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VJIK 004.01/08

30ipuuk Te3 nonoigeit XIII MixkHapogHoi HayKOBO-MPAaKTUYHOI KOH(pEPEHIIIT
«IHdopmarriiiai TexHosorii 1 aBromatuzaris — 2020», (Oneca, 22 - 23 xxoBtHs 2020
p.) / Oneceka Hail. akana. xapd. TexHosorii. — Oxgeca: OHAXT, 2020. — 308 c.

30ipHUK MaTepialiB  KOH(EpEeHIli MICTUTh Te3W JIONMOBIIEH HAyKOBUX
JAOCTDKEHb 32 aKTyaJbHUMH TMpoOJieMaMH Yy Taly3sX, BIJHECEHHX [0
3aralbHONPUUHATOTO TepMiHa «IHmaycTpis 4.0».

Po3rnsHyTi mnOHTaHHA MaTeMaTHYHOTO 1 KOMII'IOTEPHOTO MOJICIIOBAHHS;
yhOpaBiiHHSA, OOpOOKM Ta 3axuCTy I1H(OpMAIi; MNPOEKTYBaHHS i1HGOpPMAIIHHUX
CUCTEeM 1 TMPOTrpaMHHUX KOMIUIEKCIB, IITYYHOTO IHTENEKTy; aBTOMaTH3allii
pPOOOTOTEXHIYHUX CHUCTEM; KOMM'IOTEPHUX TENEKOMYHIKAI[IMHUX MeEpex Ta
TEXHOJIOT1; aBTOMATH3alli Ta YHPABIIHHA TEXHOJOTIYHMMH IIPOLIECaMHU; HOBUX
1H(pOpMAIIHHUX TEXHOJIOTIH B OCBITI.

Pe3synbratu nociipkeHb MNPEACTABIAIOTH COOOIO CBOEPITHUI 3pi3 Cy4acHOIro
CTaHy CIIpaB y NEpPEepaxOBaHUX Tally3sX 3HaHb, KU MOKE JTONOMOITHU SIK (PaxiBLSIM,
TaKk 1 CTyJEHTaM BHWIIIB CKJIACTU 3arajiHy KapTHHY PO3BHUTKY 1H(OpMaIiiHuX
TEXHOJIOT'1H Ta MOB’sI3aHUX 3 HUMU NTUTaHb.

B 30ipHuKy npencTaBiieH1 pe3yJabTaTH JOCHIKEHb B 3a3HAYCHUX Tally3sX 3HaHb
B IT nepenoBux yniBepcurerax 3 Kuesa, Xapkosa, JIbBoBa, Onecu, Binnuui, [Jnimnpa,
MukonaeBa (OBHUH CIIHMCOK YYaCHUKIB-OpraHi3aiii quBucs Ha ctp.11). HasBHICTh y
MOJIAHUX MaTepiaiiax 1H(POpMallli aHIIIHCHKOI0 MOBOKO JI03BOJISIE BUKOPUCTOBYBATH
30IpHUK Te3 sK 3aci0 KOMYHIKAI[li MI’)K BUEHUMH PI3HUX KPaiH.

30ipHUK pO3paxOBaHO Ha HAyYKOBUX INPAILIBHUKIB, BHUKJIAJayiB, acHipaHTIB,
CTYJICHTIB BUIIIMX HaBYAJIbHUX 3aKJa/iB, SIKI HAMAralThCs J13HATUCSA PO CyYaCHHM
ctaH Hayku B IT-ramy3i Ta TeHACHIT pO3BUTKY Taiy3ed aBTOMaTHU3allli
TEXHOJIOTIYHUX TporeciB Ta poboroTexHiku. Il i1Hdopmaris wmoxe OyTH
BUKOPHWCTaHA JJIsI BUPIMICHHS IIUPOKOTO KoJia IPOOJIEM B 3a3HAYEHUX PO3JLiIax, 0
BUHHMKAIOTh SK B HABUYAJIBHOMY IMpPOIECi, TaK 1 B JOCHIJHUIBKOMY 1 HAyKOBOMY
IJIaHaXx.

PexomennoBano no myOmikamii Buenoio Panoro I[HCTHTYTY KOMIT'IOTEpHUX
cucteM 1 texHonorid «Iumyctpis 4.0» im. I1.H. IlnatonoBa Onechkoi HaIlioHAIBHOT
akaneMii xapuyoBux TexHosorii Big 02.10.2020 p., nporokon Ne 2.

Mamepianu, 3aneceni 00 30ipHuKa, OpyKyIomvCs 3a A8MOPCbKUMU OPUSTHAIAMU.

3a docmosipnicmu iHghopmayii 8ionogioae asmop nyoaikayii.

© Opecbka HaIllOHAJIbHA aKaIeMisi XapyoBUX TeXHoJOT1i, 2020
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METHOD OF RECURSIVE SUBDIVISION FOR SYNTHESIZING HIGH-QUALITY IMAGES OF
FUNCTIONALLY-BASED OBJECTS USING GPU

Alexandr Romanyuk®, Sergey Vyatkin?, Oksana Romanyuk® (rom8591@gmail.com)

'Vinnytsia National Technical University (Ukraine),

?Institute of Automation and Electrometry SB

The problem of synthesizing high-quality images in real time and a method for specifying three-
dimensional objects based on perturbation functions are considered. A method of recursive search for image
elements of functionally-based objects adapted for GPU is proposed. The advantages of this approach are
shown.

Key words: perturbation functions, the set-theoretic operations, tile imaging technology, recursive
subdivision

Introduction

Ray tracing methods are used to visualize functionally defined objects [1]. However, these methods are
very slow even when implemented on graphics accelerators. Therefore, attempts are made to speed up
calculations in various ways. Thus, in [2], KD trees were used to speed up calculations. The method of
sphere-tracing with finding the largest radius is described in [3].

The purpose of this work is to create a method of recursive subdivision for synthesizing high-quality
images of functionally objects based on perturbation functions using graphics processing units (GPU).

Perturbation Functions

To describe complex geometric objects, we use deviation functions (of the second order) from the base
guadric. Free forms are constructed using quadrics and are represented by a composition of the base quadric
and perturbations:

(% y.2) = F,y2) + Y FR (x,,2) ®

i=1

where fi is the form factor, R(x,y,z) is the perturbation:

Q¥ (x,y,2),if Q(x,y,2)=0

: )
0,if Q(x,y,z)<0

R (XY, Z)={

where Q(X, v, 2) is the perturbing quadric.

The geometric model creates conditions for constructing objects and their compositions of various
complexity. To do this, we use a set of geometric operations @, defined mathematically as follows:

@;: M+M>*+.. +M" M. (3)
For the formation of models of complex objects based on perturbation functions are used in set-

theoretic implemented with the use of Boolean operations of Union and intersection. The binary (n=2) (3)
operation of functions F, and F, means the operation F, =®;(F,, F,) with the definition:

/= y(f1(X), fX)) = 0, 4)

wherey is a continuous real function of two variables.

Tile visualization technology

Tile rendering technology or virtual buffer method is rasterization of primitives into intermediate
portions of screen memory and reuse of these virtual portions to construct a full frame. The rasterization
process is divided into two stages and distributed between the CPU and the GPU.

The CPU divides the object space by a Quaternary tree. During the search process, the cube is divided
into smaller parts, for which the intersection test is checked.

The division process can be divided into two parts. First, the cube is divided into four parts in the XY
plane. Then each part is considered separately. If there is no intersection with the specified volume, this part
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is excluded from further consideration. In addition, with those parts with which there may be an intersection,
a similar division procedure is performed. This process ends when the part under consideration corresponds
to a cell of a certain size (tile). This is a function of the CPU.

The second stage of calculations - processing the list of objects, determining the visibility and color of
pixels-is assigned to the GPU. The GPUs input receives fragments of the object. Then the fragment is tested
for an intersection with a ray directed along the Z-axis and a binary search is performed to find the nearest
intersection point with the object. The task is to find the first point at which the function turns to zero.
Finding such a point for each ray, you can calculate the z coordinate. Then, the normal is calculated in each
pixel. With all the coordinates and normals in each pixel, you can use the local lighting model. As a result,
you will get an image of a smooth object taking into account lighting.

Reducing the time for visualization is achieved by effectively using the computing resources of the
graphics accelerator with the CUDA. The implementation took into account the impact of memory speed.
Maximum use of registers and shared memory. In all other cases, the shared memory of the graphics
accelerator is used. The functions of the graphic accelerator included calculating the coordinates of points on
surfaces, normals, and lighting. The CPU, as well as rasterizing geometric primitives in the tile grid and
forming a list of fragments with all the necessary parameters calculated performed geometric
transformations.

For visualization, the DirectX application-programming interface was used. Testing was performed on
Intel Core2 CPU E8400 3.0 GHz and GTX 470 GTX processors.

In comparison with a simple binary search on the GPU, performance has increased by an order of
magnitude. Performance has increased not only for medium and small objects, but also for large objects with
a large number of perturbations. As the object is divided into tiles and the number of fragments perturbations
decreases.

Conclusion

The distinctive features of this method are dividing the screen into cells and pipelining calculations
using an intermediate frame description in the form of a list of primitives.

Splitting calculations into two phases using an intermediate frame description allows you to achieve
maximum performance at the pixel computing stage, which requires the most resources and determines the
performance of the system as a whole.

The proposed method of setting three-dimensional objects and visualization method have advantages
over the known approaches. The main advantages of the proposed method for setting objects and rendering
them include simplicity of calculating surface points with quick search and rejection of areas that are not
occupied by scene objects; reducing the number of surfaces for describing curved objects.

References

1.J. C. Hart, “Ray Tracing Implicit Surfaces”. Siggraph’93, Design, Visualization and Animation of
Implicit Surfaces, 1993, pp. 1-16.

2.T. Foley, J. Sugerman, “KD-Tree Acceleration Structures for a GPU Raytracer”. Proc.
Siggraph/Eurographics Workshop on Graphics Hardware 2005, pp. 15-22.

3. Liktor G. Ray Tracing Implicit Surfaces on GPU// Comput. Graph. and Geometry. 2008, 10, N3, pp.
36-53.

UDC 004.942:004.715:

DESCRIPTION OF DEADLOCKS IN OPERATING SYSTEMS
ZAVERTAILOK.S.,
Insitute of mathematical machines and system problems (Ukraine)

One of the pressing problems in modern operating systems is the occurrence of deadlocks between
processes. This is problem contributes to decreased productivity in the operating system. Also, this problem
is complicated by that it is very difficult to predict and identify deadlocks[1].

With parallel execution of processes in operating systems, a situation often arises when processes seize
resources in which they must request and thereby block the execution of each other. One process seizes a
resource and uses it for its own purposes, then it turns to another resource and submits a request for
execution, but is refused, since the second resource is held by another process. Thus, the first process goes
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