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The State of The Art of Computer lrogramming

bonald K. Knuth
Computer Seijence Deparlment
stantord thiver:ily
Stanford, California  9hs0b

This report lists all corrections and changec to volumes 1 and % =i

The Ari or Computer Programming, as of May 1k, 1976. The changes aprly

to the most recent printings of both volumes (February and March, 1975):
if you have an earlier printing there have been many other changes not
indicated here. Voclume 2 has been completely rewritten and its second
edition will be published early in 1977. For a summary of the changes
made to volume 2, see SIGSAM Bulletin 9, 4 (November 1975), p. 10f --

the changes are too numerous to lish except in the forthcoming book itself,
On any given day the author likes to feel that {he last bug has
finally disappeared, yel it appears likely that further amendment:s will be
made as time goes by. Therefore a family of compuler programs has been
written to maintain a collection of errata, in the form printed here, but
encoded as an ad-hoc senuence of ASCIT characters. The author wishec to
thank Juan Ludlow-Saldivar for the enormous amount of help he provided
in order to get this system rolling. (Some readers who have access to
the Stanford A.I.-Ieb computer may wish to consult the change file before
they report a '"new" error; the file name is ACP.MAS [ART,DEK]. Entries
for page nnn of volume Kk begin with pkOlnnn (but change the 01 to 29
if nnn i:c the Arabic equivalent of a Roman numeral); since " 8" ic the
control character " {C", you may rather search for simply the string
"kOInnn". The text of the correction usually includes special coder
following the symbol " |", for things like font change:, etc.)
The author thanks all the bounty hunters who have reported difricultiz.
they spotied. The reward to first finder of each error ic c=till 21 {or
the first edition and £2 for the second, gratefully paid. Volume L ram:ins
rather far from completion, so there irc rlenty of time to work all ithe

exercises in volumes 1 -5 and to catch all the remaining errors therein.

Thic research was supported in part by lational Jeience Foundation grant

HCS 72-05752 AO0% and by the Office of liaval Rescarch contract NO1h-7:-C-0337.
Reproduciion in whole or in part is vermitted for any purpose of ihe United
States Government.
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The Art of Computer Programming

Brvata ¢t Addendn May 14 1976

AWV line 5 I
forcing himeelf A being encouraged

LUK  fine 10 2

answer Y\ angwers

LN new quote for bottom of page 3

We can face our prablem.

We can arrange such facts as w:c have

with order and method.

--HERCULE PQIROT, in Murder on the Orient Express (1934)

44 line 22 4

F0. A~ EO. (boldface)

3% LG line3 5

prove /16 2N prove that /6

t
s . 1
L.E8  line -1 " °
3"0 J\f’ 3"
] (R :
EOL&, lines -3 and -2 ‘ R
baitw gy T ]
T <ng, where ny s the onginal vaine of n, A T Cn, ’ N e 5“""/\%{/
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l'a,:f'f-.'! ex 25 S

delete step 1.5 and move the 1 10 the end of step 14

4,96 ex 25, change step L3 to: 9

L3. {Shaft.] If x-z < 1, set z + = chifted eght 1, k & k+l, and repeat this stap.

$,26  line 15, new sentence 10

hardware. v hardware. ‘The wdea pors hack in ccsence to Henry Briggs, who used it (in
decimal rather than hinary form) to compute logarithm tables, published in 1624,

L,.C7  line 23 1i

example, N example

1,50 exercise 40 12

a period () should appear after the digplayed equation

8.9%0  line 2 two changes 13

(i) the {q/p) and (p/q) don't mateh cach other. (i) the suzst two lines of p44 chould he
moved back to pAd, atherwice the reader will think exeraise 47 15 complete without turning
the page.

LYE  line 20 14

1/12n AN~ 1/(12n)

2,8 ex15 15

put sparces in the first matrix, i
abe NS alb
def N~ dof
ghi NA g hi

5




L5 line 7 after Table 1 16

Shih-chich v Shih-Cluch

BLEEC feft side of eq. (17) 17

move the k a httle left, 20 center it

LEE  line 7 after (26) 18

Shahi=chich AN Shih-Chicly

3,5l line 8 after (26) 19

the holidface 3 appears to he in wrong fant (too small)

U758 14 places 20

change I} 1o B (Roman type) in the notation for Beta function, namely in hae i, hne 2, linc
3 (twice), line 4 (thrice), line § (twize), line 7, line 10 (twice), kine 12, line 1S,

1,78 exercise 47 21

i dhisplayed farmula: change upper indicec from n, ne}/2, 2ns1, 2nel-k to r, r-; /2, 2r, 2¢-
k recpectively

line Jine-l, AR reifa

L,V lines -3 and -2 22

hefare the Renaissance. A during the Muldle Ages.

LEL  fine 2 23

1563-) A 1963,

L5 between (23) and (24) 24

gerins N gories {ef. (17)




: 3
id

MW T s

UL insert new sentence just after (26): 25

See 1. A. Zave, Inf. Proc. Lettors 5 (1916), to appear, for a further generalization.

LY replace (25) by new equaticn (25): 26

/0= 1) 10 Q1 fG-2)) @ Spogth o1, 0K 2K s o

mek= m! t m

ﬁ.}'{i‘ lines 4-8 27

move the capy far cach step to the leflt next to the step numhbess (standard format, sce e.g.
Algarithm E on p2)

LEE  tine -4 28
S A~ zk
L2808 lines 3 and 4 after Fig. 11 29

X; that A X —thal

values, we A4 values — we

LB ine s 30

distribution, the 2  distrshution, we can imprave sigmificantly on  Chebyshev's
inequality: The

LYW line after (13) 5i
F2R 00 tonds A 264 00) and A2k ) (end

LASE  fine 11 32
C A~ C (Roman, not itahes)

LLES  iine 20 33

recorde 2\ hlocks

Al



AL AR

1
,

N AR BRI R

LBEE  line 5 (two places)

recard A~ hlock

L9864 row 5 column 4 of the table

14T AR [T

8,984 Fig 14 in both steps P7 and P6

PRIME [K] v PRINEK)

4,896 line 4

fix braken type in the [ of PRINE[1)

LUED dine 9

delete the exclamation pasnt (})

LEES  ex 3, first line of program

X+1 N X+1 (0}

1,857 last line of ex 18

ascume “\*  accue that

LELCL  line 5

weert mare space after the perind, thic hne's 100 narrow

8, 87L  line no. 21 of the program

PERM+1 ... A PERH4+l,...

34

35

36

37

38

40

42

L R T W R R TR
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LLLEW  dine 8

itgelf ¥ A el

ﬁ.i’ifil‘) top of page

the "1" ir broken m "1.3.3"

ﬂ.ﬁlﬂg line 14

the 0 is broken

0.8  line 16

0.1 A+ 0.-J.

L.567  line -10

print) 2N~ print),

L.E87  Fig 3ta)

43

44

45

46

47

48

delete the funny little box which appears hetween "thend fram tep” and "fourth from 1op”

L.e5E  just after (1)

remove black speck

L.«..:.vﬁ') lines -3 and -2

delete the gentenee "ls there .. obtainable?”

b [ 80 .
.«.'.-‘z.‘:.‘.v bottom line

T0P A~ TOP {twice)

-1

19

50

31




.84 line 3 52

CLEAS ¢(L<¢

6,585  after step names G1 and G2 53

breken type [ far {

L8t line -1 54

BASE, BASE+l, BASE+2, ~\+ BASE+l, BASE+2, BASE+3,

L.EE5 in(10) 55

mave the heavy bar to the right so that 1t is aligaed vertically with the heavy bar in (11)

4,68 comment for line 18 of the program 56

TI A T4

L,265  new paragraph before the exercises 57

In «pate of the fact that Algorhw T is so efficient, we will see an sven hetter
algarithm far topalagical sorting in Section 1.4,

1'.27/5 changes to Program A 58

hine 04: 6H A~ 1H
hine 05: beeamee line 06
Line 06: Lecamec hine 07

hine 07: becames hine 05, and delete the "1H" and chanje x AN {om ™

line 12: becomec the follewing two lines
12 LD2 1:3{LINK) q” O-LINK(QD).
13 anpP 28

hiree 13-35 heeame lines 14-36
chargr 68 A 1B in what was hine 17 (now line 18)

¢~ Repeat,

-~
~




L.CTE  line -1

59
W As b,
L,LTE  line -4 60
exceed b AN~ excceld b-)
6,c76 line 12 61
29 A 27 (twice)
U,cbtb% Table 1, left column 62
the hine for time 0200 = out of place, it belongs just hefore the line for time 0256
d2Ee Fig 12 63

the <usbing m this figure my<teroucly disappeared {ram the 3rd rolumn of naodes, in the
second edition, (First edition wac QK1)

LN R .
ﬂ.uﬁ' & line7

64
2410200 AN 2,119,200
L,28Y  two lines before (11) 65
15 the lowest value N+ points to the batiam-mact value
L.50Y% exercisa 20 line 3 66

All,J1 A~ ALl
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L.50% new exercise 67
21. [20] Supgest a <tarage allacation function for nXn matrices where 11 varsable. The

clements AL, J} for 1 < 1,d ¢ n chould occupy n” consccutive locations, regardless of the
value of n.

Sjbe o)

L8027  tree illustration near bottom of page 68

the nmber "(9)" must he insertes at the right of Uus dsazram

L858 fine -13 6o

P¥* A~ Px

=

o 2 ‘. I Pes
~.:'..=.5; betweea (2) and {3 70

tslt the daprass o0 ang xe have “\*
tilt the diagras sod bend o 2 opntly, obtaining

L.xB8 Figi7 71

the photaps -3 et nac bined p the two paric of thic figure unproperly i tlue addition; the
levt-hand Balf of the lluctzation <hould we fowered sa that the treee are flush at the
hott. m -~ mic means that carrespsnding Ietters will he on the same lire in both left and
r.2ht parts of the sllustration

L85 line -9 72

of {1) N of the icft-hand tren in ()

1L5GY line 16 73

nole (6 N\~ naode with

1;.5.55. line 9 74

only unwarnl hnke< are sulficient N upward hinks are cuflicient by themeelves




85887 in(17) 75

delete "" outside the hoxes (for consistency in style)
L2CEW  exercise 11 76
change seript 4 to italic I in five places (lines §,6,6,23,25)
; #5608  Theorem A part (a) 77
i i N\
1,575 line 4 78
remove hairline hetween "fin™ and "("

“‘ly?i"b.'ﬁ:‘ “ne '3 79
V or it N\~ or

4,550  line -2 . 80
‘ Fxercise N\~  exercire

LY  exercise 12 81

Suppore N~ [20] Suppose

200  line -14 82
4 partic lar N particular
LY line -4 83
3L s D)
E 11
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6.9cY rFig 40

84

the shape of the box contaming B6, should have rounded sules (ke that of B2); on the

ather hand, the hox that says "Error” shoull be rectangular

L8 line -5

85

this displayed hine should be raised half a space co that it s separated from line -4 by the

fame amount as it is separated from line -6

LYY lines 46,7

auhiion N~ condition
emierpeneies 2\ cmergencics.

hence NS Henee

L9EN  jine -7

two level A 1wa-level

ﬁ.‘ﬂ‘iﬁ" exercise 39 line 3

Ningm) AN Nin,mi/n

L9577  line 18

2 N 22

LYHES  first line of quote

me that \~ me ... that

86

87

88

89

90

LU0 D 0 o 8 2, 1 b b

SITT

BB B R kL6 T D D

[ RINN

SO B B

BT




21.‘5.’@5 exercise 3 91

line 3:let rhe N4 let m be
line 4: 16 r =0, A fme0,
line : nfr N nim

rand let s be AN m and let # he
lines 6 and 7 (steps F4 and F5) deloted
line 8: F6, 7~ F4,

PBEE  better answer to exercise 3 92

3. -1/27, but the text hasn't defined it,

PLLEE  exercise 13 93

first sentence should hecome:

Add T < Jn-d)+k” 10 assertions A3, A4, A5, A6, where k takes the respective values
2,3,3,1.

LYEE  line 16 94

clements @ and b N~ clements, a < b,

ﬂﬁﬂ/ﬁf exercise 3 93

the value 3 i . two n2 A~ 12 = 3 occurs for no n, and in the sccond place nt =4
accurs for two n,

487  Jine 10 96

J88. AN\~ 388; V. 8. Linskii, Zh Vych. Mat. i Mat. Fiz. 2 (1557), 90-119.

L7  new answer replacing answer 10 97

8,10, No, the applicatians of rule (d) assume thot 12 0. (The result is correct for n = -1
hut the derivation 1sn't.)
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L‘y‘ﬁ‘zfﬁ exercise 4] line 4 98

1/4 N~ 1/8 (twice)

2YEY  exercise 31 99

We have A [This cumn was first obtamed in closed form by J. F. Plalf, Nova acta
acad. scient, Potr. 11(1197), 38-57.) We have

LREG and extending to page 487 100

change I3 1o B (Roman type) in the solutions to exerrises 40, 41 (twice), 42, 48 (twice).

ﬂ,‘iﬁ‘flﬁ exercise 14 101
n+ AN ned
1,241 exercise 10 line 2 102

M5) AN~ (17)

L!.‘iiﬁ”ﬂ exercise 15 103

Lne 1: 2C, _olz), N 26, _o(z)8,q,
line 3 (the dieplayed formula): delete the periad, then aidd a new line:
when 2 # -1/4; Gp(-1/4) = (ne1)/2" for n 2 0,

3,45  bottom of page, a new answer to exercise 1.2.11.2-3:
104

3. Ryge < Mgt [ Ny dx, [C.H. Remseh abeorves that Rog = [\ "By g -
B:,_k‘«_,'({\'))) f(zk"“‘)h')dr/(?.k‘?.)!, and that Bag,q - Bag.olfx]) always hes hetween 0 and {2-
2'2"")“2‘.‘2. Therefare of 25 Dx) but not f25*Nx) tends manotomeally 1o zero, (13)

s}l holde for some # with 0 C# <2 - 2'2"'".]

2.E0L exercise 6 . 105

Ol As 0~

1L




0,2; JMP 3000,1.)

(49): A (49);

va A~ VR

8587  line-13

e.g. the A= op, the

‘.‘l.‘.."(.'.'z'a' exercise 14

line 3: MOVE v~ MOVE
hne 4: JSJ*¥4+1 A~ JSJ %41

1‘,.‘.:',[133 exercise 17(b)

(Uring assembly ... section.) A+
(A shghtly (aster, hut quite preposterous, propram uses 993 STZ'%: JHMP 339395; STZ
1,2: STZ 2,2; ...; STZ 993,2; J2N 3399; CEC2 993; J2NN 3001; ENN1

il}sw.‘z’ exercise 18 add new sentence:

(Unless the program itself appears in locations 0000-0015.)

ﬂ.EL‘}E! exercise 20

Fukuoka) N» Fukuoka.)

ﬁ.EL‘.‘Zf exercise 16 line 1

LELY  new line just before answer no. 23:

For small byte size, the entries +613 would not appear.

ﬂ..‘ﬂl‘(‘.’) exercise 6 line 3

s TR F A PSS it L P 8 L

L 1 4

ol e R

SN L it U e v
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listiA

A A

e

haer———

L5188 exercise 22(d)

Since the a's are independently chosen, the 2N The

U.EZU exercise 23

hne 1: fol w {ln 1), A fomvxp(-l-h'l(t))dt, where t","(r) = frmﬂ"‘dl/l.

e d:lnn /oY A4 oY lnn
line 6: H310...; N~ 83100 83724 51796+ [Math, Comp. 22 (1968), 411-415];

LECL line6
dev VTTm). A~ dev vTTm), when 12 2m.

34,52% lines

procecs would laap indefmitely; A
algorithm vreaks down (passibly refers to buffer while 1/0 15 in pragres<);

- by .
21.535.’- exercise 9

in reverse, we can get the inverse N
backwaris, we can get the reverse of the inverse of the reverse

ﬂ“iﬁ"ﬂ exercise 12

0<ad<l A lal ¢

$EEY,  line 12

ro(z) AN ralz)x

LESE  exercise 4(ii) should have the following answer instead:

(i) LDA X,7:7(0:2).

114

115

16

uz

18

19

120

121
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ﬂ. ELﬁﬁ new answer

122

13. D. J. Kleitman has shown that lim, o 27" log f(n) = limy, o 27 log Mgcpen(ft

[To apprar.]

158 line -5

COUNT v~ COUNT

UGS and also page 544, answer to exercise 24

replace linee 85-87 of the 11X program by
ST6 X, 1(QLINK)

Then renumber lines 88-118 1o 86-116.

Finally delete "Nate: When the ... as the loop.” on p. §44.

QL INK[ril] « k.

UENS  lines 11-12 change to (with same indentation):

T10.If P # A, =et QLINK[SUC iP)} ] « k, P « NEXT (P), and re,cat this step.

3‘5"293 exercise 16

line 2: 208 A~ 21T (twice)
hine 8: 6 A 4

LEDY  line -4 insert new senience (no new paragraph)

[See exercise 5.2.3-29 Tor a facter algorniun.)
LEEDN  exercise 1 line 4

AVAIL A Y « INFOW);. Aval"
L.EEY  fine 2

COL(P) A~~~ COL(PO)

123

124

125

127

128

129

e ol AP~ -

Tl I 4 2

T,

mat
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T el D A

D AL i

UEEG change answer 18 (saving space for new answer 21):
130

’,

the first part up to "after 1 " =" can he shortened as follows,

18. The three prvot stesa « - -3 ~ctive columns 31,2, yield respectively
( Nt .

{(nse the same matri-+, - B . 5y >t ° squeeze anto anc line)

ﬂ.EEL:; exercise 20 131

Ati, 1} A~ AL

1,55  new answer 132
21, For example, M « max(l,J), LOCIA{Z,J)) = LOC(A(1,1]) « HIL-1) i-J

(Such formulac have been propoced ndependesily by many people. A, Lo R ecnberg and H.
R. Strang have suggested the fallowing k-thimenswonal generahization: LOC(A LD, .., Ik”

*Lp where Ly =LOCCADY, Ly 120 o Iy - L L oLy o (B0 o (11, - I,.)(n,"‘ -(,-
171, where M, = max(iy, -, 1,). {UBM Tech. Lisclosuee Bull. 14(1972), 3026-3028.3}

?.‘«.EEE’- erercise 15 i33

remove Liotches in first apd <econd lines

1L EE  exercise 12 line 2 134

A{m}. N~ Almj,

'L;‘El;'l!. new answer 135

13. (Solutan by 8. Aranp.) Let steps T1 through T4 be unchanged, except that a new

varable O 1x imitiabizzd to A i <tep T1; @ will pant to the Tact nade vicited, of any. Step
T4 heeamee two sieps: "TS, [Right braneh donc?) 1 RLINK(F) = A or RLINK(P) = Q,

go an to T6; atherwike set A « P, P « RLINK{P) and return 10 T2 T6, [Visast P.} "Visit”
NGBE (P), «et O « P, and return to T4.' A siular preof applics.

$EES e 15 136

LOC (T). 7~ LOC(T).

Wi
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ﬂ,iLb exercise 1 line |

conkist "N cankists

ﬂ.fi@'z/ exercise 12 line 2

INFO(P2)-1 A~ TREE(INFO(P2)-1)
L.E8VE  exercice 18 line 5
prearder “~*  postorler

3‘5.'57/‘{3 exercise 7

the diagrams for Cace | have two arrowheals in the wrong direction ...

lead awaey from a” and towards 7 hoth Before and After
LEV%  line -8

332 A 322

LEYS e ciseiziines

ali) set ali) & cli,j) and bli) « j; A
alj) et alj) « cli,j) and b(j) ~ §;

LEVY  exercise 16

hine 2: th wienee of 2N tracing out

137

138

159

140

the arrows shoulil

141

hines 4,5: we aave an oniented subeubtree AN~ the stated digraph ic an oriented tree

line 5: configuratinn 2N~ digraph
hine 6: rubtree N tree

ﬁ“&'li £ last line

144

D. F. Knuth, A~ R. Dawsen and 1. J. Gaod, /inn. Math. Stat. 28 (1957), 946-956; D. E.
Kauth,




LEEE  exercise 24 line 2 145

VN

LEEWE  last line of exercise 23, add: 146

[For m = 2 thic re<nlt s sdue ta C. Flye Sainte-Marie, I'Intermediaire des Mathématiciens

1 (1494), 107-110.)

U581 exercise 3 line 3 147

upper N right

1':.5&'-‘53 wercise 10 148

hewgtht A wopbt Ghree times)

3. 8¢ second-last line before exercise 6 149

this line isn’t right-justified, add space after the gemicolon

U.E5CY  bottom line 150

exhancted, AR exhancted, {See Guy L. Steele Jr, CACS 18 (1975), 495-508, and P.
Waller, CACM 19 (1935}, to appear, for fucther wlarmation.]
[ Note that there's no comma hetween Stecir and Jr. in his name. ]

L.ECY  lines 19-21 replace by 151

Several  beautsful  List-copying  algarthme  which  make  substanually  weaker
assumptionc abaut Lict reprecentation have been deviced, See D, W. Clark, CACM 19
(1976), 10 appear, and J. M. Rabcan, CACH 18 (1976}, 1o appear.

?.’.E?L-: line 4 152

minisenle N2 minuscule




ﬂ,éwi’- line before exercise 34 153

165.] A\~ 165, Ser also 1. Wegbreit, Comp. J. 156 (1972), 204-208; ID. A. Zave, Inf. Proc.
Lotters 3 (1975), 161-169.)

LE0E  fine -7 154

det () AN~ det()

£,:0Y  inseveral places 155
change - - 1o ... in the defintions of x upper k, ¥ lower k, n factorial, and Stirling

numbers of hoth kinds

4,1 bottom line 156

give rectien reference 1.25 in right-hand column

&, GLW  definition of Beta function 157
B AN~ B
L% line -26 (the entry for 1 degree of arc) 158

1154 7\ 1155

8.ELY  insert new paragraph after line 7: 15%

See the answer to exercise 1.3.3-23 for the 40-digit value of another fundamental
copsiant.,

ﬁ,f‘:".'.".'Z” L 1ast line 16¢

9 A 9,

2l




2G0Tl

Araujo, Saula, 560,

Lkl

Bendix 320, 120,

Brigzgs, Henry, 26.

3, L 1L Bolzano entry

delete "thearem,”

4,ere

Carlyie, Thomas, xvi.

Lt

Chrctie Mallawan, Dame Agatha Mary Claricca (Maller), xix.

N R

Chu Shih-Ch:ch, 52, 58.

2Lt

Clark, Douglas Wells, 594.

1, ELY1U Chebyshev's inequality entry

add p. 102

161

162

163

164

165

166

167

168

169

IR
.

[ TS S ]
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4,629 170

Dawxan, Reed, 578

2,GLEL Z

Dayle, Sir Arthur Conan, 463,

ARErAT Z

Kven, Shiman, 239,

p I | 173

Flye Sainte-Marie, Camille, 580.
I et 174
delete Ficher, David Allen

PIREE I 175

Hamlet, Prince of Denmark, 228

d,eeily entry for Good, Irving John . 176

add p. 578

U,ESLLS tine -8 177
Exercise = cxercise

LEcSh 178

Kleitman, Dam-1 J., 511,
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e

i
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R AT

iy

P INE AR Knopp entry

add p. 404

L, =CE LG Krogdah! entry
fix broken tyne
8,ECEL tine 1

20 A~ 20,

1,656

Linckid, V. S, 470,
IR R

Path lenpth, 399-405,
2EESL

Pfaff, Johann Frielrich, 48S.
Lecet,

Philea S2000, 120,
Lt

Pairat, Hereule, xis.

Lesil

RCA 601, 120,

179

180

181

182

185

154

185

186

187




pINEEH R

Rosrenberg, Arnold Leanard, 556.

3,651 Robson entry

add p. 594

46880

Shakespeare, William, 228, 465,

i.6800L

delete Shih-chich, Chu entry

IR IR

Steele Jr, Guy Lewis (=Quux), 594,

Strong, Hovey Raymond, Jr., 556,

Tarjan, Rohert Endre, 239,

4,850

Wadler, Philip Lee, 594

i, G551 1ast line

delete "thearem,” (kaves one line)

188

189

190

191

192

193

194

195

196




p IS 2N

Wepbret, Fling Ben, 603,

IO Y IB

Wise, David Stephen, 434, 595.

2,EE4L

Zave, Derek Alan, 90, 603.

p I ] (namely the endpapers of the book)

delete "Table 1"
also make the change specified for page 116

?i’-.\’/ line 4 of the Preface
system N~ gyctems

VLU tine 4

foreing himeelf A~ being encouraged
S.0L¥  line 10

answer N answers

8,500

raise this illustration about 3/8 inch

0

198

199

200

201

202

203

204

SR 1 STl
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E
:




8,4 making the quotation format more consistent 205

hne 5: The Prince N\~ The Prince
line 10: MASON (The Case ... 1951) A\~
MASON, in The Case of the Angry Mourner (1951)

b} )l .
8,06  new exercises 206

»21, [M25] (G. D. Knott.) Show that the permutation ay.a,, i obtamable with a stack, in
the sense of exercice 2.2.1-5 or 2.3.1-6, if and only if C]- < Cj‘pl for 1 < j Cn wmthe
notation of exerace 7.

22. [M28] (C. Meyer.) When m is relatively prime to n, we know that ihe sequence (m

mod n) 2m mad n) .. {n-1m wmod #) is a permutation of {1,2...n-1}. Show that the

numher of inversions of this permutation can be expressed in terms of Dedekind sums (cf.
Section 3.3.3).

L] .
N.es line -9 207

5,64 lines 5-8 after (38) 208

Curiougly ... situation to the 2\~ An teresting onc-to-one correspandence hetween such
permutations and binary trees, mare dhrect than the roundabout wnethod via Algorithin 1
that we have used here, has heen found by D. Rotewn [Inf. Proc. Lotters 4 (1975), 58-61];
smilarly there is a

?v’.é?f insert new sentence after (53): 209

Actually the O terms here should have an extra % in the cxponcnt, but our manipulations
make it clear that thic 9¢ would disappear if we had carnied further accuracy.

8,78 exercise 28, three changes 210

the average is N2 the average L1

sorting™ (or some aheeure reagon, N2 sartng,”

2V .. 197V A~ 2V L. A Shepp and B, F. Lojan have proved that lim anf
1,/vnu> 2 [to appear))

n-00

’.37




P2y

8,79 figure 9 step D3

COUNT (K ;] = COUNTIK ;)

8,207  addition to step B2

if BOUND = 1, this means go dircctly to B4.)

8,407  line -5

the underline shouldn®t he hroken

SLLOE  comments for lines 14 and 15 of the program

BOUND A~ BOUND
S,.L 0 dine 9
(December, 1974)) A~ (1974), 287-269.)

8,854 fines

Lo} s by fu . .
8,885  exercise 15 line 2

subreripts on superreripts are in wrong font

182 linel

ieme; N~ tems,

S15E line3

r15 AN~ )5

e B

211

212

213

214

215

216

217

218

219

e o b

o B iy S s

Ll ki, B




e S AP N ¥ 3 vis e o - o

I T

¥ - E.LEE  line -18

3 ona N\~ at leart one

NG ) a7 .

3 BUEE  ast line of Tble 2

179 A 170

o @ .

3 S.c00 Jine -2

wike, oracle “\~ dangerous, adversary
&) Gify .

» S8.C00  ines -13, -12, -9, -8

pronsuncements “N#  outcomes (four changes)
by} i N
S.cll lines -7 thru -3
oracles N~ advercaries

: oracle A\ adversary  (five changes)
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R R

B T R R
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220

221

222

223

224

ok LA b

Prideut




el lines 7-23 must be replaced by new copy: 225

Constructing lower bounds. Ticorem M chows that the "mformation theoretic”
lower bonnd (2) can be arbitranly far from the true lower hound; thus the technigue used
to prove Theorem M pgiees ue another way to diccover lower honmde. Suzh a2 proof
technupue is often viewed as the creation of an adwersary, a permcions hemg who trics to
make algorithme run <owly. When an aigorithm for merging deerdes 1o compare A; I!]-.
the advercary determines the fate of the comparicon <o ac to force the algorithm down the
more difficult path. If we can invent a suitable adversary, as w the praof of Thearem M,
we can ensure that every valul merging algorithm will have to make a rather large number
of camparicans, (Some praple have uced the worda ‘aracle’ ar “demon’ inctead of ‘adversary’;
but 1t i preferable to avoid such terms n thic context, since ‘oracles® have quite a
different connotation in the theory of recutsive funcuons, and ‘demons’ wppear in still a
dhifferent paice within languages for artificral intelligence.)

We chall make ace of constrained adversaries, whoce power 1< hunted with regard o
the onteames of certamn companicans. A mergmg method which 1< under the wflucnce of a
constramed advercary doee not know about the canctrainte, o 1t must make the necescary
camparisons even though their outeames have been predectined. For example, in our proof
of Theorem M we conctramed all auteames by canditson (5), yet the mermng algorithen was
unable to make ure of this fact m order 1o avaid any of the comparicans.

The constrante that we shall uge i the fallowing discussion apply to the left and
right ends of the Niles. Left constraints are symbalized by

8.cll2  lines 7 and 16 226

quecstions N\~ compar .ons
be answernd A~ recult n

8,80L  lines 9, 10, 18 227
oracle N4 adversary  (four changes)

S,c0E  line 12 228
then we define N~ thus,

to he N~

S,cBC  tine 15 229

our oracle AN~ ihat our adversary




