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MULTI-THREAD PARALLELIZING OF CELL CHARACTERISTICS OF BIOMEDICAL IMAGES

An approach to the parallelization of the process of calculating the quantitative characteristics of cell nuclei on biomedical
images (cytological, histological, immunohistochemical) is proposed, which will speed up the process of making a diagnosis. The
relevance of this task lies in the fact that there are a large number of micro-objects in the image that need to be investigated, and
optimization of time and rational distribution of resources will speed up the stage of calculating the area of cell nuclei and their
average brightness level. In the future, these data are stored in the database for further use as a dataset for the tasks of classificati-
on, clustering, and intellectual analysis. Modern means of data classification and intellectual analysis are used to make a diagno-
sis. When using convolutional neural networks, the input data to the classifier are images in the format .jpg, .png, .bmp, etc. Al-
ternative algorithms and data processing tools in most cases require quantitative characteristics. In the case of using biomedical
images, the quantitative characteristics are the area, perimeter, circumference, length, and major and lateral axes of the cell nucle-
us. The area and other characteristics of cell nuclei characterize the normal state or the presence of pathologies.

Calculating quantitative characteristics on immunohistochemical and cytological images is time-consuming because the num-
ber of cell nuclei in one image can be in the range of 10-20 units. To create a dataset of quantitative characteristics of cell nuclei,
it is necessary to perform calculations on a large number of images, which in turn requires significant resources, at a particular ti-
me. The parallelization of calculating the biomedical image characteristics is implemented on the basis of computer vision algo-
rithms to select the necessary objects and means of software parallelization of tasks at the thread level to speed up the process of
calculating the cell nucleus characteristics. It was established that the existing systems of automated microscopy and diagnostic
systems based on images do not have the presence of a large number of characteristics of cell nuclei and do not have mechanisms
for parallelizing the process of their calculation. The proposed approach makes it possible to speed up the process of calculating
the quantitative characteristics of cell nuclei by 25 %. The relevance of the problem of parallelization is due to the need to pro-
cess a large amount of data for their further reduction and classification. Thread-level parallelization improves image processing
speed and does not require specialized hardware.
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on of quantitative characteristics of cell nuclei on immuno-

Introduction / Bctyn
/ y histochemical and cytological images.

The use of results of immunohistochemical and histolo-
gical research is actively applied in the process of diagno-
sing pathological conditions of breast cancer. The main cri-
teria used by diagnosticians are the area of cell nuclei and
the average level of their brightness. With the help of vari-
ous biomarkers, the doctor visually assesses the coverage

The purpose of the research — is to develop an algorithm
for parallelizing the process of calculating the micro-objects
quantitative characteristics on biomedical images.

To achieve this purpose, the following main research
objectives are identified:

area on the image and its in‘[ensity‘ Given the signiﬁcant ¢ to determine the list of quantitative characteristics of cell

progress in the development of computer vision algorithms nuclei that must be calculated;

and artificial intelligence systems, the task of automating * to develop an algorithm for parallelizing the image proces-

diagnosis based on immunohistochemical images arises. sing process for calculating quantitative characteristics;
Calculating quantitative characteristics on immunohis- ® to perform a comparative analysis of the obtained results.

tochemical and cytological images is time-consuming be- Analysis of recent research and publications. Scientists

cause the number of cell nuclei in one image can be in the
range of 10-20 units. To create a dataset of quantitative
characteristics of cell nuclei, it is necessary to perform cal-
culations on a large number of images, which in turn requi-
res significant resources, at a particular time.

With the development and widespread implementation

in the field of diagnosing breast cancer pay considerable at-
tention to modern tools of computer vision and artificial in-
telligence for image processing. Kamyar Nazeri in his work
[20] pays considerable attention to the problem of classifi-
cation of biomedical images of breast cancer. The authors
achieved a classification accuracy of 95 % using the BreAst

of software and hardware approaches to the. parallelization Cancer Histology (BACH) dataset. Approaches to the clas-
of processes and flows, the task of parallelizing the calcula- . . ; S . .

. o - . . sification of histological images are considered in works
tion of quantitative characteristics of cell nuclei on biome- 131, [171 [18], [22]

dical images becomes urgent.

The object of the research — processes of immunohistoc-
hemical and histological image processing for breast cancer
diagnosis.

The subject of research — methods of image processing
parallelization at the threads level to speed up the calculati-

To calculate the quantitative characteristics of cell nuc-
lei, it is necessary first to segment the input image aimed at
obtaining a new image of the "object — background" type.
There are many approaches to image segmentation. In [7],
the authors present an adaptive method of segmentation ba-
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sed on the use of metrics to assess the quality of segmenta-
tion. Segmentation of biomedical images is a complex pro-
cess since the original microscopic images are characterized
by a high level of noise and the presence of unclear conto-
urs of the studied objects. Therefore, the task of researchers
is to maximally separate cell nuclei in the image. The aut-
hors in [2], [19], [23] present the results of using modern
approaches to biomedical segmentation, in particular, in the
analysis of images used in the diagnosis of breast cancer. Ana-
lyzing the above articles, we can conclude that the use of con-
volutional networks for image segmentation is widely used.

The use of quantitative characteristics in the analysis of
cell nuclei is considered in [12]. The application of quanti-
tative characteristics for data clustering is presented in [9].
Analysis of cytological images based on quantitative cha-
racteristics is given in [6]. The utilization of numerical data
allows the classification, clustering, and regression of bi-
omedical images without the need to directly use images,
the processing of which requires the exploitation of a large
number of resources. Images in *.png, *.jpg, *.bmp and ot-
her formats are suitable for using convolutional neural net-
works, but for other types of algorithms, it is necessary to
convert the information in the image into a numerical format.

The study of the approach to the segmentation of bi-
omedical images based on fuzzy logic using tools for paral-
lelization is presented in [1]. Image segmentation using pa-
rallel processing is discussed in [10]. The authors note the
acceleration of the processing process by 3 times. Means of
parallelization of the biomedical image processing process
are also considered in works [14], [15], [16], [21]. The pro-
ductivity of using parallelism for image processing tasks
using Tensorflow is given in [11]. The resulting accelerati-
on ranged from 3.6 to 15 times. In [4], a new data distributi-
on strategy aimed at CPU-GPU hybrid machines is presen-
ted. Gancheva V. in [13] provides an approach to the paral-
lelization of image processing algorithms at a low level of
computer vision, in particular at the level of filtering.

Such a large number of studies in the direction of dis-
persing the process of processing biomedical images de-
monstrates the relevance and necessity in the development
of this task.

Materials and methods of research. A generalized al-
gorithm for parallel calculation of biomedical images' quan-
titative characteristics.

The result of the microscopic examination is a digital
image in *jpg, *.png, *.bmp format. Parameters of cell
nuclei on immunohistochemical, histological, and cytologi-
cal images characterize the presence or absence of patholo-
gies. In most cases, diagnosticians visually evaluate each
image when analyzing images. The implementation of auto-
mation in this diagnostic process requires the need for qu-
antitative assessment of input parameters, in this case — cell
nuclei. Evaluation of the characteristics of cell nuclei is ba-
sed on the following criteria:

e area;
e perimeter;
e the length of the main axis;
the length of the lateral axis;
e Feret's diameter;
e circumference;
e the area of the bounding rectangle;
e the angle of inclination to the OX axis.

In general, the generalized algorithm for parallel calcu-
lation of quantitative characteristics of biomedical images
consists of the following steps:

Step 1: Download the image to the computer memory.

Step 2: Noise removal. At this stage, Gaussian and me-
dian filters are used to remove Gaussian and impulse noise,
respectively. The rules for selecting input filter parameters
(filter window size) are discussed in [8].

Step 3: Preprocessing. This stage involves the use of al-
gorithms for adaptive alignment of the image histogram to
avoid the presence of darkened or too-bright areas.

Step 4: Segmentation. One of the most important stages,
since the quality of calculations of quantitative characteris-
tics of cell nuclei, will depend on the quality of segmentati-
on. This work uses adaptive segmentation based on elements
of fuzzy logic. The rules of fuzzy logic for this problem we-
re selected by the author based on experimental studies.

Step 5: Highlighting each kernel on the segmented ima-
ge — Parallel execution.

Step 6: Calculation of quantitative characteristics — Pa-
rallel execution. The stage of calculating the quantitative
characteristics of micro-objects consists of two parts: the
selection of contours, and key points, and the use of known
formulas for calculating the area, perimeter, circumference,
and other characteristics of cells. The process of calculating
cell characteristics is described in detail in [5].

Step 7: Output of calculation results to the screen and
storage in the database — Parallel execution.
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Figure 1. Tier-parallel form of representation of parallelization of
the process of calculating quantitative characteristics / SIpycHo-
napajesbHa popMa IpeAcTaBIeHHS NPOLECY po3NapasIe/eHH
00YHCIICHHS KUTBKICHIX XapaKTEPUCTHK

Step 8: To ensure the correct operation of the program
and to avoid unexpected termination of the program, a thre-
ad synchronization mechanism is provided. That is, the
completion of all threads is expected and only after that the
following components of the program are executed.
Software implementation in the Java programming langua-
ge occurs using the executor .awaitTermination method.
The syntax for calling this method is as follows:

boolean awaitTermination(long timeout, TimeUnit unit),
where long timeout — the maximum time to wait. TimeUnit
unit — the unit of time of the timeout argument.

YKpaiHCbKMit KypHan iHpopmaLiitHux TexHonorii, 2022, 1. 4, Ne 2 41



The tier-parallel form of representation of the paralleli-
zation of the process of calculating quantitative characteris-
tics is shown in Figure 1.

The generated calculation results are stored in a list of
type ObservableList<Nuclei>, where "Nuclei" is a designed
entity containing information about quantitative characteris-
tics such as area, perimeter, coordinates, etc. This list is
global, that is, in the future, you can get a list of all records
of the collection.

Research results and their discussion / Pe3ysib-
TaTHU JO0CaiJKeHHs Ta iX 06roBOpeHHA
The processing of immunohistochemical and histologi-

cal images is reduced to the presentation of images in the
form of "white background, black objects".

Figure 3. The graphical interface of the developed program for cal

An example of a cell nucleus and the process of calcula-
ting its characteristics are shown in Figure 2.
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Figure 2. Visualization of the process of calculating quantitative
characteristics / Bi3yasizatist mporiecy o0UHCIIeHHS KiTbKICHHX
XapaKTepHCTHK: a — original image / opuriHagbHe 300paKeHHS;
b — area / momia; ¢ — main axis / rojioBHa Bick; d — area of bo-
unding rectangle / rurora 0OMeKyBaTbHOTO MPSIMOKY THHKA

The graphic interface of the developed program is
shown in Figure 3.
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padiunnii inTepdeiic

PO3pobIIeHOT IporpamMu TSl PO3PaXyHKY KiTbKICHHX XapaKTePUCTHK sep KIiTHH

The software module consists of the following compo-
nents: image upload unit and database connection; proces-
sed image output unit; a unit for outputting quantitative
characteristics in tabular form.

The provision of thread-based parallelization is imple-
mented using the Executor framework, which is a compo-
nent of the Java programming language. The working prin-
ciple of the Executor framework is shown in Figure 4.

Operation 1
1
Operation 2
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Operation 3 ; =
I |
Operation 4 Operation 2

Figure 4. The working principle of the Executor framework / [Tpun-
i pobotu pperiMBopky Executor

Executor Service allows you to use a convenient prog-
ramming interface to manage the execution of operations at
the thread level. Table 1 shows the hardware parameters of
the computer on which the experiments were performed.

Table 1. Parameters of the hardware part of the computer / [Tapa-
METpH anapaTHoro 3a0e3medeHHs

Parameter Value
Processor | Intel (R) Core (TM) i5-7200U CPU @ 2.50GHz
Intel(R) Core(TM) i5-8400 CPU @ 2.80GHz
RAM 8,00 Gb

The results of the research are shown in Figure 5. The
average result of the execution time of the experiments using
parallelism and without parallelism is shown in Figure 6.
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Figure 5. Comparative analysis of conducted experiments / [Topis-
HSUTBHHH aHai3 npoBenennx ekcriepumenTis (Intel (R) Core
(TM) i5-72000)
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Figure 6. The average result of the execution time of experiments
using parallelism and without parallelism / Cepenns TpuBaiticth
BHKOHAHHSI 3aBJIaHHS 3 BUKOPUCTAHHSIM Iapajielti3my Ta 6e3
HBOT'O
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Discussion of research results. From the results of the
experiments, it can be concluded that the increase in the ti-
me of the calculation of quantitative characteristics of mic-
ro-objects is an average of 25 %. In the developed software
module, the number of threads is determined automatically
depending on the number of segments in the image.

So, based on the results of the work performed, it is
possible to formulate the following scientific novelty and
practical significance of the research results.

The scientific novelty of the obtained research results —
the development of a tiered-parallel form of the algorithm
for calculating the characteristics of biomedical images,
which allows to speed up the image processing process.

The practical significance of the research results — is
the software implementation of the module for calculating a
stack of segmented biomedical images on JAVA program-
ming language for the purpose of calculating the quantitati-
ve characteristics of cell nuclei.

Conclusions / BucHOBKH

In this research:

1. A tiered-parallel form of the task of calculating the
quantitative characteristics of cell nuclei on a stack of ima-
ges was developed, which made it possible to speed up the
process of executing the task using the Executor Service
framework;

2. Approaches to the classification of biomedical images
(immunohistochemical, histological) were determined,
which made it possible to identify the necessary parameters
of cell nuclei;

3. A comparative analysis of the obtained results de-
monstrates a 25 % acceleration of the image processing
process compared to the case without the use of parallelism.
For 6 cores, the increase is about 15%.

References

[1] AlZubi, Shadi, Shehab, Mohammed, Al-Ayyoub, Mahmoud,
Jararweh, Yaser, Gupta, Brij. (2020). Parallel implementati-
on for 3D medical volume fuzzy segmentation. Pattern Re-
cognition Letters, 130, 312-318.
https://doi.org/10.1016/j.patrec.2018.07.026

[2] Amgad, M., Elfandy, H., Hussein, H. (2019). Structured
crowdsourcing enables convolutional segmentation of histo-
logy images.  Bioinformatics,  35(18), 3461-3467.
https://doi.org/10.1093/bioinformatics/btz083

[3] Aratjo, T, Aresta, G, Castro, E, Rouco, J, Aguiar, P, Eloy, C,
Polénia, A., & Campilho, A.. (2017). Classification of breast
cancer histology images using Convolutional Neural Net-
works. PLoS ONE, 12(6), e0177544.
https://doi.org/10.1371/journal.pone.0177544

[4] Barreiros, W., CM.A. Melo, A., Kong, J., Ferreira, R., M.
Kure, T., H. Saltz, J., Teodoro, G. (2022). Efficient micros-
copy image analysis on CPU-GPU systems with cost-aware
irregular data partitioning. Journal of Parallel and Distribu-
ted Computing, 164, 40-54.
https://doi.org/10.1016/i.jpdc.2022.02.004

[5] Berezky, O. M. (Ed.), Batko, Yu. M., Berezka, K. M., Ver-
bovy, S. O., Datsko, T. V., Dubchak, L. O., Ignatev, [ V.,
Melnik, G. M., Nikoluk, V. D., & Pitsun, O. Y. (2017). Met-
hods, algorithms and software tools for the processing of bi-
omedical images: monograph. Ternopil: TNEU "Economic
Thought", 330 p.

[6] Berezsky, O. M., Pitsun, O. Yo., Melnyk, G. M., & Datsko,
T. V. (2021). Application of linear regression method for
analysis of cytological images quantitative characteristics.

Ukrainian Journal of Information Technology, 3(1), 73-717.
https://doi.org/10.23939/ujit2021.03.073

[7] Berezsky, O., Pitsun, O., Batryn, N., Berezska, K., Savka, N.,
& Dolynyuk, T. (2018). Image Segmentation Metric-Based
Adaptive Method. IEEE Second International Conference on
Data Stream Mining & Processing (DSMP), 554-557.
https://ieeexplore.ieee.org/document/8478579

[8] Berezsky, O., Pitsun, O., Derish, B., Berezska, K., Melnyk,
G., & Batko, Y. (2020). Adaptive Immunohistochemical Ima-
ge Pre-processing Method. 10th International Conference on
Advanced Computer Information Technologies (ACIT), 820—
823. https://ieeexplore.ieee.org/document/9208920

[9] Berezsky, O., Pitsun, O., Dubchak, L., Berezka, K.,
Dolynyuk, T., & Derish, B. (2020). Cytological Images Clus-
tering of Breast Pathologies. 2020 IEEE 15th International
Conference on Computer Sciences and Information Techno-
logies (CSIT), 62-65. https://ieecexplore.ieee.org/docu-
ment/9321867

[10] Cao, Jianfang, Chen, Lichao, Wang, Min, & Tian, Yun
(2018). Implementing a Parallel Image Edge Detection Algo-
rithm Based on the Otsu-Canny Operator on the Hadoop Plat-
form. Computational Intelligence and Neuroscience, 2018,
Article ID 3598284. https://doi.org/10.1155/2018/3598284

[11] Demirovi¢, D., Skeji¢é, E., & Serifovi¢ — Trbali¢, A. (2018).
Performance of Some Image Processing Algorithms in Ten-
sorflow. 25th International Conference on Systems, Signals
and Image Processing (IWSSIP), 1-4. https://ieeexplo-
re.ieee.org/document/8439714/

[12] Fujima, N., Hirata, K., Shiga, T., Li, R. (2018). Integrating
quantitative morphological and intratumoural textural charac-
teristics in FDG-PET for the prediction of prognosis in
pharynx squamous cell carcinoma patients. Clinical Radi-
ology, 73(12). https://doi.org/10.1016/j.crad.2018.08.011

[13] Gancheva, V. (2021). Parallel Multithreaded Medical Images
Filtering. 2021 International Conference on Computational
Science and Computational Intelligence (CSCI), 1788—1793.
https://ieeexplore.icee.org/document/9799119

[14] Haiyan, Gu, Han, Yanshun, Yang, Yi, Li, Haitao, Liu,
Zhengjun, Soergel, Uwe, Blaschke, Thomas, & Cui, Shiyong
(2018). An Efficient Parallel Multi-Scale Segmentation Met-
hod for Remote Sensing Imagery. Remote Sensing, 10(4),
590. https://doi.org/10.3390/rs10040590

[15] Hangiin, B., Eyecioglu, O. (2017). Performance Comparison
Between OpenCV Built-i CPU and GPU Functions on Image
Processing Operations. International Journal of Engineering
Science and Application, 1,34-41.

[16] Huang, B., Xue, J., Lu, K., Tan, Y., & Zhao, Y. (2021).
MPNet: Multi-scale Parallel Codec Net for Medical Image
Segmentation. In: Fang, L., Chen, Y., Zhai, G., Wang, J.,
Wang, R., Dong, W. (Eds). Artificial Intelligence. CICAI
2021. Lecture Notes in Computer Science, 13069. Springer,
Cham. https://doi.org/10.1007/978-3-030-93046-2_42

[171Li, Y., Wu, J., & Wu, Q. (2019). Classification of Breast
Cancer Histology Images Using Multi-Size and Discriminati-
ve Patches Based on Deep Learning. IEEE Access, 7, 21400—
21408. https://ieecexplore.ieee.org/document/8636921

[18] Peizhen, Xie, Ke, Zuo, Jie, Liu, Mingliang, Chen, & Shuang,
Zhao (2021). Interpretable Diagnosis for Whole-Slide Mela-
noma Histology Images Using Convolutional Neural Net-
work. Journal of Healthcare Engineering, 2021, Article ID
8396438. https://doi.org/10.1155/2021/8396438

[19] Qaiser, T., Tsang, Y.-W., Taniyama, D., Sakamoto, N., Naka-
ne, K., Epstein, D., & Rajpoot, N. (2019). Fast and accurate
tumor segmentation of histology images using persistent ho-
mology and deep convolutional features. Medical Image
Analysis, 55, 1-14. https://doi.org/10.1016/j.me-
dia.2019.03.014

[20] Ramirez-Quintana, J., Acosta-Lara, 1., Ramirez-Alonso, G.,
Chacon-Murguia, M., & Corral-Saenz, A. (2022). A Lightwe-
ight Convolutional Neural Network for Breast Cancer Diag-

YKpaiHCbKMit KypHan iHpopmaLiitHux TexHonorii, 2022, 1. 4, Ne 2 43



nosis with Histology Images. Pattern Recognition. MCPR
2022. Lecture Notes in Computer Science, 13264. Springer,
Cham. https://doi.org/10.1007/978-3-031-07750-0_30

[21] Roels, J., De Vylder, J., Saeys, Y., Goossens, B., & Philips,
W. (2016). Decreasing Time Consumption of Microscopy
Image Segmentation Through Parallel Processing on the
GPU. In: Blanc-Talon, J., Distante, C., Philips, W., Popescu,
D., Scheunders, P. (Eds). Advanced Concepts for Intelligent
Vision Systems. ACIVS 2016. Lecture Notes in Computer

[22] Vang, S., Chen, Y. Z., & Xie, X. (2018). Deep Learning Fra-
mework for Multi-class Breast Cancer Histology Image Clas-
sification. Computer Vision and Pattern Recognition, Compu-
ter Science, Arxiv. https://doi.org/10.48550/ar-
Xiv.1802.00931

[23] Xu, H., Liu, L., Lei, X., Mandal, M., Lu, C. (2021). An unsu-
pervised method for histological image segmentation based
on tissue cluster level graph cut. Computerized Medical Ima-
ging and Graphics, 93. https://doi.org/10.1016/j.compmedi-

Science, 10016. Springer, Cham. https://doi.org/10.1007/978-
3-319-48680-2_14

mag.2021.101974

0. 1. ITiyyn

3axionoyxpaincokuil nayionanehuti ynisepcumem, m. Tepronine, Ykpaina

BATATOIIOTOKOBE PO3IIAPAJIEJIEHHA ITIPOLECY OBYUC/IEHHA XAPAKTEPUCTHUK KJII-

THUH BIOMEAUYHUX 306PAKEHDb

3anponoHOBAHO IiIXiJ] 0 po3napajeneHHs Iporecy 00UNCIeHHS KUTbKICHUX XapaKTepHCTHK saep KIITHH Ha O10MeInIHUX
300pakeHHSAX (IIUTONOTIYHUX, TFICTOJOTIYHUX, IMYHOTICTOXIMIYHKX ), 1[0 JAaCTh 3MOTY MPHUINBUAIIMTH MPOIIEC TOCTAHOBKH Jiar-
HO3y. J[Js1 HOCTaHOBKHM iarHO3y BUKOPHCTOBYIOTH Cy4acHi METOAM i 3aCO0M 1HTEJIEKTYaJIbHOTO aHali3y JaHUX, CKIaI0BOIO Yac-
TUHOIO SIKOTO € Kiacudikamis naHux. [Ipu BUKOpUCTaHHI 3rOPTKOBUX HEHPOHHUX MEPEX BXIMHUMHU AaHUMHU IS 1X Kiacudikamii
€ 300paxenHs y gopmari *.jpg, *.png, *.bmp Ta iH. ATbTEpHATHBHI AITOPUTMHU Ta 3aC00M 0OPOOICHHS JaHUX 3/1e0LIBIIOr0 BH-
MararTh HasiBHOCTI KUTPKICHHX XapaKTePUCTUK. Y BUMAIKy BUKOPHUCTaHHS 010MEIUYHHUX 300paKCHb KUTBKICHUMH XapaKTepHUC-
TUKaMH € IUIOINA, TIEPUMETP, OKPYKHICTh, JOBXKHHA TOJIOBHOI Ta Gi4HOI oci siapa kiiTuH. [lnoma Ta i XapakTepHCTHKH sIep
KJIITHH XapaKTepU3yI0Th HOPMAIGHHUN cTaH ab0 HasIBHICTB IATOJIOTI.

PosnapaneneHHs mnporecy OOYMCICHHS XapaKTEPUCTHK OIOMETUYHHX 300pakKeHb pealli3oBaHO HA MiJCTaBi alTOPUTMIB
KOMI'IOTEPHOTO 30py Ul BUIUICHHS HEOOXIMHUX 00'€KTIB i 3aC00iB MPOrpaMHOTo po3napaieeHHs 3aJa4 Ha PiBHI IOTOKIB JUIs
NPUIIBHALICHHS TPOLeCy 00YMCICHHS XapaKTepUCTHK sapa KiituH. [1ixin momsrae y nmporpaMHOMY po3mnapajieieHHi Ha piBHI
MOTOKIB HE3aJIe)KHUX 3a/1a4 OOUYHCIICHHS KITbKICHUX XapaKTEePUCTHK siep KITHH 3 BUKopucTaHHsaM Executor framework. Bera-
HOBJICHO, 110 HasiBHI CUCTEMH aBTOMATH30BaHOT MiKpPOCKOIII Ta CHCTEMH IiarHOCTYBaHHS Ha MiJCTaBi 300pa)KeHb HE BOJOMIIOThH
HasIBHICTIO BEJIMKOI KINBKOCTI XapaKTEPUCTHK sIep KIITHH Ta HE MAalOTh MEXaHi3MiB JI0 po3MapajeeHHs IpoLecy iX 00YucieH-
HS1. 3aIPONIOHOBAHUHN MIAXiJ Ja€ 3MOTY NPHIIBUAIINTH IPOLEC OOYNCICHHS KUTBKICHIX XapaKTepPHUCTHK saep KITHH Ha 25 %.
AKTyaJbpHICTb 33/1a4i po3mnapasesneHHs: 00yMOBJIEHa TOTPeOOI0 OMpPAIIOBAHHS BEJIUKOTO 00CSTY JaHHUX I HOJAJIbIIO IX peayK-
nii Ta Knacugikanii. Po3nmapaneneHns Ha piBHI MOTOKIB Aa€ 3MOTY 30UIBIINTH MIBUIKICTE ONPAIIOBAHHS 300paKeHb Ta HE BUMa-
ra€ HasBHOCTI CIIEIiaTi30BaHOT0 allapaTHOTO 3a0e3MeUeHHs.

Knrwowuoei cnosa: iMyHOTiCTOXiMisT; TICTOJIOTIS; TIOTOKH; SAPO KIITHHH.
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