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Preface

This document lists corrections and clarifications for the firsttprgt of Pattern
Recognition and Machine Learning by Christopher M. Bishop, published by Springer
in 2006. It is intended to be complete, in that it includes afsgal typographical
errors and provides clarifications that some readers may find hekydwever, it is
not assumed to include all mistakes that exist in the booktla@@uthor welcomes
reports of any remaining potential mistakes, along with angmofeedback on the
book, which should be sent to

prm -fb@r crosoft.com

Corrections and clarifications are given in the order they shopiear in the
book. Each entry starts with a page number in the margin, folofire the main
body of the page) by the location of the mistake or ambiguity #ne required am-
mendment. In specifying the location, the following convemsiare 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 paragrdyati<dilow
immediately after a chapter or a section (but not a sub-sedieejing, which
are not indented.

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

e The following abbreviations are used in this document: PRMLt@PaRecog-
nition and Machine Learning), |.h.s. (left hand side) and r(night hand side).

To identify which printing your copy of the book is from, consult the pagg Wwibliographic
information (immediately preceding the dedication page); if the one buiraesteads “9876 5 4
321" you have a copy from the first printing, if it reads “9 8 7 6 5 (coteel printing 2007)” you
have a copy from the second printing.
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Additional Notes

Although the majority of the changes are relatively straightfedyauch as typo-
graphical mistakes, accidental changes of sign or missimgstén equations and
incorrect references, a few call for a bit more explanation. Citatlmelow refer to
the References section of PRML.

Bayesian “Estimate” of the Variance of a Gaussian

When we estimate the meam, and the variance;? of a Gaussian from a data
set using maximum likelihood, the estimate for the mean idas#ul, 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 correspondtibgased estimate
for the variance.

Instead suppose we take a Bayesian approach and clpasgalar prior dis-
tribution overy andr (the inverse variancé,/c?) of the form,

p(p, 1) = N (plpo, Ay ) Gam(7lao, by).

If we assume a fully factorized posterior oyerandr, we can then integrate over
w in the posterior distribution for the parameters to obtain a maifgi(7). From

this we can calculat&[r]~!, whose value equals that of the unbiased maxiumum
likelihood estimate of>2. This is analogous to the result discussed by MacKay
(2003). However, this is not a general consequence of taking®ary approach, but
depends on the choice of prior and posterior. If we make an gqualild choice,
given by the Gaussian-Gamma prior,

p(u,7) = N (|0, (Th0) ™) Gam(7|ag, bo)

and again assume a fully factorised posterior, the valug[ef ! will equal the
biased maximum likelihood estimate fef. However, if we consider the exact pos-
terior, which is given by a Gaussian-Gamma distribution, weregitain a value of
E[r]~! equal to the unbiased maximum likelihood estimatedér Changes have
been incorporated, in particular in Section 10.1.3 (pages 473 reflect this.



6 ADDITIONAL NOTES

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 differeniecdions regard-
ing the sign of the variational parameters lead to inconsigsiic 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 én@tional parameters
in Section 10.5 (pages 493-498) has been changed frton;, while A\ has been
kept throughout 10.6.



Corrections for pages viii—61 7

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 52
Page 53
Page 53
Page 53
Page 57
Page 61

Page 61

Third paragraph: The last sentence, starting “A companion veluni, should be
replaced with “Matlab software implementing many of the aldomis discussed in
this book, together with example data sets, will be avadlabfough the book web
site, along with a companion tutorial (Bishop and Nabney, 20@8cribing practical
algorithms for solving the optimization problems which ariseniachine 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)ip(z,,)(x)T should bep(z,,)¢(x,)T, inserting the missing index
n.

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

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

var [t|x] p(x).

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

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

Equation (1.100)0H should be)H in the numerator on the L.h.s.
Equation (1.103): A minus sign-{’) should be added to the I.h.s.
Biography of L. Boltzmann, column 1, line —1: “they day” shdlle “the day”.
Biography of L. Boltzmann, column 2, line —6: “lead” should‘ted”.
Equation (1.119): The r.h.s. should be multiplied by a fa¢iav.

Exercise 1.16, line 4M6th should beh/ ",

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



Corrections for pages 63—-96

Page 63 Exercise 1.20, Equation (1.149):

3e? €2
- should be - —
202 o2

in the argument of the exponential on the r.h.s.
Page 65 Exercise 1.34, line 2: “functional (1.108)” should be “functibpeeceding (1.108)".

Page 71 Section 2.1.1, first paragraph, line 8: “the form of the product’utthe “the form
of a product” (‘a’ replacing ‘the’).

Page 75 Equation (2.28), should beu g in the third expression.
Page 81 Caption of Figure 2.7, last sentence: Omit the word “major”.
Page 81 Second paragraph, Line 2: The reference to (2.51) should refer t9.(2.50
Page 83 Line 2: u"z should bezp ™.
Page 87 Line-2:"“...isindependent af,.” should be .. is independent ok;.”
Page 89 Equation (2.87): The last line should read
X} (Aga — AabAb_blAba)ua + const

(incorrect inverse ('’) removed).
Page 89 Last line before Equation (2.88): Omit the “of” befaréx,,).
Page 89 First line after Equation (2.89): Omit the “in” before (2.88).
Page 96 Equation (2.129):+ should be changed te-".
Page 96 Second paragraph, line 3: Insert ‘negative’ before ‘log likelihood'.
Page 96 Equation (2.133)x,, should bet,,.
Page 96 Equation (2.133): A minus sign-’) should be added to the I.h.s.

Page 96 Equation (2.134): Minus signs-{") should be added to both sides; the correct form
is

1< d 0
— lim N;aelnp(on) =E, [—%lnp(a:W)] .

N—oo

Page 96 Equation (2.135): For consistency, the r.h.s. should be renrés

0

o) =gVl — AN-15pN=T) [_ lnp(wa(N_l))] :



Page 97

Page 97

Page 97-101

Page 99

Page 103

Page 106

Page 106
Page 108

Page 109
Page 109
Page 111

Page 114

Page 115
Page 116
Page 116

Page 116
Page 117

Corrections for pages 97-117 9

Figure and caption 2.11: The labelsand i\, should be exchanged in the figure.
The caption should be changed to: “In the case of a Gaussiatbdi®n, with ¢
corresponding tquyr,, 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 fiomctnd is given by
—(z — uvr) /o2, and its expectation that defines the regression function isigist

line given by—(u — 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,— pr, should be replaced by (1 —
pinvin) /o

Section 2.3.6X should be replaced bythroughout this section.

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

Last paragraph, line 4: There should be a closing paranthesis (8 2.9, before
the full stop.

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

Figure 2.17x, 7 andé should bex, 7 andd, respectively.

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

Equation (2.185)A(m) on the I.h.s. should bd (myr,).
Equation (2.187): " should be %+’ on the r.h.s..

First sentence after Equation (2.189): This sentence shoulthdoeged to: “Also,
given that\V (x|, X) > 0, a sufficient condition for the requiremep(tx) > 0 is
thatm, > 0 forall £.”

Firstline after Equation (2.204)%'= (z1,...,zx) " shouldbe % = (z1,...,23)"".

Line before Equation (2.215)#;,...,na—1)" should be(ny, ..., nar—1,0)".
Equation (2.222)h(x) should beh(x) on the l.h.s.

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

Last line before Equation (2.227;, should bex .

Section 2.4.2, line —3: “a effective” should be “an effective”
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Corrections for pages 118-171

Page 118
Page 122
Page 123

Page 129
Page 131
Page 133
Page 139
Page 139

Page 141
Page 143
Page 144
Page 145
Page 145
Page 148
Page 149
Page 152
Page 156

Page 160
Page 161
Page 163

Page 165
Page 166

Page 168
Page 171

Line 4: “Jeffries” should be “Jeffreys” and “Tao” should be “Tfao
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 2.7, line 3: “mean value of should be “mean value qi”.
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 difést”.

Second line after Equation (3.6): The inline equation should:reanh(a) =
20(2a) — 1.

Equation (3.13): The r.h.s. should be multiplied by a fagtor

Section 3.1.2, line 8%;(x,) should bep;.

Equation (3.26):F 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”.

Equation (3.37): The second integral on the r.h.s. should belblelintegral.
Equation (3.44): The integral on the r.h.s. should be a douldgial.

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

Line —2 before Equation (3.58): Reference to Section 8.1.4 shofdd e Section
2.3.3.

Fourth paragraph, line 1: “effective kernel” should be “equinalernel”.
Second paragraph, line 2: “the form an” should be “the form of an”.

Second sentence after Equation (3.72): “decrease” and thedagtemce of “in-
crease” should exchange their positions in the sentence.

Section 3.5, first paragraph, line 4: Change “over either” tch&giover”.

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

Figure 3.1, caption: “model evidence” should be “model loglence”.

First sentence after Equation (3.97): This sentence should betted.



Corrections for pages 173-211 11

Page 173 Exercise 3.1, Equation (3.102):

tanh (m) should betanh (m) .
S 2s
Page 174 Exercise 3.4:y(z,w) andy(x,, w) should bey(x, w) andy(x,,w) in Equations
(3.105) and (3.106), respectively.
Page 177 Exercises 3.20 and 3.22: Change “Starting from (3.86) verify .. XMagify ...".
Page 182 Section 4.1.2, line 2: “be tempted be” should be “be tempted”
Page 184 Figure 4.3:x should bex.
Page 185 Line —3: “these point” should be “these points”.
Page 194 Line 1: “whereM” should be expanded to “whetg, = ¢(x,,) andM”.
Page 194 Line 3 after Equation (4.55): “without of” should be "withoutsl® of”.
Page 197 Figure 4.9, caption: “probit function” should be “inverse prdiitction”.

Page 198 Equation (4.63): A pair of parentheses are missing on the rthesgorrect form is
ar = In (p(x|Cx)p(Cr))

Page 200 Equation (4.71):p(t|7, pq, o, ) should bep(t, X|m, iy, o, 3).

Page 203 Equations (4.85) and (4.86): There is a factot 6§ missing in the first term on the
r.h.s. in both equations.

Page 207 First paragraph, line 7: “concave” should be “convex”.
Page 208 First paragraph, line —2: “concave” should be “convex”.
Page 210 Equation (4.110): The leading minus-() sign on the r.h.s. should be removed.

Page 211 End of sentence following Equation (4.114): This should reachitwis known as
theinverse probit function.”

Page 211 Equation (4.115): This equation should read

erf(a) = \/27? /Oa exp(—6%)do

(factor of1/2 removed from the argument of the exponential on the r.h.s.).

Page 211 Last line before Equation (4.116): “probit function” should bevénse probit func-
tion”.



12 Corrections for pages 211-252

Page 211

Page 213
Page 218
Page 219-220

Page 221
Page 222
Page 222
Page 223
Page 223

Page 223-224

Page 227
Page 235
Page 238
Page 245
Page 248

Page 250

Page 250
Page 251
Page 251
Page 252

Equation (4.116): This equation should read

B(a) = % {1+erf <%>}

Note that® should bed (i.e. not bold) on the L.h.s.
Equation (4.124)V In E(w) should beV E(w) on the L.h.s.
Equation (4.143)S y should beS ' on the I.h.s.

Section 4.5.2: All instances of “probit function” should be leged by “inverse
probit function”.

Exercise 4.4: (4.23) should be (4.22).

Exercise 4.15, last line: “concave” should be “convex”.
Exercise 4.16, line 4t should be,,.

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’).

Exercises 4.21, 4.25 and 4.26: All instances of “probit funttghould be replaced
by “inverse probit function”.

Second paragraph, line 1: “described a” should be “described as a
Equation (5.24)1.,, should be.,,;.

Equation (5.32)= should be~.

Last line before Equation (5.58): “logistic sigmoid” should s&gMmoidal”.

Equations (5.75)—(5.76): To conform to indexing in preceding egust index;
should be replaced by

Equation (5.80):

oOE™ OF,
e should be Dar

Last line: “be” should be “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 beb,, = Va,, = Vy,.

First line after Equation (5.88): The text fragment “whg&re the unit matrix,” should
be removed.



Page 254

Page 256
Page 259
Page 260

Page 262
Page 263
Page 265

Page 266

Page 266

Page 271
Page 271

Page 272
Page 274

Page 275

Page 275
Page 275

Corrections for pages 254-275 13

Equation (5.95): On the r.h.g;; should beM,,.. Moreover, the indiceg and;’
should be swapped on the r.h.s.

Section 5.5, line 1: “outputs” should be “output”.
Line —2: The word ‘to’ should be omitted.

Figure 5.11: In all sub-figure titles, all numbers (1, 10, 100, 1@00jhe r.h.s. of
the '="-signs should be raised to2; e.g. in the title of the lower left sub-figure,
“ab = 100", should be &> = 100~2" or, simpler, ‘ab = 10=*".

Line —1: “approach 2" should be “approach 1”.
Figure 5.14: Figure improved (small panels enlarged).

Figure 5.16, caption, line 5: Before ‘(c)’, insert: “where blue andoxelcorrespond
to positive and negative values, respectively,”.

Last Equation before Equation (5.131): The third term on the shauld be
il [[ e -0 {)" 9u0 + 719wt}
+ (TTVy(X))2]p(tIX)p(X) dx dt.
Equation (5.132): This equation should read
0 = 5 [ w0~ B ()" Tu) + TG0}
- (TTVy(x))Q] p(x) dx

Equation (5.142): The numerator on the r.h.s. should (gad- w;).

Equation (5.144) and the immediately preceding and followingsk: ; should be
replaced by;.

Equation (5.147): The r.h.s. should be multiplied)y

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

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

Equation (5.154): The |.h.s. should be replaced with = i (t,,|x,)-

Equations (5.155)—(5.156);. should be replaced by,,;. Moreover in (5.156),
should be,,;.
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Corrections for pages 275-295

Page 275 Equation (5.157): This equation should read

oE, tn — ppl?
o {p - aml”)

o 2
daf o

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

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

Page 282 Equation (5.183):const on the r.h.s. should be ommitted.
Page 284 Exercise 5.1, Line 2¢(-) should beh(-).

Page 287 Exercise 5.21: The text in the exercise could be misunderstodelss ambiguous
formulation is: “Extend the expression (5.86) for the outer prodyproximation
of the Hessian matrix to the case &f > 1 output units. Hence, derive a form
that allows (5.87) to be used to incorporate sequentially dmrttdns from individ-
ual outputs as well as individual patterns. This, togetheh wie identity (5.88),
will allow the use of (5.89) for finding the inverse of the Hessignsequentially
incorporating contributions from individual outputs and patsern

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

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 314
Page 314
Page 316
Page 321
Page 322
Page 329

Page 332
Page 333

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.gy(x,,) should bey(x).

Second paragraph, last sentence: This sentence should bé&tedami
Second paragraph, line 2should bet .

Second paragraph, line 6751 andt should be 1 andty, respectively.
Equation (6.80)+-const on the r.h.s. should be ommitted.

Exercise 6.16: After (6.98), add “wheve’ ¢(x,,) = 0 for all n,".

Exercise 6.23, line —2x;,...,xx.1 should bex;, ..., xxy.

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

Equation (7.22)L(w,b,a) on the l.h.s. should b&(w, b, &, a, u).

Two lines above Equation (7.33): 'minimize’ should be 'maximize



16 Corrections for pages 346-397

Page 346 Equation (7.79)p(t,|x,, w, 3~1) should bep(t,|x,,, w, 3) on the r.h.s.
Page 350 Caption of Figure 7.10, line —2: “contrition” should be “cobirtion”.
Page 350 Second paragraph, lines 8, 9 and tshould bet.

Page 351 Equation (7.94):
11+ a7 ¢ Cig;]

should be
(1+0ai 9/ CTip;)

on the r.h.s.
Page 352 Line 3: ¢,, should bep,.
Page 352 Line —2:j # i should bej # 1.
Page 358 Exercise 7.19, line 1: “approximate log marginal” should bggi@ximate marginal”.
Page 364 Equation (8.7)T should be on the I.h.s.
Page 365 Figure 8.7: The node labetsandi should readt andt, respectively.
Page 366 Second paragraph, last line: “show” should be “shown”.
Page 367 Line —6: The comma before “Similarly” should be replaced by a fidps
Page 376 Line between the second and third equatipfa)p(b) should bep(a|c)p(b|c).

Page 378 Line —4: “it has a descendanbecause is in the conditioning set” should read “it has
a descendantin the conditioning set”.

Page 379 Second Paragraph, Line 2: “was” should be “way”.

Page 380 Equation (8.35):f, should be[”_onthe r.h.s.

Page 383 Figure 8.26: The labet,; should bex; in the graph.

Page 390 Figure 8.32(b): The labels of the two rightmost nodegs, and zy_; should be
swapped to match the ordering of the nodes in Figure 8.32(a).

Page 390 Third paragraph, Line 2: “max-product” should be “max-sum”.

Page 397 Equation (8.57): The ordering of the indices and the argumentiseafp functions
disagrees with the corresponding ordering used in other eqgsaitiotiis section.
The correct form is

ﬂﬁ(In) = Z wn7n+1(.rn, In—i—l) Z ..

Tn+1 Tn+2

= Z wn,n+1($naxn+1)ﬂﬁ($n+l)'

Tn+1



Page 398
Page 400
Page 404

Page 404

Page 409

Page 410

Page 412

Page 416

Page 416

Page 416

Page 419

Page 421

Page 421

Corrections for pages 398-421 17

Line 3: O(N?M?) should beD(N2K?).
Caption of Figure 8.41, Line —1f, (x4, x2) should befy,(x2, x3).
First line after Equation (8.65)f, should bef,.

First line of Equation (8.66): Last summation sign inside brécke

Z should bez.
Xem

Xazm

Equation (8.79): fi,,—.,.” should be L, f, (z2).” on the r.h.s.

Equation (8.86), line —2: The middle summation symbol

Z should bez .

Unlabelled Equation between Equation (8.90) and Equati@1}8The second line
should read

= %Hffx [Hﬁx [1/)1,2(351,36’2) ["'Igiwal,N(lea$N):| ” .

Paragraph 2, line 10:

A—C-B-D-A is chord-less a link could be
should be

A—C-B-D-A is chord-less and so a link should be
Paragraph 2, line 15: “join tree” should be “junction tree”.

Paragraph 2, line 22—-23: The sentence starting “If the tree isecwedl, . .” should
be omitted.

Exercise 8.6: The sentence fragment following (8.104) should‘wehaére0 < p; <
1fori=0,...,M.. Moreover, the last sentence of the exercise should be:uBssc
the interpretation of thg;s.

Exercise 8.16, line Ip(x, |xx) should bep(x,, |z ), in order to agree with notation
used in Section 8.4.1.

Exercise 8.21, line 2f,(x5) should bef(x).
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Corrections for pages 435-463

Page 435

Page 435
Page 443

Page 444

Page 446

Page 449
Page 449
Page 449

Page 450
Page 452
Page 453
Page 458

Page 462
Page 463

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

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

Xp — )
Z N Xn|”ga %) n = H)

¥ (2nk)

Line 3 after Equation (9.16)2,;1 should beX;, i.e., no inverse.
Equation (9.39): The first line of this equation should read

ZznkH [T N (% |, B )]
ZH miN Xn|l‘ja2j)]zm

Zn

Elznk] =

Equation (9.41):D/2 should replacé//2 in the denominator of the normalisation
constant on the r.h.s.

Equation (9.56): The first line of this equation should read

Z Znk H Tk P Xn‘uk/ !
Z H mip(Xalp)]”

Y(znk) = Elznk] =

Line 2: The final clause “, ang(x, w) is given by (3.3)” should be ommitted.
Last paragraph, line 4 should bex.

Equation (9.66): A pair of braces is missing; the correct form is
Evw [In{p(t|X, w, B)p(w|a)}].

Equation (9.68)m  should bem on the r.h.s.

First line after Equation (9.74): The word “negative” should betted.

Line 3: £(6,0°'Y) should bel(q, °'V).

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

Equation (10.1): A minus-sign<) should be inserted before the integral on the r.h.s.

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



Page 467
Page 470

Page 471

Page 471

Page 472

Page 473

Page 473
Page 473
Page 473

Page 473
Page 474

Page 479
Page 483
Page 483
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Equation (10.12)3*(z1) should beg (=) on the I.h.s.
Equation (10.20): The integrand on the r.h.s. should be squieeed,

Du(pllq) = / (p(x)'/? - (1(31:)1/2)2 dx.

Equation (10.28), second line: An additiondP In ~ term (arising from the Gaussian-
Gamma prior over:) should be added.

Equation (10.29):
N+1

g should be

Equation (10.31): This equation should be replaced by

E[lT] = Niul ;(%_M)Z] - N]Ykl (27 = 27 ] + B[]

Equation (10.33): This equation should be replaced by

(R .
m:(l’ —x)—N;(In—x).

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

Margin reference to Section 1.2.4: This reference should be ogumitt
Equations (10.34)—(10.35)) and the line in betweép: should beL.
Equation (10.36): Remove the full stop after the equation andheridilowng line

insert “where (2. X|m)
= m)In d B2 L

Line —3 and —4:£,,, should beL.

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

Equation (10.69)«;, should bexg in the numerator on the r.h.s.
Equations (10.80) and (10.81: should be~.
Second line after Equation (10.80): A full stop (‘") should be insérfter; £ k.
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Corrections for pages 484-502

Page 484
Page 487
Page 489
Page 489
Page 490
Page 491
Page 491
Page 491
Page 492
Page 493-496

Page 495
Page 496

Page 497

Page 501
Page 502

Line 1: The reference to Figure 10.2 should refer to Figure 10.3.
Figure 10.8: Labed,, should bep,,.

Equation (10.110): The last terim I'(ay ), should ben I'(ay).

Line —7: p(t| M) should bén p(t|M).

Equation (10.114)x, should replacer, on the I.h.s.

Equation (10.118)n"x,, should bevyn™x,.

Equation (10.119)pTx  should bevynTx .

Equation (10.121): Xy = X, - - -" should be Vnxn = voXxg - - -
Line 7 after Equation (10.124)*(x;) should bey; (x;).

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.

Last line before Equation (10.132): An opening quote (‘) is missiefpre max’.
Equation (10.141): This equation should be changed to

= =g tanh (g) - [a(&) - ;] — (9

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

Equations (10.142)—(10.143): These equations should be cthémge

gAE) = —MEE = F(§) = —A&)E +In(e*/? + e7¢/%).
and
F(@) = =M€)a? = g(M€)) = =€) + ME)E” — In(e/? + e7/7)
respectively.

Equation (10.160)n h(w, &)p(w) should bdn {h(w, £)p(w)} on the r.h.s.

Equation (10.164): There are a number of sign errors in this equatiercorrect
formis
1 |SN| I

_ 1 _
L) = §ln BN + §mNSN1mN - imOTS0 "m,

al 1
+ Z {lna(ﬁn) - §€n + )‘(gn)fi} :



Page 504

Page 505
Page 505

Page 509

Page 515
Page 515
Page 520
Page 521
Page 521
Page 522
Page 526

Page 526

Page 528
Page 529
Page 529
Page 531

Page 535
Page 539

Page 541
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Equation (10.177)ax andb should replace all instancesaf andb,, respectively,
on the r.h.s..

Line 4: (10.159) should be (10.160).

Equation (10.183): The transpositon Ts are in the wrong placedirect form is

E [WWT] =N+ uypn-

Line 1: ¢\*(8) should be;\’ ()

Figure 10.18:f should be? in all factor labels in the right graph.
Equation (10.228)= should bex.

Exercise 10.27, line 2: “, defined by (10.107),” should be orditte
Exercise 10.29: All instances afshould be replaced with.
Exercise 10.30, line 3: “second order” should be “first order”.
Equation (10.245): A term\" D should be added to the r.h.s.

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

Equation (11.5):
dx dz
— should be —.
i should be dy

Equations (11.10)—(11.11ln 2, andln z, in the numerators should both her?.

Figure 11.4:p should bep.

Line —1: The final full stop (*.") should be removed.

Equation (11.17): This equation and end of sentence need tdietbas follows:
q(z) = kidiexp{—X\; (z — z;)} Zic1i < 2 < Zijit1

wherez,_; ; is the point of intersection of the tangent lines:at; andz;, A; is the
slope of the tangent at andk; accounts for the corresponding offset.

First line after Equation (11.25):(.) should bel(-).

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

Equation (11.43):

Z should be Z

Zn—1 ZK—1
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Corrections for pages 541-575

Page 541
Page 541

Page 544
Page 545
Page 546
Page 550
Page 552-553

Page 554
Page 555
Page 560
Page 564
Page 565

Page 566

Page 566
Page 566
Page 567

Page 567

Page 572
Page 573
Page 573
Page 575

Last line before Equation (11.44); should bex(").
Equation (11.45): This equation should read

p(2)qi(2'|2)Ax(z',2) = min (p(z)qk(2'|2), p(2')qk(2]2))
= min (p(z)qu(z]2). p(2)gx (2'|2))
= p(2)an(z|z') A (z, 2')
Line 4: p(z;|{z\;) should bep(z;|z\;) (erroneous{’ removed).
Equation (11.50)«? should ben? in the last term on the r.h.s.
Figure 11.13: Both instances pfshould bep.
Equation (11.62), second line: and— should be swapped.

Equations (11.68)—(11.69): The sign of the argument to the el functions
forming the second arguments to thén functions need to be changed.

Equation (11.72): A factor of /L is missing on the last line.
Equation (11.73): A factor of /L is missing on the r.h.s.
Line —2: “w” should be “we

First line after Equation (12.12); should beb;.

Line —1: Before the period (') of the sentence ending “digits dsa#, insert *,
restricting our attention to images of the digit three”.

Figure 12.3, caption.: On the first line, before “off-line”, insedidit three from
the”. At the end of the caption, add the sentence: Blue correlpto positive
values, white is zero and yellow corresponds to negative values

Line 2: “first five” should be “first four”.
Figure 12.4, caption, line 1: Before “off-line”, insert “digit thedrom the”.

First paragraph, last sentence: This sentence should read:pkesaof reconstruc-
tions of a sample from the digit three data set are shown in figuée 12.

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

Figure 12.9: All instances of should bez.
Equation (12.40)o ~'I on the r.h.s. should be—2I.
Equation (12.42): The covariance on the r.h.s. shouldd —*.

Second paragraph, line 1M x M” should be ‘M -dimensional”.
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Page 575 Second paragraph, line 6-7: “variance paramgter o” should be “square root of
the variance parametgf);, — 02"

Page 577 Line —3: “distribution of the latent distribution” should bdistribution of the latent
variable”.

Page 578 Equation (12.53): A ternd//21n(27) should be added to the summand (i.e. inside
the braces) on the r.h.s.

Page 578 Second paragraph: “M-step” should be “M step”.

Page 579 Second line before Equation (12.58)9“< M whosen'® row” should be ‘M x N
whosen'" column”.

Page 579 Equation (12.58): On the r.h X should beX".

Page 581 Caption of Figure 12.12, last line: The caption for the lastgba(f), should read
“The converged solution”.

Page 582 Third paragraph, line 1: “log marginal” should be just “mardina
Page 584 Caption of Figure 12.14, line —3: “left-hand” should be “rightald&

Page 586 Equations (12.69)—(12.70): On the 1.h/™" and ¥"°* should beW ., and
W, .w, respectively.

Page 588 Equation (12.78): The upper limit of the second summation erl.ths. should be
N and notm.

Page 588 First line after Equation (12.79,,; should beu;,,.

Page 592 Equation (12.90): The numerator in the rightmost expressionig 2.

Page 593 First line after Equation (12.91): “activations” should be teation”.

Page 603 Exercise 12.29, line 4: The sentence starting “Nowshould be replaced by: “Now

consider two variableg, andy, wherey, is symmetrically distributed arourtdand

Y2 = y%

Page 607 Equation (13.1): The r.h.s. should read

N

pxn) [] pnlxa, - %n1).

n=2
Page 609 First paragraph, line -3 ~!(K — 1) should beK ™ (K — 1).
Page 611 Equation (13.7): Onthe l.h.s., change ; A toz,_1, A.

Page 612 First line after Equation (13.9): Change “focuss” to “focus”.
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Corrections for pages 616-635

Page 616
Page 616

Page 619

Page 620
Page 621
Page 622
Page 624

Page 624
Page 625626
Page 628
Page 628
Page 629
Page 630
Page 630

Page 630

Page 632

Page 632
Page 635

Equation (13.15): The summation should run axgiin the rightmost expression.
Equation (13.16): The the rightmost expression should read

Z §(Zn—1; Zn)znfl,jznk-

Zn—1:Zn

Second line after Equation (13.31): “in the first of these reswdtsjuld be “in the
second of these results”.

First paragraph, line —3: “represent set” should be “represent.a set
Caption of Figure 13.12, line 3: Chang¢z,,1) to a(z,,,1) .
Caption of Figure 13.13, line 4: Chang€z,,1) to 3(z,, 1) .

Second paragraph, last sentence: This sentence, startinge“®ie observed vari-
ables ...”, should be omitted.

Fourth paragraph, line 4: The reference to (13.29) should be referrig180).
Figures 13.14 and 13.15: All andz node labels should be bold (ie.andz).
Equation (13.65): On the r.h.s., charge to z,,_;.

Equation (13.65): On the r.h.;, should bec; .

Line 2: “based” should be “based on”.

Equation (13.68), r.h.s.: Chantyep(x 1|z,) to In p(z, 1|2 ).

Equation (13.70): This should read

w(zp) = max Inp(Xy,...,Xp,Z1,---,%n)

(missingln inserted).
Equation (13.71): This should read
kmax — ¢(kTTaX).

n—1 "

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

Line —2: “excessive the number” should be just “excessivelmenh

Section 13.3, first paragraph, line #;, ... ,xy should bezy, ..., zy.



Page 636
Page 637-643

Page 641
Page 641
Page 641

Page 641

Page 642
Page 643

Page 643

Page 645

Page 645
Page 646
Page 650
Page 651

Page 651

Page 651
Page 651
Page 651

Page 651
Page 659
Page 659

Page 663
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Fourth paragraph, lines 3-4,, andx,, should bez,,_; andx,,_1, respectively.

Equation (13.77)-Equation (13.110): All instanced/fshould be replaced by,
in equations as well as in the text.

Equation (13.100): On the r.h.s., changg to u,,.
Equation (13.103), first line: On the r.h.s., charge to z,,_.

Line —2: This line should read: “Gaussian with mean giver{iy ,, iz,,]* and a
covariance”.

Equation (13.104): The order af, andz,,_; should be swapped on the |.h.s.

Equation (13.106)Jn_1\7n should be\A/nJZE_1 onther.h.s..

Equation (13.114): The first instance A" on the second line of the equation
should be transposed.

Equation (13.116): The first and third instance®f" on the second line of the
equation should be transposed.

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

Paragraph -2, line -4 < wﬁf)l should be) < wﬁf) <1
Equation (13.119), last line= should be~.
Exercise 13.24, first line after Equation (13.128): Change “re“dasee-cast”.

Lines 2—-3: Sentence fragment starting “...in wh{ch should be changed to “in
whichC =1, A =1andl' =0

Exercise 13.26, last line: Insert “, assumiag= 0 in (12.42)" before the end of the
sentence.

Line 3: m, should bew,,.
Exercises 13.25, 13.28 and 13.32: All instance¥gfshould be replaced biy,,.

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

Exercise 13.28, line 3: InserC = I and that” beford?,.
First paragraph after AdaBoost algorithm, line 5: “decreasediishoe “unchanged”.

Second paragraph after AdaBoost algorithm, line —2: “paralletusd be “perpen-
dicular”.

Paragraph 3, line 1: “Figure 14.5 shows” should be “Figures 14d514.6 show”.
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Corrections for pages 666—714

Page 666
Page 674
Page 675

Page 681
Page 688
Page 690
Page 691

Page 691
Page 698

Page 698
Page 701
Page 704
Page 704
Page 711
Page 713

Page 714
Page 714

Line 3: Insert “negative” before “cross-entropy”.
Exercise 14.4, line 2: “hods” should be “holds”.

Exercise 14.11: The text of this exercise should be change€tmsider a data
set comprisingd00 data points from clas§; and 400 data points from clase..
Suppose that a tree model A splits these (00, 100) assigned to the first leaf
node (predicting’;) and(100, 300) assigned to the second leaf node (predictis)g
where (n, m) denotes that points come from clas§; andm points come from
classC,. Similarly, suppose that a second tree model B splits them(i21t0, 400)
and(200, 0), respectively. Evaluate the misclassification rates for trettees and
hence show that they are equal. Similarly, evaluate the prueriteyion (14.31) for
the cross-entropy case (14.32) and the Gini index case (14.33)eawb trees and
show that they are both lower for tree B than for tree A.".

Paragraph 1, Line —4: “six distinct segments” should be “tstintit segments”.
Equation (B.29)« should beu.
Equation (B.57): The r.h.s.should reag; ., j # k.

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

N K
Mult(mq, ma,...,mg|pw, N) = <m1m2 mK) oyt
Pl

Equation (B.62): The r.h.s.should readV iy, j # k.
Equation (C.20): The vector in all the denominators should =mkas 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 ¢f(x) should bey(z).
Equation (D.4):0 E should b&j F' in the numerator of the integrand.
Column 2, entry 2: “S. I. Amari” should be “S. Amari”.

Column 1, entry —2: This entry should be changed to: Bishop, Gnrd |. 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 —4: “Tao” should be “Tiao”.



Page 719
Page 722

Page 737
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Column 1, entry 7: “Jeffries” should be “Jeffreys”.

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

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



