Errata for Introduction to Statistical Signal Processing
by R.M. Gray and L.D. Davisson

Errors not caught in the corrected 2010 edition are noted with an asterisk *.
Updated October 2, 2014

Thanks to Ian Lee, Michael Gutmann, Frédéric Vrins, André Isidio de
Melo, Philippe Bonnet, Osman Muso, Alex Razumko, and to the champion
typo finder, Ron Aloysius.

p. 11 * “a prioriprobability” should be “a priori probability”

p. 21 * “generater” should be “generator”

p. 49: The summations in (2.42)-(2.43) should run from £ =0 to n — 1,
not from k = 1 to n as stated because the pmf is uniform on {0,1,...,n—1}
and not on {1,2,...,n}. As a result the sum in (2.42) should evaluate
to (n — 1)/2 and not (n + 1)/2 and the sum in (2.43) should evaluate to
(2n —1)(n —1)/6 and not (n+ 1)(2n + 1) /6.

p. 51: Eq. (2.49) should be

> B 2 1
—1 p p

G+
p R —_—
pd p?

and not

m® = 3 Kp(1 — p)t?
k=1

Eq. (2.50) should be

and not

p. 61: In (2.68) m should be m?.
(2.74) is missing a 7, it should be

1 2 2
—(z—m)?/20
e dr =1
/_Oo vV 2mo?

and not
ef(xfm)2/202 dr = 1

* 1
/_oo V202



p. 62 As on the previous page 7s are missing. (2.75) should be

1 2 /9 2
—(z—m)? /20 d
xre r =1m
/oo V2mo?

and not

1 2 2
—(z—m)?/20
ze dr =m
/_oo V202

and (2.76) should be

& 1 279 2
(ﬂf . m)2€—(x—m) /20 dr = 0_2
oo V2702

and not

& 1 276 2
(I . m)2€—(:r—m) /20 dr = 0,2
—oo V202

p. 63 Second line of (2.82):

(a—m)/o 1 )
—u?/2
e dx
/—oo V 27T

should be

(a=m)/o 4 )
—u?/2
e du
/_OO V2T

(the differential should be du)

p. 680 E(g) = A\Y_,cpg(@)p(z) + (1 = N) [ _p9(x)f(x)dz should be
E(9) =AY seq9(@)p(@) + (1 = N) [,cq 9(2) f(2) da

p.- 75. In Problem 14 the comment “In words: if the probability of the
symmetric difference of two events is small, then the two events must have
approximately the same probability.” belongs with Problem 2.15, not with
2.13.

p. 94 In caption of Figure 3.1 Pr(f € F) = P{w:w € F}) = P(f~Y(F))
should be Pr(f € F) = P{w: f(w) € F}) = P(f~Y(F))

p. 113* “The boldface notation is still found, but it is far less common
then it used to be.” should be “The boldface notation is still found, but it
is far less common than it used to be.

p- 125:

PXHF)NY ) = P(X Y ) NY YE)).
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should be

P XY F)NY Y (F) = P(X ' (F)PY HF)).
p. 131 Eq. (3.55) should be

not )
A _ O'X POXxOy
POX0Oy Oy

The second line of (3.58) should be
1
2mvdet A

— 3 (@—mx,y—my)A" (z—mx y—my)!
é 2

and not
1

V2w det A

p. 132 Second line, the mean should be my|x 2 my +p(oy/ox)(x —mx)

and not my|x 2y —my + ploy/ox)(x —mx)
The final line of (3.62) should be

—L(@—mx,y—my)A" Y (z—mx y—my)?
e 2

n—1
[xo (o) H fxi1x0,x 1 (@], - oo 2121)
and not

k—1
fXO(l”o) H le|X0 ..... Xl,1(931|$0, cee >35l—1)

=1
(The upper limit of the sum should be n not k)
p. 144 Eq. (3.99) should be

edfiee ) o) -+ (5)
oo ) () -+(2)

and not
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(remove extra left paren and add minus sign).
p. 145 Just above Section 3.12, fxy (z|y) = fyvix(y|z) fy (y)/ fx («) should

be fxy(zly) = fyix(yle) fx(z)/ fr(y)
p. 138, equation above (3.82):

exp (—%(a;m)2) :

exp (—%(a ;m)2> :

p. 149 In line equation following (3.115) should be Mx (ju) = F_y/2-(fx) =
L_;u(fx), that is, the subscript of £ needs a minus sign.
p. 150 Penultimate line of (3.120) should be

o 1 L 2\\2 /o 2 . 2 2
= —(z—=(m+4juc?))?/20 um—u?0?/2
{/ (271_0_2)1/26 J dx} Y

o 1 2212 /9 12 ; 2,2
—(z—(m+juc?))?/2c um—y?o?/2
UL e

(the y? should be u?
p. 162 Eq. (3.139)

should be

and not

PYo|Yn 1,1 (yn|yn—1a ces ,y1)
= Pr(Yo=w|Yi=usl=1,...,y,1)
= Pr(Xp=vn—tnalYi=ysl=1,...,4n 1)
= Pr(Xo=Yn U1l Xi =01, Xi =yi —yim1;1=2,3,...,n— 1),

should read

PYa|Yn 1,1 (?Jn|yn—1, cee ,yl)
= Pr(Yo=w|Yi=u;l=1,...,yn1)
= Pr(Xp=yn—vnalYi=y;l=1,...,n—1)
= Pr(Xp=vn Uil Xi =01, Xs =4 —¥im1; 1 =2,3,...,n— 1),

that is, the final index in the penultimate line is n — 1 and not ¥,,_1.



p. 165 The sentence “The discrete time, continuous alphabet case of
summing iid random variables is handled in virtually the same manner as
the discrete time case, with conditional pdfs replacing conditional pmfs.”

should read

“The discrete time, continuous alphabet case of summing iid random vari-
ables is handled in virtually the same manner as the discrete time, discrete
alphabet case, with conditional pdfs replacing conditional pmfs.”

Eq. (3.149)

k—1
Ivi,., Yn(yb e 7yn) = H le\Yl ,,,,, yl,l(yzlyb e 79171)-

=1

should read

.., Yn<yla'--:yn):Hle|Y1 ..... Yl,l(yl‘yla---aylfl)-
=1

That is, the upper limit of the product should be n.
Eq. (3.152)

iy Wiy Yna1) = HfX(?/
i=1

should read
fY1 ----- yla"~7yn HfX — Yi— 1

that is, the final index on the left is n, not n — 1.
p. 168 Problem 1:
X (r) = |r|? should be X(r) = r?
Y (r) = /2 should be Y (r) = |r|'/?
p. 176, problem 43, last line. B; should be f;.
p. 184 Eighth line following (4.1), 7" should be r{™.
p. 185 Eq. (4.4)
E(X) = Zapx(x)

T€EA

X) = prx(cc)

z€EA

should be
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p. 208 Note that if we take g(x) = = and h(x,y) = 1, this general form
reduces to the previous form.

should be

Note that if we take g(z) = 1 and h(z,y) = y, this general form reduces
to the previous form.

p. 210
_ o)
frix(ylz) = ()

exp (—<1/2><<x =)' (y = my)) Ky ( y—m ))
= \/(gﬁ)(kw) det Ky

. (27T)kdet KX

oxp (—(z —mx) Ky' (z —mx)/2)
1

- V/(2r)m det K x/ det Ky

X exp (_(1/2)(($ —mx)" (y = my)) Ky! ( :?j - Z?Lj )

+ (x — mX)tK)}l(x — mx))
should be
_ fer(@y)
frix(ylz) = fx(2)

exp (—(1/2><<x = mx) (y = my)) Ky ( y =y )>
= V@2m)Em det Ky

. (2m)k det Kx

exp (—(x —mx) Ky (x — mx)/2)
1

~ /@) det Ky det Ky

X exp (_(1/2>(($ —mx)' (y —my)") K" ( Zj : ;nlj )

2 — my) K- mx>)
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Last line: N = k should be N = n.
p- 213 In the first displayed equation following “A direct proof of this
result,”

E[(Y - g(X))] = E[Y - E(Y|X)+E(Y]X) - g(X))*]
= E[(Y - E(Y|X))’]
—2E[(Y - E(V|X))(E(Y|X) = g(X))]
+E[(E(Y|X) — g(X))"].

should be

E[(Y —g(X))] = E[Y - E(Y|X)+ E(Y]X) - g(X))*]
= E((Y - E(Y|X))]
H2E[(Y — E(Y[X))(E(Y|X) = g(X))]
+E[(E(Y]X) — g(X))’].

that is, the sign in front of the 2 on the penultimate line should be positive.
p. 215 Second line from the bottom of the page, K(xy) = E[((X*,Y") —
(mly — m) (X', Y") — (mfy — ml))] should be Koxy) — E[((X"Y?) -
(mb, mi ) (X5 YY) — (mh,m))], that is, the minus signs separating the
means should be commas.
p. 216 Top line, Kyx = E[(Y — my)(Y — my)!] should be Kyx =
EIY = my)(X —mx)

p. 217
det (K
My = 4 (1)
det(Ky )
should read 1)
K n
MMSE = M’ (2)

det(K )

p. 218, four lines above (2.64) and one line below (4.64) b = E(Y) +
AFE(X) should be b = E(Y) — AE(X)
Eq. (4.64)

MSE(A, b)

Tr (Y — AX — b)(Y — AX — b))
> Tr(Ky — KyxKy'Kxy)



MSE(A4,b) = E[Tr((Y — AX —b)(Y — AX —b)")]
> Tr(Ky — Kyx K ' Kxy)

p- 219 Top of the page.

MMSE(A,b) = Tr((Y — AX —b)(Y — AX — b))
Tr (Y —my + A(X —mx) —b+my + Amy)
x (Y —my + A(X —mx) —b+my + Amy)")
= Tr(Ky — AKxy — KyxA' + AKA")
+ (b—my — Amx)"(b — my — Amx)

should be

MMSE(A,b) = E[Tr((Y — AX — b)(Y — AX —b)")]
= E[Tr((Y —my — AX —myx) — b+ my — Amy)
x (Y —=my — A(X —my) —b+my — Amy)")]
= Tv(Ky — AKyy — KyyA' + AKy A')
+ (b —my + Amx)"(b — my + Amy)

(4.65)
b= my + Amx.
should be
b= my — Amx.
In Theorem 46, KYX = E[(Y—my)<Y—my)t] should be KYX = E[(Y—
my) (X —mx)'].
p. 220, first line, b = E(Y) + AE(X) should be b = E(Y) — AE(X)
p- 242. In proof of Lemma 4.4, final equation on page:

Fy,(y) — Fy(y +¢)

Pr(Y <y+4+eand Y, >y) —Pr(YV, <yand Y >y +e¢)
Pr(Y <y+eand V), >y)

Pr(lY —Y,| >¢).

IAINA



should be

Fy,(y) — Fyr(y +¢)

r(Y,<yandY >y+e¢e)—Pr(Y <y+eand, >y)
(Y, <yand Y >y+e)

(1Y =Yl > o).

IAIA
o g T

r
r

p. 261, Problem 19. This problem considers some useful properties of
autocorrelation or covariance function.

should be

This problem considers some useful properties of autocorrelation or co-
variance functions for real-valued random processes.

E(,th2 = Rx(t,t) = Rx(0,0) should be E(XE) = Rx(t,t) = Rx(0,0) (a
right paren is missing)

p- 262, problem21:

Given two random processes {Xy; t € T} and {X;; ¢t € T}

should read

Given two random processes {X;; t € T} and {Y;; t € T}

p. 267, Problem 4.37, the upper case GGj. should be lower case g.

p- 270, Problem 47. “Two other random processes” should be “Two
other random processes”

p. 273, Problem 4.57(c), E[X™] should be E[X*].

p. 289, the Ky (k, j)E should read

2(min(k,5)+1)

o [k—j| L =T
a'Tr B
1—r

p- 300 In several formulas the index k should be n:

N-1

Rx(k) =< X, X >= lim %;an;;k
should be
1 N-1
Rx(k) =< X, X, >= ]&1_130 Nn_oXnXLk
1 N-1
Rox(h) = Jim 536X, ().
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should be

1 N—-1
Rx(k) = lim =) Xu(w)X, (),
n=0
1 N-1
Py =Rx(0) = lim > X[,

should be
| V-l
_ _ 1 s 2
Px =Rx(0) = ]\}l_fgo NZO‘XTL| )

p. 303, the last line in the top equation should read

N—1 k|
: o —i27 fk
p 3 - Rhmao
—(N-1)
and not
1« k] 2nfh
pny S a-Rhmo
k=—(N—1)

that is, the extra 1/N should be removed.
p. 308 In Lemma 5.1, item 3, Eq. (5.6.2),

B(X]) < |1X].
should be
|E(X)] < || X]].

p- 309 Continuing the corrections of p. 308: in the proof of item 3 of the
lemma,

E(1X]) = E(X x 1)) < [[X]| > [[1] = [[X]].

should be
|E(X)] = |E(X x 1)| < || X]| < [[1]| = [|X]|.
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A related error in the proof of item 5 is the presence of a superfluous line in
the sequence of inequalities. In particular,

|E[X,Y, — XY*]| = |FX,Y—-XY+XY"— XYY"

[E[(Xn = X)Y,] + E[X (Y = V)]

IE[(Xn—X) Yol + [EX (Y = V)]

El|(Xn = X)Yo [+ B[ X (Vi = V)]

[ X = X[ > Y| + ([ X [V = Y

[ Xn = X[ X Yo =Y + Y|+ [ X < [V = Y]

[ Xn = X| < (1Yo = Y+ YD + X > [[Ye = Y]

IN A IA

IN

should be

|E[X,.Y: - XY*|| = |E[X,Y,) - XY + XY~ XY
= |E[(Xn = X)V ]+ E[X (Yo = Y7
[El(Xn = XY ]| + [E[X (Yo = V)|
[ X0 = X Yol + X% (1Yo = Y]
[ Xn = X[ X Yo =Y + Y|+ [ X [V = Y]
[ X = X[ < (1Yo = Y+ YD + X > []Ye = Y]

IAINA

IN

p- 324: Replace

1 n \ sin(w(t —nT)/T)
2. 2Wx<2W> 7t —nT)/T

n=—oo

= sin(n(t —nT)/T)
D «(nl) 7t —nT)/T

n=—oo

p. 325: Replace (5.101)

Ry(t—7)= Y Ry (50 —7) Siﬂiﬂ(t—nT)/T).

Rx(t—7) = Z Rx ( nT—T)



p. 326: Replace the first equation

e}

n sin(m(t — nT)/T)
Rx(0)= ) Rx <2W B t) x(t —nT))T

> sin(w(t —nT)/T
= > Rx(nT—1) ;(t(_nT)/)é )

Replace the penultimate equation in the proof
Z Z sin(w(t —nT')/T) sin(n(t — mT)/T)
nmn—m=k 7(t —nT)/T w(t —mT)/T

— sin(w(t —nT)/T)sin(n(F — (n —k)))  sin(r(5
Z m(t —nT)/T (k- (n—k) =

n=—oo

sin(m (t—nT)/T) sm( (t—mT)/T)
i sm( (t—nT)/T) sin(w(t+kT—nT)/T) _ sin(mk)
7w(t —nT)/T w(t+ kT —nT)/T k

n=—oo

Replace the final equation in the proof (just above section 5.8.7)

sm(7r(t —nT)/T)sin(n(t —mT)/T)
o Z Z Foc(ln =m) D)= /Tt =)/ T

S

T

by

R sin(r(t — nT)/T) sin(r(t — mT)/T)
dim > Y, Rx((n-m)T) 7t —nT)/T  x(t—mT)/T

n=—N m=—N

sm 7Tk
= Z Rx(k = Rx(0)
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p. 327 In the equations for Ry, (t,s), the s several times is incorrectly
replaced by t and in the equation preceeding (5.107), the subscript n should
be m. These are fixed by replacing

N
Rx,(t.s) = BE[Xny(t)X ZX Bt ZX;¢;(t)
N N
= Y3 EIX.X]]én(t) Zm%
n=1m=1
so that
Rx(t,s) = lim Rx(ts) Z)\ngbn

Multiplying by a ¢-function and integrating then yields

[ Bxtts)on)ds = 3 hoult) [ onls)si(s)ds

= Aon(t).

RXN (t, S) = E[XN<t>X

—F ZXngbn(t) Z X:;%(S)]
= 33 BXX6u(0) ZAN%

n=1 m=1

so that
Rx(t;s) = lim Ry(ts) Z)\n¢n
Multiplying by a ¢-function and integrating then yields
b o0 b
[ Rxttsono)ds = Y- noult) [ onls)er)ds
a n=1 a

= AnOm(t).
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p- 328 In the middle of the page,

w (oo = [ / G (ORx (1, )00 (s) ds di

so that

should be

w [(aona = [ [ o0Rx 0,0 dsa
= [0 ([ o) as
- /asn (/ R (s, )t >dt)*ds
. / Dn(5)65a(5) ds

so that replacing the dummy variable s by t yields

b
(o =A%) / (1) 5, (1) dt = 0.

p- 329 In the first equation, first line, a complex conjugate is missing:

s - o[ xosion) ([ xeo )

should be

E[X,X*] = EK / bX(t)gb;(t)dt) < / bX*(s)gzﬁm(s)ds)}
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In the last equation on the page a A, is missing,

N b N
610 [ Rxlt9)ous) s = Y 6060)
n=1 a n=1
should read
N
AT >/ Rc(t, $)n(s) ds = ZW
n=1
p- 330: The missing A, of p. 329 carries to this page. The first equation
N
E[Xy6)X ()] =) on()én (1),
n=1

should be v
E[Xx(t)X ()] = Aadi ()5 (1)

Near the middle of the page, change
If Rx has a Fourier series expansion

oo
o b ej27rnt/T
- E n

n=—oo

to
If Rx has a Fourier series expansion

00
_ j2mnT /T
= E b,e /
n=—00

and just below it change
then the integral equation to be solved for the Karhunen—Loeve expansion is

T o0
/ Z bnej27mt/T dS_ Z b, / ej27rn(tfs)/T(b(S> ds
0

n=—oo n=—oo

to
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then the integral equation (5.107) to be solved for the Karhunen—Loeve ex-
pansion is
Ao(t) = / D b T (s)ds = Y by / e?2m=)/T 4 5) dis.
0 0

n=—0oo n=—oo

The subscripts in the text and equation at the bottom of the page need
repair, as do the related subscripts at the top of p. 331. Change Guessing a
solution ¢, (t) = c,e’>™™/T where ¢, is a normalizing constant, then

T t
/ Cn6]27rnt/Tcm % e—]27rmt/T dt = CnC* / 6]27r(n—m)t/T dt
0 0

Y,
so that ¢, = 1/v/T. Then with

e]27rnt/T

(bn(t) = \/T

the integral equation becomes

j2mnt/T > T j2mns/T
el / _ Z bn/ ejQWn(tfs)/Tu ds
VT = Jo VT
> j2mnt/T ()
_ Z bn% 632 (T ) ds
n=—o0 0
6j27rnt/T
— b, T — T m(?),

VT
which we already knew was a solution from the development for Fourier
series.

to

Guessing a solution ¢,,(t) = ¢,e/?™/T where ¢, is a normalizing constant,
then

T t
/ CnejZWnt/TC:nefJQﬂmt/T dt = Cncjn / €j27r(nfm)t/T dt
0 0

= |ea*T0p—m
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so that ¢, = 1/v/T. Then with

ej27rmt/T

¢m(t) = ﬁ

the integral equation becomes

ji2emt /T 0 T i2rms/T
)\6-7 / _ Z bn/ ejQﬂn(t—S)/TL ds
\/T n=-—00 0 ﬁ
e j27rnt/T j2r(m—n)s
= Z bn—e e” O ds
n=—00 ﬁ 0
€j27rmt/T
= b,T = b, Tom(t),

VT

which we already knew was a solution from the development for Fourier
series.

p-334 The last equation on the page,

E@)>EBE)+ > (hi—gi){E(XnYn_i)— > hjE(Yn_an_i},

i:n—iell jin—jeK

is missing a right paren, it should be

E(&) > E(e) + Z (hi — gi) {E(Xnyn—i) - Z hjE(Yn—an—i)} :

i:n—ie Jin—jerx

p- 350 A new problem begins at the top of the page, it is missing a
number 5. The remaining problems should all be advanced by one.

p. 408, Problem 28 Find the power spectral densities Sx(f) and Sy (f)?
should be

Find the power spectral densities Sx(f) and Sy (f).

p. 435, Problem A.23 (b) has a typo and as a result the integral blows
up. It should be replaced by

/ d:re‘”ﬁ/ dye™Y.
0 0

p. 439 (B.7) should be
> 2q 1
qukfl — 4
kzzo (1-¢? (1—-g)?
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instead of

> 2 1
k_2qk—1 — +
;% (1—qpP  (1—q)

The second line of the next equation should be

1 — ] — 1 — 1
- k2qk—1 . qu—l — quk—l -
q,;o qkzzo q,;o (1—4q)*q

instead of

1 — ] — ] — 1
- k2qk—1 _ qu—l — quk—l o
q% q% Q§ (1-¢q)?

The final equation of the proof should be

[e.9]

2q 1
k2qk—1 — + 7
2 (1-¢)? (1-g)

k=0

instead of

> 2 1
k,2qk:fl — + ’
,; (1=¢q)* (1-4¢)

p. 442 (B.13) should be changed from

1 2 /0 2 1 2
—(z—m)* /20 d _ —r d
e xr = (& o ar
/oo V202 202 /

_ Ve
2T
to
/_O; \/%e(xm)z/z"zd:v = \/2;7 _Ze "2 g dr
_ 2mo _1
V2ro?

p. 446: Uniform pmf. Q =2, ={0,1,...,n— 1} and p(k) = 1/n; k €
Zn.
mean: (n+1)/2
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variance: (2n+ 1)(n+ 1)n/6 — ((n+1)/2)%
should be
Uniform pmf. Q =2, ={0,1,...,n— 1} and p(k) = 1/n; k € Z,.
mean: (n —1)/2
variance: (2n —1)(n —1)/6 —[(n — 1)/2]* = (n* — 1)/12.

The variance of the geometric pmf should be (1 — p)/p?, not 2/p*.

p. 447, the mean of the Uniform pdf should be (b+a)/2 and not (b—a)/2.
The variance of the Gamma pdf is a?b and not ab.
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