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BCTYN

MobBinsHi TexHonorii kapauHaneHo 3MiHUNKM cnocid Baaemoaii naen 3
undposoio iHopmauiern. 3a 0CTaHHE AeCATUNITTA CMApPTQOHK NEePEeTBOPUNNCA
3 npocTux 3acobis KOoMyHiKaLil Ha NOTYXHI oBuucoBansHi nnardopmu, ski
CYNPOBOIKYIOTE KOPUCTYBA4IB NPOTATOM yCbOro AHA. ¥ 2024 pouj KinbkicTe
KopucTyBadis cmapTdoHie y CeiTi nepesuwmuna 6,8 Minsspaa niogei, a cepeaHin
4ac BMKOPUCTaHHA MODINLHWUX A0AATKIB CTAHOBKTL NOHAA 4 roauHW Ha aeHs [1].
CyuacHi MoDinbHi 40AaTKM XapaKTepuaylTLCa CKNAaHICTIO apXiTeKTypH,
IHTEHCMBHVM BUKOPUCTaHHAM MEPEXEBUX PECYPCIB Ta BUCOKUMU BUMOTamMu A0
npoaykTusrocTi. Mnarcgopma Android, sika 3aiimae noran 70% CBITOBOrO PUHKY
MOBiNbHUX onepauinHnux cUCTeM, Hanae po3pobHUKaM LMPOKI MOXNUBOCTI ANA
CTBOPEHHA IHHOBALAHUX pilleHb, NPOTe BOAHOMAC BUCYBAE XKOPCTKI BUMOIM
W0A0 eeKTUBHOMO BUKOPUCTAHHA CUCTEMHIMX Pecypeie Ta 3abeaneseHHs
NNaBHOTO KOPUCTYBALILKOTO AOCBIAY.

OpHWM i3 ronoBHUX NpiOpUTETIB Cy4acHo! MOBINLHOT po3pobku €

CTBOpEHHs aoaarkie, siki 3ab YIOTh mrar A KOPUCTYBALIbKUA
aocein. Koxex kopucTyeay MoOIbHOIO NPUCTPOKD OMIKYE MUTTEBOTO BIATYKY

B8iA noaarky, ocobNUBO NpK B3aEMOAIT 3 BisyanbHUM KOHTEHTOM. [loCnimxeHHs
noKa3yloTs, WO 3aTpuMKa siaryky noHan 100 MinicekyHa CnpuiMacTscs
KOPUCTYBa4amm ik NOMITHA, @ 3aTpPUMKa NoHaa 1 CeKkyHaW NPU3BOAUTL A0
BTPaTH KOHUEHTpaUil Ta HeraTMBHOrO BpaxeHHs Bia aoaartky [2].

Cepen ycix kareropii mobinbHux aoaarkie ocobnuee micue 3anmaioTs
coujaneHi Mepexi Ta 4ogaTku Ans 0OMiHY BisyanbHUM KOHTEHTOM. Taki
nnavgopmu, sk Instagram, Facebook, TikTok Ta iHwi, woaxs obcnyrosytoTs
Minbspay KopucTysasis, 3abeaneyytour GeanepepeHuit NOTIK 300paxeHs, Bineo
Ta iHWoro meaiakoHTeHTy. Levaka Ta edektueHa poborta uux goaarkie Moxe
3HAYHO BNNMHYTH Ha 330BONEHICTL KOPUCTYBauiB, TPMBanICTbL CECil Ta,
3PeLUTOr, Ha KOMepUiiHWA yenix nnarhopmu.

3asaHTaxenHs Ta 06pobtka 306paxeHb CTanu 0CHOBOK (DYHKLIOHYBaHHA
cyyacHux mMobinbHMX AoaaTkie couiansHux mepex. Mpu NPoKpYYyBaHHI CTPIYKK
HOBWH KOPUCTYBaY MOXE NepernsaaTi 4ecsTi 300paxeHb 3a XBUNKUHY, WO
CTBOPIOE 3HAYHE HABAHTAKEHHA Ha cucTeMy. AHani3 3asaHTaxeHHs 30DpaxeHs
y MoGinbHuUX AoaaTkax — Le cknagHa npoueaypa. ska notpebye edextusHoro
BUKOPUCTaHHS CUCTEMHUX PECYPCIB, ONTUMANBHOIO YNpasniHHA NaM'aTTio 1a
MiHIMI3aLLT eHeProCNOXMBAHHS.

Bararo npobnem npoayKTMBHOCTI 8 MOBNbHMX AoAATKaX NOB'A3aHI 3
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Pucynok b.1 — Cnaiig 1 (pucyHOK CTBOpEHHUN CAMOCTIHHO)

AKTYanbHICTb Ta CTaH PO3BUTKY ranysi

3pocTaHHs MOMYJIAPHOCTI MOOUIBHUX JOJATKIB COLIIaJIbHUX
Mepex (6.8 mipa kopuctyBadiB cMapT@oHiB y 2024)

Comianpni Mepexi (Instagram, TikTok, Facebook) momns
00CITyTOBYIOTh MUIBSIPJIA KOPUCTYBa4iB 3 O€3mepepBHUM ITOTOKOM
300paXeHb Ta BiJIEO KOHTEHTY

Bucoki BUMOTH 710 IIBUIKOAIT 3aBaHTaXKEHHS 300paKeHb
(3arpuMka >1c¢ = BTpara KOpHUCTyBayiB)

HeedexruBHa peanizaiisa MoXke 301IbIIYBaTH €HEPTOCI0XKHUBAHHS
Ha 25-40%

BiaCyTHICTH HayKOBO OOTPYHTOBaHMX KPUTEPIiB BUOOPY METOAIB
0311apaJICTIOBAHHA




PucyHok b.2 - Cnanpg 2 (pCYyHOK CTBOPEHWNI CAMOCTINHO)

[TpobnemaTtmka

IIpo6aema: Po3poOHMKN 00MParOTh METOAU PO3NapaJICIIIOBAaHHS
eMIipuyHO, 6€3 00'€KTUBHOI OLIIHKHA €(EKTHBHOCTI

Pimennst leOﬁJIeMH Kommiekcue CKCIICPUMCHTAJIbHC
IIOC.HIIDKCHHH HpOI[YKTI/IBHOCTl CHCpI‘OC(I)eKTI/IBHOCTl Ta
DECYDPCOCITOXKHBAHHS p13HI/IX MCTOI[IB pO31apajaCiIirtOBaH Hs

®oxyc: Java Threads vs Kotlin Coroutines vs RxJava s
3aBaHTAXXEHHS 300paK€Hb

PuncyHok 6.3 - Cnang 3 (prcyHOK CTBOPEHWNIN CAMOCTIHO)

Ob6'eKT Ta npegmeT A0CNiAKEHHSA

00'exT nocaimkenns: [Iporecu 3aBaHTaXXCHHS Ta
00pOOKH pacTpOBHX 300paXkeHb Y MOOUIBHHX JIO/IaTKax
collialbHUX Mepex Ha ruiardopmi Android

cueHapmx BHUKOPUCTAHHA

PucyHok B.4 — Cnang 4 (pCyHOK CTBOPEHMIN CaAMOCTINHO)




Pe3yJILTaTH TEOPETHYHOI'O0 10 CJIIKeHHS

XapaKTrepucTuka Threads Kotlin Coroutines RxJava
BuKopucTtaHHA CknagHo MpocTa CepeaHe
MpoAyKTUBHICTD Hwn3bKa Bucoka CepegHsa

CnoXXuBaHHA
Bucoke Husbke CepenHe

pecypcis

EHeproe¢eKkTuBHiIcTb Hwn3bKa Bucoka CepegHn
5

PucyHok b.5 - Cnanpg 5 (pCyHOK CTBOPEHWNIN CAMOCTINHO)

BMCHOBKMW 3 TEOPETUYHOIO A0CNIAMKEHHA

1. 3HayHi mporaJvuHM B HAYKOBOMY OOIPYHTYBaHHI BHUOOpY

METO1B po3napajeliOBaHHs i1 MOOUIBHUX JTOAATKIB.

2. BiaCyTHA KOMIUIEKCHa MeETOAWMKa BHOOpPY ONTUMAaJIbHHX
MIIXOAIB caMe€ JJisid CIEHapiiB 3aBaHTAXEHHS 300paXeHb Yy

COIIIaJTbHUX MEpexax

PuncyHok b.6 — Cnanpg 6 (pcyHOK CTBOPEHMIN CAMOCTINHO)



[locTaHOBKa 3aaa4i. Cy4acHMM cTaH

Po3p0o6HUKM MOBINbHUX AOAATKIB MalOTb AOCTYN A0 MNOTYXHMUX

A AP Bl Sl L B A A A P

Bubip KOHKpeTHOI TexHoNOTriT YacTo Ba3zyeTbCA HA eMNipUYHOMY
AOCBiAj, @ He Ha 06'eKTUBHIN OUiHLUi ePEKTUBHOCTI

BiocyTHICTb HAYKOBO OBIPYHTOBAHUX KPUTEPIIB ANA NPUNHATTA
aApPXITEKTYPHUX pilleHb

PucyHok b.7 — Cnang 7 (pMCYHOK CTBOPEHMUIA CaMOCTINHO)

[TocTaHOBKa 3a4a4i. OYiKyBaHI pe3yabTaTu

1. EKcnepumeHTanbHUiM MobinbHWIA 40AATOK A1A
NOPiIBHANBHOIO TECTYBAHHA

2. KinbKICHI AaHi Npo NpoAYyKTUBHICTD,

A A g G N AN NN NN PP NP

3. MNpaKkTnyHi pekomeHgauii gna subopy
ONTUMA/IbHOITO MEeToAy 3a/1eXKHO0 BiA, CLieHapito

PuncyHok b.8 — Cnang 8 (pncyHOK CTBOPEHMIN CAMOCTINHO)




MeToanKa eKCnepumeHTy

EKCnepMmeHTaNbHUIA aHaNi3 NPOAYKTUBHOCTI - NPaKTU4YHe
NOpPiBHAHHA ePEeKTUBHOCTI Pi3HUX Nigxoais Ao
po3napanentoBaHHA

i,ﬂ,EHTW-I HUX YMOBaxX

MpodinoBaHHA pecypcocnoXXuBaHHA MobinbHUX A0AaTKIB ANA
BuMiptoBaHHA CPU, nam'aTi Ta eHeprii

PuncyHok B.9 — Cnang 9 (pncyHOK CTBOPEHMIN CaMOCTINHO)

I[HCTPYMEHTapinN Ta TEXHONOTI|
MporpamHe 3abe3neyeHHn:

Android Studio Ladybug 2024.2.2 + JDK 23.0.2

TecTtoBe o6bnagHaHHA:
Motorola Moto g24 (Android 14, 8GB RAM, Helio G85)
IHCTPYMEHTU BUMIPIOBAHHA:

ndroi udio Profiler - MoHiTOPUHT , NaM'ATi, eHeprocnoXXmBaHHA
Android Studio Profil p CPU .
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PucyHok 5.10 - Cnang 10 (pCyHOK CTBOPEHUIN CaAMOCTINHO)




EKcnepumeHTanbHi cueHapil

CueHapiii 1: |/O-iHTeHCMBHE HaBaHTaXKeHHA
Dxxepeno: Picsum Photos API

Poamipu: 150x150, 640x640, 1080x1080 nikcenis
®dopmart: JPEG (8KB - 200KB)

CueHapiit 2: CPU-iHTEHCMBHE HaBaHTaXEHHA

Onepauyin: MNikcenbHa 06pobKa 3 maTeMaTUYHUMMU
nepeTBOpeHHAMMU

Mapanenisauin: Po36UTTA Ha YaCTUHM NO KiNbKOCTI AAep npouecopa

8 4

Tectosi po3mipu: 150x150, 640x640, 1080x1080 nikcenis

i |
PncyHok b6.11 - Cnang 11 (pUCyHOK CTBOPEHUIM CaMOCTINHO)
ApXiTEKTypa cuctema anAa nposefeHHA
eKCnepmmeHTazZibHoro ,D,OCIIi,CI,)KEHHFl
PRESENTATION DOMAIN DATA
LAYER LAYER LAYER
B & ™
MainActivity ' ThreadsimageProcessor
ImageDownloader
mertace inesimageProcessor
ImageDownloaderScreen
ImageDetailScreen Vtle
12

PucyHok b.12 - Cnang 12 (pUCyHOK CTBOPEHUM CaMOCTINHO)




Select u.e count:

IHTepdenc KopumcTyBaya o o o
[0NOBHMIA eKpaH
Bubip KinbkocTi 306parkeHb

(100/500,/1000)
Coroutines - Kotlin Coroutines

RxJava - PeakTuBHe nporpamyBaHHA

Java Threads - TpaguuinHi noToku
Mporpec-6ap 3aBaHTa)KeHHA

CiTKa 306paXkeHb nicnsa 3aBaHTaXKEHHSA
Binobpa)keHHA Yacy BUKOHAHHA

IHTepdenc KopuctyBaya

EkpaH peTtaneu
MoBHOEKpaHHMI nepernag,
306paKeHHsA
Bubip po3mipy ana o6pobku
(Small/Medium/Large)

KHonKu 3actocyBaHHA $inbtpy Cenis
®dikcauia yacy o06pobku

=

routing
14

PucyHok 6.14 - Cnang 14 (pUCyHOK CTBOPEHUIN CaMOCTINHO)



10

[lpoLuec TecTyBaHHA
Eran Lin dPikcauin
MNigrotoska CraHgapTu3auis cTaHy Wi-Fi, 80%+ 6aTtapei
NPUCTPOIO
BUKOHaHHA TecTyBaHHA MeToay + System.nanoTime()
HaBaHTaXEHHA
MoOHiTOpUHr Android Studio Profiler CPU%, eHeprin
®ikcauin 3anuc meTpukK B Ul Ta norm 3 MeTpuUKHM
MNoBTOpeHHA 5 pasiB AnA CTaTUCTUKMK YcepeaHeHHsA
15
PuncyHok b.15 - Cnang 15 (pUCyHOK CTBOPEHUIM CaMOCTINHO)
Pe3ynbTaTn eKcrnepmmeHTy
.Kotlin Coroutines .RxJava .Java Threads
20,000
10,000
) . I I I
o [ . .
100 306paxeHs 500 zob6paxeHsb 1000 306paxeHs 16

PucyHok .16 — Cnang 16 (pCyHOK CTBOPEHMNIN CaAMOCTINHO)
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AHaNi3 OTPUMAHUX pe3ybTaTiB

Kotlin Coroutines aemoHcTpye Hansuy epekTusHicTsb (p < 0.05)

3HMXKEHHA PECYDCOCNOXMBAHHA B 2-2.5 pasu

PekomeHa0BaHO anAa BnpoBaaeHHA B Android-npoekTax

MeTpuka Kotlin Coroutines Java Threads IMonxinmenns
Yac BuKOHAHHSA (MC) 1247 £ 89 3118 £ 156 2.5%
CPU naBanTaxenus (%) 32+4 787 58%
Eneprocnoxusanns (MKA T01) 423+3.1 105.7+8.2 60%
17

PucyHok b.17 - Cnang 17 (pUCyHOK CTBOPEHUM CaMOCTINHO)

[TpaKTUYHI pekomeHaaLll

HOBI IIPOEKTH

ICHYIOUI ITPOEKTH

P Kotlin Coroutines sx ocHOBHHIT METOX
ACHHXPOHHOT'O MPOrpaMyBaHHA

P Apxitekrypa MVVM 3
StateFlow/SharedFlow

P Bukopucranus structured concurrency

P Iuterpauis 3 Jetpack Compose

P Tloeranna mirpanis 3 Java
Threads/AsyncTask

| 2 Tiopuaamii miaxix Ha nepexigHoMy eTami

P Ilpiopurer 1/O-onepauiii Ta MepexeBux
3aIMTIB

P Pedakropunr callback-based xomy

18

PucyHok 5.18 —Cnang 18 (pCyHOK CTBOPEHUIN CaAMOCTINHO)
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KPUTEPII BUBOPY METOAY PO3MNAPANENOBAHHA

Tun 3aB1aHHA

PexomengoBanmnii
MEeToJ

O0rpyHTyBaHHA

I/O-onepauii, Mepexesi
3aIMTH

Kotlin Coroutines

HaiiBuina e()eKTHBHICTb, 3HEIKEHHS CIIOXKUBAHHS Ha
60%

CPU-iHTeHCHBHI 3aBJIaHHA

Kotlin Coroutines

3umkenHs HaBaHTaxkeHHA Ha CPU Ha 58%

PeakTHBHI ITOTOKH JJaHUX

RxJava + Coroutines

KomOiHOBaHMI MiAXiJ] VLA CKIAJHUX TpaHChopMaLii

Legacy cuctemn

IocTynosa mirpauis

Minimi3anis pu3HKiB, KOHTPOILOBAHE BIPOBAIKEHH

19
PuncyHok 5.19 - Cnang 19 (pyCyHOK CTBOPEHUIM CaMOCTINHO)
[any3eBui BNAMB Ta MEPCNEKTUBM PO3BUTKY
T'AJIY3EBA IIHHICTH INEPCIIEKTUBH PO3BUTKY
o Pexomenpanii i1 70%+ cBiTOBOro pHHKY e TecryBaHHs Ha Pi3HMX THIIAX NPHCTPOIB
MOOLIBHUX IPHCTPOIB (GromxeTHi, drarMaHChKi)
o HaykoBo o6rpynToBanmii BuOip TEXHOJIOTIH JuIs e Jlocmipkenns BBy Bepciii Android Ta API
PO3pOOHUKIB piBHIB
o ExoHoMis pecypciB Ui MiIbHOHIB KOpHCTYBa4iB o IlopiBHsHHA 3 HOBHMH TexHoJoriamu (KMP,
COLIiaJIBHUX MEpex Compose Multiplatform)
o IlinBHIIEHHS KOHKYPEHTOCHPOMOMKHOCTI e Posmmpenns Ha iHII THIM I0JaTKIiB Ta
Android-nonarkis wiarhopMu
20

PuncyHok .19 - Cnang 19 (pyCyHOK CTBOPEHUIM CaMOCTINHO)
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OPTIMIZING MOBILE APPLICATION
PERFORMANCE BY CHOOSING AN IMAGE
PROCESSING PARALLELIZATION METHOD
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Nowadays, mobile applications are becoming increasingly functional, and
raster image processing is one of the most resource-intensive operations. Improper
implementation of such operations can lead to application delays, accelerated
battery drain, and device overheating. One of the most effective optimization
methods remains the use of multithreading, which allows distributing the load
across multiple execution threads.

The Android ecosystem presents unique challenges for image processing
optimization due to the diversity of hardware configurations, ranging from budget
devices with limited computational resources to flagship smartphones with
multiple CPU cores and dedicated Al processing units. Modern Android devices
typically feature multi-core processors, making parallel processing strategies
essential for maximizing performance while maintaining energy efficiency[l].

The relevance of this research is further amplified by several contemporary
technological trends. The rapid adoption of augmented reality (AR) and virtual
reality (VR) applications demands real-time image processing capabilities that can
handle complex visual computations without compromising user experience.
Social media platforms increasingly rely on sophisticated image filters and Al-
powered photo enhancement features that require efficient on-device processing
to maintain user privacy and reduce server load. Additionally, the emergence of

All rights reserved | CC BY-SA 4.0 www. logos-science.com 272 ‘
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INFORMATICA E INGEGNERIA DEL SOFTWARE

Experimental Design: The thread pool size for all methods was uniformly set
to 4 threads, corresponding to the number of available CPU cores. A method for
dividing images into fragments was implemented, where each fragment covers
the full image width while receiving a unigue vertical portion. Testing was
conducted on images sized 800x600 and 1920x1080 pixels with 10-fold repetition
to obtain statistically significant results.

Measurement Protocol: Android Profiler was used for metric collection,
measuring operation execution time (ms), processor load (%), and energy
consumption (JAh). Each test involved processing images with brightness
adjustment of 250 units, with both single-threaded and multi-threaded
implementations evaluated to assess parallelization benefits.

According to the experimental findings, the effectiveness of parallelization
methods significantly depends on the size of the processed image. For small
images (800x600 pixels), Kotlin Coroutines demonstrate the best execution time
(24018 ms with 4-thread processing), outperforming Java Threads (25510 ms) and
RxJava (285+12 ms). Meanwhile, Kotlin Coroutines also provide the lowest energy
consumption (45.8 uAh versus 50.3 yAh for Java Threads and 58.2 yAh for RxJava).

For larger images (1920x1080 pixels), Kotlin Coroutines maintain their
performance advantage, providing the highest speed (1120+45 ms), outperforming
Java Threads (1180+55 ms) by 5.1% and RxJava (1350165 ms) by 17.0%. However, for
energy efficiency with large images, Java Threads demonstrate the best results
(89.5 uAh versus 95.2 uAh for Kotlin Coroutines and 102.7 uAh for RxJava).

CPU load analysis showed that Kotlin Coroutines are characterized by the
most uniform load distribution on the CPU when processing images of different
sizes, indicating more efficient optimization of computational task distribution. The
acceleration factor analysis revealed that all methods achieve similar parallelization
efficiency, with acceleration factors of approximately 3.8x when moving from
single-threaded to 4-threaded processing (Fig. 1).

Based on the obtained results, practical recormmendations can be formulated
for different application scenarios. Kotlin Coroutines demonstrate consistent
performance advantages across both small and large images, making them
suitable for applications requiring high processing speed and stable performance.
Their uniform CPU load distribution indicates efficient resource management,
particularly beneficial for complex multi-threaded processing scenarios.

Java Threads show the best energy efficiency for large image processing tasks,
making them the optimal choice for applications with critical energy consumption
requirements or when operating on devices with limited battery capacity. This
advantage becomes particularly important for applications processing high-
resolution images frequently.

All rights reserved | CC BY-SA 4.0 www. logos-science.com 274 .

14



6 giugno, 2025; J/
Bologna, Repubblica Italiana /\ O |_ @ z

SEZIONE 17.
INFORMATICA E INGEGNERIA DEL SOFTWARE

mobile machine learning frameworks like TensorFlow Lite and ML Kit has made on-
device computer vision tasks more accessible, creating a growing need for
optimized image preprocessing pipelines[2].

The objective of this research is to identify the most effective methods for
parallelizing raster image processing in Android mobile applications through
comprehensive comparative analysis of Kotlin Coroutines, Java Threads, and
RxJava based on performance, energy consumption, and CPU load criteria[6]. This
study aims to provide practical guidelines for mobile developers and contribute to
the optimization of image processing workflows in mobile applications.

The research methodology was designed to ensure maximum objectivity and
reproducibility of results. All tests were conducted under identical conditions using
the same basic image processing algorithm, hardware and software configuration,
standardized input data, and unified measurement system. This approach
minimizes the influence of external factors and allows focusing exclusively on
differences in the performance of various parallelization methods.

The experimental study was conducted using a brightness adjustment
algorithm as the basic image processing operation. This choice was motivated by
several factors: brightness adjustment is computationally intensive, requiring
sequential processing of each pixel in the image (over two million operations for
1920x=1080 resolution), each pixel can be processed independently making it ideal
for parallelization evaluation, and it represents a common operation used in photo
editors, computer vision systems, and social media applications.

Software Environment:

« Android Studio Ladybug Feature Drop 2024.22 Patch 1

« Java Development Kit (JDK) 23.0.2

» Kotlin 2.0.0, RxJava 3.1.8, Kotlin Coroutines 1.9.0

Hardware Configuration: Testing was performed on Android Studio Nexus 5X
emulator (API Level 30, RAM: 2GB, CPU: x86) hosted on Apple M2 processor with
16GB RAM running macOS 15 Sequoia. Emulator parameters included cold boot
before each test series, disabled Quick Boot and background processes, and
identical graphics acceleration settings.

Implementation Approach: For each parallelization method, a corresponding
wrapper class was developed that adapts the basic brightness adjustment
algorithm to the specific approach. The Kotlin Coroutines implementation uses
Dispatchers.Default context with parallelism limitation, creating separate
coroutines for each image fragment through async functions. The RxJava approach
implements reactive programming paradigm using Single objects and
Schedulers.computation() thread pool. The Java Threads implementation involves
direct thread creation and management with manual synchronization.

‘2'73 www.logos-science.com All rights reserved | CC BY-SA 4.0
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Fig. 1. Comparative analysis of execution time for different parallelization
methods across image sizess

RxJava remains a viable compromise solution for developers who prioritize
the declarative programming approach and require sophisticated data stream
transformation mechanisms, despite showing the highest execution times in most
test scenarios.

The research reveals that the choice of parallelization method should be
based on specific application requirements: performance-critical applications
benefit most from Kotlin Coroutines, energy-sensitive applications should consider
Java Threads especially for large image processing, and applications requiring
complex asynchronous data transformations may justify the performance trade-
offs of RxJava for its programming paradigm advantages.

The obtained results have practical significance for mobile application
optimization and can be used for further research in the field of parallel computing
on mobile platforms, especially in the context of the growing popularity of machine
learning and artificial intelligence technologies at the mobile device level.
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JIOIATOK T

ExcniepTHuli BUCHOBOK PE3yJbTaTIB MEPEBIPKU KBaIIPiKaLiiiHOI poOOTH Ha

BIAMOBIJIHICTH o(opmiieHHsa Bumoram JICTY 3008: 20

ExcrnepTHmit BACHOBOK pe3y/IbTaTiB IepeBipKH KBanidikariinoi pobotu

CTYJeHT [pOrpamMHoi iHxKeHepil M3m-23-401
(nmocana) (xadenpa) (rpyna)
INonira HOCOBA
{ npismsme, i s, o Garsxoni )
3ayBaxeHHA
Crobi
Mysxr ICTY 3008- . TOpIHKa
2015 3MiCT MYHKTY KeamidikaiiiHoi
pobotu
1 2 3

7.1 3araibHi MOJI0MeHHA

7.3 Hymepamisi cTOpiHOK 3BiTY

7.5 Pucynku

7.6 Tabauui

Axmo psagxkH abo KONOHKH TAaONMHLI BHXOMATE 32 Mexi (POpMaTy CTOPIHKH,
TaOINII0 MOJiNAIOTh Ha YACTHHH, PO3MIIYIOYH OHY YacTHHY Nif iHIIOO
abo mopyd4, 4H NepeHOCATh YacTHHY TabIHIi Ha HACTYIHY CTOPIHKY. Y
KOKHIlH 9acTHHI TaOIHLI MOBTOPHOIOTE il roNoBKy Ta OOKOBHK. Y pasi momimy
TabmMIli Ha YaCTHHH JO3BOJIEHO il TONOBKY YH OOKOBHK 3aMiHATH BiNOBiTHO
HOMEpaMH KOJIOHOK abo pAIKiB, HyMepylouH ix apabcekuMu ImubpaMu B
nepmiii yacTuui Tabmimi. Cnoso «Tabmuus » momaroTh IHMINE OJMH pa3 Hal
MepIIol 4HacTHHOW Tabmumi. Hap inmmMu wacTHamu Tabmuui 3 aGsammoro
BigcTyny apykyots «llpomosxenns Tabmuui » abo «Kimemm Tabmmi  »
Oe3 moBTOpeHHA 1i Ha3BH.

7.6.9 38

7.7 lepeniku

7.8 IMpumiTkn

7.9 Bunocku

7.10 ®opmyin TA piBHAHHS

[losicHeHHs mMO3HAK, fAKi BXOMATh 10 GOPMYJIM 4YH piBHAHHA, Tpeba
nojapatd Oesmocepennso 1y Gopmynow abo pBHAHHAM Y Tiil
[OC/III0BHOCTI, y sKiii ix HaBeneHo y Gopmyni abo piBusanHI. [loscHeHHs
7.10.6 no3Hak Tpeba mnogapatu Oe3 abzauHoro BiACTYIY 3 HOBOIO pAJIKa, 47
[HOYHMHAYH 31 ciaoBa «ae» Oe3  pokpanku. IlosHaku, AKHM
BCTAHOBIIOIOTE  BM3HAYEHHd UM  IIOSCHEHHs, PEKOMEHJOBAHO
BH-PIBHIOBATH Y BEPTHKAILHOMY HAIPAMKY.

7.11 IMocunanus

7.13 Cumcok aBTopiB

7.14 CxopoyeHHS Ta YMOBHI I103HAKH

7.15 HopaTku

Excniept Banum HEYBOJIO

(i) (npissite, imans)
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JIOJIATOK ]

Meroa 00pobku 300pakenHs 3 RxJava

override fun processSingleImageParallel (
originalBitmap: Bitmap,
targetWidth: Int,
targetHeight: Int,
onSuccess: (Bitmap, Long) -> Unit,
onError: (Throwable) -> Unit
) A

val startTime = System.nanoTime ()

val disposable = Single.fromCallable {
val resizedBitmap = Utils.resizeBitmap (originalBitmap,
targetWidth, targetHeight)
val originalWidth = originalBitmap.width
val originalHeight = originalBitmap.height
val parts = Utils.splitBitmap (originalBitmap,
NUM_PROCESSING_PARTS)

Log.d("RxJavalmageProcessor", "Starting processing of
${parts.size} parts")

val processedParts = parts.withIndex() .map { (partIndex,
partData) ->
val (partBitmap, originalX) = partData
Single. fromCallable ({
Log.d ("RxJavaImageProcessor", "Processing part
$partIndex")
try {
val processedPart =
Utils.processBitmapPartBlocking (partBitmap)
Pair (processedPart, originalX)
} catch (e: Exception) {
Log.e(
"RxJavalmageProcessor",
"Error processing part $partIndex:
${e.messagel}",
e

)

throw e

}

} . subscribeOn (Schedulers.computation())

}

val results = Single.zip(processedParts) { resultsArray ->
resultsArray.map { it as Pair<Bitmap, Int> }
} .blockingGet ()

val finalBitmap = Utils.combineBitmaps (originalWidth,
originalHeight, results)
val timeNanos = System.nanoTime() - startTime



Log.d ("RxJavaImageProcessor", "Successfully processed image")

Pair (timeNanos, finalBitmap)

.subscribeOn (Schedulers.computation())
.observeOn (AndroidSchedulers.mainThread())
.subscribe({ (timeNanos, finalBitmap) ->
onSuccess (finalBitmap, timeNanos / 1_000_000)
}, { error ->
Log.e(
"RxJavalmageProcessor",
"Error in processSingleImageParallel:
${error.messagel}",
error
)
onError (error)

})

disposables.add (disposable)
}

override fun cancelOperations () {
disposables.clear ()
}
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JIOJIATOK E

Kinac nns o6po0ku 300paxkenns 3 Java Thread

class ThreadsImageProcessor : ImageDownloader ({
private val executorService: ExecutorService =

Executors.newFixedThreadPool (Runtime.getRuntime () .availableProcessors())
private val uiHandler = Handler (Looper.getMainLooper ())

private val activeFutures = mutableListOf<Future<*>>()

private val NUM_PROCESSING_PARTS =
Runtime.getRuntime () .availableProcessors ()

override fun downloadImages (
imageUrls: List<String>,
onProgress: (Int, Bitmap?) -> Unit,
onComplete: (Long) -> Unit,
onError: (Throwable) -> Unit
) |
val startTime = System.nanoTime ()
val latch = CountDownLatch (imageUrls.size)

imageUrls. forEachIndexed { index, url ->
val future = executorService.submit ({

try {
val bitmap = Utils.downloadImageBlocking (url)

uiHandler.post {
onProgress (index, bitmap)
}
} catch (e: Exception) ({
uiHandler.post {
onProgress (index, null)
onError (e)
}
} finally {
latch.countDown ()
}
}

activeFutures.add (future)

}

val completionFuture = executorService.submit {

try {
latch.await()
val endTime = System.nanoTime ()
uiHandler.post {
onComplete ((endTime - startTime) / 1_000_000)

}
} catch (e: InterruptedException) ({
uiHandler.post {
onError (e)



}
}

}

Thread.currentThread () .interrupt ()

activeFutures.add (completionFuture)

}

override fun processSingleImageParallel (
originalBitmap: Bitmap,
targetWidth: Int,
targetHeight: Int,
onSuccess: (Bitmap, Long) -> Unit,

onError:

) |

(Throwable) -> Unit

val future = executorService.submit {
try {

targetHeight)

val finalBitmap: Bitmap
val timeMs: Long

timeMs = measureNanoTime {
val resizedBitmap =
Utils.resizeBitmap (originalBitmap,

targetWidth,

val originalWidth = originalBitmap.width

val originalHeight = originalBitmap. height
val parts = Utils.splitBitmap (originalBitmap,
NUM_ PROCESSING PARTS)

val processedPartsWithCoords =

mutableListOf<Pair<Bitmap, Int>>()

val latch = CountDownLatch (parts.size)

parts.forEach { (partBitmap, originalX)

->

val partFuture = executorService.submit ({

try {
val processedPart =

Utils.processBitmapPartBlocking (partBitmap)

synchronized (processedPartsWithCoords) {

processedPartsWithCoords.add (Pair (processedPart, originalX))

}
} catch (e: Exception) {
e.printStackTrace ()
} finally {
latch.countDown ()
}
}

activeFutures. add (partFuture)

}
latch.await()

finalBitmap = Utils.combineBitmaps (
originalWidth,
originalHeight,
processedPartsWithCoords
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}

uiHandler.post {
onSuccess (finalBitmap, timeMs / 1 000_000)
}
} catch (e: Exception) ({
uiHandler.post {
onError (e)
}
}
}

activeFutures.add (future)

}

override fun cancelOperations () {
for (future in activeFutures) {
future.cancel (true)

}

activeFutures.clear()
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