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This report lists all corrections and changes to volumes 1 and 3 of

The Art of Computer Programming, as of May 14, 1976. The changes apply

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. Volume 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 list except in the forthcoming book itself.

On any given day the author likes to feel that the last bug has

finally disappeared, yet it appears likely that further amendments will be

made as time goes by. Therefore a family of computer programs has been

written to maintain a collection of errata, in the form printed here, but

encoded as an ad-hoc sequence of ASCII characters. The author wishes 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.-Lab computer may wish to consult the change file before

they report a "new" error; the file name is ACP.MAS [ART,DEK]. Entries

e for page nnn of volume k begin with @kOlnnn (but change the 01 to 00

if nnn is the Arabic equivalent of a Roman numeral); since " p" is the

control character " tC" , you may rather search for simply the string

- " k0lnn.n". The text of the correction usually includes special codes

following the symbol " 1 ", for things like font changes, etc.)

The author thanks all the bounty hunters who have reported difficulties

they spotted. The reward to first finder of each error is still $1 for

the first edition and $2 for the second, gratefully paid. Volume 4 remains

rather far from completion, so there is plenty of time to work all the

exercises in volumes l- 3 and to catch all the remaining errors therein.

This research was supported in part by National Science Foundation grant
MCS 72-03752 A03 and by the Office of Naval Research contract NOOO14-76-C-0330.
Reproduction in whole or in part is permitted for any purpose of the United
States Government.
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&WUJ l i n e  5

f o r c i n g  himclC W being cncouragcd

zI,NJXi l i n e  1 0 2

ankwcr +& anRwcr(i

l!J301;5  --’new quote for bottom of page 3

W e  c a n  f a c e  o u r  p r o b l e m .
W e  c a n  a r r a n g e  s u c h  f a c t s  a s  w e  h a v e

. wfth o r d e r  a n d  m e t h o d .
-4ERCULE  POIROT,  i n  M u r d e r  o n  t h e  O r i e n t  E x p r e s s  (1934)

&,% l i n e  2 3 4

’ k:O.  /Ir EO, (boldface)

I!&6 l i n e  3

pravc A6 W prove t h a t  A 6

tL,l!Y lines -3 and -2

7’ < 3n0,  whcro no ir the original valua of n, M 7’ < 11,



dclctc  xtcp  JS a n d  mow the I to the end of slcp L 4

. .

a,% ex 25, change step L3 to:

L3,  [Shift.] If  x-z < 1, set z + z shifted rig)Jt 1, k + k*l, a n d  rcpcat  this step.

il,Z line 15, new sentence

9

10

hardware. Q hardware. Tho idea goes  hack in cAscncc to Henry R r i g g s ,  w h o  used it (in
decimal  rather than binary farm) to camputc  logarithm tablca, publighcd in 1624.

line 23

c x a m p l c ,  4@ axamplc  --

a,36 exercise 40

. a ptviad (.) F;hould  appear  after the dixplaycd  e q u a t i o n

&!#8 line 2 two changes

11

12

13

(i) IlJc (q/p) and (p/q) don’t match cacIJ  nthcr. ( i i )  the firfit twa linck  0r ~44 ~hauld h o
mow4 hack to ~43, othnrwiric  tha rcadcr will think cxcrckc 47 ix complctc wi thout  turning
the p;JgC.

Z!&kS l i n e  2 0
a

1/12n 44 1/(12n)

l!J5l!l e x  1 5

14

15

pr~l fipat-cfi  in IJJc!  Irirxi matr ix ,  i.e.

ah! u a b c

de/ U de /
#hi - R h i



u,!i$i! line 7 after Table 1 16

Shih-chich 4~ S h i h - C h i c h

&!% left side of eq. (17)

move the k  a  littIc IaCt, t o  ccntcr  i t

a g&!Y line 7 after (26)

17

18

.. Shih-chich W Shih-Chich

a g& line 8 after (26) 190

the holtlfacc! 3 appaarrs  to hc in  wrong Cant  (loo small)

i!JW 1 4  p l a c e s 20

change I{ lo R (Roman type) in the notation for Hcta function, namely in line 1, line 2, lint
3 (twice), lint 4 (thrice),  line S (twice), lint 7, lint 10 (twice), line 12, lint 15.

2&t/u exercise 47 21

i n  tlirplayctl  f o r m u l a :  changr upper  indicts  C r a m  n, n+1/2, 2~1, 2n+l-k  to rr r-1/2,  2r, 2r-
k rcgpcctivcnly

lint 3: n . -1. )\/, r = 42.

a,%% lines -3 and -2 22

hdorc the! Rcnaisganco.  4~ d u r i n g  lhc Middic  Ages.

I l!$U line 2

1963-) 44 1963-),

&8]w between (23) and (24)

roriar W rerier ( c f .  (I?))

23

24



% yu0 insert new sentence just after (26): 25

’Sac I). A. Zava, In/‘, Prac. 1,~~rr 6 (1976),  to appear, for a further gcncralization.

-.

&%‘u replace (25) by new equation (25):

( 1 /(l-z) �n+l) ill (l/(h))  l ~k>()(/~,,k-~~,) ( m��+k 1 lzk, m \! 0.

26

a,% l i n e s  4 - 8 27

maw the copy for each stop  to the IaCt next to the ~tcp numhcrx (standard format, MX c.g.
Algorithm K on p2)

%,a&21 lines 3 and 4 after Fig. 11 29

x ;  Ihal w x -1tmt

vaiufw, WC 44 valucfi -WC

i!&l!!2 l i n e  5

28

30

d i s t r i b u t i o n ,  lho 4~ dislrihulion, wb c a n  improvc Ggnificantly  o n  Chahyahcv’s
incqualily: The

- &U!U l i n e  a f t e r  (  1 3 )

/(2k*‘)(r) lands d& /(2k*1)(r)  a n d  I(2k’3!(,)  land

31

’ I!$!%lri l i n e  1 1

C 44 C, (Roman,  not  itelica)

32

33line 20

rccarh U blocks

5



ZL&W line 5 (two places)

rccortt  V black

%,2!% row 5 column 4 of the table -.

I+T ‘V I+T

a a%%Y Fig. 14 in both steps P7 and P6

P R I M E  [K] ‘Ye PRIME[K)

&NM l i n e  4

f i x  hrakcn  ~ypc in the [ Of PRI ME[M)
-_

&2!Ul!J l i n e  9

dclctc! the!  cxclamatian  point (9

2!&EB 8x 3, first line of program

x+1 - xi1 (0)

i&%tiv last line of ex 18

insert  more space after  Ihe period, this linc’~  100 narrOw

.
%,avu line no. 21 of the program

PERM+I .  .  . ‘V PERM+l,.  .  .

3 4

3 s

3 6

3 7

3 8

3 9

4 0

41

4 2

6



Z!J!&U top  o f  page

I hc “1” ig hrokcn in “l.XR”

P WN l i n e  1 4&

tha 0 ic hrokcn

a,%?6 l i n e  1 6 4 6

0. J .  W O.-J. --.

23,XW l i n e  - 1 0

.  p r i n t )  W prinl),

4 3

4 4

4 5

4 7

2J .%gt/ Fig. 3(a) 4 81

dal~la  Iha i’unny littlr!  box w h i c h  appears hatwacn “Itrird from top”  and “Courlh from top”

U,B!& just  a f ter  (1 ) 4 9

ramavc, black speck
a

%!-,%y lines -3 and -2 5 0

dclc~c the scntcncr!  “Is lhcrc  . . . ohtainahlc?”

u,#% bot tom l ine

T O P  ‘b T O P (lwicc)

5 1

7



U,.Zli?Lil l i n e  3

<L<W CL<

u,z%& after step names Gl and G2 -

hrokcn  I ypo r for [

a,zg& line -1

B A S E ,  BASE+l, BASE+& + B A S E + 1  ,  BASE+2, BASE+3,

52 ’

5 3

5 4

I!$%~ in ( 10) 5 5

maw  the lraavy har to tha right so that it is align4 vertically  with the heavy bar in (11)

a,z&j comment for line 18 of the program

*rn w T4

5 6

&z&g new paragraph before the exercises 5 7

I n  lspita  of the f a c t  that  Algorithm  T ig go cf’ficicnt,  wo w i l l  tax a n  o v e n  hcttcr
algorithm for topological c;arling in Section 7.4.

u,zvg changes to Program A 58

lint 04: 6 H  Jb 1H
lint? 05: lwcomcs linrt  Ofi
line 06: hccomcs  line 07

line 07: hcromrs lint 05, a n d  dclatc. the “1H” a n d  change  x (\r l+m dH
lint 12: hccomcfi  ttrc following two IincR

12 LO2 1:3(LINKI cl’ Q+LINKUllI.

13 JMP 28
IincK  1 3 - X  hccomc!  lines 1446

Q’ Rcpcat.

change!  66 U 1B in what wag line 17 (now line 18)



line -4

cxcwtt  h 4e r!xcccd  h - l

2 9  4~ 27 ( twice)

%,%% Table 1, left column

the!  line for timr! 0200 ig ~1 of place, it h&rags  jrst hcforc the line for limo 0 2 5 6

59

60

61

62

u,,z&G  Fig,  12 63

. ttlc! shading  i n  this t’igurc rnystcriougly  diseppcarctt  from the 3 r d  c o l u m n  of nodes,  i n  the
r;ccond  wtition.  (First edition wag O K ! )

2h1920Q  ‘M 2,419,200

&%‘!? two lines before ( 11)

- ig tha lowcnt  value 4~ pointr,  t o  the hottom-mast value

&g&q exercise 20 line 3

65

66

A&J1 'W AfI,Jl

.

9



&gbq new exercise 6 7

21. [20] Su~gcst a storage  a l locat ion funct ion far i,Xn matrices  whcrc!  11 is variable. The ‘

clrmants A II, Jl for 1 < 1,J 5 n Rhould occupy IL? consecutive locations, rcgardlcss  of the
value  of n.

&%% tree illustration near bottom of page

tha numhcr “(9)”  muF;t  hc inscrtcd at the right ol thk diagram

6 8

a,szs line -13

P* W P*

6 9

2L$33 betwgen (2) and (3) 7 0

t i l t  the dinKram  45” a n d  W C  have M
tilt the diaflrarn and hcnd it slightly, ohraining

21 ,%i% Fig. (7) 71

the phoIq!raphcr  has lined up the two parts of this figure  improperly in this edition;  the
Icft-hand half af 1hc illustration s h o u l d  h c  lawcrcd KO t h a t  the t rccs a r c  f l u s h  a t  the
bottom - - th is  means  that corresponding Icttcrs will ho on the same lint in hoth left a n d
r i g h t  parts of the illustration

Z!JE!G l i n e  - 9

o f  (7) 4~ o f  tha Ml-hand  trac i n  ( 7 )-

7 2

7 3

1 nadc!  t o  Q nodr!  w i t h

~,~&~ line 9 7 4

only upward links arc sufficient  W upward liukk arc sufficient  by thcmsclvcs

1 0



1

&3!W i n  ( 1 7 )

dclalo  “.” autfiidc  the haxcs  (far conaistcncy  in xlyld

i!&Sl!l exercise 1 1

change kctipt 1 to italic I in five places (lines  5,6,6,23,25)

a,&% T h e o r e m  A  p a r t  ( a )

;Q.

&Wki l i n e  4

rcmovc hairline hctwcen
--S.

a,g$!g line - 3

o r  it /\r o r

QiE% l i n e  - 2

KxcrciRc!  W cxcrcixa

ii&JIB exercise

“fin” and “(”

7 9

. 8 0

12 8 1

suppom.?  48 [zo] Suppoc;a

115,$!&5  l i n e  - 1 4

I pat-tic  lar W p a r t i c u l a r

75

7 6

77

7 8

8 2

8 3

1 1



&%!-z$? F i g .  4 0

i!L,WW l i n e  - 5 8 5

thik cliqdaycd  lint ~hmrltl  lw r a i d  h a l f  P sprrcc  go t h a t  i t  k scparatcd fronl l i n e  -4 h y  the
game amounl  azi it is rwparatcd Cram lino -6

--.

D,W!l l i n e  - 7

t w o  Icvcl w two-lcvd

U Li3ES0 exercise 39 line 3

Nh,m) w Iv(,t,r?d/n

fd,%!% l i n e  1 8 8 9

2 /\r, 2,2
:

a &LilW f i rs t  l ine  of  quote

me that U me . . . that

St5

8 7

.
8 8

9 0

1 2



&Wi5 e x e r c i s e  3 91

line  3: Ict r hr! U Ict M b c

lint 4: it r l 0, W Jr m = 0,

lint 5: n/r U n/m

r and Icl M ho W m ad Ict n h a
lines  ri and 7 (slap k‘h and FS) dshtfld
lina 8: F6, Q F 4 ,

a,%@ better answer to exercise 3

3. -l/2’?,  hut the taxt hasn’t dcfincd it.

92

j&q&J exercise 13 93

firfit scnlcncc!  shmlfl-hmm4-2
Add “7’ < 3(n-d)+k” 1.0 ascrtians /I&  A4,  A S ,  A6,  w h o r e  k t a k e s  t h e  respective  v a l u e s
2,3,3,1.

alcmcnlfi  a a n d  h U clcmonlli,  a < h,

wn4!J exercise 3

the value  3 i n  .,. MO n2, (rLr #I2 m 3 occurs for no n, and in the second place n2 * 4
0cCtJ  rl; fat iut0 nt

- &!iWlll line 1 0

388.  44 388; V. S. I,idii; Bh, Vych.  Mot. i Mat. Fit. 2 (19S?),  90-119.

U WLliY new answer replacing answer 10 97

9,10, N o ,  the applicatianR  of rule (d) agburnc  t h a t  I I  2 0 . (‘I’hc result ici correct f o r  r~ - - 1

hut lhc dcrivalian isn’t,)

13



U@Liict/G exercise 41 line 4

l/4 - l / R  (lwiccr)

98

-.

l&!li!S e x e r c i s e  3 1 99

W C have Q [‘J’hig kum  WQR  first ohtaincd i n  cIc)~ f o r m  b y  J .  F .  FfaCf, Notm ma
mad.  r&vat.  Yew.  11 (1’7911,  38-57.1  Wo have

&!%!h and extending to page 487 100

change  II to R ( R o m a n  typa) in the adutions  to cxcrciscs  40, 41 (twice),  42, 48 (twice).

~,W’L?I e x e r c i s e  1 4
--.

n+4 U n+l

jJ*$J#j exercise 10 line 2

(25)  m (17)

u,qc::q exercise 15

101

102

103

I:nc 1: ZG’ r,&), - ~C,,&)4,,(),
linr!  3 (the displayctl  hrmlJh):  dclctc tha period,  then a d d  a  new lint:

when  t + -l/4; C&-l/i)  l (~1)/2~ Car  n > 0.

a %%Y bottom of page, a new answer to exercise 1.2.11.2-3:
JO4

_ 3 .  lH2kl  ( IHZkl/(Zk)!l  Jl" lj(2k)(r)/dr.  [C. H .  Hcinsch  ahscrvcs  t h a t  H2k 31 S1VI2k+2 -

Il2k+2((xj)) 1(2k+2)(*)dx/(2k+2)!, and thal 1113+2 - /Ii~k+2((rj)  a l w a y s  lies hclwacn  0 a n d  (2-

2-2&-l  )/12k+2. Thcrcforr!  i f  f-""")(W) hlJt rlOt {2k’a)(x) tends  monotonically lo zero, (13)

still haltIF;  for sam U with 0 < U < 2 - 2 -2&-l*]

g&E&l exercise 6

ocn-+ 4e o(rl-3))

. 105

14



l!&W! exercise 1 4 106

line  ,3: M O V E  W M O V E

line  4: JSJ*+l ; W J S J  a~+1 -.

&@uz e x e r c i s e  1 7 ( b ) JO7

(1JGng  aewmhly  . . . rrcctian.)  W
\A ;ligkf’s tr;r,  b u t  quite  prcpontcroug, p r o g r a m  UM 9 9 3  STZ’R:  J M P  3 9 9 5 ;  STZ

. ..t S T Z  9 9 3 . 2 ;  JZN 3 9 9 9 :  DEC2 9 9 3 ;  J2NN 3 0 0 1 ;  ENNl
0:2; JMP 36Od,l.,

a,!%lz exercise 18 add new sentence: 108

(IJnlcsR  lhc program itfiG appcara in localions 0000~OOIS.)

i!- E&UY exe&e 2 0

’ Fukuaka) U Pukuoka.)

a,Euz exercise 16 line 1 110

(49): w (491;

&SW% new line just before answer no. 23:

F a r  small hyta c(ixe,  tho cntrics *6 13 would not appoar.

a l!J5lG exercise 6 line 3

-/ii w 4

a.g. the U a.g., the

109

112

112

123

15



‘rl,!%dy exerc ise  22(d) . 114

Since the U’A arc inclapcn~lcntly  chosen,  the!  W The

u&glJ exercise 23 115

line 1: jo’ . . . ( I n  c). W [OWcxp(-tbEl(l))dl,  whcrc El(r) = S,OO,-rd~/~.

line 4: In tt / 07 44 0-7 In n

lint! 6: H.‘IlQ...;  % 8 3 1 0 0  83724 41796*  [Afdt. Camp. 2 2  (1968), 411~4151;

--.
jJ,&# line 5

praccss  would  loop  indcfinitaly;  Q
a l g o r i t h m  hrcakg dawn (paRsihly  rcfcrn to huffcr while I/O ir;  in progrcsfi);

117

u‘,gss exercise 9

i n  rcvcrsc, WC c a n  get the invcrsc!  W
harrkwardr;,  wo can get the rovcrtx of tha invcrsc of  the rcvcrgc

&$fJ&q exercise 12

0 < 0 < 1 +P@ IcYI < 1

I!&&~ l i n e  1 2

- r2M - 9(Z)”

118

119

120

u‘,Bgpj exercise 4(ii) should have the following answer instead:
121

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

16



iL,GW new answer 122

13, 1). J. Klcitmon  her ahown t h a t  limn+oo 2”’ log f(a) * lim,t+ao  2”’ l o g  $,,<,(I)!.- -
[‘l’a appear.1

. .

COUNT W COUNT

&ggg and also page 544, answer to exercise 24

rcpiocc  lincg  RS-87  of the MI X program by
S T 6  X ,  1  (QLINK) QLI NK[rII  J + k.

‘l’hcn  rclnumhor  lines RR-118 to 8&116.
Finally d&to  “Note: When the .., as the loop.” on p. 544.

&f%& lines 11-12 change to (with same indentation):

TlO. If P + A, s:ct QLINK[SUC(P)]  + k, P +- NEXT (PI, and rcpcat  this step.

%,!?%l e x e r c i s e  1 6

line 2 :  29Z Q 27x (twice) .

l i n e  8: 6 + 4

&f%!$ line’ -4 insert new sentence (no new paragraph)

[See!  rxcrcisc! S.2.3-29 for a fastar algorithm.]

21,!%U  exercise 1 l ine 4 128

A V A I L  % Y + INFO(P)i.AVAIL

’ U,!M l i n e  2

COL (PI 44 COL(P0)

124

125

126

127

129



&,!%6 change answer 18 (saving space for new answer 21):
130

the firkl part trp to “after the final” can hc short-qnctl  as follows.
18. ‘I’hc! three pivot R~c~F;,  in rcspcctivc.  columns 3,1,2,  yicltl rcspcctivcly

( 1, ( 1, ( 1;
’ (UW the! mama matricc6 ax bcforc  hut F;qucczc onto one line)

t!&!% e x e r c i s e  2 0

A(1.1)  W AH,11

131

&#&I n e w  a n s w e r 132

2 1 .  F o r  cxatnplc,  R t max(I,J),  LOC(A [I, 31) = L O C  (AIl,ll)  + M(M-1) + I - J.
( S u c h  f o r m u l a s  have been propacrcd  indcpcndcntly by m a n y  pcoplc.  A. 1,. Hascnbcrg  a n d  H.
H. StronE have!  r;~gcxlcd the following k-tlimcn~ional  gcncraltsation:  LOC (A EI 1, . . . . I kI )

= Lk where L l  * L O C  ( A  11,  . . . . 11 1 + 11 - 1 ,  L, . L,,l * (M,-1)’  + (M, - I,M”I,‘-l  - VI,-

1 jr-‘), wharc M, . max( I 1, . . . . I ,,), [fflhf 7’mh,  Disclarurc,  Ilull.  1 4  (1972), 3026~3028.J)

gJJ&g exercise 15 133

remove l)latchcR in fist a n d  ~cc)nd lines

y+sgu exercise 12 line 2 134

&EGU n e w  a n s w e r 135

1 3 .  (Solulian  hy S. hrarrjo.)  l,ct ~tcps T l  Ihrough  T4 IW unchangctl, cxccpt  t h a t  a new
variahlc Q is initialid lo A in step Tl; Q w i l l  p o i n t  16 the last  nofla  visitccl,  i f  any.  Step

I ‘1‘5 lwcoItlc~  Iwo RlCpli: ‘TS, [ R i g h t  b r a n c h  hc?] If RLINK(P) p A  o r  RLINKfP) p Q,

~a a n  to 1’6; athcrwigc set A e P, P c RLINK(Pl  a n d  rcturtr  to  T2 .  T6, [ViGt P.] “Visit”
NODE (PI, g;ct Q + P, a n d  return to T4,’ A similar p r o o f  applies.

~,!563 l i n e  1 5 136

L O C  (T). ++ L O U T ) .

18



lh,kh% exercise 1 line 1

canrckl  W conlric;t6

i!&GY exercise 12 l ine 2

INFO(P2L1  4~ TREE(INFO(P2Ll)

2!$m exercise ,18 line 5

prcordar 44 par;lardcr

2!&vil exercise 7

1 3 7

1 3 8

the diagrams for Case 1 have two arrowhcatls  in the wrong direction ,,. the arrows should

laad away j’rom a’and totnordr @‘both  Bcforc a n d  After

3 3 2  ++ 3 2 2

&!wU exercise 12 line 5 1 4 2

a(i) cct n(i) 4- c(i,j) a n d  h(i) + ii A@
a(i) M!t  a(j) + c(iJ)  and h(j) + i;

’ 2&w exercise 16 1 4 3

lint 2 :  the cxi6tancc  o f  W Gracing  orrl

lincK  4,s: WC have an aricntcd subsubtrcc  ‘W the atatcd digraph is an oricntcd  tree

lint 5: configuration W digraph

-line 6 :  Rubtrec W trca

Z!JSV~ l a s t  l i n e 1 4 4

1). E. K n u t h ,  V R. Dawson a n d  I. J. G o o d ,  Ann.  M a t h ,  Stat.  2 8  (195’?),  9156-956; D .  E .
Knuth,

19



’ &!%L1) e x e r c i s e  2 4  l i n e  2

a,ggu last line of exercise 23, add: .. 146

i!$W exercise 3 line 3

&E&q exercise 10

hciEht w weight  (three timcg)

2!$!?~ second-last line before exercise 6

thik  lint ign‘t right-jugtificd,  a d d  Rpacc after tht!  Rcmicolon

147

148

149

a,!$ % bottom line 150

&k&% lines 19-21 replace by 151

Scvcral bcnul  ifrrl I,ikl -copyinK a~garilhmx w h i c h  tnakc  strb~tantially  wcakcr

a s s u m p t i o n s  aboul  I,ist.  rcprcscntation  havt!  bacn tlcvisctl.  SCC!  11. W .  C l a r k ,  CACM 19
(197(i),  to appear, and J. M. Robson,  C/KM 19 (19761, to appear.

miniF;crrlc  fir minurdrrlc

152

20



&6k!8 line before’ exercise 34 I53

165.1  Q 16s. Sao alaa B. Wcgbrcit, Camp, J, 16 (19721, 206208;  D. A. Zavc, hf. hoc.
Lattm 3 (19X),  16%169.1 -.

dat (A) Q dot(A)

U#QpJY in several places 155

change , * * 16 . . . in the
numharrr of bath kinds

dcfinitians o f  x upper k, x l o w e r  k ,  II factorial, and Stirling

--
%&au bot tom l ine I56

give  Rcctian rcfcrcncc 1.2.5 in right-hand column

Py6uw definition of Beta function 157

11 - B c

&6u% line -20 (the entry for 1 degree of arc) 1 5 8

&@JB insert new paragraph after line 7: 159

Set!  t h a  anxwcr  to cxcrcisa 1 . 3 . 3 - 2 3  f o r  tha do-digit  value of another f u n d a m e n t a l
canrrtanl.

I &ML%%  last line 1 6 0

9-o.

2 1



X -r -. % .? N P



,
g&~L;1

ban, Shiman, 239.

&fcJg~

Flyc Saintc-Marie,  Camilla,  580.

Hamlet, Prince of Jlcnmark,  2 2 8 .

&6%u entry for Good, Irving John .

add p. 578

170

171

172

173

174

175

176

177

178

23



&,&!%! Knopp entry

add p. 494

2!&%~ Krogdahl entry

i’ix hrokan type

Pfoff, Johnnn Fricdrich,  MS.

1, Philca S2000,  120.

-

a,g,gF!h

Pairat, Hwcrrlc, xix.

179

180

181

182

183

184

185

186

187

24



&&~Ll’~ Robson  entry

Shekcqcarc,  William, 228, 465.

dclata  Shih-chich, Chu entry

Stcclc J r . ,  Guy Lcwir; (~Quux),  594.

Strange,  Havcy Raymond, Jr., 556.

Tarjan, Rahort Endro,  239.

- a,GgsfJ

Wadlar, Philip Lea,  594.

d&tc “thcorcm,” (aavca one line)

188

189

190

191

192

193

194

195

196

25



a 6%0 (namely the endpapers of the book)

dclotc!  “Table 1”
also maker the chagge r;pacific.d  for  page 1.36

B,v line 4 of the Preface

r;ystcrn  +@ ~yslcm

B,VUU l i n e  4

* forc ing himkal  f +@ being e n c o u r a g e d

BJ% l i n e  1 0

. raiga thik  illustration about 3/8 inch

197

198

199

200

201

202

203

204

26



a&a making the quotation format more consistent 2 0 5

lint 5: T h e  P r i n c e  w T h e  P r i n c e

lina  10: MASON (The Case . . . 195 1) ++
M A S O N ,  i n  T h e  &a o f  t h e  A n g r y  M o u r n e r  (1951)

8 22Y new exercises 2 0 6

~21. [M2!F]  (C,. 11. Knott.) Show that the permutation ol...on ig ohtainablc with a stack, in

t hc kcnuc o f  cxcrcisc  2.2.1-S  o r  2.3.1-6, i f  a n d  o n l y  i f  C j  < Cj+l+l f o r  1  < j < n i n  the

nolalion of axcrcific  7 .
2 2 .  [M2a] (C. M ayar.)  When m is rclativcly  prime t o  n, W C  k n o w  t h a t  t h e  sequence (m

m o d  11) (2m mod n) . . . ((n-1)m m o d  n) is a permutation of (1,2,.4-l). S h o w  t h a t  t h o
numhar of invcraionx  of this parmutation can bc!  cxprcwA in tcrmr of Dcdckind sums (cf.
Saclion  3.3.3).

2 0 7

ssmi /\rr 4505s

s&g lines 5-8 after (38) 2 0 8

Clurioukly  .., xiluatian t o  the * A n  intcrcstirq  ant-to-ono  corrcspondcncc hctwaon  guch
pcrmulal ions and binary trccg, more clircct  than the roundabout  method via Algorithm 1
t h a t  wo have uxcd hcrc, h a s  been f o u n d  h y  I), Rotam [Ini. Proc, I,a~arr 4 (1975),  58-613;
similarly  thcrc ic; a

S,W insert new sentence after (53): - 2 0 9

e Actually the 0 terms hcrc should  have a n cxlra  94 in the cxponcnt, hu 1 our manipulations
make i t  claar that this 9a would  disappear il wo had carried furthor accuracy.

_ &t/z exercise 28, three changes 2 1 0

l h a  avcrago I, ifi

fiorlinfl” f o r  wrnc ohwurc rcakon,  W sorling,”

2&i; . . . 1.974;.) w 24’;;. I,. A. Shcpp  a n d  11.  F. L o g a n  h a v e  proved t h a t  l i m  infIr,,

1,/G ? 2 [to appear])

27



$79 figure 9 step 03

C O U N T  [k’jl W COUNT[Kjl

s,gut/ addition to step B2

(If BOUND m 1, thig means  go directly  to RJ.)

the undwlinc thouldn’l  h o  broken

s,r?k!& comments for lines 14 and 15 of the program

B O U N D  W B O U N D

(Dcccmhcr,  19741.)  W (19741,  287-289.)

3 W%SY exercise 15 line 2

Ciubkcriplt3  an F;upfmcripln  are in wrong Cant
-

&AK&L l i n e  1

211

212

213

214

215

216

217

218

219

28





1
%,2&u lines 7-23 must be replaced by new copy: 2 2 5

C o n s t r u c t i n g  l o w e r  b o u n d s ,  ‘J’hcorcm M dtaws Ihat the “inEorfnaliort 1hcorctic”

Iowcr bnrtnrJ  (2) c3n hr! arbitrarily  far  f rom 1hc l!rtr! lawcr b o u n d ;  t h u s  1hc tcchrriquc  used
to provr  ‘l’hcorcm  M gives  u s  annlhcr  w a y  to discover lower l~out~ds.  S u c h  a p r o o f
lcchniquc is of~cn  vicwcd a s  01~ creation  of  an nd~t~r.cary,  a pernicious h.cing  w h o  tries t o
make alporilltms run slowly. WhCn a n  al~orilhrti  f o r  nicrfiing  dccidcs  10 coniltarc  Ai : “j,

Ihe adversary clclcrtnincg the falc of lhc comparison so as 10 force the algorithm down the
mart tiifficrtll path. Jf WC can invent.  a suilahlc  adversary, as in Ore proof of ‘J’hcorcm  M ,
wc can cnsurc  \hnl cvcry va l id  rrtcrging  algorilhm  will h8vc  to niakr!  a ralhcr large n u m h c r
of comparisons. (Sonic  pcoplc  hsvc used lhc words ‘ordc’ or ‘demon’  inslcad of ‘adversary’;
hut. il i& prafcrahlc  1.0 ;tvoitJ guch  tcrrmg  i n  this cantoxt,  since toraclCs’  have quilt  a
(Jiffcrcnt  connolalian  i n  Iho theory  o f  rccurr;ivc  func(ians, a n d  tdCmo~is*  appear  in still a
rliffcrcnt guific within languages  for artificial intclligcticc.)

WC shall  mnka IJCC o f  carta~rnirwd  O~~MVSR~~PS,  whoso  power i s  limilrtl  w i t h  regard t o
(hc outc0mcs of ccr1 ain comparisons. A mcrkinR method  w h i c h  i s  urrtlcr  Ilic influcnccl of  a
conslraid atlvcrf4ry  &bcs nc)(.  kriow ahtL lhc co~~slrairrls, so it 1111tst  make lhc ncccssary
c o m p a r i s o n s  cvcn  I.hari+h lhcir o,rtlcor~ics  hdvc  hccri  prc4czt.irtccl.  For cxamplc, in our proof
o f  ‘J’hcorcrn  br wrl confilraincd  al) oulcorncs  hy comlilion  (r)), yet 1h(?  merging  ilJgorilhm  was
untihlc to rriakc  rrtzrz.of  this fuct in ortlcr  Lo avoicl ariy  of the comparisons.

‘I’hc constraints  lhat WC s h a l l  ~JKC  in IIJC f o l l o w i n g  di~cu~siorr  a p p l y  C O  l.hc left a n d
right  cr~ls  of ~hc filch. J,cft conglrainls  a r c  sytnbolizcd  h y

~‘q!J~ 1 ines 7 and 16

qucslion6  U camparisanfi

lbc answcrrtl U rckull  i n

S&U&L lines 9, 10, 18

are& w otlvcraary

I hen WC! (Jcflnc  * thus,

I.0 hc Q is

o u r  oracle U that aur*advcrkary

2 2 7

(four changcrr)

2 2 5

2 2 9



2 3 0

the oracle Q h o

.’$SpJZ 1 ines 2, 11, 16, 20, -9, -6

oracla  W advcmary (six changes)

&,ZQlV exercise 10, line 2

oracle  W advcrcary

3 zuy exerc ise  23  l ine  6c ’ t

araclc W a’dvcrsary

!3,Z!U l i n e  2

oraclo ir; a&cd W advcrmry  ia about  t o  cJccih

‘rha oracle /Ir H c .

3 Y zau lines 5 P 11 t 20 1 24 1 27,3O

S a y  Q Dccidc (kix changes)

231

2 3 2

2 3 3

2 3 4

2 3 5

2 3 6

237

2 3 5

31



,

~,~~~ line -2 2 3 9

“or8clc”, W “advcrfiary”  a6 in SccCion 5.3.2,

2 4 0

Jinx 13: finding an araclc W constructing an atlvcrsary

lins 1 5 :  oracle,  dcdarc W atlvcrsary  caugc

Jinrk 17, 20, 23: oracle  V advcrcary

%,z%g replace the eight lines preceding Table 1 by: 2 4 1

m a y  hc suhjccl  l o  furlhcr irnprovcrncnt.  The f a c t  that v,+(7) = 10 s~tows  tilat  (11) i s  aJrcady

off hy 2 whcrl 1t s 7 .

A  f a i r l y  gootJJ,owcr h o u n d  f o r  the sclrction prohlcrn  Jbas  hccn ahtaincd  hy D a v i d  G .
Kirkpatrick [Ph.D. thcgis,  II. of Toronto, 19741, w o conatructccl  a n  acivcrsary whichprovcsh
that

Vl(It)  � It + 4 - 3 l X()<j<r-2  flfi((tt+2-C)/(d+j))l,  ll >I 21-l. (12)

K i r k p a t r i c k  h a s  a l s o  cstahlishcd  the exact hchavior  w h e n  ta3 hy &owing that V3(n) = n +

rlg((n-1)/2.5)7 + rJg((n-l)/(ol  for ail n > SO (cf. cxcreike 22).

Zinc?  1 7 :  h. Schiinhagc  u M .  Patcrrsoti,  N.  Pippsngcr,  a n d  h. Schiinhagc

lint 1 8 :  has U have

Jinc -1: (12) W ( 1 3 )

line  - 7 :  (13) U (14)

lint! 4: V,(n) W P,(n)

2 4 2

2 4 3

2 4 4

linr!  - 2 1 :  a  hnmapntwur  U a n  ohfit&ua

iina -2 arid -1: a harnogcncouc;  /\r, an ohlivioufi

a n y  homapcncous  48 a n y  0bliviauR

32



a witahlc araclo.]  W a n  advcrkary.]

B,zzu substitute for exercise 22 246

22. [21] (David G. Kirkpatrick.) Show that whan 4*Zk  < n-1 < Se2&, the upper  hound (11)

far V$n) can ho rcduccd hy 1 acr Collowx:  (i) Form four “knockout trccx” of siza 2’. (ii) Find

tho minimum of tha four maxima, and discard all 2k clcmcnts of i t s  tree. ( i i i )  llsing the

known informat ion,  bui ld  a  single knockout  tree of Get n-l-Zk.  (iv) Continue as in the
proof  bf (11).

SQZ%  c a p t i o n 247

A hamogclnaaurr  W Ah oblivious

19721, Chapter IS] iE\/,  19731, 163-1721

,
g,z$u upper left corner of Fig. 51

248

249

thcrc’g  a dot tnigxing on the gccond  lint of the diagram for n - 6

QZE! line 3 new sentence 250

A .  C. Y a o  a n d  I’. I’. Y a o  h a v e  pravcd that  tf(2,n)  = C(2,n) = r&l and that  R(m,n) > b
lg(m+l)  for rn < n [J/EM, t o  a p p e a r ] .

I 3,WY l i n e  1 2 251

16 ir; in the wrong hold-fact font

&Z!W l i n e  1 3

R E C O R O  Kll ‘W RECORD(Q)

33
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dclftcr “[ Ilittl:  .,, 4.S.31,.  J” sinca Ihc proof o f  that  thoorcm i s  boinl:  changctl i n  the second

edition  of vol. 2

B&%&q l ines -16  and -15 2 5 6

S O R T 1 0  - mm0
S O R T 0 1  ‘V SORT01

&gv% bot tom l ine 2 5 7

)
I#2 4@ Ig (twice)

“Soundcx”  W contemporary  form of tlrc “S0undC.X”

&%uu extra annotation on line 08 of Program B

Lrh/2J. lrlr Lrh/2J.  (rX changes  t o o )

2 6 0

34



$!W!l l i n e  - 7

only  a l l  U only if all

$!W!I l i n e  1 3

batwacln U batwacn  and autaida  the cxtrcmo valuas  of the

3,LisW line -10 and also line -18

800 +P+ so0 ---

261

2 6 2

2 6 3

264

265

mcmary.  It W memory.  The diffcrcncc b c t w c c n  lg lg N  a n d  I g  N  i s  n o t  s u b s t a n t i a l
lJhl(XS N is quilt!  larga, and typical Cilcx  aren’t sufficiently  random cithcr.  Interpolation

%%%+u new paragraph after line 14: 266

Intcr)Aation  starch ig asymptot ica l ly  super ior  to  b inary  starch; one step of binary

saarch  cssclntiolly rcplacas tha amount at watch, n, hy $1, while one fitcp of interpolation

search  esscntia\\y rcplacrs  n hy dii if the keys i n  the tabla  a r c  r a n d o m l y  distributd
HWMY!  i t  c a n  IW Aown t h a t  intcrpolatian  xcarch takes about  lg Ig N steps  o n  the average.

- (Sea cxcrciw 22.)

&‘iluv r e p l a c e lines - 5 thru -11 by: 267
01 13 09 34 29 OR 0 8 53 20 49 12 27

I 01 I3 1431 s2no 490907 12
01 13 43 40 48 48 49 41 15
01 13 4-H 40 3 0 48 46 22 59 25 25 55 33 20

0 1  1 4 0 4 2 6 4 0 48 36

s,%aw bot tom l ine 2 6 8

w a s  - ciccmg t o  have been

35



2 6 9

line! 1 1 :  1  W 1,2
lint 1 2 :  February, 48 February

&f#~ replate exercise 22 2 7 1

2 7 0

2 2 .  [AfU] ( A .  C. Y a o  a n d  F. F. Y a o . )  S h o w  t h a t  a n  appropriate! f o r m u l a t i o n  o f
intcrpdatian scar& rcquircs asymptot ica l ly  lg Ig N comparisons,  on the avcragc,  when
applied 10 N indcpcndcnt unil’arm  randarn  kcyr, that havr!  hacn sortad. Furthermarc, a l l
gcarrh a)garithms  on HKI~ tables must make asymptotically Ig lg N comparisons, on t h e
avcragc. -=.

A ). 4~ A), kinca the ncccssary  opcrotions arc trivial when ROOT = A.

AlgAthm I, U A l g o r i t h m  T

clearly conslruclcd  tt+l  tliffcrcnl clclclions;  4@
conslructccl  ~41 diffcrcnt  dclctions,  one f o r  each j ; ,

2 7 2

2 7 3

2 7 4

2 7 5

- lint 6 :  A f a i r l y  U A n  cvrn mart

llnc -7: t~mc. 4~ tima. In fact, M. F&man has shown that  Q(n)  units of time suffice,  if
tha right data ~tructurc~  arc usatl  [ACAf Symp. Theoty  of Cotnp. 7 (1975), 240-2441.



!&%sv and following pages 2 7 6

in lhc!  6ccond  cdilion  of vol. 3 1 must  ‘rcvisc  ~ha ~atscction  about  the Hu-‘ruckcr  a l g o r i t h m
to take account  of the naw C,arCa-Wachs  a lgor i thm.  Mcanwhilc  1 cbr~td  have improved  m y
trcalmcnt of Hu-‘i’uckcr hy icaving the cxtcrnal nodes  out  of  the pr ior i ly  queues (cf.  (23)
on p. 444, an unncccssarily  cumhcrsomc approach).

8,%s$J replace lines 3-5 by: 2 7 7

4 ha1 lhc rcl6rrlling m a x i m u m  F;uhlrcc!  wcighl, man(u,(0,tz-l),u,(k,rl)),  iF; as smal l  as possihlc.
This approach  can also ha fairly poor, hccausc  it may choo~n  a node with very small  pk t o

ha the root; howcvcr, Paul J. Haycr has proved  that the resulting  tree will always have a
wr!ightcd  path length near the optimum (see cxcrcisc!  36).

3pi!ml exercise 30

% , % & u new version of exercise 36 2 7 9

,

3 6 .  [ If401  (Pat~l  3. Bayer.1 Clcncralizing  tha upper hound of Theorem G, prove that the

cost of a n y  o p t i m u m  binary scareh  trco with nonncgativc weights  m u s t  b e  a t  m o s t  t h e
lOtill wcighl $ . ~,(i(,~ r)j + Zo<i<,,  9; times II + 2, whcrs

II . I: 1 <i<,*(j)i/S) Ig(S//)i) + z()<i<,tf9ils)  1K(S/9i);

i n  fact,  Obo ~op-tt0~1~  procctlurc w h i c h  rcpcatcllly  chooses  r o o t s  t h a t  minimize  t h e
m a x i m u m  suhlrcc  weights will yictd  a binary  starch tree s a t i s f y i n g  t h i s  h o u n d .  S h o w

’ further  that  t hc cost  of  tha optimum b i n a r y  trca starch tree is >S times II - lg(2U/a).

%$!$% diagrams (2) 2 8 0

put rxtra littla vertical  linca a h o v c  t h e  t o p m o s t  nodes  (13 a n d  X ,  rcspcctively),  f o r
corsistancy  with (I)

K’WK

37
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$%Gw replace lines -4 and -3 by: 2 8 2

indicalr  Ihat. 1hc avcragc  numhcr  of comparisws  nccdctl  ~a inwrt Ihe Mh item ik
approximcrlcly  1.01 lg N l 0.1 cxccpt when N is mall .

-.

%,$k& bottom line of Table 1

2.0 v 2.78

2 8 3

)I/<1 -p) = 1.851.  /\r, l/(,-p) 3% 2.851.

282

k - 1 is p/(,-p).  W k is 1/(1-p),

I linr! 1: Ig N + +0 . 2 5  U 1 . 0 1  Ig N 0.1

‘\ lint 2: 11.17 Ig Iv + 4.8 44 11.3 Ig N + 3

lint 6: 6.5 lff N + 4.1 U 6.6 tg N + 3

. .
$%&s F i g u r e  2 4 287

Mow  Ihc third r~orlc  t’rom lhc!  141, lhc 1 haa a  bar  across il, making it look like a 4 hy
migtakc

R(P) U RANK(P)

RANK(R). W RANK (RI. Co to CM.

2 8 8

289

38



2 9 0

gCq&k lines 11-l 2 should be replaced by: 291

lrclcf; w h i c h  rrriso  whcrt W C  allow tho height  difholc~  of kuhtrtvs  LO IW a t  m o s t  k .  S u c h
slrucl  urcs m a y hc called ttR[k]  lrccs (mcanint: “hci~l~t-l~al;~~~c~Iti”),  so lhat o r d i n a r y
hali~nccvl  trcca rcprcscnl  the Gpccial  cast H H[l). ilmpiricel  tcst~  o n  HR[Cs]  trees have h c c n
tlir;crrsscd hy P. I,. Karlton  CL al., C/KM  19 (1976),  2 3 - 2 8 .

S&!VU n e w  e x e r c i s e 2 9 2

3 1 .  [34](M.  I , .  It rcf m a n . )  lnvcnt  a rcprcscntation  of linear  l is ts  wi th the property  t h a t1
inscrtian of a new item hatwccn p o s i t i o n s  m - l  a n d  m ,  givan m, takes O(log m) u n i t s  o f
time. --_

g,k%j‘I e new paragraph before the exercises 2 9 3

hndrcw  YRO hi\s pravcd thal the avcragc n u m h c r  of’ notlcs  after r a n d o m  insertions

wifhout the ovtAIow fcaturc  w i l l  hc N/(rtr I n  2 ) + O(N/m2), for Iargo N  a n d  nt, MI the

Kloragc u(.ilizalion  w i l l  hc! appraximatcly I n  2 2 6 9 . 3  pcrccrbt  [/lclcr Informatica,  t o
aplWi)r].

tong, hut atways a muttiptc of 5 characters,

S,LiiSU l i n e  - 4 2 9 6

H O U S E  ‘b H O U S E ( t w i c e )

2 9 4

2 9 5

39



3,cilB’U l i n e  5 297

follaws. ++ f o l l o w s :

3&iUJ e x e r c i s e  4 299

29s

Ihcrc w i l l  Ibc ;I new illtrr;trrrtion,  with pasilions ntttttbcrod  f r o m  1  lft 49 inF;lcad  o f  1  16 5 5 .
‘lb. rcfipcc*livc!  cnlries  w i l l  hc: -
-a- (20) --- WAS THAT (18)  OF
BE THE H I S W H I C H  W I T H T H I S  - - -
(4) ON I HE A OR (19)
(3)  TO HA0 --- (14) BUT (1)
(17) FOR 43Y I N FROM AN0 NOT
(1) HER ARE IS IT AS AT
(7) --- HAVE (3) --- YOU ---
lint 2 :  55 (LA 49

, IincE al’tcr new illrrstrnlion:  20,1,14 ,..,, 2 within w 20,19,3,145,1,17,1,7,~,20,18,~  within

3#!Y e x e r c i s e  3 9

s,!$gs line -5 add new sentence after “of M,”

(A pracisc formula ifi warkctl  or11  in axcrcisc 34.)

S,WlJ program line 1 3

empty  46 ndncmply

40

3 0 0

301

3 0 2

3 0 3



clclclo lines 15-18 (m+l  not really  nccdctl  aflcr a l l )
-.

a n t  ially V start! i d l y

S&W l i n e  1 3

Fcimilar  +# wcakcr

3 0 4

3 0 5

3 0 6

&!%u three lines after (34) 3 0 7

ptJ1’POkf‘k.  w =j3u  rpowr;. I n  fad, ho Cuih  a n d  I’ndro Sxcnicrddi have ~uccccdctl  i n
p r o v i n g  the tlifficrllt thcorcrn lItat tlaul~lc  h a s h i n g  ir; asytnplotically  cquivalcnt  LO u n i f o r m
prohibtp, in iha l i m i t  a s  IIf -+ 00. [To appear.]

~6!S~Y just after (37), insert new sentence:

Hy convcnl.ion wc al&n scl /(O,O) l 1.

30s

$!%‘t/ new formula for (58)

CN - 1 l (n-h Q/☺ uh h )/2h!) (2 + (a-1)h  l (a2+(a-l)2(h-l  ))H(a,h)) + 0(1/W.

3 0 9

until MarriR’R  . . . 1968, W rrnlil  Ihc late 1960’s,

3 1 0

311

lino 1: ‘l’hc only .,. among W ‘I’hc!  f i rs t  prlklist~cd  appcarancc of t.hc!  w o r d  seems to have
hccn  i n  H .  Hcllcrm;ltl’s hook Diaitrri  Cornl)ul~r  Syrlam  Principles ( N o w  Y o r k :  McCraw-
Htll, 19671, p .  152; ~hc only pr cvioufi  occurrcucc among

line 6: 1968 W 1967

41



g,!%z exercise 5 lines 3 and 4 312

Icn or lrss U al m o s t  l c n

3&W e x e r c i s e  1 0

hilCl.4 w hf43

3,596 line -4

AI ’ > hf ‘W AI * I) hf

%i,!atl exercise 45

MM /Ir hf43 --.

ii!&W e x e r c i s e  6 6

6 6 .  - )66.

ii!&W n e w  e x e r c i s e

6 7 ,  [hf25J (hndrpw Yaa.) Prnvc

kcn6c  at cxcrcicc!  6 2  r;alidy Ihc

rrn~rrcccdul starch takes exactly

$$&% lines -10, -8, -6

313

314

315

3JG

317

t h a t  a l l  Fixed-pcrtnrltatiorr  single-hashing  schctncs  in the

i~wq~ralily  Ci ? rJf1 + l/(1 - a ) ) .  [Ilinr:  Show t h a t  a n

k probcx  with probability l>k < (AI-M/AI.]

318

L O N G I T U D E  4~ L O N G I T U D E ( t h r e e  p l a c e s )

3J9

42 I



line 13, add:

[CACh1  18 (197S),  509-516.J

_ 3 (to appd /\r 4 (19715),  l - 1 0

$.!%a the numbers in (5) should be respectively:

.0794KWl;  .0070HUi9;  .00067094;  .00006786;  .0000072H;  .OOOOOOR2.

S,!WU q u o t a t i o n

Al ice ’s  Adventures  in  Wonder land ‘b A7fce’s  Adventures  in Wonder7and--

lines 1-3

320

321

322

323

324

So WC may . . . (p-1 ,/2. u
I n  ~~cncral  if / iii a n y  clivigor  of 1~1 a n d  d any d i v i s o r  o f  gcd(f,r~),  WC)  can s i m i l a r l y

clctcrrninr! (~/d) mod / h y  l o o k i n g  up the valua ol 0 1( ‘-l)lf in a tahlo of 1cngt.h f /d.  If p - l
hag lhc prirnc!  factors q1 < q2 < .a. <q, and if qI is  smal l ,  wc c a n  lhcrcforc  compute 11

r a p i d l y  hy finding  the tligilx  f r o m  right  IO left i n  i t s  mixed-radix  reprcscntatian,  f o r
ratlicck ql, . . . . q,. (‘l‘hix itlca in  t luc IO H. I,. Silvar.)

~,~~!f~ e x e r c i s e  6 325

t.hc l’s in the cxpancnlrr ritlc too high (lwicc)

exercise 13

h m-1) /\r hm-]* hm+]g

S‘qJg, exercise 20

%olnowsky  (10 appaar).  Q Mnowsky,  Dircrn~r,  Aln~lr,  9 (I971),  XU-298.

326

327
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S&&U n e w  a n s w e r 325

22. Lmj/nJ - Lmi/rlJ  - Lm(j-i)/nJ  = 0 or 1; and il is Q iff mj mod n > mi m o d  IL Hcncc
lhc numhr!r of invcrgionc ia ZO<i<j<s I lm j/n J - hi/n J - Lrn( j-i)/n  J) * E~cr~,rLmr/~a  J ( r

- (k-r)  - (k-r-l))  , which can ho trardormcd to &l)(n-2)  - &(nt,n,O). [J. fiir dia
r~int~ urd on~twt. AfarI,. 1 9 8  (1957), 162~166.J

~&?2 e x e r c i s e  1 9 329

hlc: A gcncrat  F o r m u l a  for tha numhcr  of w a y s  10 place ltrc inlcgcrs {1,2,...,n)  into a n
array  w h i c h  is ~hc “tliffcrcnrc” of two ~nttlcarr  shapes (rq, . . . . nm) \ (11, . . . . I,,), whcrc 0 I

fi (. Ni Qntl It l C”i - Eli, haA hccn found h y  W .  Pcit [Proc. /lmcr.  &lath. Sot. 4 (1953),

740.7443.  ‘I’tIiK nur@r it3 It! df!l t l/((Itj-j) - (Ii-i))!) ,

4.5 N2 + 2.5 N - 6. /Ir (MN2 + 2.!iN - 6)~.

330

3 gCiyY ” addendum to exercise 15 331

I t  i6 inlfWsling lo nob Ihal C(to,z)  = F(-tfz,z)/Ji’(-u~,z),  wtbcrc  F(z,q) p Zll,a zn,1”2  /__

n,<k,,,(l-q k ) i6 lhc! gcnaraling  f u n c t i o n  fnr parlil.ians  Q + *** +p,, inlo 11 p a r t s ,  where

p j ? Pj+1+2  for 1 I: j < n a n d  pn > 0 hr. cxcrcific  5.1-16).

3,Gi!E!  exercise 31 l ine 03

I N P U T - N , 4  ‘b - I N P U T - N , 4

g&k% addition to answer 2

[hlgorilhm 5.2X dots cxaclly  x&(t)  axchangcs,  MC cxcrcisc  5.2.3-4.1

,to appear].  4~ 1 1  (1975),  29-35)

332

333

334

44



!&dus bottom two (clobbered) lines should start respectively thus:
3 3 5

4 3 .  AG ta -) o + , . .

r(l)) /II -) r'(1) - -7,

t i6 i n  w r o n g  font (WC lint -2 far carrccl t)

41 <,‘  4)  4)
aJ,baa exercise 13

4J /‘4J41~?&XZJ line-s -8, -7, -6, -3

oracle  ++ atlvcrxary

S!&SLFI l i n e s  2 ,  1 7

araclc W a d v e r s a r y

3&W e x e r c i s e  9
. . *

3 3 6

3 3 7

3 3 s

3 3 9

3 4 0

camparisontt.1  V comparisons, yet tha praccdrrrc  is n o t  o p t i m a l . )

3J3%% e x e r c i s e  1 4 341

lint 1 :  hd in W fad i n  [I,(n) <

also ildd  nnw srntcnrc:  (Kirkpatr ick’s  adversary  actually  proves  that (12) is a lawar hound
fat Cp+l) - 1.)

oracle W advc>rfiary

45



$&W n e w  a n s w e r 3 4 3

2 2 .  I n  pcncral  when 2’*2k < ~2-1 i: (2’+1)*Zk  and t < 2’ ( 21,  t h i s  proccdurc  s t a r t i n g  w i t h

t+l knockout (reps of sixc 2k wilt yield L(I-l)/ZJ rcwcr comparisons than (1 I), since  at least
this many al the comparisons ud to find the minimum in (ii) can bc “rcud” in (iii).

%!&&kl exercise 36 last line 3 4 4

ta appear.]  U 333-,739.J

g,G%ll) insert new paragraph before line -2: 3 4 5

C. Haudd and I). Slcvcnson have  ohscrvcd  that clxcrciscs  37 and 38 c o m h i n c  t o  yield  a
Gmpla sarling mn(!horl  with (n lg n)/k + O(a) c o m p a r i s o n  cycles on 12 processors:  First  sort

k SlJhfih  of’ size < rn/kl, rhcn mcrgc them in k passes u s i n g  the “odd-cvan  t r a n s p o s i t i o n
mcrgc”  ol order  k.-$1‘0  appear.)

$L&U exercise 2 line 4 3 4 6

~,&SLil  n e w  a n s w e r

1.0. See Prac.  ACM Symp.  Theory of Compuling  6 (1074),  216-229.

$dUU exercise 3 for section 5.5, last line

variahlc6.  M variahlc~,  without trandorming  the rccartlR  in any way.

3 4 7

3 4 s

3 4 9

S,&Lt’Z exercise 7 line 3 3 5 0

ao).  w 8 0 ;  INS &a 1, Cuibag,  /Ida laformaticrr  4 (1975),  293-298.J



line - 9  (displayed  nodes):

‘1 * ‘0

‘2-  ‘ 1

R1 Q “0

#2 - “1
lint -a:

‘1 W ‘0

#l * #o

k>l'M  k>O
lincg -6 and -5: the!  right ~ubtrcc~ of . . . a n d  the rcsult  + the remIt

SQWSI n e w  a n s w e r
--

’ 3 0 .  This hag hcsn proved  hy Russall  WcRgncr  [ t o  a p p e a r ] .

&Gt/% replace answer to 36 by: 353

351

352

3 6 .  SCC hfAC  Tech. hfenro.  6 9  (M.I.T., Nowdw 1975),  41 pp 0

%&‘t/~ e x e r c i s e  1 9 354

the f o u r t h  rcctangic  i n  1h hd’l-hand rigtJIT!  i6 t o o  short -- it should hc cxtcndcd so that
it6 hattom line k at t h a  garnc lavcl  a8 the bottom 4’ the f i r s t  a n d  t h i r d  rcctar&s

8,~~~ answer 20, the line following the tree should become:
355

It  may ho difficult to insert  a new node  at the cxtrcmc left ol this tree.

: $&VU a n s w e r  3 0  l i n e  4 356

left  StJhh~!c!  of t h a t  +P+ gubtrcc  rooted al t h a t

%&W n e w  a n s w e r 357

29. Yurtial golotion  hy A. Y a o :  With N > 6 key6 the Iowcst  lcvcl will contain an average of

@V+l)  one-key  n&s, *N+l) two-key n&s. ‘l’hc avcragc t o t a l  n u m h c r  o f  nodes  lica

hctwccn 0.70N a n d  0.79N, for large N. [Aclrr f,~~ormdca, to appear.]
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3,6W n e w  a n s w e r 358

3 1 .  lkc a ncnrly  tralanccd  Ircc, with addi t ional  upward links for lhc lcftninst  part ,  p lus a
stncvk  of’ pm~pmc~l balance factor adjrrstmcnts a l o n g  t.his p a t h .  (F&h insertion tlocs a
bourhl  nuuihcr  of t hcsc djur;lmcntk.) -.

S!&lU exercise 4 line 3 3 5 9

I O N I C  Q T R A S H

stwcn  4b ,ci.x
inscrl  IICW scnlcnco o n  l a s t  lint:  [I’his rmnrk:tblc 4%place p a c k i n g  i s  drro t o  J .  Scot
FifAhrrrn,  w h o  &owcd thal 48 places do not srlffiec.]

$I&2 new answer to exercise 11 (extends to p, 683) 360

11, N o ;  c~lirnina~in~  8 nntlr!  with orhly one crnpty  suhtrcr  w i l l  “fOrEct” out!  b i t  i n  the keys

of 1 tic? noncrnpt  y sl~bl rec. ‘1’0 clclrlc n nmlc,  i l  should  bc rcplaccd  b y  one o f  i t s  hwrtitmf
dcscc-ndant6,  P.R., t@ srarching  I O  Ihc r i g h t  whcncvcr possible.

se&E3 exercise 12 3 6 1

line! 3: Algo t-1‘tturn  6.2.21).’  w tho atgorihm ~t~gpcslcd  i n  tha previous answer.

la61 litv: i- 4

S,t%!tiS exercise 34 l ine 1 3 6 2

a $G&!G exercise 34, new answer to part (b) 3 6 3

(1~) I n  t hc I/(?- - 1 )  parI, i t  kuffitvs  la consitlcr  val1~cs  o f  j  wilh x 1< 2 I n  11. F o r  1  < x 5 2
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S,GlW n e w  a n s w e r

39, SW Miyakawa,  Yuba,  Sugila,  a n d  Hoshi, SlAhf j. Contpuha,  t o  appear.

3 6 5

&@$U l i n e  12

and W with O/O .  1 when k 9 N 9 Af-1, a n d

3 6 6

~JiSLLI e x e r c i s e  3 9

lirrc?  ci (rtrirrl  lint ofi’di~playcd forniulus):  clclotc~  “j>l,”  (on IhiR lii~c!  only)

iinc  6 (TOlJrltl  lint d dikplayccl  farmrrlak):  (i) W  zlj>l(# (two places)

365

$6B’G n e w  a n s w e r 3 6 9

4 6 ,  VW SW 1,. (:uihm (to a p p e a r ) .

3 7 0

3 7 2
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$%‘&g after line 7, a new paragraph: 3 7 3

A few inlcrcsling canslanls  wittrortl  c o m m o n  nnmcs  hava  ariscrl in  conrlcclian  with the

analysis  of sorlifig  and rWilrCtll~l~  dgoril  hms; 40-tligi~  valuer; o f  thcsc  cordants appear i n

’ llrc unswcrc; I O  CxcrciscR 5.2.3-27, 5.2.4-13,  and 6.3127.

&tl(l!G left column 3 7 4

clct c/I, W clcc(A)

. * . u . . .

!&t/tit/ defi@tion  of  factor ia l

3 7 5

3 7 6

3,7&v definitions of x lower k and Stirling numbers of both Ikinds
3 7 7

* ’ ’ 4H . . .

&t/liiV l i n e  - 1 2

s.1.n.  - 5.1.3

3~m!xJ
hdvcrsarics,  200-204,  209, 21 l-212, 220.

3 7 8

3 7 9

3 8 0
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. ,

S,%%!!I%  Hyafil entry

flcl~tr! p. 21s

-h_

3eYIM!d two new entries

H H[k ] I reps,  468. Hcigtr L-l,atanccd Irccs, 468, me Ralanccd  Irccs.

$v&& Knockout tournament entry

add pp. 214, 220

~,XM!d Linear list represent ation  entry

Se%!U!J  two new entries

3 9 0

391

3 9 2

3 9 3

3 9 4

3 9 5

3 9 6

3 9 7

Karlton,  F’hllip l.c?wis,  468.
Kirkpatrick, I)avid  Galcr,  215, 220, 6.36.

3 9 8

Logan, RanJemin Franklin, Jr., 594.
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Mcycr,  Curl, 22.

3 9 9

4 0 0

Miyakawa, Masahiro,  687.

4 0 1

Ohliviom alpprilhtnrr,  220-221.

Oraclcfi,  200, 1cd httvcrsarick
-.

~,VUt&  Parallel cornput  at ion entry

Paccrmn,  Michnd  Stowart, 217.

Pippcqcr, Ndrolas John, 217.

7 8  JW v i ,  7 8

4 0 2

4 0 3

4 0 4

4 0 5

4 0 6

4 0 7
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‘I’apc!  txrarctring,  100-401,  405.

&VZZL Turski entry 421

S,V22l!~  Ullman  entry

atltl p. 468

~JG?I% new subentry under Trie search

~crvralizccl,  MS.

s,J$J;l;l

Wcssncr,  Hor;sdl,  674.

417

41s

419

4 2 0

4 2 2

423

4 2 4

4 2 5
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3,V22lJ  Wrench entry

add p. 686

$?%?~ Yao, Andrew entry

-.

add pp. 2.32, 422, 479, S49, 678

Ma fund ion, 612, 666.
-m.

3JC%XJ  just before 2-3 trees entry

21) Ircrk,  555, 570.

s,t)z& (namely the endpapers of the book)

ddm “Table 1”
ah dtanp 1 l o  italic  I  i n  hax numhcr  35

t&u changes to MIX booklet 4 3 2

4 2 6

4 2 7

4 2 5

4 2 9

4 3 0

431

p.30, Fig. 3: Slcp  PA &mid say “500 fauntl?”
~34, Fig. I,: Ihid c a r d  tdawid say L EQU 5 0 0

p43, I irw 1 :  6667 W AM67

p43, Itnc 2: 19n,nn4 /Ir 1 3 3 , 3 3 4

p44, prohlcm 16, lint 2: raw...4iagbnill  Q r o w  a n d  c o l u m n

and changa  “rccor0”  to “black” ovcrywhcrc in the discussion of MIX J/O operators.



, 6’,&l changes to the book Surreal Numbers 433
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