Notation

Use of Letters

The use of variables will adhere to the following basic rules.

aA, Qdiv

Below, m,n and d denote

Sets

N,Z,Q R, C

Rd

A:{ala"' 7am}

A

Lower-case italic Latin and Greek letters (Table 1)
represent scalars, vectors and functions.

Bold lower italic Latin and Greek letters represent

finite-dimensional vectors and functions with such ranges.

Capital italic Latin and Greek characters, as well as
their cursive representations, represent sets.

Bold capital italic Latin and Greek letters represent
finite dimension matrices and functions with such
ranges ranges.

Represent Lagrange and Hamilton functions, respec-
tively.

Subscripts on upright Latin letters represent the ini-
tial of a terminology or an abbreviation.

natural numbers.

Represent the set of natural numbers (positive in-
tegers), the integers, the rational numbers, the real
numbers, and the complex numbers, respectively.

Represents the d-dimensional real linear space (real
vector space).

Represents a set A consisting of a finite number of
elements, a1, -, Gm.

Represents the number of elements in a finite set A.



9 Notation
Table 1: Greek letters
Capital  Lower-case  Pronunciation || Capital Lower-case Pronunciation
A @ o alpha N N v v nu
B B B B beta = = 13 3 xi
r r vy 0% gamma O O 0 o omicron
A A 1 ) delta I I nw 7w w pi
E E €¢ €c¢€ epsilon P P pop p o rho
A Z ¢ ¢ zeta > > o < o < sigma
H H n n eta T T T T tau
© O 09 69 theta T T v v upsilon
1 I L L iota P D o p ¢ @ phi
K K K K kappa X X X X chi
A A A A lambda v v P P psi
M M I n mu Q Q w w omega
a € A Indicates that a is an element of the set A.
{0} Represents a set consisting of the single element 0.
{ar},en  Denotes an infinite sequence, {a1,as,- - }.
A C B Indicates that the set A is a subset of the set B.

AUB, AnB, A\C

(0,1), [0, 1], (0,1]

Represent the union, intersection and subtraction op-
erations of sets, respectively.

Denote the intervals {z € R | 0 < =z < 1}, {z €
R|0<z<1},{zreR|0<ax <1}, respectively.

Vectors and Matrices

The following notation concerns vectors and matrices of R?, R™, and R™.

x = (z1,-

te 7xd)T ERd

A= (aij)ij e Rmxn

O]Rd, O]Rnlxn
xr Z ORd

[l ,

Represents a d-dimensional vertical real vector. z;
represents the i-th element of . a' represents the
transposition of .

Represents the real matrix with m rows and n columns.

Can also be written as A = (aij)(i’j)e{l myx {1}

Represents the zero elements of R? and R™*".

Represents z; > 0 for ¢ € {1,--- ,d}.

When p € [1,00), represents the p-powered norm
Yz1[P + -+ |za|” of £ € RY. When p = oo, repre-
sents the maximum norm max {|z1|",--- | |z4/"}. If
there is no confusion, it is written as ||z|| ..
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a-b,A-B

||93||Rd
IR7YL><7)’L

()

Represents the inner product (scalar product)
Zie{1,~--,m} a;b;, Z(i,j)e{L.--,m}? a;jb;; with respect
to a,b € R™ and A = (aj5),;, B = (b;;);; € R™*™.

Represents the Euclidean norm /x - « of © € RY. If
there is no confusion, it is written as ||z||.

Represents the Kronecker delta é;; =1 (i = j), 6;; =
0 (i #7)

Represents the unit matrix (6ij)z'j
is no confusion, it is written as I.

Represents (( I+ ()) /2.

€ R™>*™_1If there

Domains and Functions

Here below, functions on domains in R? are considered.

Q c R?

Q
)

1]

SO

Au

oyu

d,u

Represents a domain (simply-connected open set) of
R,

Represents the closure of ).

Represents the boundary of €, i.e. Q\ Q.

Represents / dz.
Q

Represents the interior of a closed set S.

Represents an outward unit normal defined at the
boundary 0f2.

Represents the tangent defined at the boundary 0.

Represents V - v (d — 1 times the mean curvature)
defined at the boundary 9f2.

Represents the gradient du/0x € R of a function
u:RY = R.

Represents the Laplace operator A = V -V of a
function u : R? — R.

Represents (v - V) u defined for a function u : Q@ — R
at the boundary 0f.

Represents (v -V)u = (Vu—r)—r v for function w :
Q) — R? defined at the boundary 9.



dz, dv, d¢
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Banach Spaces

Notation

Represents the measures used in the integration in the
domain © C R¢, integration in the boundary I' C 99
and integration in the boundary of boundary OT'.

Represents the essential bound of u : Q@ — R. The
letters a.e. mean that it is almost everywhere on the
measurable sets.

Represents the characteristic function yq : R* — R
(xa () =1, xq (R*\ Q) = 0) with respect to a do-
main 2 C R%.

Here below, V will be a normed space and X and Y are Banach spaces.

][y

f: X =Y

f®): Xsxz— feY
fog

L(X3Y)

£2(X x X;Y)
X/

fe (z,y) [2], Ox f (z,y) [2]

Ck(X;Y)

Represents the norm of & € V. If there is no confu-
sion, it is written as ||||.

Represents a mapping (operator) from X to Y.
Represents a mapping expressing elements.
Represents the composite mapping f (g).

Represents the universal set of bounded linear oper-
ators from X to Y.

Represents £ (X; L (X;Y)).

Represents the dual space of X, in other words the
universal set £ (X;R) of bounded linear functions on
X.

Represents the dual product of £ € X and y € X'.
If there is no confusion, it is written as (y, x).

Represents the Fréchet derivative (f(x),y) v/, y of
f X — Rat x € X with respect to an arbitrary
variation y € X.

Represents the Fréchet partial derivative
(Of (x,y) J0x, 2) 1o x Of [ : X XY = Rat (x,y) €
X x Y with respect to an arbitrary variation z € X.
f(z,y) /0x € X' is written as fg (x,v).

Represents the universal set of the k& € {0,1,--- }-th
Fréchet differentiable mappings.

Represents the universal set of the k € {0,1,--- }-th
shape differentiable mappings.
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C& (X;Y)

Ck (X;Y)

Represents the universal set of the k € {0,1,--- }-th
shape differentiable mappings.

Represents the universal set of the k € {0,1,--- }-th
partial shape differentiable mappings.

Function Spaces

Here below, Q is a domain in R?.

C (4 R™), CO (4 R™)
Cp (4 R™), C§ (% R™)
Co (2 R™)

CF (;R™)

CE (O R™)

CE (% R™)
Ckwo (;R™)

LP (;R™)

Wh? (Q;R?)

Wi (2 R™)
H (Q;R")

H§ (5 R™)

Represents the universal set of the continuous function
f:Q — R” defined on .

Represents the universal set of bounded functions in
C (;R™).

Represents the universal set of f € C' (©;R™) such that
the support of f becomes a compact set of (2.

Represents the universal set of f € C (€;R™) for which
up to the k € {0,1,--- }-th derivative of f belongs to
C(;R™).

Represents the universal set of f € C*(Q;R") for
which up to the k-th derivative of f belongs to Cp (©; R™).
Represents C* (Q; R™) N Cy (25 R™).

Represents the universal set of f € C¥(Q;R") for
which up to the k-th derivative of f is a Holder contin-
uous function with the Hoélder index o € (0,1]. When
k =0 and o = 1, the function is said to be Lipschitz
continuous.

Represents the universal set of p-th powered Lebesgue
integrable functions f : @ — R"™ for p € [1,00), and
the universal set of functions which are essentially bounded
for p = oo.

Represents the universal set of functions for which up
tothe k € {0, 1, - - - }-th derivative belongs to LP (2; R™).

Represents the closure of C§° (;R) in Wk ((; R).
Represents W2 (Q; R™).

Represents W§’2 (Q;R™).
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