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Preface

This document lists corrections f@&attern Recognition and Machine Learning by
Christopher M. Bishop, published by Springer in 2006. It isrolied to be complete,
in that it includes even trivial typographical errors. Howeveisinot assumed to
include all mistakes that exist in the book and the authocearaks reports of any
remaining potential mistakes, along with any other feedbatkhe book, which
should be sent to

prml -fb@r crosoft.com

Corrections are given in the order they should appear in the deaéh correc-
tion starts with a page number in the margin, followed (in thembaidy of the page)
by the location of the mistake and the required correction. Inigpeg the location,
the following conventions are used:

e Paragraphs are numbered from 1 on each page. The first paragraph lig usual
the one continuing from the previous page, but if the first line page starts
a new paragraph, this will be the first paragraph. In the book, thelifiest
of each paragraph is indented, with the exception of paragrdyatisdllow
immediately after a chapter or a section (but not a sub-sedieesjing, which
are not indented.

e Line and paragraph numbers preceded by a minus (-) sign are countetth&om
bottom of the paragraph or page. ‘Paragraph -1’ referes to the lastrpphag
started, but not necessarily completed on a page.

e The following abbreviations are used in this document: PRMLtiéPaRecog-
nition and Machine Learning), |.h.s. (left hand side) and r(hight hand side).
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Notes on the corrections

Whereas the vast majority of the corrections are relatively stifaigiard, such as
typographical mistakes, accidental changes of sign or ngst&rms in equations
and incorrect references, a few corrections call for a bit more exjbematitations
below refer to the References section of PRML.

The PRML Companion

Originally it had been intended to write a ‘companion’ textbdokPRML in
collaboration with lan Nabney, accompanied by Matlab softwagesfon 3 of “Net-
lab”) implementing many of the algorithms discussed in PRNThe companion
book was to have served two main purposes: (i) to explain sonfalegorithms,
mainly concerned with the solution of optimization problentgah arise in machine
learning, for which there was insufficient space in the mainkiexik, and (ii) to pro-
vide an overview and manual for the Netlab v3 software along wiidance on the
practical application of machine learning. It has been decidsgad to make most
of this material, including the software, freely available fromweb. In particular
the optimization algorithms will be discussed in a tutorigb@aOptimization Algo-
rithms for Machine Learning, which will be available as a PDF file from the PRML
book web site. The references to Bishop and Nabney (2008) in thie bwst which
have been kept, now refer to this tutorial paper. The Netlab ft®ace, along with
supporting documentation, demonstrations and tutoriald,bgilavailable directly
from the Netlab web site: http://www.ncrg.aston.ac.ukAt®tl

Bayesian “Estimate” of the Variance of a Gaussian

When we estimate the mean, and the variance;? of a Gaussian from a data
set using maximum likelihood, the estimate for the mean idasdul, whereas the
estimate for the variance is biased, as discussed in sec2oh 1The bias in the
variance is due to the use of the maximum likelihood estimatehfe mean and
disappears if the true mean is known, yielding the correspondibgased estimate
for the variance.



6

NOTES ON THE CORRECTIONS

Instead suppose we take a Bayesian approach and chmesgaalar prior dis-
tribution overy andr (the inverse variance,/o?) of the form,

p(p,7) = N (plpo, Ag ) Gam(r|ag, o).

We can then integrate overin the posterior distribution for the parameters to ob-
tain a marginap(7). From this we can calculaé[r] !, whose value equals that of
the unbiased maxiumum likelihood estimatesdf This is analogous to the result
discussed by MacKay (2003). However, this is not a general cuesee of tak-
ing Bayesian approach, but depends on the choice of prior. dhdeee chose a
different but equally valid prior,

p(p, 7) = N (palpo, (Th0) ™) Gam(7ao, bo)

the value ofE[r]~! will equal the biased maximum likelihood estimate fet.
Changes have been incorporated, in particular in Section3L(pages 470-473),
to reflect this.

Variational Logistic Regression

Section 10.5 discusses local variational methods and a plartiexample, in
the form of variational logistic regression, is discussed inisect0.6. Section 10.5
largely uses conventions from Jordenal. (1999), whereas 10.6 largely follows
Jaakkola and Jordan (2000). Unfortunately, the use of differemecions regard-
ing the sign of the variational parameters lead to inconsigtsme some of the equa-
tions in Section 10.5. In order to correct these, while adherir@ptwentions from
existing literature as far as possible, the symbol used for énational parameters
in Section 10.5 (pages 493-498) has been changed frtony), while A has been
kept throughout 10.6.
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Corrections

Page viii

Page xi

Page xi

Page 8
Page 18
Page 19
Page 28
Page 31

Page 44

Page 47

Page 47
Page 48
Page 53
Page 53
Page 57
Page 61
Page 61
Page 65
Page 71

Page 75

Third paragraph: The last sentence, starting “A companion veluni, should be
replaced with “Matlab software implementing many of the aldonis discussed in
this book, together with example data sets, will be ava@ldbtough the book web
site, along with a companion tutorial (Bishop and Nabney, 2d@8cribing practical
algorithms for solving the optimization problems which arisenachine learning.”

Second paragraph, line -3: “roman” should be “Roman”.

Fourth paragraph, middle line: “about it dimensionality” skibread “about its di-
mensionality”.

Table 1.1, column labelst/ = 6 should beM = 3.

Fifth line after Equation (1.26): “suffices” should be “suffixes”
Second paragraph, first line: “x” should be™!

First sentence: This sentence should be ommitted.

Equation (1.72)(x,,)¢p(x)™ should bep(z,)p(z,)T, inserting the missing index
n.

Caption of Figure 1.27, last line: Insert “, assuming the priasslprobabilities,
p(Cy) andp(Cz), are equal” before the full stop.

Equation (1.90): The integrand of the second integral shouldflaged by

var [t|x] p(x).

Line -2: “marginalize to find” should be replaced by “calcufate

Line 2: “marginalize to find” should be replaced by “calcufate

Equation (1.103): A minus sign-{’) should be added to the I.h.s.

Biography of L. Boltzmann, column 1, line -1: “they day” sholid “the day”.
Equation (1.119): The r.h.s. should be multiplied by a fa&iay.

Exercise 1.16, line 4M 6th should ber/t.

Exercise 1.16, Equation (1.139), I.h.8/{d, M) should beN (D, M).

Exercise 1.34, line 2: “functional (1.108)” should be “functibpeeceding (1.108)".

Section 2.1.1, first paragraph, line 8: “the form of the product’uithtwe “the form
of a product” (‘a’ replacing ‘the’).

Equation (2.28):5, should beu g in the third expression.
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Page 81
Page 87
Page 89

Page 89
Page 89
Page 96
Page 96
Page 96
Page 96
Page 96

Page 96

Page 97

Page 97

Page 97-101
Page 99

Caption of Figure 2.7, last sentence: Omit the word “major”.
Line -2: “. .. is independent o%,.” should be .. is independent ak;.”
Equation (2.87): The last line should read

+x) (Aga — AabAb_blAba)ua -+ const
(incorrect inverse (‘') removed).
Last line before Equation (2.88): Omit the “of” befgréx,, ).
First line after Equation (2.89): Omit the “in” before (2.88).
Equations (2.129):4’ should be changed te-".
Second paragraph, line 3: Insert ‘negative’ before ‘log likelihood'.
Equation (2.133)x,, should ber,,.
Equation (2.133): A minus sign-{’) should be added to the I.h.s.
!Equation (2.134): Minus signs<{") should be added to both sides; the correct form

Equation (2.135): For consistency, the r.h.s. should be renrés

_ 9 -
o) =gVl — AN-15pN=1) [_ In p(z |00 1))] :

Figure and caption 2.11: The labelsand .\, should be exchanged in the figure.
The caption should be changed to: “In the case of a Gaussiaibdi®n, with ¢
corresponding tQu,, the regression function illustrated in Figure 2.10 takes the
form of a straight line, as shown in red. In this case, the randomblariacor-
responds to the derivative of the negative log likelihood fiomcend is given by
—(z — ump) /o2, and its expectation that defines the regression function isigist

line given by— (i — pa)/o. The root of the regression function corresponds to
the true meam.”

Equation (2.136): ~’ signs should prefix both the middle and rightmost expres-
sions and on the immediately following line,— u\, should be replaced by (u —

pinn) /0%
Section 2.3.6X should be replaced by throughout this section.

Second paragraph: All instancesxofwith indicesn and N) and . should be re-
placed byx andy, respectively, to indicate univariate data. Moreover, in éqna
(2.144),D should be replaced by, in addition to the changes afand .



Page 103

Page 106

Page 108

Page 109
Page 109
Page 111

Page 114

Page 116

Page 122
Page 123

Page 131
Page 133
Page 139
Page 141
Page 144
Page 145
Page 145
Page 152
Page 156

Page 160
Page 165

Corrections for pages 103-165 9
Last paragraph, line 4: There should be a closing paranthesis (81 2.9, before
the full stop.

Equation (2.168): For additional clarity, prefix the left and rigipressions with
1 = andz, =, respectively.

Second line before Equation(2.180): “zeroth-order Bessel furicitoould be “zeroth-
order modified Bessel function” .

Equation(2.185)A(m) on the I.h.s. should bé (myy).
Equation(2.187): -’ should be 4’ on the r.h.s..

First sentence after Equation (2.189): This sentence shoulthdogged to: “Also,
given thatV(x|p,, %) > 0, a sufficient condition for the requiremen(tx) > 0 is
thatm, > 0 for all £.”

Firstline after Equation (2.204)%'= (z1,...,zx) " shouldbe % = (z1,...,23)T".

First line after Equation (2.225): Omit the phrase “where we haeed (®.194)” and
add a full stop after the equation.

Equation (2.243)(1 — P)'~¥ should bg(1 — P)N X,

Equation (2.250): The exponent in the denominator of nornmaizionstant of the
Gaussian kernel on the r.h.s. shouldB£ (not 1/2).

Exercise 2.23, first line: Reference to (2.45) should refer to (2.48).
Equation (2.291)E[x,,x,,] should beE[x,,x |.

Third paragraph, line -2: “fit a different” should be “fitting a diffet&
Equation (3.13): The r.h.s. should be multiplied by a fagtor

Equation (3.26):E£ should beE', on the l.h.s..

Third paragraph, line 1: “is know as” should be “is known as”.

Third paragraph, line -2: “shows that” should be “shows”.

Third paragraph, line -1: “question model” should be “questibmodel”.

Line -2 before Equation (3.58): Reference to Section 8.1.4 should teefeection
2.3.3.

Fourth paragraph, line 1: “effective kernel” should be “equikalernel”.

Section 3.5, first paragraph, line 4: Change “over either” tch&giover”.
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Corrections for pages 166—-252

Page 166

Page 168-169

Page 171
Page 173

Page 174

Page 177
Page 185
Page 194
Page 194
Page 198

Page 200
Page 210
Page 221
Page 223
Page 223

Page 245
Page 248

Page 251
Page 251
Page 252

Second paragraph, line 6: Change “discussed (Section 4.4)"idousked in Sec-
tion 4.4,".

Equation (3.89): The full stop after the equation should be recheve the phrase
“where we neglect derivatives ofi},my with respect tav.” inserted on the follow-
ing line (on the following page).

First sentence after Equation (3.97): This sentence should battad.
Exercise 3.1, Equation (3.102):

tanh (L — Mj) should betanh (L — Mj) .
S 2s

Exercise 3.4:y(x,w) andy(z,,w) should bey(x, w) andy(x,, w) in Equations
(3.105) and (3.106), respectively.
Exercises 3.20 and 3.22: Change “Starting from (3.86) verify .. XMagify ...".
Line -3: “these point” should be “these points”.
Line 1: “whereM” should be expanded to “whetg, = ¢(x,,) andM”.
Line 3 after Equation 4.55: “without of” should be "withouts® of”.

Equation (4.63): A pair of parentheses are missing on the rthescorrect form is
ar = In (p(x|Cr)p(Ck))

Equation(4.71):p(t|m, py, po, 3) should bep(t, X|m, py, o, ).

Equation (4.110): The leading minus-() sign on the r.h.s. should be removed.
Exercise 4.4: (4.23) should be (4.22).

Exercise 4.18, line 1: (4.91) should be (4.106).

Exercise 4.23, following the equation: Should say “whHrés . . . the negative log
likelihood” (insert ‘negative’).

Last line before Equation (5.58): “logistic sigmoid” should ségMmoidal”.

Equations (5.75) and (5.76): To conform to indexing in precedingggns, index
j should be replaced by

Equation (5.83): In the first term on the r.h ¥y, Vy,, should beVy,, (Vy,)T.
First line after Equation (5.84p,, = Vy,, = Va, should béb,, = Va,, = Vy,.

First line after Equation (5.88): The text fragment “whg&re the unit matrix,” should
be removed.
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Page 254 Equation (5.95): On the r.h.9;; should beM,,.. Moreover, the indiceg and;’
should be swapped on the r.h.s.

Page 263 Figure 5.14: Figure improved (small panels enlarged).

Page 271 Equation (5.144) and the immediately preceding and followings: »; should be
replaced by:;.

Page 272 Equation (5.147): The r.h.s. should be multiplied)by

Page 274 Second paragraph: With the exception of #ien line 4, all instances ok should
be replaced by. and vice versa.

Page 275 Equation (5.153):K should replacé: as the upper limit of the inner summation o
ther.h.s.

Page 275 Equation (5.154): The I.h.s. should be replaced wijth = i (t,,|x;,).

Page 275 Equations (5.155)—(5.156);, should be replaced by,,,. Moreover in (5.156){,
should be,,;.

Page 275 Equation (5.157): This equation should read

0E, t, — 2
AR

o 2
daf o;

Page 282 Equation (5.181): On the r.h.s.

N
Z =1V should be Z
n n=1

Page 284 Exercise 5.1, Line 2y(-) should beh(-).

Page 289 Exercise 5.32, last line: The constraint equation should rgaghy, (w;) = 1 for all
T

Page 290 Exercise 5.41, first line: “Section 5.7.1" should be “Sectibris1 and 5.7.2".

Page 293 Sentence fragment preceding Equation (6.8): This should be edaogUsing (6.3)
to eliminatew from (6.4) and solving foa we obtain”.

Page 295 Figure 6.1: The figure and caption should be replaced by
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1 1 \ \ 1
0.5 0.75 0.75
0 0.5 0.5
-0.5 0.25 0.25
-1 0 0
-1 0 1 -1 0 1 -1 0 1
1.0 2.0 6.0
1.0 3.0
0.0
-0.4 0.0 0.0
-1 0 1 -1 0 1 -1 0 1
Figure 6.1  lllustration of the construction of kernel functions starting from a corresponding set of basis func-

tions. In each column the lower plot shows the kernel function k(z, z") defined by (6.10) plotted as a function of
x, where z’ is given by the red cross (), while the upper plot shows the corresponding basis functions given by
polynomials (left column), ‘Gaussians’ (centre column), and logistic sigmoids (right column).

Page 297

Page 300
Page 300
Page 310
Page 321
Page 322
Page 329

Page 358
Page 367
Page 376
Page 378

Lines 1-2 after Equation (6.27): It says thadt denotes the number of subsets4n
it should say: {A| denotes the number of elementsAh

Line 1 after Equation (6.39)f(x) should bey(x).

Equation (6.40): On the |.h.g(x,,) should bey(x).

Second paragraph, last sentence: This sentence should bé&tedami
Exercise 6.16: After (6.98), add “wheve! ¢(x,,) = 0 for all n,".
Exercise 6.23, line -2x;, ..., xy1 should bex,, ..., xy.

Biography for Lagrange, first column: A “to” is missing: “importagontributions
to mathematics”.

Exercise 7.19, line 1: “approximate log marginal” should bggdleximate marginal”.
Line -6: The comma before “Similarly” should be replaced by a fudpst
Line between the second and third equatipfi)p(b) should bep(a|c)p(b|c).

Line -4: “it has a descendantecause is in the conditioning set” should read “it has
a descendantin the conditioning set”.
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Page 379 Second Paragraph, Line 2: “was” should be “way”.

Page 400 Caption of Figure 8.41, Line -1f, (1, x2) should bef,(x2, x3).
Page 404 First line after Equation (8.65)f, should bef;.

Page 404 First line of Equation(8.66): Last summation sign inside bréske

Z should bez .

Xem Xsm

Page 410 Equation (8.86), line -2: The middle summation symbol

Z should bez .

Page 416 Paragraph 2, line 10:
A-C—-B-D-Ais chord-less a link could be
should be
A-C-B-D-Ais chord-less and so a link should be
Page 421 Exercise 8.21, line 2f,(x;) should bef(x;).

Page 435 Equation (9.16): There are a matrix inverse missing and an extrasnfinl) sign
on the r.h.s.; the correct form is

nlty, 2 _
O_Z Wk/\/xluk k) =

Xp — i )-
Z 77] Xn|“ga %) " 2

¥ (2nk)

Page 435 Line 3 after Equation (9.16)2:,;1 should beX,, i.e., no inverse.

Page 444 Equation (9.41):M /2 should replacd /2 in the denominator of the normalisation
constant on the r.h.s.

Page 458 Exercise 9.23, last sentence.: Should read: Show that, atatiyrsary point, these
two sets of re-estimation equations are formally equivalent.

Page 463 Line 1: “We can the introduce” should be “We can then introduce”

Page 470 Equation (10.20): The integrand on the r.h.s. should be squiaged,

Dxu(pllq) = / (p(x)1/2 — q(x)1/2)2 dz.
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Page 471 Equation (10.28), second line: An additiondP In ~ term (arising from the Gaussian-
Gamma prior ovep:) should be added.

Page 471 Equation (10.29):

g should be Y11
Page 472 Equation (10.31): This equation should be replaced by
N
I 1 el N 5 o 9

Page 473 Equation (10.33): This equation should be replaced by

1 — o I .
m:(x —x):N;(xn—x).

Furthermore, the sentence immediately following this equatluould be replaced
by “For a comprehensive treatment of Bayesian inference for thes<tan distribu-
tion, including a discussion of the advantages compared kimuen likelihood, see
Minka (1998).”

Page 473 Margin reference to Section 1.2.4: This reference should be ogunmitt
Page 473 Equations (10.34) and (10.35) and the line in betwe&p:should bel.
Page 473 Equation(10.36): Remove the full stop after the equation andheridllowng line
insert “where o(Z. X|m)
L, = ZZ:q(Z|m) In {q(Z|m)} .
Page 473 Line -3 and -4:£,,, should beL.

Page 474 Line 1: Directly after the reference to equation (10.35), insertr ‘€quivalently by
optimization ofZ,,,”.

Page 478 Equation(10.63): The l.h.s. should say+ N + 1.
Page 489 Equation (10.110): The last terimI'(ay ), should bdn T'(ay).
Page 490 Equation (10.114)x, should replace, on the |.h.s.

Page 493-496 Section 10.5: In text, figures and figure captions, from Figure 10d@ and in-
cluding the last line preceding Equation (10.144}hould be replaced hy.

Page 496 Equation (10.141): This equation should be changed to

1= =3¢ tan (g) - % [0(5) - ;] — )

and the follwing text inserted immediately follwing the eqoati “where we have
defined\ = —» to maintain consistency with Jaakkola and Jordan (2000).”



Page 497

Page 502

Page 504

Page 505

Page 521
Page 522
Page 526

Page 528
Page 529
Page 539

Page 541
Page 541

Corrections for pages 497-541 15

Equations (10.142) and (10.143): These equations should beetido
9AE)) = =AE)E — f(§) = —AE)E® +In(e*/* +e7*/2).
and
(@) 2 =A©)a® = g(A©)) = —A(€)a® + A(€)E? —In(e*/? + /%)
respectively.

Equation 10.164: There are a number of sign errors in this equétiecorrect form
is

1
imOTS()_lmo

s {lna@n) Lo aene ).

Equation (10.177)ux andb should replace all instancesaf andb,, respectively,
on the r.h.s..

L) = g

T g1
Tom my Sy my —

Equation (10.183): The transpositon Ts are in the wrong placegdirect form is
E [WWT] =N+ uypy-

Exercise 10.29: All instances afshould be replaced with.
Equation (10.245): A term\" D should be added to the r.h.s.

Second paragraph: The second half of the sentence forming tlaigamh, starting
“, and some practical guidance.”, should be removed.

Equations (11.10) and (11.11): z; andln z, in the numerators should both her2.
Line -1: The final full stop (*.") should be removed.

First line after Equation (11.36)z*") = 0” should be %(*) = 0” (superscript index
changed).

Last line before Equation (11.44); should bex(").

Equation (11.45): This equation should read

P(2)a(2|2)Ax(z',2) = min (p(z)qi(2'|2), p(2')gr(2]2))
= min (p(z')qk(zl2"), p(2)qr(2|2))
= p(z)ai(2z") A (2,7)
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Corrections for pages 544-632

Page 544
Page 552-553

Page 560
Page 567

Page 573
Page 573
Page 575
Page 578

Page 579

Page 579
Page 581

Page 584
Page 586

Page 592
Page 603

Page 611
Page 612
Page 621
Page 622
Page 628
Page 630
Page 632

Line 4: p(z;|{z\;) should bep(z;|z\,) (erroneous{’ removed).

Equation(11.68) and (11.69): The sign of the argument to therexqtial functions
forming the second arguments to tién functions need to be changed.

Line -2: “w” should be “we”.

First line after Equation (12.22):¢; is the variance” should bes; is the standard
deviation”.

Equation (12.40)s ~'I on the r.h.s. should be~2I.
Equation (12.42): The covariance on the r.h.s. should?d —*.
Second paragraph, line 1M x M” should be ‘M -dimensional”.

Equation (12.53): A termd//2In(27) should be added to the summand (i.e. inside
the braces) on the r.h.s.

Second line before Equation (12.58)2“x M whosen'™ row” should be ‘M x N
whosen'™ column”.

Equation (12.58): On the r.h.X should beX".

Caption of Figure 12.12, last line: The caption for the lastgba(f), should read
“The converged solution”.

Caption of Figure 12.14, line -3: “left-hand” should be “right-lkl&n

Equations (12.69) and (12.70): On the .AVE**" and¥"*" should beW ., and
W ., respectively.

Equation (12.90): The numerator in the rightmost expressionlgHma2.
Exercise 12.29, line 4: The sentence starting “Nowshould be replaced by: “Now

consider two variableg, andy, wherey; is symmetrically distributed arouridand

Yo = yf

Equation (13.7): On the l.h.s., changg ; A toz,_1, A.

First line after Equation (13.9): Change “focuss” to “focus”.
Caption of Figure 13.12, line 3: Chang¢z,1) to a(zy,1) -
Caption of Figure 13.13, line 4: Changéz,,1) to 3(zy,1) .
Equation (13.65): On the r.h.s., charge to z,,_;.

Equation (13.68), r.h.s.: Chantyep(x.1|z,) toIn p(z,41|2y ).

Equation (13.74): The minus<") sign in the argument of the exponential in the
rightmost expression should be removed.



Page 635
Page 645

Page 650
Page 651

Page 659
Page 674
Page 681
Page 688
Page 691

Page 698

Page 698
Page 701
Page 704
Page 704
Page 713

Page 714
Page 722

Page 737

Corrections for pages 635-737 17

Section 13.3, first paragraph, line #;, ..., xxy should bez,, ..., zxy.

Line 1: “which do not have a linear-Gaussian,” should be “Wh#ce not linear-
Gaussian,”.

Exercise 13.24, first line after Equation (13.128): Change “re“dasee-cast”.

Exercise 13.27, line 3: The sentence should start “Show thébgi caseC = I, the
posterior. . .".

First paragraph after AdaBoost algorithm, line 5: “decreasedilshize “unchanged”.
Exercise 14.4, line 2: “hods” should be “holds”.

Paragraph 1, Line -4: “six distinct segments” should be “tetirdissegments”.
Equation (B.29)«x should beu.

Equation (B.59): Two instances éff on the r.h.s. should both be replaced ky
The correct form is

N K
Mult(mq, ma,...,mg|pw, N) = <m - mK) T
1Mo . ..
k=1

Equation (C.20): The vector in all the denominators should bmkas i.e.,

0 0A 0B

First line after Equation (C.28): (C.26) should be (C.24).

Last paragraph, line 2: “all values” should be “all non-zero ealu
Line 2: E'[f] should beF'[y] and both instances gf(x) should bey(x).
Equation (D.4):0 F should be F' in the numerator of the integrand.

Column 1, entry -2: This entry should be changed to: Bishop, Grd.l. T. Nabney
(2008). Optimization Algorithms for Machine Learning. In preparati

Column 1, entry 2: “J. M. B.” should be “J. M. Bernardo”.

Column 1, entry -2: Before this entry, a new entry should be insemédka, T.
(1998) Inferring a Gaussian distribution. MIT Media Lab note. Aablé from
http://research.microsoft.comminka/.

Index entry “Shur complement”: Should be “Schur complement”.



