
List of Symbols

Standard Symbols

N = {1, 2, 3, . . .} The natural numbers
Z = {. . .− 1, 0, 1, 2, . . .} The integer numbers
R The real numbers
R = R ∪ {+∞} The extended real numbers
R+ = {α ∈ R | α ≥ 0} The non-negative extended real numbers
C The complex numbers
Γ = {γ ∈ C | |γ| = 1} The unit circle of C

K Stands for either R or C

B Unit ball of a normed space
B
∗ Dual unit ball of a normed space

Special Symbols

P,Q,N ,M Cones, I.1
V,W,U Abstract neighborhood systems for cones, I.1
(P,V), (Q,W), . . . Locally convex cones, I.1
V = V ∪ {0,∞} augmented neighborhood system, I.1.4, II.2.2
F(X,P) Cone of all P-valued functions on X, I.1.4(
FV̂b

(X,P), V̂
)

Locally convex cone of P-valued functions on X,
I.1.4

(P̂, V̂) Standard completion of a locally convex cone
(P,V), I.5.57

(PV ,V) Standard full extension of a quasi-full locally con-
vex cone (P,V), I.6.2

σ(P,P∗) Weak topology on P, I.4.6
O(P) Order topology on P, I.5.43
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o(P,P∗) Weak order topology on P, I.5.49
L(N ,M) Cone of linear operators form N to M, I.7
L(P,Q) Cone of continuous linear operators form P to

Q, II.3
V(Z,W) Neighborhood system for L(N ,M), I.7(
H(N ,M),V

)
Locally convex cone of linear operators from N
to M, I.7

P ∗∗
w ,P∗∗

s ,P∗∗
sr,P∗∗

sl,P∗∗ Second duals of a locally convex cone, I.7.3

Integral-Related Special Symbols

R Weak σ-ring of subsets, II.1.1
AR σ-algebra of measurable subsets, II.1.1
χ

E
Characteristic function of a subset E ⊂ X, II.1.1

SR(X,P) Cone of all P-valued step functions supported by
R, II.1.1

ER(X,P) Subcone generated by all P-valued elementary
functions, II.6.16

FR(X,P) A cone of measurable functions, II.2.3
|θ|(E, v) The modulus of the measure θ, II.3.2∫

F f dθ Integral of a function f ∈ FR(X,P) over a set
F ∈ AR, II.4.9∫

F f dθ Integral of a function f ∈ F(X,P) over a set
F ∈ AR, II.4.13

F(F,θ)(X,P) Functions in F(X,P) that are integrable over
F ∈ AR, II.4.13

F(F,Θ)(X,P) Functions integrable with respect to a family of
measures, II.5.3

F(|F |,Θ)(X,P) Functions integrable with respect to a family of
measures, II.5.3(

F(F,Θ)(X,P),V(F,Θ)
)

Locally convex cone of integrable functions, II.5.5
Rs
(
θn, F, f

)
Residual component of a function, II.5.16

var (θa,X) Variation of a real-valued measure, II.5.34
Z(A,E), I(A,E) II.6.8

Order Relations

≤ Standard order relation (reflexive, transitive and
compatible with algebraic operations)

� (global) weak preorder, I.3
�v local weak preorder (referring to a neighborhood

v ∈ V), I.3
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� (global) preorder, I.8
�v local preorder (referring to a neighborhood v ∈ V), I.8
≤

a.e.F Almost everywhere order relation for functions, II.4.11
≤P Order relation for measures, II.5.11
F
F
≺ Order relation for measures, II.5.17

Operations on Elements

B(a), (a)B, Bs(a) Boundedness components of a, I.4.9
Bv(a), (a)Bv, Bs

v(a) Local boundedness components of a (referring to
a neighborhood v ∈ V ), I.4

O(a) Zero component of a, I.5.8
O(a � b) Zero component of a relative to b, I.5.16

Operations on Sets

↓A = {x ∈ E | x ≤ a for some a ∈ A} decreasing hull of a set A ⊂ P,
I.1.4

↑A = {x ∈ E | x ≥ a for some a ∈ A} increasing hull of a set A ⊂ P,

conv(A) Convex hull of a set A ⊂ P, I.5.7
Ex(A) Set of extreme points of a convex set A ⊂ P, I.5.33
A, A◦, ∂A = A \A topological closure, interior and boundary of a set

A
A(l) Closure of A with respect to the lower relative

topology, I.4.24
A(u) Closure of A with respect to the upper relative

topology, I.4.24
v(A), (A)v upper and lower relative neighborhoods of a set

A ⊂ P, I.4.28

Convergence

limi∈I ai, limi∈I ai, Order convergence for a net (ai)i∈I , I.5.18
fn ↘Fv f, fn ↗F

v f, Upper, lower and symmetric
fn →Fv f pointwise convergence for functions on a set F,

II.1.7
fn ↘a.e.F f, fn ↗a.e.F f, Upper, lower and symmetric almost everywhere
fn −→a.e.F f pointwise convergence for functions on a set F,

II.5.22
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θn ↗ θ, θn ↘ θ, Upper, lower and symmetric
θn −→ θ convergence of sequences of measures, II.5.13

Symbols Related to Continuous Cone-valued Functions

supp(f) = {x ∈ X | f(x) �= 0} The support of a function, III.1

supp*(f) = {x ∈ X | f(x) �= 0} The core support of a function, III.1
Cr(X,P) Cone of r-continuous P-valued functions, III.1
ϕ⊗a Elementary function, III.1.10
K Family of all compact subsets of X, III.2
K0 Family of all both open and compact subsets of

X, III.2
K(X) Continuous positive real-valued functions with

support in K, III.2
K0(X) Continuous positive real-valued functions with

core support in K0, III.2
E(X,P), E0(X,P) Cones generated by elementary functions, III.2.3
FV(X,P), FV0 (X,P) Closures of E(X,P) and E0(X,P), III.2.4
Cr

V(X,P), Cr
V0

(X,P) The r-continuous functions in FV(X,P), and
FV0 (X,P), III.2.5

E ≺ ϕ, ϕ ≺ E for E ∈ R and ϕ ∈ K(X), III.4.5
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36. P.J. Daniell, A general form of integral, Ann. Math. 19 (1917/18), 279–294.
37. R.B. Darst, A note on abstract integration, Transactions of the American Mathemat-

ical Society 99 (1961), 292–297.
38. R.B. Darst, A note on integration of vector-valued functions, Proceedings of the

American Mathematical Society 13 (1962), 858–863.
39. M.M. Day, Normed linear spaces, 3rd edition, Springer Verlag, Berlin-Heidelberg-New

York, 1973.
40. M. De Wilde and M.T. De Wilde-Nibes, Intégration par rapport des mesures à valeurs
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spaces, Canadian Journal of Mathematics 5 (1953), 568–575.
125. W.A.J. Luxemburg and A.C. Zaanen, Compactness of integral operators in Banach

function spaces, Mathematische Annalen 149 (1963), 150–180.
126. A. Lyapunov, Sur les fonctions-vecteurs complètement additives, (Russian) Izv. Akad.
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Bȩdlewo, Poland 2006. Editors: V. Capasso, M. Lachow-
icz (2008)
Vol. 1941: S.M.J. Haran, Arithmetical Investigations.
Representation Theory, Orthogonal Polynomials, and
Quantum Interpolations (2008)
Vol. 1942: S. Albeverio, F. Flandoli, Y.G. Sinai, SPDE in
Hydrodynamic. Recent Progress and Prospects. Cetraro,
Italy 2005. Editors: G. Da Prato, M. Röckner (2008)
Vol. 1943: L.L. Bonilla (Ed.), Inverse Problems and Imag-
ing. Martina Franca, Italy 2002 (2008)
Vol. 1944: A. Di Bartolo, G. Falcone, P. Plaumann,
K. Strambach, Algebraic Groups and Lie Groups with
Few Factors (2008)
Vol. 1945: F. Brauer, P. van den Driessche, J. Wu (Eds.),
Mathematical Epidemiology (2008)
Vol. 1946: G. Allaire, A. Arnold, P. Degond, T.Y. Hou,
Quantum Transport. Modelling, Analysis and Asymp-
totics. Cetraro, Italy 2006. Editors: N.B. Abdallah,
G. Frosali (2008)
Vol. 1947: D. Abramovich, M. Mariño, M. Thaddeus,
R. Vakil, Enumerative Invariants in Algebraic Geo-
metry and String Theory. Cetraro, Italy 2005. Editors:
K. Behrend, M. Manetti (2008)
Vol. 1948: F. Cao, J-L. Lisani, J-M. Morel, P. Musé,
F. Sur, A Theory of Shape Identification (2008)
Vol. 1949: H.G. Feichtinger, B. Helffer, M.P. Lamoureux,
N. Lerner, J. Toft, Pseudo-Differential Operators. Quan-
tization and Signals. Cetraro, Italy 2006. Editors: L.
Rodino, M.W. Wong (2008)

Vol. 1950: M. Bramson, Stability of Queueing Networks,
Ecole d’Eté de Probabilités de Saint-Flour XXXVI-2006
(2008)
Vol. 1951: A. Moltó, J. Orihuela, S. Troyanski,
M. Valdivia, A Non Linear Transfer Technique for
Renorming (2009)
Vol. 1952: R. Mikhailov, I.B.S. Passi, Lower Central and
Dimension Series of Groups (2009)
Vol. 1953: K. Arwini, C.T.J. Dodson, Information Geo-
metry (2008)
Vol. 1954: P. Biane, L. Bouten, F. Cipriani, N. Konno,
N. Privault, Q. Xu, Quantum Potential Theory. Editors:
U. Franz, M. Schuermann (2008)
Vol. 1955: M. Bernot, V. Caselles, J.-M. Morel, Optimal
Transportation Networks (2009)
Vol. 1956: C.H. Chu, Matrix Convolution Operators on
Groups (2008)
Vol. 1957: A. Guionnet, On Random Matrices: Macro-
scopic Asymptotics, Ecole d’Eté de Probabilités de Saint-
Flour XXXVI-2006 (2009)
Vol. 1958: M.C. Olsson, Compactifying Moduli Spaces
for Abelian Varieties (2008)
Vol. 1959: Y. Nakkajima, A. Shiho, Weight Filtrations
on Log Crystalline Cohomologies of Families of Open
Smooth Varieties (2008)
Vol. 1960: J. Lipman, M. Hashimoto, Foundations of
Grothendieck Duality for Diagrams of Schemes (2009)
Vol. 1961: G. Buttazzo, A. Pratelli, S. Solimini,
E. Stepanov, Optimal Urban Networks via Mass Trans-
portation (2009)
Vol. 1962: R. Dalang, D. Khoshnevisan, C. Mueller,
D. Nualart, Y. Xiao, A Minicourse on Stochastic Partial
Differential Equations (2009)
Vol. 1963: W. Siegert, Local Lyapunov Exponents (2009)
Vol. 1964: W. Roth, Operator-Valued Measures and Inte-
grals for Cone-Valued Functions (2009)
Vol. 1965: C. Chidume, Geometric Properties of Banach
Spaces and Nonlinear Iterations (2009)
Vol. 1966: D. Deng, Y. Han, Harmonic Analysis on
Spaces of Homogeneous Type (2009)

Recent Reprints and New Editions
Vol. 1702: J. Ma, J. Yong, Forward-Backward Stochas-
tic Differential Equations and their Applications. 1999 –
Corr. 3rd printing (2007)
Vol. 830: J.A. Green, Polynomial Representations of
GLn, with an Appendix on Schensted Correspondence
and Littelmann Paths by K. Erdmann, J.A. Green and
M. Schoker 1980 – 2nd corr. and augmented edition
(2007)
Vol. 1693: S. Simons, From Hahn-Banach to Monotonic-
ity (Minimax and Monotonicity 1998) – 2nd exp. edition
(2008)
Vol. 470: R.E. Bowen, Equilibrium States and the Ergodic
Theory of Anosov Diffeomorphisms. With a preface by
D. Ruelle. Edited by J.-R. Chazottes. 1975 – 2nd rev.
edition (2008)
Vol. 523: S.A. Albeverio, R.J. Høegh-Krohn, S. Maz-
zucchi, Mathematical Theory of Feynman Path Integral.
1976 – 2nd corr. and enlarged edition (2008)
Vol. 1764: A. Cannas da Silva, Lectures on Symplectic
Geometry 2001 – Corr. 2nd printing (2008)



LECTURE NOTES IN MATHEMATICS 123
Edited by J.-M. Morel, F. Takens, B. Teissier, P.K. Maini

Editorial Policy (for the publication of monographs)

1. Lecture Notes aim to report new developments in all areas of mathematics and their
applications - quickly, informally and at a high level. Mathematical texts analysing new
developments in modelling and numerical simulation are welcome.

Monograph manuscripts should be reasonably self-contained and rounded off. Thus
they may, and often will, present not only results of the author but also related work
by other people. They may be based on specialised lecture courses. Furthermore, the
manuscripts should provide sufficient motivation, examples and applications. This clearly
distinguishes Lecture Notes from journal articles or technical reports which normally are
very concise. Articles intended for a journal but too long to be accepted by most journals,
usually do not have this “lecture notes” character. For similar reasons it is unusual for
doctoral theses to be accepted for the Lecture Notes series, though habilitation theses may
be appropriate.

2. Manuscripts should be submitted either to Springer’s mathematics editorial in Heidelberg,
or to one of the series editors. In general, manuscripts will be sent out to 2 external referees
for evaluation. If a decision cannot yet be reached on the basis of the first 2 reports, further
referees may be contacted: The author will be informed of this. A final decision to publish
can be made only on the basis of the complete manuscript, however a refereeing process
leading to a preliminary decision can be based on a pre-final or incomplete manuscript.
The strict minimum amount of material that will be considered should include a detailed
outline describing the planned contents of each chapter, a bibliography and several sample
chapters.

Authors should be aware that incomplete or insufficiently close to final manuscripts
almost always result in longer refereeing times and nevertheless unclear referees’ recom-
mendations, making further refereeing of a final draft necessary.

Authors should also be aware that parallel submission of their manuscript to another
publisher while under consideration for LNM will in general lead to immediate rejection.

3. Manuscripts should in general be submitted in English. Final manuscripts should contain
at least 100 pages of mathematical text and should always include

– a table of contents;
– an informative introduction, with adequate motivation and perhaps some historical re-

marks: it should be accessible to a reader not intimately familiar with the topic treated;
– a subject index: as a rule this is genuinely helpful for the reader.

For evaluation purposes, manuscripts may be submitted in print or electronic form, in
the latter case preferably as pdf- or zipped ps-files. Lecture Notes volumes are, as a rule,
printed digitally from the authors’ files. To ensure best results, authors are asked to use
the LaTeX2e style files available from Springer’s web-server at:

ftp://ftp.springer.de/pub/tex/latex/svmonot1/ (for monographs).



Additional technical instructions, if necessary, are available on request from:
lnm@springer.com.

4. Careful preparation of the manuscripts will help keep production time short besides en-
suring satisfactory appearance of the finished book in print and online. After acceptance
of the manuscript authors will be asked to prepare the final LaTeX source files (and also
the corresponding dvi-, pdf- or zipped ps-file) together with the final printout made from
these files. The LaTeX source files are essential for producing the full-text online version
of the book (see www.springerlink.com/content/110312 for the existing online volumes
of LNM).

The actual production of a Lecture Notes volume takes approximately 12 weeks.

5. Authors receive a total of 50 free copies of their volume, but no royalties. They are entitled
to a discount of 33.3% on the price of Springer books purchased for their personal use, if
ordering directly from Springer.

6. Commitment to publish is made by letter of intent rather than by signing a formal contract.
Springer-Verlag secures the copyright for each volume. Authors are free to reuse material
contained in their LNM volumes in later publications: a brief written (or e-mail) request
for formal permission is sufficient.

Addresses:
Professor J.-M. Morel, CMLA,
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