Rx N\~ Ri, Rs, ..., Ry

Page 434 line —13 03 May 2004
S LLINK(R) N\~ S < LLINK(R)

»Page 435 line 3 19 Jan 2000
about n2 A~ about N2

Page 443 equation numbers in wrong font 12 Dec 1999
(20) A\ (20)
(21) A\ (21)

»Page 446 line —8 13 May 1998

in a several A\~ in several

Page 447 near the top 03 Dec 1998
line 4: cost ¢ A\~ weight w

line 6: —c A\ —w

line 7: it has been \» an optimum tree has been

lines 8 and 9: a sequence of such transformations will make Ix < lx4+1 \~ we have
found an optimum tree in which I = lx41

»Page 447 at the end of the proof of Lemma X 03 Dec 1998
line —4 of the proof: A~ (twice)
line —3 of the proof: N-
line —2 of the proof: N~

»Page 449 near the top 03 Dec 1998

line 4: N~

line6: j<i<k—1ANPj<i<s.

»Page 453 line 22 11 May 1999
It it is smaller, A\~ If it is smaller,
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»Page 455 line 2 of exercise 11 11 May 1999
empirical data N\~

Page 457 line 1 of exercise 28 11 May 1999
a “optimum binary search” N\~ an “optimum binary search”

»Page 459 line 3 28 Jul 1999
Doklady Akademiia Nauk N\~ Doklady Akademii Nauk

»Page 460 line 2 of Theorem A 08 Dec 1998
1.4404 N~ 1.4405

Page 465 line 12 16 Feb 2003
K A\~ K.

Page 465 line —2 28 Nov 1999

—a,00r 0 A\~ —a, 0,0r 0
Page 466 line 17 28 Nov 1999
—a,OorOJ\ﬁ—a,O,orO

»Page 469 lines —3 and —2 02 Jun 1998
143 + .153 4 143 + .143 = .582 A\~ .143 + .152 + .143 + .143 = .581

Page 470 line —6 27 Dec 2000
3.3 AN~ 3

»Page 471 line —20 27 Dec 2000

Section 5.2.2 A\~ Section 6.2.2

»Page 473 line 5 28 Oct 2000
Set P =R A Set P < R

»Page 475 lines 3 and 4 after the caption 23 Oct 1998
both (although A\~ both, although

»Page 477 line —5 28 Nov 1999
(1989) A\~ (1990)
Page 478 bottom line 19 Aug 1998

Lecture Notes in Comp. Sci. 1136 (1996), 91-106 A» JACM 45 (1998), 288-323

»Page 487 line 19 08 Dec 2000

contain m keys A\~ contains m keys

»Page 489 line 27 16 Feb 2003
121-138 A~ 121-137

»Page 492 line 12 16 Feb 2003
490-500 N\~ 490499
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»Page 493 at left of the table 28 Nov 1999

between I and J: 8 A\~ A
between R and II: & A\~ X

Page 496 new paragraph to follow line 23 07 Apr 2001

An interesting way to store large, growing tries in external memory was
suggested by S. Y. Berkovich in Doklady Akademii Nauk SSSR 202 (1972),
298-299 [English translation in Soviet Physics—Doklady 17 (1972), 20-21].

»Page 500 line 9 11 Sep 1998
See n A\~ Set n
Page 505 line —5 28 Nov 1999
node.) A\~ node).
Page 512 new exercise 08 Mar 1999

»45. [M25] If the seven keys of Fig. 33 are inserted in random order by the algorithm
of exercise 15, what is the probability of obtaining the tree shown?

»Page 513 line —15 25 Feb 2000
Mecmuasi N\~ Mecmuasi

»Page 514 lines 12 and 13, in column HER 21 Sep 2001
—1A,~1

»Page 514 line 10 15 Oct 1999
K(3,3) A~ K(3:3)

»Page 515 line —14 17 Jul 1998
good good spread A\~ good spread

»Page 517 in 13th and 14th printings only 14 Nov 2003
[The following line was missing at the bottom of the page.]
h(2), ..., so the following experiment suggests itself: Starting with the line

Page 518 lines 6-8 07 Apr 2003

was first conjectured ... proof.] A\~ was observed long ago by botanists Louis

and Auguste Bravais, Annales des Sciences Naturelles 7 (1837), 42-110, who gave
an illustration equivalent to Fig. 37 and related it to the Fibonacci sequence. See
also S. Swierczkowski, Fundamenta Math. 46 (1958), 187-189.]

Page 523 line 2 after (13) 19 Dec 1999
rA = K. A\~ rA = K; 112 = LINK[i] and/or R.

»Page 525 replacement for line 14 21 Sep 2001
N-1

Cn=1+ T 1+ % (successful search). (19)

Page 525 line —3 17 May 2001

open position A\~ empty position

Bravais
Fibonacci sequence
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Page 527 line 3 03 Jan 2003

non-negative \~ nonnegative

»Page 530 in (28) 21 Sep 2001
M+4+1-n N M+1-N

»Page 532 bottom line 14 Mar 2001
TABLE[(po — ¢1) mod M1 A~ TABLE[(p; — ¢1) mod M]

»Page 534 line 6 17 Dec 1998
to step R2. A\~ to step R1.

Page 537 line —1 16 Feb 2003
Eq. 1.2.6-39 A~ Eq. 1.2.6-(39)

»Page 541 line 15 21 Sep 2001

M M

(v) ()

Page 547 line —9 13 Feb 2003
probing. A\~ probing. [See also Derr and Luke, JACM 3 (1956), 303.]

»Page 548 line —5 07 Jul 1998
Witold Lipski A~ Witold Litwin

»Page 550 line 3 20 Nov 1999
construct polynomial A\~ construct a polynomial

»Page 550 line 10 21 Sep 2001
coefficients p; N\~ coefficients p;

»Page 550 line —4 of exercise 8 18 Jun 1998
{(=D*a0} No {(=1)""" a0}

»Page 550 line —3 of exercise 8 24 Jul 1998
0} N\ 03"

»Page 555 line 7 of exercise 55 06 Apr 2000
Eq. 2.3.4.4-(9) A\~ Eq. 2.3.4.4-(21)

»Page 557 line 6 of exercise 72 11 May 1999

than the expected A\~ then the expected

»Page 561 line —12 12 Dec 1999

for examples A\~ for example

»Page 565 line —7 07 Apr 2002
(kmodl)+ 1A~ (Imodk) +1
Page 571 first two lines of (11) 20 Nov 1999

[semicolons are missing after the numeric values]
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»Page 573 line —15 17 Nov 1999
IEEE/ N\~ IEEE

»Page 574 line —2 04 Aug 1998
1,2,5, 7, and 8 A~ 0,1,4,6,and 7

Page 575 line 18 20 Mar 2000
In 1997, A. E. Brouwer found A\~ A. E. Brouwer [SICOMP 28 (1999), 1970
1971] has found

Page 575 line —6 02 Jul 2001
stored three places \~ stored thrice

»Page 577 line 3 25 Mar 2001
triples, A\~ triples.
Page 578 line 22 12 Dec 1999

Proc. ACM Np Proc. ACM

»Page 580 line 9 of exercise 8 17 May 2001
each of the queries A\~ each of the queries in

»Page 584 line 6 06 Jul 1998
(1862) A\~ (1864)

»Page 584 line 13 24 Aug 2002
p(1)...p(n) and q(1)...q(n) N\~ p(1)...p(N) and ¢(1)...q(N)

»Page 584 line —13 06 Jul 1998
Rpny) N Rp(1)

»Page 587 last line of answer 12 03 Jan 2000
Mgn] A\~ [lgn] +1

Page 588 line 17 14 Sep 1998

ACHTZEHNHUNDERT_ 8ZWOLF,8E J\,—) ACHTZEHNHUNDERTZWOLF,8EIN

Page 588 line 34 11 Nov 1998
SUSSEN,,8MADE \~ LANGEN,,8TAG,

»Page 589 answer 19 09 Jul 1998

line 1: (z;, ;) N~ {zi,2;}
line 7: (zi, xi) N\~ {Ti,7:}

lines 7 and 8: those of exercises 18 and 19 A\~ the method of exercise 18

»Page 589 line 2 of answer 21 05 Mar 1999
ERS, A\~ -ERS,
Page 589 bottom line 28 Jan 2001

Dudeney, A\~ Dudeney, Strand 65 (1923), 208, 312, and his
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Page 590 line 11 04 May 2002

m is the computer word size. Sorting the file (f(a), a) will A m is, say, 21218V} when
there are N words. Sorting the file (f(a), a) with two passes of Algorithm 5.2.5R. will
bring anagrams

Page 590 last line of answer 22 24 Aug 2002
142] Npo 142].
»Page 592 line 6 of answer 7 28 Oct 2000

Rodriguez A\~ Rodrigues

Page 592 lines 6 and 7 of answer 7 19 Dec 2001

240; the C inversion table appears in "\~ 240. The C inversion table was used by
Rothe in 1800; see also

Page 594 line 1 11 Dec 2002
Euler’s A\~ Comptes Rendus Acad. Sci. 92 (Paris, 1881), 448-450. Euler’s

Page 594 line 1 of answer 20 22 Aug 2002

See A\~ See J. J. Sylvester, Amer. J. Math. 5 (1882), 251-330, 6 (1883), 334-336,
§57-568;

»Page 594 line 1 of answer 20 07 Jan 2000
Zolnowski A\~ Zolnowsky

»Page 595 line 3 18 May 2000
()& (—u™"0 =) A () B) (—u 0t
»Page 595 line 6 of answer 23 29 Jun 1999
(@n***1pn) N (@7 pn)
»Page 596 line 3 of answer 27 03 Jan 2000
H,(w,z) H,(w,z)
; 1-2)...(1—2m) A\ (1—-2)...(1=2")
Page 597 replacement for last paragraph of answer 28 23 Nov 2002

The average total displacement of a random permutation is (n® —1)/3; see exercise
5.2.1-7. The generating function for total displacement does not appear to have
a simple form. References: C. Spearman, British J. Psychology 2 (1906), 89-108;
P. Diaconis and R. L. Graham, J. Royal Stat. Soc. B39 (1977), 262—268.

»Page 599 answer 14 01 Nov 2002
line 11: (I-a,m-b,n-c) N> {l-a, m-b, n-c}
line 14: (n1 - Z1,...,%m  Tm) N2 {01 - T1,.. ., 0 - Tin }

»Page 603 line 1 of answer 11 09 Aug 1999
ZtIZI ..... t>1 J\/-’ Zt121,...,tk,121
Page 604 answer 16 14 Aug 2002

[change the notation from |Z| to }(Z}(, because I'm now using the former notation for
partition numbers in Volume 4]
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Page 605 line 9 22 Aug 2002
N ALK
Page 605 near the top 22 Aug 2002

line 8: Paris 81 (1875) A\~ 81 (Paris, 1875)
line 9: Paris 97 (1883) A\ 97 (Paris, 1883)
line 10: (Paris: 1884) N\~ (1884)

Page 605 replacement for lines 4 and 5 of answer 19 25 Nov 2003

[Duke Math. J. 13 (1946), 259—-268. Sections 2.3 and 2.4 of Richard Stanley’s Enumer-
ative Combinatorics 1 (1986) discuss rook placement in general.]

Page 607 new answer 26 May 2000

28. The poles of L(z) are the values of T'(1/e), where T'(z) is the (multivalued) tree
function defined by T(z) = zeT*). Thus for m > 0 we have the convergent series

n+l—k
D Y e e e A L

Y]
>Oam - n+1—k)!

[Corless, Gonnet, Hare, Jeffrey, and Knuth, Advances in Computational Mathematics
5 (1996), 329-359, formula (4.18)]; in particular, we have z,, = (2m+1)7mi+In(2rem)+
(2 -4+ ln(27rem))/m + O((log m)z/mQ)

Let P(z) o(2/(z = zm) + 2/(z — Zm)). It follows that P(x) — P(—z) =
S R ) T O () T O((a g )+
Z::IH O((zlogm)/m?) = O(log z) for x > 1. But we know that L(z) + P(z) = cz
for some c; hence 2cx = L(z) — L(—z) + O(log z), and by letting x — oo in (25) we find
c=—1/2. Hence Ly = 3.°°_ 2r,! cos 6, —1/2. (This result is due to Svante Janson.)

Page 609 lines 13 and 14 18 Aug 2002

[Change the notation from ‘a,,’ to the more modern ‘e,,’.]

Page 611 lines 3-5 of answer 28 23 Mar 2000

[M. Talagrand ... ©(n'/®).] A [J. Baik, P. Deift, and K. Johansson, J. Amer. Math.
Soc. 12 (1999), 1119-1178, showed that the standard deviation is ©(n'/®); moreover,
the probability that the length is less than 2v/n + tn'/% approaches exp(— ftoo (x —
t)u’(z) dx), where v’ (z) = 2u®(z) + zu(z) and u(z) is asymptotic to the Airy function
Ai(z) as x — 00.]

»Page 611 line 3 of answer 29 28 Oct 2000
< Vaje. No < ife)
Page 613 line 4 of answer 37 19 Aug 2002
211 A\~ A211
Page 614 line —8 14 Aug 2001

Lecture Notes in Comp. Sci. 807 (1994), 307-325 A\~ Algorithmica 13 (1995), 180-210

Page 615 near the top 01 Aug 2000

line 2: STOC 27 (1995), 178-189 A\~ JACM 46 (1999), 1-27
lines 3-4: SODA 8 (1997), 344-351 N\~ SICOMP 29 (1999), 880892
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Page 619 new sentence for end of answer 7 23 Nov 2002

Incidentally, the wvariance of the stated sum can be shown to equal [n>1](2n? + 7)
(n+1)/45.
»Page 620 throughout answer 10 08 Mar 2001

change the local symbols 3F, 3H, 8F, 4H, 5H, 6H, 7F, 5B, 7H, respectively to OF, OH, 7F,
3H, 4H, 5H, 6F, 4B, 6H.

Page 620 line 12 02 Aug 1998
NT-S—-CN~NT-S-C |
»Page 620 line 2 of answer 15 01 Nov 2002
gn-1 N> gn-1(2)
Page 623 replacement for lines 7 and 8 of answer 29 08 Dec 2003

On the other hand, Marcin Ciura’s experiments [Lecture Notes in Comp. Sci. 2138
(2001), 106-117] indicate that the minimum 7-pass Bave (= 6879) is obtained with
increments 229 96 41 19 10 4 1, while the sequence 737 176 69 27 10 4 1 yields the
smallest total sorting time (=~ 125077u).

Page 624 line 22 of answer 31 15 Aug 1998
[center the ‘I in the frequency column]

»Page 624 line 23 of answer 31 15 Aug 1998
is the A\~ is

Page 625 line —2 of answer 33 02 Aug 1998
N-1AN~»N-1 |

Page 625 bottom line 02 Aug 1998
M AN~ M ]

»Page 626 last line of answer 36 15 Aug 1998
slow!) A\ slow!

»Page 626 replacement for line 13 of answer 37 22 May 2000

2
N>0g%M(1)% = M(M —1)e™M-2v <wT2ew> + MeM-Dw (1{)—; + %) e”.

[Also change gy (1) N\~ gvar(1) on line 11.]

»Page 626 line 2 of answer 38 22 May 2000

converges to \~ is asymptotic to

»Page 627 answer 41 28 Oct 2000
line 1: We have A\~ (a) We have
line 2: pk+1/(k + 1) — pk/k N (p*+1/(k +1) — p*/k)/Inp
line 6: (k—1)> A\~ (K —2)2
line 8: (loglog N)™3 A (loglog N)~2

»Page 627 line 10 of answer 42 22 May 2000
N/gh Np N/gh+1
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Page 627 bottom line 11 Apr 2001

307.] A\~ 307.] However, with a decent sequence of increments the inner loop is not
performed often enough to make this change desirable.

Page 628 line 1 of answer 2 16 Aug 2001
Philos. Mag. 34 \~ Philosophical Mag. (3) 34

»Page 629 line 9 of answer 12 22 Aug 2000
05 N\~ 06

Page 630 line 2 02 Aug 1998
p#0. N2 p#0. 1

»Page 632 last line of answer 23 05 Jun 2000
the form (20) A\~ the form (19)

»Page 635 last line of answer 38 14 Sep 2000
Xy =12(An —Ln) N\» Xy = 1 Ax

»Page 636 last line of answer 41 15 Aug 1999
Chapter 11 A\~ Chapter 14

Page 636 lines 7 and 8 of answer 44 15 Aug 1999

[insert a bit of space between these lines]

»Page 636 line 5 of answer 48 05 Jun 2000
— 0(n) A —do(n) + O(n=')
»Page 636 replacement for answer 49 05 Jun 2000

49. The right-hand side of Eq. (40) can be improved to the estimate e *(1 — J2°/n +
O((z*4+z*)n™?)). The effect is to subtract half the sum in exercise 47, replacing O(1)
in (50) by 2 — 1(1/In2 4 d1(n)) + O(n'). (The “2” comes from the “2/n” in (46).)

»Page 637 lines 3 and 4 05 Jun 2000
.0000001725, 00041227, ..., .341 N\~
.000000172501, .000041227, .0002963, .0008501433, .0062704, .06797, .1525, .348

»Page 637 line 2 of answer 53 15 Aug 1999
P"a" " +d" " )z Ao 0" + ")

Page 638 last line of answer 54 15 Aug 1999
Uber N\ iiber

»Page 638 line —10 of answer 55 04 Aug 1999
Rit1 N\~ Rt

»Page 638 last two lines of answer 55 05 Aug 1999

does not look at ...fast. A\~ does not look at Kn+1, but it still might examine Ky in
step Q9.

»Page 641 line —2 01 Jan 2002

the smallest prime divisor A\~ a prime divisor
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»Page 642 line 9 02 Aug 1998
return to (b). A\~ return to P2. 1|
[Also change Stepl, ..., Stepb to P1, ..., P5, respectively, in this answer.]

»Page 642 line 16 06 Aug 2001

O(Nlog N) A\~ O(N log N loglog N)
Page 642 answer 16 02 Aug 1998
line 1: Step 1 A\~ I1
line 2: Step 2 A\p 12
line 3: Step 3 A\~ I3
line 4: Step 4 A\~ I4
line 4: return to step 2. A\~ return to I12. |

»Page 643 line 3 of answer 21 23 Dec 2002
ZOSK’C 2 j\/_) ZOSqSk 2

»Page 643 line —2 of answer 23 14 Sep 2000
[N/2] N~ [N/2] -1

»Page 643 last line of answer 25 14 Sep 2000
(2n—3) A\~ 2n—1)

»Page 644 line —7 23 Dec 2002
t—1 t—2
2N\
j=0 j=0

»Page 644 line —2 15 Aug 1999
ha' N> by

»Page 648 line 6 of answer 15 17 Jul 2003
®,¢,7) N> (0, 9)

Page 650 line 12 of answer 5 02 Aug 1998
DEC1 1A~ DEC1 1 |

»Page 652 replacement for line 4 of answer 18 05 Oct 1999

LSS (Pl -p) N () = SO (D)6k < AR S0 puB/C, because

»Page 653 line 3 of answer 3 05 Oct 1999
Eq. 1.2.9-(10).) A\~ Eq. 1.2.9-(10).
Page 653 line 13 of answer 3 16 Aug 2001

Phil. Mag. 18 A\ Phil. Mag. (4) 18

Page 655 line 2 of answer 7 05 Oct 1999
6 \~>2-3
»Page 657 line —5 05 Oct 1999

noninteger, A\~ noninteger.
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Page 658 answer 35 20 Aug 2002

[delete this answer, as the exercise has changed)]

»Page 658 answer 1 09 Jul 1998
S(n) + S(n) N\~ S(m) + S(n)
Page 664 lines 2—4 of answer 23 09 Feb 2002

D. Dor ... proved A\~ D. Dor and U. Zwick have shown that the actual lower limit is
strictly greater than 2, while the upper limit is less than 2.942 [SICOMP 28 (1999),
1722-1758; SIAM J. Disc. Math. 14 (2001), 312-325]. They also have proved

Page 666 new sentence for answer 7 16 Jun 2002
(Notice that the modified network has delay 8.)

Page 668 new answer 12 Sep 2003

20. (a) First note that Va(n) > Va(n — 1) + 2 when
n > 4: By symmetry the first comparator may be
assumed to be [1 : n]; after this must come a network
to select the third largest of (x2,x3,...,%n), and an- I
other comparator touching line 1. On the other hand, ?
Va(5) < 7, since four comparators find the min and
max of {z1,z2, 23,24}, then we sort the other three. 7
!

(b) A subtle construction by M. W. Green, shown
for n = 11, does the job. (Equality probably holds.)

»Page 669 line 4 of answer 32 05 Oct 1999
Gr N\~ G
»Page 669 answer 35 05 Oct 1999
line 4: and[n—1:n] N\~ and [n—1:n]
line 5: (k—1)Dg—1 N\~ (k — 1)Dg41
Page 670 last line of answer 37 28 Jan 2001
Amusements N\~ Strand 46 (1913), 352, 472; Amusements

Page 670 line —11 22 Aug 2002
Paris (I) 295 (1982) A\~ (I) 295 (Paris, 1982)

»Page 671 line 3 of answer 40 27 Oct 1998
t=dnNpt=4dn+/nlnn

»Page 671 replacement for lines 4-7 of answer 40 28 Oct 1998

Experiments show that the expected time to reach any primitive sorting network —
not necessarily the bubble sort —is very nearly 2n®. Curiously, R. P. Stanley and S. V.
Fomin have proved that if the comparators [iy, : ix+1] are chosen nonuniformly in such
a way that i, = j occurs with probability j/(7), the corresponding expected time
comes to exactly () H(g)

»Page 671 line 4 of answer 49 05 Oct 1999

{0,0,0,1,1,1}) A\~ {0,0,0,1,1,1}

Green
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Page 672 line —11 11 May 1999

consists of two A\~ consist of two

Page 690 line 5 of answer 23 14 Nov 1999
u®, N~ u®) L e,

»Page 681 line 4 of answer 6 10 Jan 2003
ap(a=tq"(a1)/q (a3 Ao apla=)q"(a=1) /¢ (a71)?,

Page 685 line 1 of answer 5 10 Jan 2003
k pass A\~ kth pass

»Page 688 line —9 10 Jan 2003
3cn + 2d, + cn J\,—) 3cn +2d, +en

Page 692 near the top 10 Jan 2003

line 1: D[p] N\~ D[p]
line 2: D[p] N\~ D[p]
line 2: D[q] A\~ DI[q]
Page 692 answer 5.4.6-5 10 Jan 2003
line 4: C[i] A\~ CLil
line 5: C[5] N\~ CLj]

»Page 696 line 7 of answer 2 15 Mar 2001
k+1=qig+1) N> k+1=aig+1)

»Page 697 line 3 of answer 9 16 Mar 2001
D(t) =dE(t), E(t) =tn+dr N D(T) =dE(T), E(T) = tn +dr

»Page 704 answer 18 14 Nov 1999

first line: q; <11 NP ¢ <7
last line: 10).] A\~ 10.]

»Page 711 line 8 of answer 32 20 Apr 2001
maxy ,_oqk N max}_g gk
»Page 712 lines 5 and 10 of answer 40 03 Dec 1998
ae—2(l—2 —l—a) N> @r—2(lk—a — lp—2)
Page 713 lines 6-8 of answer 49 17 Sep 2003

Luc Devroye and Bruce Reed ..., where A\~ Bruce Reed [JACM 50 (2003), 332] and
Michael Drmota [JACM 50 (2003), 333-374], who proved that the average height is
alnn — (Balnlnn)/(2a — 2) + O(1) and the variance is O(1), where

»Page 715 line 2 of answer 9 29 Jul 1998

lOg(ﬁ0+2)/3 n N\~ IOg(erz)/s n
»Page 715 last line of answer 11 28 Nov 1999
6.2.4-8. A\~ 6.2.4-8.]
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»Page 722 line 9 28 Nov 1999
(1991) N (1992)
Page 722 bottom line 02 Aug 1998

rA and rX. A\~ rA and rX. |

Page 726 line 8 of answer 27 06 Oct 2000
not hard to prove. A\~ not hard to prove. Moreover, a turns out to be identical to the
constant defined quite differently in 5.2.3—(19); see Karl Dilcher, Discrete Math. 145
(1995), 83-93.

»Page 726 line 2 of answer 31 29 Jul 1998
W. Prodinger A\~ H. Prodinger

»Page 727 lines 7 and 8 of answer 34 28 Nov 1999
AN~ +) (twice)
Page 728 new answer 08 Mar 1999

45. The probability of {THAT, THE, THIS} before {BUILT,HOUSE, IS, JACK}, {HOUSE, IS,
JACK} before {BUILT}, {HOUSE, IS} before {JACK}, {IS} before {HOUSE} {THIS} before
{THAT, THE}, and {THE} before {THAT}is 2.2.2.1.1.1 =L,

Page 732 line 4 of answer 29 25 Feb 1999
1274.] A\~ 1274; see also R. Pyke, Annals of Math. Stat. 30 (1959), 568-576, Lemma 1.]

»Page 733 line 16 05 Dec 2000
Conversely, The A\~ Conversely, the

Page 734 new copy replacing lines 1-5 of answer 32 05 Jan 2002
32. Let

J
s; = Z (bk moa 1 — 1).
k=0

Then, as observed by Svante Janson, we have ¢; = max>;(sr — s;), a quantity that is
well defined because limy_, o0 S = —00.

Page 740 line 2 of answer 56 29 May 1998
to appear N\~ 37-71
Page 742 lines 7 and 8 of answer 68 23 Nov 1998

D. E. Knuth, P. Flajolet, ...to appear. A\~ P. Flajolet, P. V. Poblete, and A. Viola,
Algorithmica 22 (1998), 490-515; D. E. Knuth, Algorithmica 22 (1998), 561-568.
Page 742 line 2 of answer 73 19 Dec 1999

characters. A\~ characters. [It was invented as early as 1970 by Alfred L. Zobrist,
whose original technical report has been reprinted in ICCA Journal 13 (1990), 69-73.]

Page 744 near the top 04 May 2003

line 5: Sperner’s Lemma "\~ Sperner’s Theorem
lines 12-13: Sperner’s Lemma /\~ Sperner’s Theorem
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»Page 744 line —7 12 Dec 1999
And If A~ And if

»Page 747 line 17 25 Mar 2001
32 x 8=512 A\ 32 x 16 = 512

»Page 747 line 23 04 Jun 2001

also yields on A\~ also yields an
Page 749 Table 2 ... ... i e e 06 May 1999

In the next edition I plan to give these constants to 36 hexadecimal places,
instead of 45 octal places.

Page 750 line 5 16 Sep 2000
6.3—26, and 6.3-27. A\~ and 6.3—26.
»Page 753 entry for Kronecker delta 14 Aug 1998
1.2.6 A\~ 1.2.3
»Page 755 entry for expx 09 Aug 1999
1.2.2 A\ 1.2.9
»Page 756 entry for Sz 27 Jan 2001

imaginary part z A\~ imaginary part of z
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Page 757 and following

27

16 Feb 1998

Miscellaneous changes to the existing index of Volume 3 are collected here,
including corrections and amendments to the old entries as well as new entries
that are occasioned by the new material. Thus, the lines of the full index that
have changed serve also as an index to the present document. However, when
a correction or amendment has caused an old index entry to be deleted, the

deletion is usually not indicated.

m (circle ratio), as “random” example,
17, 370, 385, 547.
Airy, George Biddle, function, 611.
Anuyogadvarasttra ( ), 23.
Arora, Sant Ram (&= TR TXIST), 455.
Baik, Jinho (¥ 73, 611.
Berkovich, Simon Yakovlevich (Bepkosud,
Cemén ‘xosiesud), 496.
Betz, Bernard Keith, 268, 288.
Bhaskaracarya 11 (MTER<T=TT), 23.

Binary recurrences, 135, 167, 630, 644, 653.

Bitner, James Richard, 403, 478, 703.
Bleier, Robert Edward, 578.

Bloom, Burton Howard, 572-573, 578, 744.

Bravais, Auguste, 518.

Bravais, Louis, 518.

Buckets, 541-544, 547-548, 555, 564.

Carroll, Lewis (= Dodgson, Charles
Lutwidge), 207208, 216, 584.

Chinese mathematics, 36.

Ciura, Marcin Grzegorz, 95, 623.

Colin, Andrew John Theodore, 453, 454.

Compositions, 286-287.

Corless, Robert Malcolm, 607.

Deift, Percy Alec, 611.

Derr, John Irving, 547.

Diaconis, Persi Warren, 597.

Diagram of a partial order, 61-62,
183-184, 187.

Digital tree search, 496-498, 517, 546-547.

Dilcher, Karl Heinrich, 726.

Disorder, measures of, 11, 22, 72, 134, 389.

Displacements, variance of, 556, 619.

Drmota, Michael, 713.

El-Yaniv, Ran (22»7OX 1), 403.

Empirical data, 94-95, 403, 434-435,
468-470.

Euler, Leonhard (Eiiseps, Jleorapas =
Sitnep, Jleonapn), 8-9, 19-21, 35,
38-39, 395, 593-594, 726.

Eulerian numbers, table, 37.

Exponential integral, 105, 137, 735.

External searching, 403-408, 481-491,
496, 498-500, 541-544, 549, 555,
562-563, 572-573.

External path length: Sum of the level
numbers . ...

Feller, Willibald (= Vilim = Willy =
William), 513.

Free distributive lattice, 239.

Gassner, Betty Jane, 4041, 262.

GauB (= Gauss), Johann Friderich Carl
(= Carl Friedrich), 395.

Genetic algorithms, 226, 229.

Golin, Mordecai Jacob (9% 2py »7Mm,
151 ] i), 649.

Gonnet Haas, Gaston Henry, 489, 533,
565, 607, 707, 734.

Gore, John Kinsey, 385.

Graham, Ronald Lewis (& 3. {f),
198, 202-203, 205-206, 242, 550,
597, 729, 760.

Greek mathematics, 420.

Green, Milton Webster, 227, 239, 667,
668, 673.

Hall, Marshall, Jr., 511, 578.

Hare, David Edwin George, 607.

Hindenburg, Carl Friedrich, 14.

Hindu mathematics, 23.

Hwang, Frank Kwangming (8 3% B),
188, 195, 202-206.

in sity permutation, 79-80, 178.

Indian mathematics, 23.

Janson, Carl Svante, 607, 627, 734.

Japanese mathematics, 36.

Jeffrey, David John, 607.

Johansson, Kurt Ove, 611.

Kaplansky, Irving, 46.

Kirschenhofer, Peter, 576, 634, 644, 726.

Knuth, Donald Ervin, ..., 604, 607,
627, ....

Lattice paths, 86-87, 102-103, 112-113,
134, 579.

Li Shan-Lan (2= 3% ), 36.
Liang, Franklin Mark, 722, 729.

Liddell Hargreaves, Alice Pleasance, 584.

Linial, Nathan (585 ym), 660.

Lipski, Witold, Jr.: delete this name.
Litwin, Samuel, 578.

Litwin, Witold André, 548-549.

Luke, Richard C., 547.

Martzloff, Jean-Claude, 36.
Matsunaga, Yoshisuke (¥ 7k K i), 36.
McAndrew, Michael Harry, 502.
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Mobius, August Ferdinand,
function p(w), 33.

Monomial symmetric function, 609.

Monotone Boolean formula, 239.

Mooers, Calvin Northrup, 571.

Naor, Simeon (= Monij;

TN M, PYNIVY), 708.
O’Connor, Daniel John, 225.
Odd-even merge, 223-226, 228, 230,

243, 244.

Odlyzko, Andrew Michael, 630, 715.
Okoma, Seiichi (B3 —), 644.
Paths on a grid, 86-87, 102-103, 112-113,

134, 579.

Peczarski, Marcin Piotr, 192.
Pi (m), as “random” example, 17,
370, 385, 547.

Prodinger, Helmut, 576, 634, 644, 648, 726.

Pyke, Ronald, 732.

Roberts, Charles Sheldon, 573.

Rothe, Heinrich August, 14, 48, 62, 592.

Samadi, Behrokh (gaea #,40), 721.

Schensted, Craige Eugene (= Ea Ea),
5758, 66.

Schwartz, Jules Isaac, 128.

Schwiebert, Loren James, II, 229.

Signed magnitude notation, 177.

Snyder Holberton, Frances Elizabeth,
324, 386, 387.

Spearman, Charles Edward, 597.

Sperner, Emanuel, theorem, 744.

Stable sorting, 4-5, 24, 36-37, 79, 102, 134,
155, 167, 347, 390, 584, 615, 653.

Stanley, Richard Peter, 69, 600, 605,
606, 670, 671.

Stasevich, Grigory Vladimirovich (Cracesus,
T'puropuit Bramumuposud), 91.

Successful searches, 392, 396, 532, 550.

Sue, Jeffrey Yen (7§ & 1{~), 693.

Tokuda, Naoyuki (ff H i 2), 95.

Tree function T'(z), 607, 713, 740.

Tree search, 427-431, 482, 546-547.

Up-down permutations, 68.

Weak orders, 194.

Weisert, Conrad, 281.

Wells, Mark Brimhall, 187, 192.

Whitlow, Duane Leroy, 369.

Williams, Francis A., Jr., 521.

Williams, John William Joseph, 144-145,
149, 152, 156, 157, 389.

Wong, Chak-Kuen (& % ), 259, 458,
476, 480, 566, 678.

Zobrist, Alfred Lindsey, 742.



