
APPENDIX A

SYMBOLS AND NOTATIONS

In this Appendix we summarize the conventions adopted throughout the book
for symbols and notations. Secs. A.1 and A.2 deal with equivalence relations and
orders of growth. Sec. A.3 presents notations used in combinatorics and prob-
ability. Table A.4 gives the main mathematical notations, and A.5 information
theory notations. Table A.6 summarizes the notations used for factor graphs and
graph ensembles. Table A.7 focuses on the notations used in message-passing,
belief and survey propagation, and the cavity method.

A .1 Equivalence relat ions

As usual, the symbol = denotes equality. We also use ≡ for definitions and ≈
for ‘numerically close to’. For instance we may say that the Euler-Mascheroni
constant is given by

γE ≡ lim
n→∞

(
n∑

k=1

1

k
− log n

)
≈ 0.5772156649 . (A.1)

When dealing with two random variables X and Y , we write X
d
= Y if X and

Y have the same distribution. For instance, given n + 1 i.i.d. gaussian variables
X0, . . . , Xn, with zero mean and unitary variance, then

X0
d
=

1√
n

(X1 + · · · + Xn) . (A.2)

We adopted several equivalence symbols to denote the asymptotic behavior
of functions as their argument tends to some limit. For sake of simplicity we
assume here the argument to be an integer n → ∞. The limit to be considered
in each particular case should be clear from the context. We write f(n)

.
= g(n)

if f and g are equal ‘to the leading exponential order’ as n → ∞, i.e. if

lim
n→∞

1

n
log

f(n)

g(n)
= 0 . (A.3)

For instance we may write
(

n

'n/2(

)
.
= 2n . (A.4)

We write instead f(n) ∼ g(n) if f and g are asymptotically equal ‘up to a
constant’, i.e. if
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lim
n→∞

f(n)

g(n)
= C , (A.5)

for some constant C *= 0. For instance we have

1

2n

(
n

'n/2(

)
∼ n−1/2 . (A.6)

Finally, the symbol + is reserved for asymptoric equality, i.e. if

lim
n→∞

f(n)

g(n)
= 1 . (A.7)

For instance we have

1

2n

(
n

'n/2(

)
+

√
2

πn
. (A.8)

The symbol ∼= denotes equality up to a constant. If p( · ) and q( · ) are two
measures on the same finite space X (not necessarily normalized), we write
p(x) ∼= q(x) if there exists C > 0 such that

p(x) = C q(x) , (A.9)

for any x ∈ X . The definition generalizes straightforwardly to infinite sets X :
the Radon-Nikodyn derivative between p and q is a positive constant.

A .2 Orders of growt h

We used a couple of symbols to denote the order of growth of functions when
their arguments tend to some definite limit. For sake of definiteness we refer here
to functions of an integer n → ∞. As above, the adaptation to any particular
context should be straightforward.

We write f(n) = Θ(g(n)), and say that f(n) is of order g(n), if there exists
two positive constants C1 and C2 such that

C1 g(n) ≤ |f(n)| ≤ C2g(n) , (A.10)

for any n large enough. For instance we have

n∑

k=1

k = Θ(n2) . (A.11)

We write instead f(n) = o(g(n)) if

lim
n→∞

f(n)

g(n)
= 0 , (A.12)
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For instance
n∑

k=1

k − 1

2
n2 = o(n2) . (A.13)

Finally f(n) = O(g(n)) if there exist a constant C such that

|f(n)| ≤ C g(n) (A.14)

for any n large enough. For instance

n3 sin(n/10) = O(n3) . (A.15)

Notice that both f(n) = Θ(g(n)) and f(n) = o(g(n)) imply f(n) = O(g(n)). As
the last example shows, the converse is not necessarily true.

A .3 Combinat or ics and probabi l i t y

The standard notation is used for multinomial coefficients. For any n ≥ 0, l ≥ 2
and n1, . . . , nl ≥ 0 such that n1 + · · · + nl = n, we have:

(
n

n1, n2, . . . , nl

)
≡ n!

n1!n2! . . . nl!
. (A.16)

For binomial coefficients (i.e. for l = 2) the usual shorhand is
(

n

k

)
≡

(
n

k, l − k

)
=

n!

k!(n − k)!
. (A.17)

In combinatorics, certain quantities are most easily described in terms of their
generating functions. Given a formal power series f(x), coeff{f(x), xn} denotes
the coefficient of the monomial xn in the series. More formally

f(x) =
∑

n

fnxn ⇒ fn = coeff{f(x), xn} . (A.18)

For instance

coeff{(1 + x)m, xn} =

(
m

n

)
. (A.19)

Some standard random variables:

• A Bernoulli p variable is a random variable X taking values in {0, 1} such
that P(X = 1) = p.

• B(n, p) denotes a binomial random variable of parameters n and p. This
is defined as a random variable taking values in {0, . . . , n}, and having
probability distribution

P{B(n, p) = k} =

(
n

k

)
pk(1 − p)n−k . (A.20)



SUMMARY OF MATHEMATICAL NOTATIONS 551

• A Poisson random variable X of parameter λ takes integer values and has
probability distribution:

P{X = k} =
λk

k!
e−λ . (A.21)

The parameter λ is the mean of X .

Finally, we used the symbol δa for Dirac ‘delta function’. This is in fact a
measure, that attributes unit mass to the point a. In formulae, for any set A:

δa(A) = I(a ∈ A) . (A.22)

A .4 Summary of mat hemat ical not at ions

= Equal.
≡ Defined as.
≈ Numerically close to.
d
= Equal in distribution.
.
= Equal to the leading exponential order.
∼ Asymptotically equal up to a constant.
∼= Equal up to a normalization constant (for probabilities: see

Eq.(14.3)).
Θ(f) Of the same order as f (see Sec. A.2).
o(f) Grows more slowly than f (see Sec. A.2).
argmaxf(x) Set of values of x where the real valued function f reaches its

maximum.
'·( Integer part. 'x( is the largest integer n such that n ≤ x.
0·1 0x1 is the smallest integer n such that n ≥ x.
N The set of integer numbers.
R The set of real numbers.
β ↓ βc β goes to βc through values > βc.
β ↑ βc β goes to βc through values < βc.
]a, b[ Open interval of real numbers x such that a < x < b.
]a, b] Interval of real numbers x such that a < x ≤ b.
Z2 The field of integers modulo 2.
a ⊕ b Sum modulo 2 of the two integers a and b.
I(·) Indicator function: I(A) = 1 if the logical statement A is true,

I(A) = 0 if the statement A is false .
A 5 0 The matrix A is positive semidefinite.
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A .5 I nformat ion t heory

HX Entropy of the random variable X (See Eq.(1.7)).
IXY Mutual information of the random variables X and Y (See

Eq.(1.25)).
H(p) Entropy of a Bernoulli variable with parameter p.
M(X ) Space of probability distributions over a finite set X .
C Codebook.
6 BMS(1) 6 BMS(2): Channel BMS(2) is physically degraded

with respect to BMS(1).
B Bhattacharya parameter of a channel.

A .6 Fact or graphs

GN(k, M) Random k-factor graph with M function nodes and N variables
nodes.

GN(k, α) Random k-factor graph with N variables nodes. Each function
node is present independently with probability Nα/

(N
k

)
.

DN (Λ, P ) Degree constrained random factor graph ensemble.
Tr(Λ, P ) Degree constrained random tree factor graph ensemble.
Tr(k, α) Shorthand for the random tree factor graph Tr(Λ(x) =

ekα(x−1), P (x) = xk).
Λ(x) Degree profile of variable nodes.
P (x) Degree profile of function nodes.
λ(x) Edge perspective degree profile of variable nodes.
ρ(x) Edge perspective degree profile of function nodes.
Bi,r(F ) Neighborhood of radius r of variable node i.
Bi→a,t(F ) Directed neigborhood of an edge.
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A .7 Cavi t y and M essage passing

νi→a(xi) BP messages (variable to function node).
ν̂a→i(xi) BP messages (function to variable node).
Φ Free-entropy.
F(ν) Bethe free-entropy (as a function of messages).
Fe(ν) Bethe energy (as a function of min-sum messages).
fRS Bethe (RS) free-entropy density.
Qi→a(ν) 1RSB cavity message/SP message (variable to function node).

Q̂a→i(ν̂) 1RSB cavity message/SP message (function to variable node).
x Parisi 1RSB parameter.
F(x) free-entropy density of the auxiliary model counting BP fixed

points.
Σ(φ) Complexity.
FRSB(Q) 1RSB cavity free-entropy (Bethe free-entropy of the auxiliary

model, function of the messages).
fRSB 1RSB cavity free-entropy density.
y Zero-temperature Parisi 1RSB parameter (y = limβ→∞ βx).
Fe(y) Free-entropy density of the auxiliary model counting min-sum

fixed points.
Σe(e) Energetic complexity.
FRSB,e(Q) Energetic 1RSB cavity free-entropy (Bethe free-entropy of the

auxiliary model, function of the messages).
fRSB,e Energetic 1RSB cavity free-entropy density.
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Krauth, W. and Mézard, M. (1989). The cavity method and the Traveling
Salesman Problem. Europhys. Lett., 8, 213–218.

Krzakala, F., Montanari, A., Ricci-Tersenghi, F., Semerjian, G., and Zdeborova,
L. (2007). Gibbs states and the set of solutions of random constraint satisfac-
tion problems. Proc. Natl. Acad. Sci., 104, 10318–10323.

Krzakala, F. and Zdeborova, L. (2007). Phase Transitions in the Coloring of
Random Graphs. Phys. Rev. E , 76, 031131.

Kschischang, F. R., Frey, B. J., and Loeliger, H.-A. (2001). Factor graphs and
the sum-product algorithm. IEEE Trans. Inform. Theory, 47, 498–519.

Lauritzen, S. L. (1996). Graphical Models. Oxford University Press, Oxford.
Leone, M., Ricci-Tersenghi, F., and Zecchina, R. (2001). Phase coexistence
and finite-size scaling in random combinatorial problems. J. Phys. A, 34,
4615–4626.

Leone, M., Vázquez, A., Vespignani, A., and Zecchina, R. (2004). Ferromagnetic
ordering in graphs with arbitrary degree distribution. Eur. Phys. J. B , 28,
191–197.
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Mézard, M., Parisi, G., and Virasoro, M. A. (1985b). SK model: the replica
solution without replicas. Europhys. Lett., 1, 77–82.

Mézard, M., Parisi, G., and Virasoro, M. A. (1987). Spin Glass Theory and
Beyond. World Scientific, Singapore.
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on ‘Functional Integration: Basics and Applications’. Available online
at http://www.math.nyu.edu/faculty/goodman/teaching/Monte Carlo/
monte carlo.html.

Sourlas, N. (1989). Spin-glass models as error-correcting codes. Nature, 339,
693.

Spielman, D. A. (1997). The complexity of error-correcting codes. In Lecture
Notes in Computer Science 1279, pp. 67–84.

Sportiello, A. (2004). Private communication.
Stepanov, M. G., Chernyak, V. Y., Chertkov, M., and Vasic, B. (2005). Di-



REFERENCES 571

agnosis of weaknesses in modern error correction codes: a physics approach.
Phys. Rev. Lett., 95, 228701–228704.

Svenson, P. and Nordahl, M. G. (1999). Relaxation in graph coloring and
satisfiability problems. Phys. Rev. E , 59, 3983–3999.

Talagrand, M. (2000). Rigorous low temperature results for the mean field
p-spin interaction model. Probab. Theor. Relat. Fields, 117, 303–360.

Talagrand, M. (2003). Spin Glasses: A Challenge for Mathematicians. Springer-
Verlag, Berlin.

Tanaka, T. (2002). A statistical-mechanics approach to large-system analysis
of cdma multiuser detectors. IEEE Trans. Inform. Theory, 48, 2888–2910.

Tanner, R.M. (1981). A recursive approach to low complexity codes. IEEE
Trans. Inform. Theory, 27, 533–547.

Thouless, D. J. (1986). Spin-Glass on a Bethe Lattice. Phys. Rev. Lett., 6,
1082–1085.

Thouless, D. J., Anderson, P. W., and Palmer, R. G. (1977). Solution of ‘Solv-
able model of a spin glass’. Phil. Mag., 35, 593–601.

Toulouse, G. (1977). Theory of the frustration effect in spin glasses: I. Com-
munications on Physics , 2, 115–119.

Viana, L and Bray, A. J. (1985). Phase diagrams for dilute spin glasses. J.
Phys. C , 18, 3037–3051.

Wainwright, M. J., Jaakkola, T. S., and Willsky, A. S. (2005a). A New Class
of Upper Bounds on the Log Partition Function. IEEE Trans. Inform. The-
ory, 51(7), 2313–2335.

Wainwright, M. J., Jaakkola, T. S., and Willsky, A. S. (2005b). MAP Estimation
Via Agreement on Trees: Message-Passing and Linear Programming. IEEE
Trans. Inform. Theory, 51(11), 3697–3717.

Wainwright, M. J. and Maneva, E. (2005, September). Lossy source encod-
ing via message-passing and decimation over generalized codewords of LDGM
codes. In IEEE Int. Symp. on Inf. Theory, Adelaide, pp. 1493– 1497.

Walkup, D.W. (1979). On the expected value of a random assignement problem.
SIAM J. Comput., 8, 440–442.

Wang, C. C., Kulkarni, S. R., and Poor, H. V. (2006). Exhausting error-prone
patterns in ldpc codes. IEEE Trans. Inform. Theory. Submitted.
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