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Hoxasano, wo nodanvuie 600CKOHANICHHSL GI0COTHPOPMAYIUHUX MEXHON02I 8 HANPSAMKY NIOBUUIeHHST PO30LTbHOL
30amnocmi, HeMuHyye npu3gooums 00 Pi3Ko2o 3pocmanis 06cA2ie gideodanux. Y c8oio uepey, 00IpyHmMosyemovcs
BUHUKHEHHS CYNEPEeYHOCII MIdIC 8UMO2AMU 3 00OHO20 OOKY w000 OesneKu, a 3 iHuw020 — Wooo C80EUACHOCI i
ompumanus. OOnum 3 eeKmusHuUx HAnpamie CMEOPEHHSI MEXHONORI MPUBUMIDHO20 KOOYBAHHS € KOOOBI
cmpykmypu, AKi hopmyromsca 018 mMpusUMIpHUX noaiadiunux yucen. Ilposodeno po3pobky memooonozii oyinku
CKIIAOHOCMI aneopumMiuHol peanizayii mpueumMipHo20 mpupieHesoeo NoLiaoUYHO20 KOOY8AHHS 3 BUKOPUCHAHHAM
napanenvroi cxemu 00pooku. Memooono2isa 6a3yemvcsa Ha 1ACMUBOCI MPUBUMIPHO20 NOTIAOUYHO2O KOOYBAHHS,
Wo CKIA0aemvCs 8 3a6e3nedenni MONCIUBOCI PACNAPANIENI08AHHA OOUUCTEHHA KOOY O 6Cb020 MPUSUMIPHO20
noniaouunozo uucna (TII4). Obrpynmosano, wjo KinbKicme onepayiti CKOpOUYEMbCA AK pe3yIbMmam HACMYNHO20
DPO3NAPANENIO8AHHA. NAPANETbHO20 0OUUCTEHHA KOOY 30 PAXYHOK NOCTIO08HO20 NONAPHO20 YKPYNHEHHA PO3pA0ie 3a
CIOBNYAMU, NAPATENLHO20 OOUUCTEHHSA KOOY PAOKA 34 PAXYHOK NOCTIO08HO20 NONAPHO20 YKPYNHEHH: po3padia 3d
PAOKAMU.

Knto4yoBi cnoBa: TpyBMMIpHE KOOYyBaHHSA CTPYKTYP BideoaaHux, KinbKicTb apndMeTUYHUX onepawin.

It is shown that further enhancement of video information technologies in the direction of resolution enhancement
that inevitably lead to the sharp growth of video data volumes. Origin of a contradiction between requirements on
the one hand concerning safety of the led-up information, and on the other side of relatively timeliness of its
receiving is in turn justified. One of the effective directions of creation of three-dimensional coding technologies
are the code structures created for three-dimensional poliadic numbers. It is developed methodologies of an
assessment of complexity of three-dimensional three-level poliadic coding algorithmic implementation with use of
the parallel diagram of processing. The methodology is based on property of the three-dimensional poliadic coding
consisting in a possibility to parallelize computation of a code for all three-dimensional poliadic number (TDPN).
It is justified that the number of operations is reduced as result of the following multisequencing: parallel
computation of a code at the expense of sequential on conjugate enlargement of discharges on columns, parallel

ISSN 2075-0781. HaykoemHi TexHonorii, 2014. Ne 4 (24)

computation of line code at the expense of sequential on conjugate enlargement of discharges in the lines.

Keywords: three-dimensional coding of video data structures, number of arithmetical operations.

Introduction

New initiatives which are created in the sphere of
information services lately were the reason of high-
quality development of video information services.
Further enhancement of such systems goes in the
direction of resolution enhancement. Here personnel
and temporal permission or quantity of the frames
created in unit of time is understood; personnel
spatial resolution or quantity of the frames which are
formed for one video scene; permission of a frame
or quantity of the lines and columns used for
formation of one picture; permission of pixel.

These circumstances inevitably lead to the sharp
growth of volumes of video data. In too time of the
characteristic of telecommunication systems, despite
increase in their productivity, significantly lag
behind growth rates of needs for qualitative video
information support.

It is followed by creation of a contradiction
between requirements on the one hand concerning
safety of the led-up information, and on the other
side of relatively timeliness of its receiving. In this

© Ryabkha Yu. M., 2014

regard systems of compression of video data are
created [1]. The greatest abbreviation of volumes of
video data happens on the basis of elimination of
psycho visual redundancy. But such direction is
connected to losses of part of information [1].

Respectively for these reasons need of further
development of technologies for compression and
coding of video information structures is dictated
[2—4]. In this direction it is required to provide
increase of compression characteristics taking into
account abbreviation of redundancy in three-
dimensional data structures that defines relevance of
a scientific and application-oriented perspective of
researches.

One of the effective directions of creation of
three-dimensional coding technologies are the code
structures offered in operations [5; 6]. Here code
representation is created for three-dimensional
poliadic numbers. For lowering of temporal time
delays on processing in operations the parallel
diagram of implementation of three-dimensional
coding is built. However for this technology there is
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no assessment of implementation complexity on
computing devices. Here first of all it is required to
evaluate number of operations on three-dimensional
processing in case of using the parallel computation
technology. Therefore the purpose of article
researches consists in development of the number
valuation method of operations on three-dimensional
coding.

Development of the valuation method

of computing complexity of parallel

three-dimensional coding implementation

One of advantages of three-dimensional polyadic
coding is opportunity to parallelize computation of a
code for all three-dimensional polyadic number
(TDPN). It follows from physical features of three-
dimensional polyadic numbering process and a
choice of bases single system. Then step-by-step
formation of a code for different enlargement levels
of the three-dimensional data structure (TDDS) will
be set by the following ratio [6]:
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This expression allows to parallelize process of
three-dimensional polyadic coding.

Determination of number of the operations
spent for receiving a code number for all
parallelepiped data structure. Because
multisequencing for all four stages will be
organized for the score on conjugate enlargement
of adjacent discharges, we will select quantity of
lines n_, quantity of columns n_ and number of

sections n, the multiple of a level 2. Then for
formation of a code N, on the basis of the
sequential and recurrent diagram the following
number of operations is spent: on formations of a
code for a separate vertical — 2n_ operations of
multiplication and addition; for receiving a code
of one plane formed by one column and n_
verticals on n, each sections — n_(2n,+2)
operations of multiplication and addition; for
formation of a code N, of all parallelepiped
(enlargement on the planes, formed by all
columns) it is necessary to execute [l operations
of multiplication and addition:
w=n(n,(2n+2)+2). )
Follows from the analysis of a formula (1) that
the number of operations on compact data

representation is equal to an order O(n’) .

Therefore for lowering of operations number of
coding it is necessary to use the parallelizing

diagrams of three-dimensional poliadic
numbering.
We will define number of computation

operations of a code-number N, for each stage of
multisequencing. In case of multisequencing on
separate verticals the summary number of
multiplication operations and addition operations
u, by formations of a code N, is on a formula:

w,=n(n, (2log,n +2)+2), (2)

where 2log, n. — number of addition operations
and multiplication by receiving a code-number of
a separate vertical for parallel on conjugate
enlargement of discharges a,. of TDPN.

From comparing of expressions (1) and (2) it is
visible that the number of operations W, is less
than number of operations L on value of an order
n./log,n, times.

Additional abbreviation of operations number
on compression is reached due to multisequencing
in the lines. For this option the number p, of

multiplication operations and addition operations
is equal

w, =n_(2log,n, n, +2), 3)

where 2log,n.n_ — summary number of

o
multiplication operations and addition operations
for receiving one plane corresponding to one

column and n_ verticals on n_ each sections (this
case corresponds to simultaneous parallel
computation of all verticals within one column).
Comparing of formulas (1) and (3) shows that
the number of operations | exceeds number of

n, (2n,+2)+2

operations [, on value equals .
2log,n . n_+2

For receiving a code N, on the basis of
simultaneous parallel computation of codes for all
verticals of a parallelepiped it is spent L,
operations of multiplication and addition

u, =2log,n.n_n_, . 4)
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Conjoint analysis of expressions (1) and (4)
shows that the scoring in number of operations due
to transition from recursively — sequential three-
dimensional poliadic coding to coding on the basis
of multisequencing on all verticals of a
parallelepiped reaches value equals

w o on, (nmp (2n,+2)+2)

5
u, 2log,n n_n ®)
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The calculations which are carried out on a
formula (5) show that for parameters of a paral-
lelepiped equal n, =n_=n_=4, n.=n_=n_ =8,

the

reaches values 14 times, 64 times and 364 times.
Value of a scoring of three-dimensional poliadic
coding of rather two-dimensional poliadic coding is
on a formula

n. (2log,n_n

e’ Ler6

and n,=n_=n_=16 scoring respectively

+2)/ 2log,n.n_n.,. (6)

c Tl

Thus the value of a scoring received on the basis
of calculations for a formula (6) for n,=n_=n_ =16

is equal to 12 times.

On the basis of the explained follows that value
of a scoring by number of operations on compression
due to transition from recursive and sequential to

parallel three-dimensional poliadic coding for
parallelepiped ~ parameters n,=n_=n_=4
n,=n_=n_,=8 and n,=n_=n_ =16 reaches

according to values 14 times, 64 times and 364 times.

In the presence of n g n, n. microprocessors it

is possible to organize direct computation of a code-
number N, by known values 4,={a,.}, 1<j<n_,

I<isn, ,1<sz<n_.

In this case each microprocessor shall execute
one operations of multiplication and one operation
of comparing for check on validity of the next
element, one operation of multiplication for count of
weight factors of the TDDS previous elements and
one addition operation for receiving a code value of
the current integrated element.

Such procedures are required to be executed at all
three levels of processing of a three-dimensional
data structure.

(max)

Then the summary number of operations W’

for formation of a code-number will be equal to all
three-dimensional data structure

(max) __

I"Lkz 10g2 (2 nCT6 nCTp nc (multlplylng) +
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(addition)) @)
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For a case n,=n,, =n=n the maximum

number of operations for parallel coding is on a
formula

um =log, (n*(2,6+1+1,5))=

3 (8)
=log, (5,1n").

Respectively time #,™ for formations of a code-
number for all TDDS in case of n,=n., =n=n
and time of coding T d(:“x) of the image frame with

sizes Z,, X Z, are equal

1 =log, (5,1n°) /U, 9)

T =Z, X Zoo 17 [ (10)

c1d

Dependence of summary time values 7, from

n for U, =107 (m.o./s), received on the basis of
ratios (9) and (10), it is provided in table.

Dependence of time of the image recovery Z“k‘zm") on the size of aframe and volume of TDDS

Size of a frame Volume of TDDS 7* Ec(zmax) , Sec
1024 %1024 512 6 x107°
30002000 512 33 x107°
70005000 512 1,9 x107*

Comparative data analysis shows in table that:

— parallel implementation of three-dimensional
poliadic coding provides to rather sequential imple-
mentation reduction of processing time to 100 times;

— with increase of the TDDS sizes time of
coding increases on average by two orders. It is
explained by increase of quantity of the three-
dimensional data structures processed sequentially;

— the parallel diagram of implementation
provides formation in real time of code
combinations of video elementary stream compact

representation with a frequency of 50 frames per
second and with images sizes of 7000x5000
elements.

Conclusions

The methodology of an assessment of complexity
of three-dimensional three-level poliadic coding
algorithmic implementation with use of the parallel
diagram of processing is developed. The
methodology is based on property of the three-
dimensional poliadic coding consisting in a
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possibility to parallelize computation of a code for
all three-dimensional poliadic number (TDPN). It
follows from physical features of three-dimensional
poliadic numbering process and a choice of a single
bases system. At the expense of it parallel
implementation of three-dimensional poliadic
coding is developed. Such coding is based on the
following stages of multisequencing: parallel
computation of a code at the expense of sequential
on conjugate enlargement (receiving dipoliadic
numbers on columns) discharges on columns;
parallel computation of a line code at the expense of
sequential on conjugate enlargement (receiving the
dipoliadic numbers in the lines) discharges in the
lines; multisequencings for formation of verticals
codes on the basis of parallel on conjugate
enlargement of TDPN discharges; multisequencing
at the expense of simultaneous on conjugate
enlargement of TDPN discharges on all verticals.

Thus the following results are received:

— parallel implementation of three-dimensional
poliadic coding provides to rather sequential
implementation reduction of processing time to
100 times;

— the parallel diagram of implementation provides
formation in real time of code combinations of video
stream compact representation with a frequency of
50 frames per second and with images sizes of
7000x5000 elements.
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