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Abstract: A discrete spline-wavelet decomposition of the first order is discussed in the framework of the non-
classical approach. The purpose of this paper is to estimate the calculation duration for the discrete spline-wavele
decomposition with the use of two sorts of computers: One-Processor System (OPS) and Parallel Multi-processol
System (PMS). The main object is the grid functions, which are named flows. The finite dimensional spaces of the
initial flows, wavelet flows and main flows are introduced. These spaces are associated with the original and the
enlarged grids, respectively. Estimates for the duration of the calculations are given with taking into account the
properties of a communication computer environment. The presentation is accompanied with illustrative examples.
We consider the grid functions whose domain is a grid on the real axis (for example, on the set of integers). This
approach is convenient when processing flows are sequences of numbers. Then we discuss a grid enlargeme
and construct an embedded discrete spline space. Using a projection operator, we obtain a wavelet decompositic
and give an illustration example of the mentioned decomposition. Taking into account the obtained algorithms
we consider their implementation with OPS and PMS. In the situation of the unlimited concurrency the duration
(runtime) of calculation with PMS does not depend on the data volume (i.e. it does not depend on the length of the
initial flow), on the other hand, the duration of the calculation with OPS is directly proportional to the data volume.

Key—Wordsspline-wavelet decomposition, parallelization, runtime, duration of calculation

1 Introduction of computer and network resources.
Wavelet expansions are widely used in processing nu-
merical information flows. The volumes of such flows

are constantly increasing. It is a stimulus to the fur-

Note that the mentioned savings do not need a
wavelet basis in spaces of functions with a contin-

ther development of the theory of wavelets (see [1]-
[2]). The approach to constructing wavelets used in
this paper is based on the approximation relations
(see, for example, [3]).

In contrast to the classic wavelets (see [1]), the
mentioned approach allows us to use an irregular grid
(both finite and infinite). The last one is very impor-
tant for saving the computer resources in the case of
singular changes of data flow. The building wavelet
decompositions in the multidimensional case and on
an arbitrary differentiable manifold (see [4]) can be
applied to the finite element approximations (for ex-
ample, see [7] — [21]). In this way the possibilities of
wavelet decomposition are significantly expanded.

The construction of the wavelet basis in differ-
ent functional spaces is very difficult in the classical
cases.
preliminary construction of the wavelet basis (if some-

ual domain. It suffices to get a suitable basis for the
space of wavelet numerical flows, but for this it is
necessary to perform all constructions without use of
functions with a continual domain (see [5] — [6] ).

The purpose of this paper is to estimate the cal-
culation duration (runtime) for the discrete spline-
wavelet decomposition with the use of two sorts of
computers: One Processor System (OPS) and Parallel
Multi-processor System (PMS). We discuss computa-
tion complexity of parallelization for the decomposi-
tion and reconstruction algorithms. At first we con-
sider their implementation on OPS, and then — on
PMS.

In the situation of the unlimited concurrency the

The discussed approach does not require theduration of calculation with PMS does not depend on

the data volume (i.e. it does not depend on the length

one wishes to construct this basis they can obtain itin of the initial flow), on the other hand, the duration of
the future). On the other hand, the knowledge of the calculation with OPS is directly proportional to the
wavelet basis allows us to achieve substantial savings data volume.
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2 Background information

In this paper, we consider the grid functions whose

domain is a grid on the real axis (for example, on the

set of integers). This approach is convenient when

processing flows are sequences of numbers.
Consider the grid on the real axis,

—_

= <€ a<H <L <.

The set of functions.(¢) defined on the grié is de-
noted byC'(Z). Itis clear thatC'(Z) is a linear space.

If a € =, then there is € Z such thate = &;.
In this case, we denote™ = &;_1,at = 1. Let's
assume that

a,be =, at <b,
i.e. for somei,j € Z, i + 2 < j,
the equalities area = &, b = ¢. For

mentioned ¢ and b we introduce the notation
la, bl = {& | a < & < b, s € Z}. The set|a, b
will be calleda grid segment

Consider a linear spac€|a,b|| of functions
u(t) defined on the grid segmefi, b||. Obviously,
the space”||a, b|| has a finite dimension.

3 Grid enlargement

For a natural number. we denote

Jm ={0,1,...,m}, J! ={-1,0,1,...,m}.

On the grid segmenita, b|| ,
a=2E8 <& <...<&u-1<&m=b

consider the functiongw;(t)};c, _ as elements of
the space’||a, b||

Wi (58) (1)

Below, we assume that if > d then the set||c, d||
is empty.

Let5 < K < M. Consider the injective mapping
k of the set/ into the set/,,, for which

:5s,j+17 s € Jy.

#(0)

0, s(i)<k(i+1), r(K)=DM.

We introduce the set* C Jj, given by the formula

(2)

A one-to-one inverse mapping is defined on this set by
formulas

J" = kJk.

VreJ' kTlir—s, se g, Jg = k1J*.
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Consider the new grid

~

X: 3)

a:§0<f1<...<§1<:b,

where
1€ Jk.

(4)

Further we considevirtual nodesé_; andz_4
with the propertie_; = Z_1; < a. They are vir-
tual in the sense that they serve for the convenience
of records, but in the final result they have no ef-
fect. By definition we putX = |a,b|| U {{-1},
X ={Zi}tic( 10, K}

We introduce the functions;(¢), j € J%_;,t €
||la, b||, according to the formulas

T = &)

&\)Z(t) = (t - 5/{(1))(5&(1-&-1) - €n(i))_1

for te ||§:(l)’€l€(l+1)||7 1€ Jg-1,

Di(t) = (Enira) = 1 (Eniir2) — Eugirn)

for te Hgn(i+1)7£;(i+2)”v (RS J/K—Q;

Gilty=0 for teflablNIE S & qual-

It is evident that
Bi(Exiyn) =1 Vi€ Jh g

Consider the numberp,. ., r € J% |, s €
J'\;_1, given by formulas

P-1,; = (&) — &) gy — &j+1)

Vi € {k(0) — 1,k(0),..., k(1) — 2}, (5)

Pij = Eatir) — &) (€1 — &)
Vie{k(i), k(@) +1,...,k(i+1)=1} Vi€ Jg_o,
(6)
Pij = (Cugiv2) — &ugirn) " Enirn) — Eit1)
Vi € {k(i+1), K(0)+1, ..., k(i+2)=2} Vi € Jx_a,
(7)
Pr-15 = (&u(r) = Enr—1)) " (€1 — E(rc—1))
Vie{r(K—-1),k(K—-1)+1,...,k(K)—1}. (8)

The number, 5, r € J%_,, s € J,;_1, which
do not appear in these formulas, are zero.
In the following, we consider a matriP of the
sizeK + 1 x M + 1 composed of the numbers ,,
P = (prs)res; 9)

’ .
K—15€S 1
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4 Discrete spline-wavelet decompo-
sition

DenoteS(X) linear space, which is the linear span of

the functionso,,

S(X) = L{@i(t) |Vt € ||la,b]| Vie J% ).

The spac&(X) is calledthe discrete space of the
first degree splinegon the grid)A().

SofarS(X) c C||a, b||, then we can consider the
operatorP for projection of the spac€'||a, b|| on the
subspacé(X),

Pu = Z u(@ﬂ) (:),

. /
1€

Vu € C|la,b||. (10)

Let@ = I — P, wherel is the identical operator
in Clla,b|.

So, in accordance with (6.1) we obtain the direct
decomposition

Clla,bl| = S(X) + W, (11)

whereW = QClla, b||.

The spacé(X) is calleda basic spacandW is
nameda wavelet spacan decomposition (11).

Letu € C|la,b||. Using relation (11), we obtain

Yuri K.Dem'’yanovich

VieJh ., (16)

a; = E CsQi,s

!
s€d 4

where

for seJ%_1, j€ 1
(17)
Consider rolongation matrixQ of the sizeK +

1 x M + 1, composed of elements ;,

Qs,j = 5n(s+1)—1, j

Q= (CIs,j)seJ’K_ijJ;w—f

The matrixQ is the left inverse to the result of
transposing for the matril, so that

QP =1. (18)

Herel is the unit matrix of the sizé& + 1 x K + 1.

5 Simplification of decomposition
and reconstruction formulas

Consider three vectoraa = (b_1,...,bx_1), b =
(b_l, RN bM—1)1 C = (C_l, ey C]V[_1>. We will call
themthe main, wavelet and source numerical flpws
and the linear spaces of these flows are denoted,by
B, C respectively.

two representations of the element Ratios
U= Z CsWs, (12) U= Y ai®, w= Y bw, u= Y cw
s€Jl, el 4 ey, ey,
and are established linear isomorphisms between just in-
u=1u+w. (13) troduced spaces and spa8’), W, C/|a, b|| so that
Here R
A~ S(X), B~W, C ~ Clla,bl. (19)
u= a@i, w = Z b]wj,
i€ b | GEI Ny In view of the isomorphisms mentioned above,
‘ we obtain the direct sud = A + B.
a; =G u) YieJy_ i, bj, cs €RY Vj,seJhy 4. Introduced vectora, b, c and matriceP andQ
Obviously, the relation (6.4) representhe allow us to rewrite formulas (14) — (16) in the form

wavelet decompositioaf the element. € C||a, b|],
wheret € S(X), andw € W.

Due to the linear independence of the system
{w;j}jes, , We getreconstruction formulas

;= Y. aipij+b; VieJy . (14
e
The decomposition formulalsave the form
bi=ci— >, Y. CsQisPij Vi€ s
i€ ey s€J 0,4
(15)
E-ISSN: 2224-2880 243

c=b+PTa, (20)

a = Qc, b=c—-PTQec.

Itis clear to see that the eleme BT Q}; j, i, 7 €
"1, of matrix productPTQ are determined by
the formulas

PQli; =0 forie )y, j+1¢€Ju\J",
(21)
[PTQh,j = Pr-1(j+1)-1,i forie Jy_y, j+1 € J"
(22)
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Thusif i + 1, j + 1 € J*, then 6 lllustrative example of wavelet de-
composition

We putM = 10 and on the grid segmeijt:, b||, con-
Theorem 1. For the decomposition formulas the  sider the grid
next ratios hold

[PTQJi; = 0i

a=§& <& < ... <& <&p=0.

i = Cr(i+1)-1 Vi€ Jo1, (23) As a discrete basis (1) we discuss elements
by=0 Yg+1le.J 4  wilher, , oftespacea, bl
Wheng + 1 € Jy/\J*, the following equalities are wj(€s) = ds 41, s € Jio.
true Consider the new grid
by = cq — (For1 — Bo) ! | (For1 — Egi1)Cu(e)-1+ X: a=Fg<F<..<Fg=b,
(€41 = Bo)Cr(asn)-1 (25) évgf.enrié” iby:th%(rie)iaztioensj&and fhe mapping:(7) 15
for all ¢ such that k(0)=0,k(1)=1,...,k(5) =5,
To <&gp1 <Tsy1 Y |Ts, Zara]l C lla,b]|. (26) K(6) = 8, K(7) =9, (8) = 10.

So, the considered casehs = 8, and the subset

_ _ _ J* of the set.J;y, obtained by formula (2), has the
The reconstruction formulas are obtained by in-

version (25) — (26) and by u§ing relations (23) — (24). J*=1{0,1,2,3,4,5,8,9,10}.
As a result we get the following statement. _ i
Theorem 2. The next equations hold Itis clear to sedyo\J* = {6, 7}.

We introduce the functions;(t), j € J%, ac-
cording to formulas (5) — (8) and consider the vectors

cg =bg + (Ts41 — ES)il [(§8+1 —&gr1)as—1+
O(t) = (D_1(t),Do(t), ..., @7 ()T,

g1 — :::S)as] (27) w(t) = (wo1(t),wo(t), - .., wo(t)".
for all ¢ for which From formulas (5) — (9) it follows thab(t) =
Pw(t) so that the calibration relations are determined
ZTs < &gv1 < Tyt YV ||Zs, Ts+1|| C |la,b]|. (28) by the matrixP.
Therefore
Note that the spac# of wavelet flows has the @i(t) = wi(t) forie{-1,0,1,2,3},
form §s — &6 &7 — &6
W4 (t) = W4(t) + - Wk (t) + - We (t),
B=1{b|b=(b_1,by,....bar_1) Vb;_1 € R} Vj € Jas\J*, =& =&
~ &6 — &5 &7 — &5
o= (t) = ~ws(t) + cwglt) + wr(t),
bi1=0Vie J*Y. (29) ) =g )t g o Ferd)
Thus, the wavelet space is a linear span of the Wit) = wira(t) forie {6,7}.
orthonormat* system The operation for projection of the spaCéa, b||
of initial flows on the spac&(X) is defined by for-
e; = ([ej]-1,[ej]o, - - - [€j]nr—1), mulas (10), (16) and (23).
o , Ultimately, this projection means the application
wherele; i = dij, 0,5 € J 1. of prolongation matrixQ to the original flowe € C:

a = Qc. According to formulas (17) in this case, the
matrix Q forms the flowa so that

!In this case we can discuss Euclidean spRé&t! with a
standard scalar product. a; = ¢ for ie{-1,0,1,2,3,4}, (30)
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a; = Ci49 for 7¢ {7, 8}. (31)

It is easy to see thaQP7” I, wherel is
the unit square matrix of the sizex 9. By (21) —
(22) it follows that square matriP” Q has the size
11 x 11. Note that the components of the wavelet
b = ¢ — P”Qc is obviously zero if their numbers
are such that the numbejg-1 are contained in the set
J*. Wavelet flowb is obtained from the source flow
c using formulas (25). In this case, we obtain

bj=0 for j€{-1,0,1,2,3,4,7,8,9},
(32)

effurabtn @
e f g e o9

Formulas(30) — (34) are decomposition formulas.
Using the formula (20), we obtain formulas for
the reconstruction of the original floa

Cj = aj +bj for je {—1,0, 1,2,3,4},
& — &6 &6 — &5
cs = a4 + -as + bs,
PTG =& 0T
& — &7 & —&
Cg = cayq + - a +b7
0T =6 =& 0 F

cj =aj—2+ bj for je {7,8,9}.

7  Further supposition

The calculation of the wavelet decomposition involves
two stages: the first stage is the implementation of
decomposition formulas, and the second stage is the
implementation of the reconstruction formulas.

The implementation of decomposition formulas
contains two tasks: looking for the main flow and
looking for the wavelet flow. The first of these tasks is

usually more important than the second one because

in most cases, it is the main flow that gives an idea of
the nature of the source flow.

It is further believed that the considered compu-
tational system (CS) is a discrete action computing

Yuri K.Dem'’yanovich

We introduce some notation. L&t be an array.
The elements); of the array are numbers of tyga .
For simplicity, we discuss the numbers of one type.
For example, we can assume tifat = f, wheref
means the type afeal.We will not consider the spe-
cific representation of the typega andf in CS.

Let's assume thafs is the time (i.e. the length
of the time segmen} extracting thei-th element4;
of array A into a simple (auxiliary) variable; the time
required to immerse a simple variable value in the el-
ement4; of this array we denote b 3.

For brevity, hereatfter, the storage for fload, c
is denoted by the same symbols. Therefarb, c are
also storage (arrays) for the mentioned flows. Such
agreement applies to other similar objects; X, Js,
J*, etc. All arrays considered further are discussed as
dynamically extensible (i.e. the length of the array in
advance is not fixed, when we add an element to an
array, its length increases per unit).

8  Wavelet decomposition (single

processor approach)

Consider the decomposition formulas (23) — (24) and
(25) — (26). You can imagine a humber of calculation
options for these kinds of formulas. Consider one of
these, assuming that

a=0, b=M,

&=i. (35

Thus
X={-1,a=0,1,2,...,M —1,M =b}.
In this caser; = x(i), 7 € {0,1,..., K}, and

X ={-1,a = £(0),k(1),k(2),...,k(K—1),k(K) = b}.

Itis evident thaty = Jy; X = J*.
Using (35) in formulas (25) — (26), we obtain

by = cq— (k(i+1) = (i) T (K(+1) —g—1)exgi-1+

+((g + 1= K(3))eni1)-1) (36)

system which works synchronously (in cycles). Any where

considered time interval has integer length (see [5]).

When the above algorithms are implemented, you
have to extract the element from some array (i.e. you
assign its values to some intermediate variable), im-
merse the element to another array (i.e. assign the
value of the intermediate variable to element array),
and also to do certain arithmetic and logical opera-
tions.

E-ISSN: 2224-2880 245

()41 < g+1 < w(i+1) =1 V|[Zi, Ziga || C o, b]l.
(37)

2Recall that considered time is discrete, the unit of time is
equal to the length of the clock cycle

3We believe that the mentioned times do not depend on the
number: of the element in question, but may depend on the type
of array elements and on its length
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Let the implementation of the algorithm for finding
j = k(i) requirer; units of time; we assume that the
additive operation requirefs, time units, and multi-
plicativet,, units of time.

For clarity, as a rule, we indicate the names of in-
termediate variables, although their presence implied
(for example, instead of assigning= (i + 1) with
further use of the simple variabjewe will talk "cal-
culatex(z +1)").

The implementation of the decomposition will be
represented as sequence stages. Consideértheth
stage of the decomposition process.

To indicate the state of the arrays at thé stage,
we will usei as a subscript.

Before the beginning of thiet-1-th stage, the state
of the arrays is characterized as follows:

a/ calculated the value af(i) (and saved in some
simple variable)

b/ array X; is represented as

X;=1{0,1,2,...,i— 1,3},
and arrayJ; = X; looks like
X; = {a = r(0),5(1),5(2), ..., K@)},

c/ arraya is filled up to the element,,;_), SO
that

a; = {Ak(0), k(1) - - - > Au(i=1) }>

d/ arrayb is filled up to the element,;_;)_;,
those.

bi = {bﬁ(io-‘rl)? ce 7b:‘€(i1)—1}7

whereip = min{i | i € X\X}, i, = max{i | i €
X\ X1,

e/ calculated the value of,;)_;.

Carrying out the + 1 th stage consists of the fol-
lowing actions.

1. First, we compute(i+1); it will require 7;,+t,
units of time. R

2. Connect to the array; the next element (i +
1); this will requirefk units of time, and the array
will take the form of the algorithm.

3. Calculation and extraction of the element
Cr(i+1)—1 from arrayc additionally requires, + 7¢
units of time.

4. Adding the element; = ¢, (;4.1)—1 to the array

a will require T, units of time (recall that the value of
k(i+ 1) — 1 already computed and placed in a simple
variable whose name is not mentioned in accordance
with the agreement).

5. Using formulas (36) — (37), we calculdtgfor
each

qge{k(i),k(@)+1,...,5(+1)—2} (38)
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(notice, that the set of indices (38) is not empty, be-
cause; + 1 € Jy\J").

Since the elements @f(i), x(i + 1) andc,;)—;
are already calculated, then you only need to extract
the element,; 1)_; from arrayc and make up the
difference k(i + 1) — x(i); this will require T, + t,
units of time.

To calculate,, we sety = x(i) + 7, so that

br(i)+j = Cr(i)+5—
—(k(i+1) = K(3)) " [ (K(+1) = K(3) + 5~ Dew(p-1+

+(] + 1)C/€(i+1)—].i|7 (39)

and create aloop one {0, 1,...,x(i+1)—r(i)—2}.
Thej-th iteration of this cycle will require certain
time units.
1). Extraction ofc,(;)4.; from the array requires

to+Te time units. 2). The expression in square brack-
ets of (39) require four additive operations and two
multiplicative (previously performed operations natu-
rally in this counting is not counted). Thus they re-
quiredt, + 2t,, units of time.

3). Outside, the square brackets will need to per-
form one multiplicative and one additive operation.
They will taket, + t,,, time units.

4). The resulting valué, = b, ;) ; is needed to

immerse in the arraj. That will requirefb units of
time.

So, for the implementation of a single iteration
of the loop inj required6t, + 3t,, + T units of
time, and such iterations total(i + 1) — x(i) — 1
(obviously, there are no iterations in the case when
k(i4+1) = k(z) +1). Taking into account the prepara-
tory operations mentioned above to find all required
values ofb, at the: + 1-th stage will be required
Te+ta—+ (6tq + 3tm +Te +Tp) (k(i +1) — k(i) — 1)
units of time.

Now it is clear that for the implementation of the
i + 1-th stage as a whole required

Ti+ 3ta + Tg + To + Tat

+(6tq + 3tm + Te + Tp)(k(i +1) — k(i) — 1) (40)
units of time. Summing (40) fare {0,1,..., K—1},
we obtain the next assertion.

Theorem 3. TimeT required for the realiza-
tion algorithm decomposition with the OPS is calcu-
lated by the formula

K-1 R 5
T=3 7i+K@Bt,+Tg+2Tc+
i=0

+T0) + (6tq + 3ty + Te + Tp) (M — K).
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9 Wavelet reconstruction
processor approach)

(single

The evaluation of the reconstruction time is carried
out similarly. Provided (35) formulas (27) — (28) take

the form (as before, the division of(i + 1) — ()

is distributed between the terms to reduce rounding
errors)

ki+1)—j—1

. Jj+1- k(1)
T k(i 4+ 1) — k(4)

k(i 4+ 1) — k(7)

a;—1 -a;+b;

(41)

vj € J/]\/[fh

wherei is defined by relation (28),
R(i) < j+1<r(i+1). (42)

The search for the numbeks is done in a loop
byje{-1,0,1,...,M —1}.

Let the time required to assign a value for simple
variable is equal t@,. Let the comparison operation
requirest. units of time.

Theorem 4. QuantityT™ of time required for
realization reconstruction algorithm with the OPS, is
calculated by the formula

T* = (8tq + 4te + 4ty + 2Ta + Tp + Te) ¥

K
(M +1)+ Y 7+ 2t
=0

(43)

Proof. We divide the proof into five steps.Each of
which deals with a specific part in the implementation
of the proposed algorithm.

0). Before the start of the cycle we assuine 0,

j = —1landfindx(1). This will require2t¢s 4+ 7, units
of time.

1). First we calculates(i 4+ 1). It will require
tq + Ti4+1 UNits of time.

2). In each iteration of the cycle, we check equal-
ity 7 +1 = (i + 1), and if it is true, then we set
i =1+ 1. This will requiret, + t. units of time. The
time 7,41 of calculation of«(: + 1) will be accounted
later.

3). Now we calculate;; using the formula (41).
We need to make four multiplicative and five additive
operations, two extracts from the arrayone extract
from arrayb, and immersing the result in the array
So we need to usét,, + 5t, + 27n + Tt + T time
units.

4). We end the iteration of the loop, settifg=
j + 1. Here you need, + t. units of time.

5). We check the equality+ 1 = M. Ifitis true,
then the cycle is over, the initial flow is found. If it
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is not correct, we need to go to the beginning of the
cycle. This will requiret. + ¢; units of time.

So, one iteration of the loop will be used, +
Ato + Aty + 2T + Ty + T, (excluding sometimes
appearing add;. ;). The number of loop iterations
is the number of elements in the stream.e. equals
M + 1. Considering previously added calculations of
the values ofr; 1, we see what's on the implementa-
tion of the loop (along with preparatory assignments
zero stage) will require units of time. Thus we obtain
equality (43). This concludes the proof.

10 On wavelet interpretation with

parallel system

In the following, parallelization of decomposition and
reconstruction algorithms is considered. We discuss
the situation of the unlimited concurrency. Therefore
1) there are so many parallel processors (cores), as
needed for the considered tasks, 2) there is potentially
unlimited memory (i.e. again, there is as much mem-
ory as it is needed for tasks), 3) processors have free
access to the memory without collisions.

Let Tn, T}, T- be the number of time units re-
quired to retrieve an element from arraysb, c re-
spectively*

Let7h, Ty, T be the number of time units, which
are necessary for immersing an element into arsqys
b, c respectively’

Lett,, t,,, be the number of time units for (paral-
lel) additive and multiplicative operations.

Let ¢, t., t;, t« be the number of time units for
(parallel) assignment, comparison, logical transition
and exchange between "neighboring” processors, re-
spectively.

Finally, assume that the mapping calculatidm)
takesr time units.

Note that in parallel computing the group of
simultaneous operations are calldetk The number
of these operations is called thedth of the deckn
our case, it is assumed that the implementation time
of the deck may be different. This allows you to use
a deck of complex structure. Such decks are called
a stratum They may be considered as small parallel
forms.

The time of implementation (runtime) of the stra-
tum is calledthe height of the stratumIn parallel
form, the stratums are ordered so that the operands for

4As beforeconsidered time is discrete, the unit of time is equal
to the length of the clock cycle.

SRecall once more that the mentioned times do not depend on
the number of the element in question, but may depend on the
type of array elements and on its length
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the operationf each stratum are obtained on previ- 2. Six additive operations and four multiplica-
ous stratums, or are the original algorithm data. Par- tive operations, and besides, two exchanges between
allel algorithm (parallel form) is the ordered system neighboring processors for sending valugs, and
of stratums. The sum of the stratum heights for the k(i + 1). This can be done by the parallel form of
parallel algorithm is calledhe height of the parallel height6t, + 4t,, + 2t..
form. In conditions unlimited concurrency we will try 3. Immersing the result in the arrayrequires a
to find the parallel form of small height. parallel form of heightfc and widthM + 1.

Thus we have proved the next assertion.

Theorem 6. For realization of reconstruction
algorithm with PMS there is a parallel form of height

H* =T, +Ta+ Ty + 6tg + dtm + 2te + Te
and widthiW* = M + 1.

11 Calculating the wavelet decom-
position (parallel processor ap-
proach)

The implementation of formulas (36) — (37) on PMS

can bediscussed in different ways. Consider the fol- 13 C luSi
lowing calculation steps. onclusion

1. Using the stratum of heightand widthK +1, The numerical implementation of the wavelet decom-
we find all the values of(i), i € J_1. Thus we position requires the original gri@ and the nested
define the subset” of the set/ ), , _ _ grid X. This construction is usually determined by
. 2. We perform two additive operations (we find  {he original flowe. It may require significant com-

g +1andi+1). Then we exchange two parts of ) tar resources. Notice that the algorithm for the con-
information (to receivex(j + 1) andc,(;1)—1). Now struction of the embedded grid used here is optimal in
we extract numbers,;), and immerse them in an ;5 certain sense. The disadvantage of this algorithm is
arraya. At last we do two additive operations. FOr 4t it is an essentially sequential process. Though in
all of these operatlons we have to construct a stratum . situations it can be handled as OPS, and on PMS.

with height2t, + T}, +Te +Ta +4t, and widthM + 1. Taking into account the obtained algorithms we

3. Findingb, by formulas (24), (36) — (37) will  consider their implementation with OPS and PMS. In
require extraction of elements from arrapnds, im- the situation of the unlimited concurrency the duration
mersing results into the array as well as five ad-  of calculation with PMS does not depend on the data
ditive and four multlpllcatlve operatlons Thus, the yglume (i.e. it does not depend on the length of the
height of this stratum i + T + Ty, + 5tq + 4tm, initial flow), on the other hand, the duration of cal-
and its width isM + 1. culation with OPS is directly proportional to the data

Thus, the following statement is established. volume.

Theorem 5.  For the realization of decomposi- The application of a sequential algorithm (or par-
tion formulas there is a parallel form of height allel algorithm of small width) is preferable in the case

9 o of the arrival of the initial flow in real time. In this

H = 74244 2T+ 2T e+ Ta+ T+ Ota+ 4t (44) case, the entire flow is not yet received. If the source

with a width of /W’ = M + 1. flow has already been received, then its processing on
PMS can be very effective due to the splitting flow

) into sufficiently long fragments, the number of which
12  Calculating of the wavelet recon- s equal to the number ofparallel processors. The pro-

struction (parallel processor ap- cessing each of these parts carried out sequentially as-
signed to this part computational module with the sub-
proach) sequent connection of these parts in the original order.
Consider a parallel implementation of formulas (41) Thes_e questions will be discussed in the wider version
_ (42). We know that with successive calculations, ©°f this paper.
finding the numbers; was carried out in a loop on
j € J;_,. We notice, that loop iterations can be
considered independently from each other. Therefore
they can be calculated by a parallel system effectively.
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