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Hapnitiino: Bepecens 2019.

Anomauia: Ha niocmagi eracmugocmeil Kiacy 3aiuwKie 6 Cmammi CUHMe308aHA MAMeMamuiHa Mooeib npoyecy
mabauunoi peanizayii MOOYIbHO20 MHONMCEHHS, SIK OISl NO3UMUBHO20, MAK I OJIsl HE2AMUBHO20 YUCI08UX OIANA30HI8
00pobKu iHGopmayii 3acobamu 0Opodru yirouucenvHoi ingopmayii. [ana mooenv pekomeHO08ana 00 NPAKMUUHO20
3acmocysants npu po3pooyi Memooia i aneopummis weuoxkoi oopoobku Kpunmozpagiunoi ingopmayii. Iowyx wins-
X6 CNPOWjeHHsT CMPYKMYpU MabIuyH020 ONEPayiiiHo20 RPUCmpoio 3acoby obpobxu yinouucervbHoi ingpopmayii 3ymo-
616 HeOOXIOHICMb 800CKOHAICHHS MAMEMAMUYHOL MOOeNi, MemoOdig i aneopummis peanizayii MOOYIbHUX onepayit,
wWo 00360110 NIOBUWUMU ePEeKMUBHICMb 3ACMOCY8AHH MAOIUYHIT apudmemuru 6 kraci 3anruwkie. Ocobusi-
cmio peanizayii 0anHol MOOeli € MONCIUGICMb 3MEHUEHHS KIIbKOCHI 00NA0HAHHS ONePayitiHo2o NPUCmpor 3acoby
06pobKu yinoyucenvroi inghopmayii 3a paxynok ckopouenns na (50-70)% noziunux enemenmis "I" 6 gyznax mabnuyi
nocmitiHutl 3anam'amosyouuil npucmpiil, 6e3n0cepeoHbo peanizyioms onepayio MoOYIbHO20 MHONCEHHA 3d 008i-
JLHUM Mj MOOYIIO KAACY 3AAUWKIG. L]e MONCIUB0 30 paXyHOK 6UKOPUCIAHHSA 81ACMUBOCHEN cumempii mabauyi pe-
anizayii aiby(mod m;) mooynvroi onepayii’ mHodcenHs.

Knruoei cnosa: rnac 3anuwkis; peanizayiss mabiuys, MameMamuiHa Mooeib, onepayis areebpaiune MHONCEHHS.

1 Beryn

CxutagHICTh 3aBJaHb, K1 BUPIIIYIOTbCS CYyYaCHUMH CHCTEMaMU 1 3acobaMu 00poOKu 1Lijlounce-
npHOT iH(popMarii (301), 06ymMoBIIO€ 10 HUX MiABHUINEHI BUMOTH IIOJI0 SIKOCTI 00poOku iHbopMartii
[1-8]. PitreHHst mmpoKOro Koja CKIAJHUX OOYUCITIOBAIBHHUX 3a]au BUMarae (HampuKiaj, peaisa-
i aCUMETPUYHUX KPHUNTOrpadiyHUX aJrOpUTMIB, ONTUMI3allisl OOYUCIEHb B TEOpii CUTHAJIB Ta
rymMocTiiike koxyBaHHs [4, 8-11], peamizamis cHMETpUYHAX KpUNTO-MpuMITUBIB [12-18] Ta Garato
iHIoro [19-22]) 3HauHMX 00CATIB PO3paxyHKIB, SIKI MPOBOIATHCA B peajbHOMY yaci (yHKIIOHY-
BanHs 301. B 1poMy acmekTi momryk METOMAiB 1 3aco0iB MiJABUIIEHHS MPOAYKTHUBHOCTI 0OpOOKH
dpoBoi iHpopmartii, € akryansHuM [23-30].

VY Oyap-akiit no3umiiHii cuctemi yucienHs (IICY) BukoHaHHs apudMeTHUYHHMX oOlepariil me-
pendayae mociioBHY 00poOKy BCiX pO3psIiB ONEpaHAiB 3a MPaBUIIaMH, 1[0 BH3HAYAIOTHCS 3Mic-
TOM JIaHOI1 oreparlii, 1 He Moxe OyTH 3aKiHY€HO JI0 TUX HIp, MOKU HEe OyAYyTh MOCIIJOBHO BU3HAYEH]
3HA4YEeHHs BCIX MPOMDKHHUX PE3yJbTaTiB 3 ypaXyBaHHSM BCIX MDKPO3PSIHHMX 3B'SI3KIB ONEpaHIB.
Takum unaoMm, [1CY, B siKiit ipencTaBIsIeTbCs 1 00pOOIsIEThCS 1H(OPMAIliSA B CydJacCHUX OOYHCITIO-
BaJIbHUX MalllMHAX, MAIOTh ICTOTHUI HEJOMIK - HAsIBHICTh JIOTIYHHUX 3B'S3KiB MK JABIIKOBUMHU PO3-
psgamu B 00poOIoBaHUX onepanaax. JlaHuii HeoiK poOUTh ICTOTHHI BIUIMB HA METOJM peai3a-
il apuMETUYHUX Olepaliif, yCKIaJIHIOITh anaparypy i 0OMexyroTh MBHAKOAI0. Tomy npupoa-
HO BUIIYKYBAaHHS Takoi MalIMHHOI apu(MeTUKH, B AKiil Ou mopo3psaHi 3B's13Ky Oynu 6 ocnabieHi,
a0o BijcyTHI B3araii. BigzHaunmo, Oyab-sKa cucTeMa YMCICHHS B OUTBIIII Mipi BIIMBAa€ Ha CTPYK-
Typy 1 IpUHIMIHN QYHKIIOHYBaHHS onepauiinoro npuctpoto (OIT) 301.

[Tomyk nuIsiXiB MigBUIEHHS NPOAYKTHBHOCTI 00poOku iH(popmanii nmozumiitnux 301 pea-
JBHOTO Yacy MPHUBIB 0 HEOOXIAHOCTI MPOBEIEHHS TOCTIIKEHb MOXJIUBOCTI BUKOPHUCTAHHS
TaOIUYHOTO MeToAy (Tabau4yHOi apu(METHUKH) peaizanii MOAYIbHUX omnepamniil. Y 3araibHo-
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my Bunaaky tabauune OIl 301, npusnauene ansg peanizanii apupMeTHYHUX omneparniil (ki pe-
ami3yeThCs B YHITapHIN KOi), sIBJIsIE COOOI0 TBOBXIMHUN MOCTIMHUN 3amaM'siTOBYIOUHHN TPHU-
crpit (IT3IT). dns koxxkuoro 3 BxoxiB 1311 kinbkicTh BXigHUX muH aius |-OaiitoBoro (81 nBiii-
koBux po3psaan) OIl ogno 281. [Ipu mpoMy 3aranbHa KUIBKICTh JOTIYHUX cxeM 30iry "[" B By3-
nax I13I1 (sike B OCHOBHOMY 1 BU3HAYa€ 3arajibHy KiJbKicTh o0naaHanHsa tadbnuunoro OII 30I)
pPiBHO
N ey = 28! x 281 = 2161

Buxonsuu 3 11boT0, 0YEBUIHO, IO TaOJWYHA peasi3aiis MiJOYUCETbHUX MOAYJIBHHUX apH ¢-
metuyHuX onepaiiii B [ICY mosxe OyTu gouisibHa TUIbKY Juist 3HaueHHs |=1. JlilicHO, B 1IbOMY
BHITQJIKY

Nincy = 2'° = 65536,

0 € MPUHHATHUM KinbKicTio obnannanas OIl mis cydyacHOro po3BUTKY €JIE€MEHTHOI 0a3m.
OnHak, K 3a3HAYCHO BUIIE, TCHJACHIIS PO3BUTKY CHUCTEM 1 3ac00iB 0O0poOku kpunrorpadid-
Horo iHndopmanii (30KI) cupsimoBana Ha 30inbiIeHHsT AOBXHHU po3psaHoi citku 301. Bxe
3apa3 HeoOXxigHo 11 npakTudHoro Bukopuctanus 30KI31=411= 8. B ubomy Bunaaky

N4HCq:232X232:264 i NSHCLI:264><264:2128-

Skmo BpaxyBaTH, HANpUKIaZd, IO 232:4294967296, 264218446744073709551616, a
2128 ~ 3,4><1038, TO OYEBHJIHO, IO TAOJWYHHUM METOJ peaiizamii apudMETHUYHHX OIepariid B
I1CY npakTHYHO HE MOXJIMBO 3aCTOCYBATH.

[HIIi pe3ynpTatu BUKOPUCTAHHS TaOJMYHOTO METONYy peanizaimii apuMEeTHYHUX omeparlin
MOXHa OTpUMATH, KO po3riasHyTu 30KI B Henmo3uiilHii cucTeMi YUCIEHHS KJacy 3ajMIl-
kiB (K3). Knac 3anumkiB Mae yHIKaJbHY BIACTUBICTh HE3AJIEKHOCTI OJHMH BiJl OAHOTO 3aJIH II-
KiB 32 NPUUHATOIO cucTeMmi miacTaB. L{g He3anexHICTh BiAKpHUBa€ MIUPOKI MOXKIUBOCTI Y MO-
OyIoBi HE TiTBKM HOBOI MaImIMHHOI apu(METUKH, a i TPUHIIMIIOBO HOBOI CXEMHOI peai3arii
30KI, sika B CBOIO 4epry MOMITHO PO3IIHUPIOE 3aCTOCYBaHHS TabinuHOi apudmeruku [1-3, 23-
26]. JiiicHo, B 3araJikHOMY BUTIAKy, /IS |-0aiiTOBMX MalIMHHUX CIIiB, TIPU peasti3allil aropuTMiB
MoyIbHOI 00po0kH iH(popmartii 11 Tabauunoro OIT 301 B K3 He 06xoanmMo

n
_ 2
Nik3 = E m,
&

cxem 30iry I, a mst OI1 301 B K3 3 I=4 u 1=8 BinnoBigHo MaeMo Ngx3=2397 1 Ngk3=13275, mio 1in-
KOM MPUHHATO MpH peaiizaiii apupMeTHUHUX onepaliil JoJaBaHHs, BIIHIMAHHS 1 MHOXEHHS TUM
OlIbIlIe BUKOPUCTOBYIOUM Cy4YacHY e€JIeMeHTHY MikpoenekTpoHHy 6a3y (HBIC, ITJIM a6o ITJIIC).
Buiesza3nauena oOctaBUHA MIATBEPKYE JOUUIBHICTh 1 €()EKTHBHICTh MPOBEACHHS MPAKTHYHUX
JOCIIJKEHb Ta po3po0KK TaOIMYHUX METO/IIB 1 aITOPUTMIB peaizalii MoayapHUX omnepaniid B K3.

Bigznaunmo ocHoBHI nepeBaru tabauyHoro meroay nodynosu OIT 301 B K3. [To-nepiire, Buco-
Ky IIBUAKO/III0 BUKOHAHHS apupMeTHIHHX onepariil. PesynbraT onepaii Moxxe OyTH OTpUMaHHii B
MOMEHT HaJXOJ[KEHHS BXITHUX ONEPaH/iB B TAOJIUYHUI MpoIiecop, TOOTO MPaKTUYHO 33 OJUH TaKT
pobotu 301. Takum yrHOM, Yac BUKOHaHHS apudmMeTnyHux onepauiidl B K3 mopiBHAHO 3 TAKTOBOIO
YacTOTOI OOYMCIIOBAYa, 110 MPUHIIUIIOBO HEMOXIIUBO IS MO3UIIHHUX OOYMCIIOBAIBHUX MAIIMH
IpH icHytouil enemeHTHil 6a3i. [lo-apyre, Tabnuuni OIl MaroTh BUCOKY HaNIHHICTb, TaK K peaii-
3YIOTBCS Y BUTIISAL HaOopy, Mo yncay n moaymiB m; K3, kommaktaux [13I1. B 11boMy BUnaaky Bech
TPaKT, MO CKIAMAEThes 3 N (1Mo uuciay moayiiB m; K3), 06pobku indopmarii OIl Oymyerbes 3a
OJIOKOBHM IMPHUHLIMIIOM, IO MOKpallye 6e3BiAMOBHICTH 1 pemoHTOonpuaatHicTs 301. [To-Tpete, Bia-
3HayuMo npocTtoTy TexHiuHoi peanizauii OIl 301 B K3, mo ckinagaeTscs B OCHOBHOMY 3 pericTpis,
TaOJIUYHUX CyMaTOpiB, MIM(paTopiB 1 AemudpaTopiB 1 yHiikamito Horo obnagHaHHs IS JOBUIb-
HOT'O MOJTYJIs {mi }, i=1n.

Bigznaunmo, HEOOXiHICTE PO3POOKH METO/IB 1 aJrOpUTMIB apU(PMETHUIHOTO MHOKEHHS YUCET

HEOOXI1THO TONEPEeIHhO MATH 1 HaJali BUKOPHUCTOBYBAaTH MaTeMaThyHy monaenb (MM) mporecy
TabMM4UHIN peanizauii onepanii Moy IpHOTO MHOXKEHHS B K3.
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2 Orasia xxepedt

VY nmiteparypi onucani MM, Ha mificTaBi SKUX peaji3oBaHi TAOJWYHI METOIH 1 AITOPUTMHU MOJY-
JBHOTO MHOKEHHSI YHCENl B HEmo3uiliiHoi cucremi umciacuus K3 [1-3, 27-30]. INomyk muisxis
cupotieHHs cTpyktypu Tabmuanoro OIT 301 3ymMoBUB HEOOXiTHICTH BOHOCKOHANCHHST MM, MeToiB
1 QITOPUTMIB peaizaiii MOIyJIbHUX OIepallii, o JT03BOJISIOThH MiABUITUTH €(DEKTUBHICTh 3aCTOCY-
BaHHs TaOauuHiil apudmerrku B K3. Tak B [1, 2, 23] npeacrasiena MM nporiecy Tabinu4aHOi pea-
mizarii omepartii apupmMeTHayHOro MoayIbHOro MHOXeHHsI B K3. OcobnuBicTio peanizamii 1aHoi
MOJIETIi € MOKJIUBICTh 3MeHIIeHHs KinbkocTi oomagHanas OIT 301 3a paxyHok ckopodenss Ha (50-
70)% noriunux enementiB "I" B By3nax Tabmumi 1311, 6e3nocepenHbo peani3yoTh ONEpalio Mo-
JTyJIHOTO MHOXCHHS 32 JOBUTLHUM m; Moayato K3. Ile MOXIIMBO 32 paXyHOK BUKOPHUCTaHHS BJac-

THBOCTEH cuMeTpii Tabmuui peanizauii ab, (modm;) MoxynbHOI onepanii MHOXKEHHS.
B K3 uucno A npencraBisieTbCs Y BUMNIAAI CYKYITHOCTI 3aMIIKiB {@,} 110 N MoAynsax (IiIcTaB)
{m;}, ne:

a=A-[A/Im]m; M :lﬂ[mi .
i=1

VY npomy Bunaaxy uncio A B K3 npencrasiseTbcs B HACTYITHOMY BHIJISAI
A=(a,a,,..,a,).
Hexaii 3a1ana mapa onepaniiB
A=(a,..,a,) Ta B=(b,...,b,)
B K3 3 monmapHo B3a€MHO IPOCTHMHU OCHOBAMH My, ...,My.. BiAMOBIIHO 10 MpaBuiI BUKOHAHHS apu-
¢mernunnx onepaniif B K3 xoxHil mapi 3anumkiB @ i b, cTaBiaaTh y BiANOBIIHICTH BEJMYHHA
(a; ®b)mod m; . Takum urHOM, BeCh MaIIMHHKHI TPaKT o0umcIOBaIbHOT onepanii (A® B) mod M

B K3 MoHa nipeicTaBuTH y BUTTISAI N He3aIes)kHUX oaHOTUITHUX [1311.
Po3srnsiHemMo mpoueaypy peanizanii omneparii MOAYJIbHOTO MHOXEHHS (HaWOUIbLI TPYAOMICTKY
apupmeTnuHy omepariro). CxiazeMo TaOIHI0 3 YMCIOBUX 3Ha4eHb &by (modm;). Ilg Tabmums

CUMETpUYHA LI0JI0 JIlaroHaiei, BepTUKal 1 TOPU30HTAJI, 1110 MPOXOAATh MIXK YHUCIaAMU
(m; —1) a (m; +1)
2
CuMeTpHUYHICTb 00 JIIBOT JllaroHalli BU3HAYAEThCS KOMYTAaTUBHICTIO OTepallii MHOKEHHS
a-b=b-a.
CuMeTpUYHICTh 1II0JI0 IPABO] JllaroHasli BA3HAYAEThCS THM, 1110

8 -by =[(m; —by) (m; —g)]mod m,.

JIA mi - HCTIApHOTI'O YUCJia.

CUMETpUYHICTH 11010 BEPTUKAJIl 1 TOPU30HTANIl BU3HAYAETHCS 3 YMOBHM KPATHOCTI 1O MOJYIIIO
M, CyMH CUMETPUYHHX YUCEII:

aby =[m; —a (m; —b;)]mod m;,
aby =[m;, —b, (m;, —a;)]mod m;.
BukopucToByroun BIaCTUBOCTI CHMETPii MOYKHA TIOBHICTIO BiTHOBUTH TaOJUIIO TAHUX MOJYJIb-

HOro MHOXkeHHs a;b,(modm;). [nst mporo JOCTaTHRO MAaTH YMCIOBY iH(GOPMANLiO TiBKM 11 BOCH-

MU YaCTHHH. 3B1ICH BUHHKAE MOKIUBICTh CIIPOCTUTHU TAOIHIIO (3MEHIIUTH KiTBKICTh CXeM 30iry
[131IT) MOyTBHOTO MHOKEHHS.

s peanizanii onepanii g (modm;) mae Oyrtu ehexTUBHHM, 3 TOUKH 30py MIBUAKOJII BHKO-
HaHHS OIepalii MHOXCHHS, B YOTHUPU Pa3H 3MEHIIUTH TAOJIHII0 MOAYJIHHOTO MHOXKEHHs. [ BU-
pIllIEHHST TIOCTABJICHOTO 3aBJaHHS HEOOX1JHO BBECTH O3HAaKa, [0 BU3HAYAE MICIC PO3TaIlyBaHHS
BXIJJHUX YHCEN B KO)KHOMY 3 YOTHPbOX KBaZpaHTiB Tadmumi a;b (modmy).




ISSN 2519-2310 CS&CS, Issue 2(14) 2019

PosrisHeMo 0JMH 3 MOXIMBUX BapiaHTiB KOAYyBaHHS BXIIHMX ONEpaHAiB & i b Tabmumi mo mo-
IyJII0 M, 3a JI0IOMOTOo0 Koy iHpopmariitHoro ctucHeHHs nanux (KIC/).

Hexaif naHo Bximui omepanmu @ ta b,. 3HaueHHs & (abo by), mo nexars B Aiana3oHi

[0, m; _1), MOXYTb OyTH 3aKOJOBaHi JOBUIBHUM YHHOM, a 3Ha4deHHsA & ( abo b,), mo nexars B
2
niana3oHi [ml_+1 m, _1} KOIYIOTbCS, IK M, —@;(ado m, —b.). J{nsa BigMiHHOCTI Jiana3oHiB BBO-
2

nuThest o3Haka ¥, (y,) KIC/, neBHuii B Takuii crocio:

0, axwo 0< a;(b;) < miz_l,

Ya )= 1
1, axwo 5 <a;(h)<m -1,

ne 0<a (b")<(m —1)/2.

[Tpouenypa BU3HAUEHHS Pe3yJbTaTy OIEpallii MOIyJIbHOTO MHOKEHHS, 32 JIOIOMOTOI0 BBEJICHO-
ro Koay iH(hpOopMaliiHOTO CTUCHEHHS JaHUX, HACTYIHUIA: AKIIo 3a7aHi asa yncna B KIC/] Buny

8 =(72,8),0 =(,0),
TO JUIsi OTPUMAHHS TBIipY IHMX YHCEN 1O MOAYJIIO MM, JOCHTh OTpHMaTH 106yToK & b (modmy) i

iHBEpTYBaTU HOTrO y3arajlbHEHY O3HAKYy J; B pasi, AKIIO J, BIIMIHHO BiJ ¥} , TOOTO

aibu(mOd mi) =(7/i, ai*b,*(mod mi)), ne 7; :{7“ AKWO V3 # Vi
Vs AKWYO Yy = V-

3anponoHoBaHUN BapiaHT peanmizauii MoAynbHUX omepauid B K3 103BONSIOTH ONTHUMIi3yBaTH
ctpyktypy 301 nuisixom miBHIEHHS €EeKTUBHOCTI BUKOPUCTAaHHS TaOnuuHii apudpmernxu. Cko-
poueHHs kinbkocTi obmagnanns [1311, mo ckianaoTs ocHoBHY YacTHHY OIl, 103BONIS€E MiABUILUTH
Ha J1MCHI NOKa3HUKU (30UIBIINTH MMOBIpHICTH 0€3BiAMOBHOI poboTH P(t), 3MEHIINTH Yac BIJHOB-
neHHd Ty) 1 HONIMIIMTH eKCITyaTaliiHO-TeXHIYHI OKa3HUKM (3MEHIIUTH Macy i1 rabapuTHI po3Mmi-
PH, 3MEHILNUTHU CHOXKUBaHY MOTYXXHICTb 1 MOMIMIIUTH TexHIYHe o0ciayroByBanHs 301 B K3).

3 ormsany Ha KICJl, maTematuuHa MOJieNb Ipoliecy TabaudHOi peastizallii B HO3UTUBHOMY YHC-
JIOBOMY Jiiarna3oHi Box uncen B K3 Bumane HacTymHUMU MaTeMaTUYHUMU CITIBBITHOIICHHSIMHU:

C=A-B(modM)=[(a, a,,....q,...,a,) (b, b,, ...,
yees By, o B,)JMOd M =[(a, -b)) mod m,, (a, -b,) modm,, ...,
oy (8 -b)modm;, ..., (a, -b,)modm, ] =
={[(74, @) (7, b)Imod my, [(7,,, ;) @)
(75,0 D) modm, ], ..., (74, 85) - (7, b ) mod my], ..
oo [(Fay» @0) (7, bR )Imod m 3 ={[4, (a3 -by) mod m], [, (a; -b;) modm,], ...
v 70 (& -B)Ymodm], ..., [7,, (&, -b;)modm, 1} =(c,, ¢y, .0, Gy ooy C).

Ilpu upomy osnaka y, (7,) xomy (7. a,) (7 b)) KICJI Tabuuii MOy TEHOTO MHOYKEHHS
A7t foBiTbHOTO M; Moxyns K3 BU3HaUaeThCA HACTYIHUM YMHOM. [yt M, - mapHOTO

0, axwo 0< a; (b)) <my 1 2,

X @
, ko m; | 2 < a;(by) <my —1.

Vo () = {

Jlia m; - HemapHoro
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0, axwo0<q;(b)<(m -1)/2,
Va, (7/bi )= (©)
1, axwo (m; —1) /2 <a; (b)) <m; —1.
npu npomy 0<a;(b)<m —1.
UwncnoBa yacTHHA ai* (bi* ) KIC/l Bu3nauaerscs tak. Joms m; - mapHoro 1e Oyae
.. a (), axwo 0< a;(b,) <m; 1 2;
a (o) =1 (4)
npu oMy 0<a; (b)<m /2.
s m; -HEapHoro
. a;(b), axuwo 0 < q;(b) < (m; —1) 1/ 2,
a(b)=1— — ()
a;(b)=m —a ), axwo (m, -1) 12 < a; (b)) <m; -1,

npu oMy 0 < a; () < (m, —1)/2.
Sxmo (a -b)modm, MomyasHOro MHOXeHHs Bu3Hauaethes B KICH ax [, (a -b)modm],
TOII
(a -b)modm,,
sarujo (¥, + 7, ) =0 (mod 2);

(a -b)ymodm, = o (6)
m; — (& -b;)modm,,

AKUO (7/ai + 7, ) =1(mod 2),

npu upomy 0 < (& -by ) modm; <m; —1.

Takum unHOM, CYKYIHICTh BUpasiB (2) - (6) € MM mporiecy Tabnu4HOi peanizallii MOTyIbHOTO
apumMeTnyHOr0 MHOKEHHs B K3.

Henonik posrissinyroi MM nossirae B TomMy, 110 i BUKOPUCTaHHS HE JIa€ MOYJIMBOCTI CTBOPUTH
TaOJIMYHUI MeToA peaiizallii onepaiii anredpaiunoro MHoxeHHs B K3.

Mema cmammi - po3pobutu MM nporiecy TabianuHoi peanizanii MHOkeHHs B K3 sk ans mo3u-
TUBHOTO, TaK 1 JUI1 HETaTUBHOI'O YMCJIOBUX J1ara3oHiB.

2 OcHOBHA YacTHHA

s mo6ynosu MM mporiecy TabnuuHoi peanizaiii MHOkeHHS B K3, sk 11st TO3UTHBHOTO, TaK 1
JUIs HETaTMBHOT'O YHMCIIOBUX J1alla30HIB MpeICcTaBUMO BX1JHI yucia A 1 B y HacTymHOMY BUTIISAL
(mryuna opma npeacranenns uncen B K3 [4])

A'=A+T) 1a B'=B+M
A':A+(m_% Ta B'= B+(m_%, JUTS M — HEMApHUX YHCEIL.

ﬂKH_IO, HaIllpukiag, m rmapHe 4uciio, TO,Z[i BUKOHYIOTBHCA HaCTyrIHi CHiBBi,Z[HOH_IeHHH

-M < ABB) <,
0<A(B)<m-1

J%sA-Bd%,

0<(A-B) <m-1.

2 AJId M — TTapHUX YUCCIT;

O4eBHUIHO, 1110
(A-B)’:A~B+f%. )
Toni maemo
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(A"-B"ymod m :[ (A+ T2)B+ M5) }mod m=

(8)
_ m m/. m
_[ AB(mod M%) +m/ . (A+B+ MW7) }mod m.
3 Bupa3sy (8) oueBUIHO, 110
A-B:A'~B’—%~(A+B+r%) 9)
[TincraBumo Bupa3s (9) B popmyny (7). Orpumaemo, o
(A-B)':A’-B'—%-(A+B+%)+r% (10)

VY Bupasi (10) € uneH, axuii Mae yucioBe 3HaueHHS m / 2. BiH 1 00yMOBITIO€ MOMUIIKY B 004 C-
nenni 3HaueHHs A'-B'(mod m). Takum unHOM dopmynu st obuncienns AB (mod m) maroTh Ta-

KW BUTJIAA JJIA M ITAPHUX YHUCECIT

[(A-B) mod M/ } '~ (A-B)mod m+ My, 1)
abo
[ (A-B)mod " } " (A'-B")mod m. 12)
Z[J-Iﬂ m HCIIApHOI'0 Ma€EMO
[ (A-B)mod (M3 } ~(A-B)modm+ M-/ (13)
abo
[ (A-B)mod (M~1/ J '_ (A’-Bymod m. (14)

3 ornany Ha BupaxkeHHs (7) + (14), nodyayemo MM nporiecy MOAyIbHOIO MHOKEHHS JUIsl TTO3H-
THUBHOTI'O 1 HETaTUBHOTO (aNredpaiyHe MHOXKEHHS) LIJIOYMCEIbHUX YUCIOBUX JI1alla30HiB.

a=a+m/2a=a+(m-1)/2a=[r,, (ai,)*]

(15)
by =by +m; /2, by =+ (m; 1)/ 2, b = [, (B)]
s m; - mapHoro
L, 0, sk 0< a/ (b)Y <m, 12,
7 08)=1 S (16)
, axwo my | 2 < af (b)) <m; —1.
Jia m; - HemapHoro
L 0, sxwo 0 < af (b)) < (m; —1)/ 2,
Vo, () = oy @7)
1, axwo (m; —1) 1 2 < a{(b)) <m; —1.

Yucnosa vactuna (&) [(0))"] KIC/I Bu3HavaeThcs HacTymHUM uMHOM. Jliis My — HapHOTO
a (), saxwo 0 < a{(b)) <m; 1 2;
@)1 1= (B) =m; ~a(by), (18)
axwo my | 2 < al(b)) < m; -1,
npu mromy 0< (&) [(B)T<m /2. Jins M; — HENapHOTO Yucia
a; (b)), sxwo 0<a/ (b)) < (m, —1)12;
(@)"[O) 1= & () = m; — /(). (19)
axugo (m; —1) 12 < af (b)) <m; -1,
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npr mmomy 0 (&))" [(B)' 1< (m, ~1) /2
Pesynbrar (& -b") modm, onepauii Buznauaerses B KIC/I, To6T0 y BUIIszi
{7, 1@) ®) Imodm,} ,
TOMI
[(&)"- (b)) Imod m;,

(b)) modm — arujo (v, + 75 ) =0 (mod 2); 20)
U Im-1@)” - (o) Tmod m,

arujo (v, + 75 ) =1(mod 2),

npu mromy 0 <[(a))" - (b)) Jmod m; <m, —1.
®opmyna 1y BU3HaYeHHs 1oOyTKy nBoX yrcen B K3 mae Takuii BUTIIAL:
(A-B)mod M =(A"-B") mod M =[(a;, &, ..., &, ...,
ww ) )- (b, by, b b)) ] =[(a] - b)) mod my, (21)
(a; -bj)mod m,,..., (& -b) mod m,, ..., (a;, -b;) mod m,_].

Tak six yci Mmonymi {mi}, I =1 n K3, (3a sunsmrxom modxciuso minbku 00Hi€el ocHosu), HETapHi

qucia, TO 'y MOAAIbIIOMY, 0€3 BTpaTu CHUIBHOCTI MipKyBaHb, OyneMo BBaXkaTH 110 ocHoBa K3 -
HenapHi yucia. opmymna (21) 3 ypaxysanusm KIC]] mae Takuii BUTIIST

(A"-BYmod M = ({[ 74, (&) 1-[,. (b)) 1} mod m,

{074, (@) 1x[ 7, (05) 13 mod m,, ... {75, (&)) T
x [, (0) 13mod my, ..., [74 . (8,) ][, . (b) T¥mod m,) = (22)
= ({1, 1) () Tmod m}, {5 . [ (85)"- (bs) T mod m,},
A (@) () Tmod m3, s [ (&))" x (b)) Tmod m,3),

e
(a-bymod m; ={[;, (&) ']-[r%, (b)) Tymod m; =
={r{, [(@)" - (6) T mod m.

Buxonsuu 3 (22) + (23) ge, a Takox BpaxoByrouu, mo (15) + (21), 11 m—HenapHOro oTpuma-
€MO HACTYITHI CIIIBB1IHOILIEHHS JJIs pealtizallii MOAY/IbHOI onepalii anredpaidHoro MHokeHHs B K3

{(a-b) mod [ (m; —1)/ 2]} ={[ (7, &) x

x (7, ) Imod [ (m; 1)/ 2]} = (a; - b)) mod m; +

+(m =2 /2={[ys, (&) 1-[r, (&)1} mod m; +

+(m =1/ 2={.[(a) - (5) Tmod m; +(m; -1)/ 2; (24)
{(a-b) mod [ (m; —1)/ 21} ={[ (7. &) x

x (7, 0;) Imod [ (m; 1)/ 2]} = (& -b)) mod m; =

={lrs, @) 1-[ry,, (®) T}mod m; =

= {7, [(&)"-(5) Tmod m;}.

JUia mM; — mapHOro 4uciia OTpUMaeMo

(23)

10
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(8 -b;) mod [m; / 2]} ={[ (7, &)
x(7, b) Imod [m; / 2]} =

=(a-bj) mod m; +m; /2={[ 7, (&) Ix

x[74,, (6)) 1} mod m; +m; /2 ={y;, (a]) (25)
x (0) 13mod m, +m. / 2;

{(a -by) mod [m; / 2]} ={[ (75 &) (n,, b)I mod [m; / 2]} =

= (& -b)) mod m; ={[r;, (&) 1-[ry (b)) 1} mod m; =

={i. [ (@) - (b)) Tmod m;.

CmiBBigHomeHHs (24) + (25) € MaTeMaTHYHOIO MOJACIUTIO MTPOIiecy TaOIUYHOI pealtizarlii onepa-

i anredpaiynoro MmuokeHHs B K3.

4 BucHOBKH

TakuM gyrHOM, Ha TiACcTaBi BaactuBocTeil K3 B cTaTTi CHHTE30BaHA MaTeMaTUYHa MOJIENb TIPO-

1ecy TaOJIMYHOI pearizallii MOAYJIbHOTO MHOXKEHHS, SIK JUIsl [IO3UTHBHOIO, TaK 1 JUISI HEraTUBHOTO
YHCIIOBUX Jiana3oHiB 00poOku iHdpopmarii 301. [Jlana mMomens peKOMEHIOBaHA 0 MPAKTHYIHOTO
3aCTOCYBaHHS MPH PO3pOOILIl METO/IIB 1 AITOPUTMIB IMIBUIKOI 00poOKU KpunrorpadiyHoi iHhopma-

mii.
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Mathematical model of the process of tabular’s implementation of the operation algebraic multiplication in the residues class.

Abstract. Based on the properties of the class of residues in the article, a mathematical model of the process of tabular implementa-
tion of modular multiplication was synthesized, for both positive and negative numerical ranges of information processing by means
of integer information processing. This model is recommended for practical application in the development of methods and algo-
rithms for rapid processing of cryptographic information. Finding ways to simplify the structure of the table operating device integer
information processing has led to the need to improve the mathematical model, methods and algorithms for modular operations,
which increase the efficiency of the use of table arithmetic in the class of residues. A feature of the implementation of this model is
the possibility of reducing the number of equipment operating device integer information by reducing the (50-70)% of logical ele-
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ments "And" in the nodes of the table permanent storage device, directly implement the operation of modular multiplication by arbi-
trary m; module residual class. This is possible by using the symmetry properties of the ajb; (mod m;) implementation table of the
modular multiplication operation.

Keywords: Residues Class; Tabular’s Implementation; Mathematical Model; Operation Algebraic Multiplication.
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MaremaTHyeckasi MoJeJIb Mpolecca TAGINIHON peaH3alii ONepanuy aJire6pandeckoro yMHoOKeHHsI B KJIacce BHIYETOB.
AnnoTtanmusi. Ha ocHOBaHMM CBOMCTB KJlacca BBIUETOB B CTaThe CHHTE3MPOBaHAa MaTeMaTH4ecKash MOJIENb Ipolecca TabIngHOM pea-
JIM3aIMU MOJYJIBHOTO YMHOXEHHS, KaK JUIsl TI0JIOXKUTEIBHOT0, TaK U JUIS OTPUIATEIbHOTO YHCIOBHIX THana3oHoB 00paboTky nHdo-
pMaluK CpeacTBaMU 0OpabOTKH IenovnciIeHHoi nHdopmManuu. J{aHHas MOJeIb PEKOMEHJOBaHA K MPAKTHYECKOMY MPHMEHEHHIO
pu pa3paboTKe METOAOB U AITOPUTMOB OBICTPOIl 00padoTku kpunrorpadudeckoii naGopmannu. [lorck myreit ympomeHns cTpyk-
TypBl TaOJIMYHOTO OIEPAIIMOHHOTO YCTPOMCTBA CpeicTBa OOpabOTKH LENOYUCICHHONW WH(pOpMaImu 0O0yCIOBHI HEOOXOIHMMOCTH
COBEPLICHCTBOBAHMS MAaTEMaTHYECKOIl MOJIEIH, METOIOB U aIrOPUTMOB PEaTM3allii MOYJIbHBIX OIEpaliii, TO3BOJSIOMINX OBBI-
CUTBH 3PPEKTUBHOCTH TPUMEHEHHSI TAOIMYHOI apudMeTHKH B Ki1acce ocTaTkoB. OCOOCHHOCTBIO pealTi3annil JTaHHOW MOJICIIH SIBJIsIe-
TCSI BO3MOXKHOCTh YMEHBIIIEHHs KOJIMYECTBAa 000PYI0BaHMUS ONEPAlMOHHOTO YCTPOWCTBA CPeIcTBAa 00pabOTKHU IETI0UNCICHHOH HH-
(dopmarun 3a cuet cokpamienus Ha (50-70)% norumyeckux smeMeHToB "U" B y3max TaONHUIIBI TOCTOSHHOE 3alTOMUHAOIIEE YCTPOHCT-
BO, HETOCPE/ICTBEHHO pealn3yIolIne OMepalHio MOAYJIBHOIO YMHOXKEHHUS TI0 MPOU3BOJIFHOMY M; MOIYJIO KJacca OCTaTKOB. DTO
BO3MOJKHO 3a CYET HUCIOJIB30BaAHKS CBOMCTB CHMMETPHH TaOHIbI peanu3aruu a;d; (Mod m;) MOy IbHOM ONepai yMHOKEHHS.

KiaroueBble cjioBa: Kiacc BBIYCTOB, TaOaIMIHAS peaim3anud; MaTeMaTUICCKad MOIEJIb, ON€panusa anre6p1/mec1<oe YMHOXCHHE.
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Abstract: Due to the acceleration of the informatization of modern society and the increase in the number of flows
and objects of information that must be protected from unauthorized access, problems with the use of biometric iden-
tification technologies to differentiate access to information resources are becoming increasingly important. The pa-
per discusses some features of fingerprint preprocessing procedures using the Gabor filter. A block diagram of a
parallel model of software for fingerprint preprocessing is presented. Various technologies are also briefly consid-
ered that make it possible to organize an appropriate program (parallel processing), the advantages and disad-
vantages of each of them are described, on the basis of which the optimal one is selected for a specific task. The re-
sults on the speed of program execution with a different number of threads and their priority are provided.

Key words: fingerprints: Biometric Image; Gabor Function; Parallel Execution

1 Introduction

Due to the increasing informatization of modern society and the increasing number of flows and
objects of information that need to be protected from unauthorized access, problems with the use of
biometric identity identification technologies to differentiate access to information resources are
becoming more urgent. The use of biometric characteristics to confirm an identity involves the use
of physical characteristics, such as voice or fingerprints, for identification purposes. Fingerprint
mapping is the most successful biometric identification technology due to its ease of use, non-
interference and reliability. The fingerprint consists of furrows and stripes, forming a complex
pattern unique to each person, and therefore provide the optimum method of verification. Usually,
the problem with fingerprint identification, namely fingerprints, is poor image or fuzzy lines. The
subject matter of the development is an information and technical system for the processing of
fingerprint images. The problem they solve is that it is necessary to improve the image of
fingerprints for further analysis of fingerprints.

2 The Gabor filter and implementation of the software product

The application of the Gabor filter enhances the image. It is contrasted with the lines of prints,
noise is removed. Binarized images are convenient for further conversion: skeletonization and
search for special points on prints [1-6]. Using coherence allows you to highlight the area of interest
in which additional calculations are performed. The disadvantage of the algorithm is the representa-
tion of a curve line as a set of directions in each segment, which can cause a fuzzy response of the
filter in the areas and curvatures and curls. On the other hand, the incremental sampling associated
with the decrease in segment size entails a large margin of error in determining the average line ori-
entation of each segment.

Gabor filter transfer function

_%( xcos(¢p)+ysin(¢)) (—xsin((p)+ycos(¢;))2

ox? oy?

G(x,y,p)=¢ cos(2m9(xcos((p)+ ysin(go)))—z.. (1)
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The C™ programming language was chosen to
implement the software. C*™* is a compiled, stati-
cally typed general-purpose programming lan-
guage. Supports programming paradigms such as
procedural programming, object-oriented pro-
gramming, generalized programming. The lan-
guage has a rich standard library, which includes
common containers and algorithms, 1/O, regular
expressions, lots of accuracy support, and other
features. C™* combines the properties of both high-
level and low-level languages. The advantage of
written software is the lack of third-party libraries.
The program is based solely on standard tools pro-
vided by Microsoft. As well as minimizing the use

Fig. 1 — Gabor function of objects for easy translation of the program into
the C programming language, as needed. The pro-
gram has no memory leaks and handlers (repeated testing).

In order to write a program that in turn will use the computing power of the computer as effi-
ciently as possible. The main technologies for parallelizing software, namely the Message Passing
Interface (MPI), OpenMP (Open Multi-Processing) and POSIX Threads, were reviewed. Each tech-
nology has a number of advantages and disadvantages.

MPI (message passing interface) - the transmission system is standardized (function library). The
standard is the syntax and semantics of the current functions, use when writing portable programs
with the transmission of translations on the moves Fortran 77, C and C**. The main way of sharing
parallel processes in a given whistle is to transfer a single site to a single site. The MPI standard is
the interface, which is guilty of being impaired as a system by the program on the leather calculat-
ing platform, so we are corrupted when setting up our programs [7]. MPI-program - with no parallel
processes. All processes are done once, asserting parallel part of the programs. Each process works
in its address space, there are no common variables or data in MPI. The main way to interact with
the processes € is to make sure that one of the processes is completed.

It’s independent of those that use MPI programs to show the highest level of productivity, the
technology itself has a number of short-lived [7]:

* Low level (programming on the MPI is often the same as programming on the assembler),
the need for detailed control of the output and the number of cycles, as well as the greater
the number of processes — all the more important;

* Necessity of superlative specificity of types in tributes, as well as the very manifestation of
hardcore divisions in tipi of transferred tributes;

* Flexibility of writing programs, keeping your eyes peeled at the end of the week of high-
tech and high-quality processes - to rob is practically impractical to re-enter the wake-up
MPI-programs;

* Visibility of the object-oriented approach.

OpenMP promotes a simple mechanism for realizing parallel parallels in additions for additional
multithreading, in the “master” thread and the “slave” thread, and the redundancy of them. OpenMP
standard for Fortran, C / C** (Fortran is not to be looked at) and for formulating an API for writing
sterile bagging threading on multiprocessor systems using the Single Program Multiple Data
(SPMD) [8]. Portability is tied to the OpenMP program model, which requires an independent plat-
form for compiling directives (pragmas), functions and middleware, obviously showing a compiler,
and I’m talking about parallelism. For a programmer, there’s no need for additional storage, for get-
ting things done, for synchronizing, for balancing and for getting things done. OpenMP allows you
to see how it’s possible over Pthreads, the POSIX interface for organizing threads. At Pthreads it-
self - it’s a busy low level of programmability, a little bit of parallelism for giving, and the very
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mechanism of flowing to bed is not for the purposes of organizing parallelism. OpenMP has termi-
nology and programming model, close to Pthreads, for example, dynamically generated threads,
external and collective data, etc. OpenMP technology is aimed at those who want to use one version
of the program for a parallel and last weekend. However, it’s possible to set programs so that you
can correct ones in parallel mode, but give the last result in the last mode. In addition, through the
accumulation of forgiveness rounded off, the result of the weekend shall be deducted from the cities
of the Republic of Kazakhstan in possible deceases.

hMemDC )

LoadBitmapFromBMPFile( bm,

__JLoads an image into memory using standard C ++ tools
Works with bmp image format

Image = Croplmage(
bm )

__JFunction crop the image around the edges
thereby removing white borders

Image )

Image2 = FunctionCentralSmooth{

--1Gaussian smoothing filtering

KArmayNV = FunctionAl nv ),

KArrayNG = FunclionA{ ng );

__]Tne function determines the parameter of a normally
defined system by x and y

ImageP4 = FunctionP4( Imaga2 )
ImageP5 = FunctionP5( Image2 )

__|Tne function restores the image decomposed
in the spectral region into rows and columns

countLogicalCors =
hardware_concurrency()

__|nardware_concurrency - a standard Microsoft library function
that returns the number of logical cores on the current device

L_

==

Heavy functions are parallelized by creating threads

countLogicalCors

of equal number of logical cores of the machine

ValueDPx = FunctionDPx({ Image2 )
ValueDPy = FunctionDPy( Image2 )

The functions calculate the matrices of the
--{derivatives of the vertical expansicn in the
x and y coordinates

]

ValDPx2 = FunctionDPx2( Image2 ); | |
ValDPy2 = FunctionDPy2( Image2 );

The function of calculating the coordinates
of quadrature gradients

i==

Heavy functions are parallelized by creating threads

countLogicalCors

T

of equal number of logical cores of the machine

FunctionF G( Image2 )

--{Adaptive Gabor Filtering

I

—

end

)

Fig. 2 — Block diagram

POSIX Threads, usually re-
ferred to as pthreads, is an exe-
cution model that exists inde-
pendently from a language, as
well as a parallel execution
model. It allows a program to
control multiple different flows
of work that overlap in time.
Each flow of work is referred to
as a thread, and creation and
control over these flows is
achieved by making calls to the
POSIX Threads API. POSIX
Threads is an API defined by
the standard POSIX.1c,
Threads extensions (IEEE Std
1003.1¢-1995) [9].

Before performing the Ga-
bor function on the image, a
number of manipulations are
necessary [1,3]. Some of them
are quite complex and also need
to be parallelized. Since the
process of creating and starting
the stream is quite heavy, the
optimal solution for paralleliz-
ing the program was found.
Figure 2 shows a block diagram
of the main function which de-
scribes the main stages of the
work progress.

3. Program execution speed
testing

Product testing was con-
ducted on a computer HP 4540s
Intel i5 processor - 3230M CPU
2.6GHz. This processor model
contains 4 logical cores, which

made it possible to fully test the speed of a program with a different number of threads.

Table. 1 — Program speed results

Thread Count / Priority 1 2 3 4
NORMAL 47s 39s 31s 28s
HIGHEST 45s 30s 23s 20s
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Figure 3 shows an example of an input image and Figure 4 shows an example of an image modi-
fied by a Gabor filter.

o

g & = o ]

Fig.3 — Input image Fig.4 — Modified image

3. Conclusions

A Dbrief overview of the main procedures has been completed of fingerprint image preprocessing
by the Gabor filter. Having also analyzed the most common technologies for organizing parallel
execution of processes available in the C** programming language. Taking into account the fact that
the mathematical model can be divided into subtasks that will not be interconnected, that is, the
principles of data locality are preserved - we can conclude that there are no advantages for this task
in the mpi technology. The next technology on the list is Open MP, in which the model is pretty
close to our task (processing of fingerprint image), but it also has a number of disadvantages, the
main one being the fact that the Microsoft C** compiler only supports ver. 2.0, which does not
have support for setting priorities for child threads, which is significant limits our possibilities.
Therefore, for a specific task, POSIX Threads is the preferred option that encapsulates fairly quick
and convenient thread manipulations.
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Po3napajieioBanHs MaTeMaTH4YHOL Moei ¢piabTpa ['agopa.

AHoTamisi. VY 3B'I3Ky 3 IPUCKOPEHHSM iH(pOpMaTH3amii Cy4acHOTO CyCIIILCTBA Ta 301IBIIEHHSIM YHCIa HAPSMKIB 1 00'eKTiB iH(pO-
pMmarlii, siki HeoOXiTHO 3aXUCTHUTH BiJ HECAHKIIOHOBAHOTO JOCTYILY, TPOOJIEMHU 3 BUKOPHCTAHHAM TEXHOJIOTiH O610MeTpHYHOI 11eHTH-
¢ikamnii 0coOHCTOCTI U1 pO3MEKYBaHHS JIOCTYITy 10 iH(GOpPMAIIHHIX pecypciB CTAalOTh AeAali akTyalbHimMMH. B poboti posris-
JTAIOTHCS AeSKi 0COOIMBOCTI MPOLIeRyp MONepeIHb01 0OpOOKH BiIOUTKIB MaJbLiB 3 BUKOpUCTAaHHAM ¢inbTpa ["abopa. [Ipeacrasnena
CTPYKTypHA CXeMa MapajebHOT MOJENi MPOrpaMHOTo 3a0e3MeueHHs I MONepeaHb0i 00poOKH BiTOUTKIB manbLiB. Takok KOPOTKO
PO3TISIHYTI Pi3HI TEXHOJOTII, IO JO3BOJIIOTH OPTaHi3yBaTH BiAMOBIAHY mporpamy (mapajieabHoi 0OpoOKH), OMMCYIOTHCS MepeBart i
HEIOJIKN KOXKHOT 3 HHX, HAa OCHOBI SIKHUX BHOHMPA€ETHCS ONTHMANIbHA JUIl KOHKPETHOTO 3aBAaHHA. HalaHO pe3ysbTaTH 1o MIBUIKOCTI
BUKOHAHHS IIPOTPaM 3 Pi3HOIO KUIBKICTIO MOTOKIB 1 iX IPiOpUTETOM.
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AHHOTanus. B cBs3u ¢ yckopenneM nH(popMaTH3aMy COBPEMEHHOTO OOIIECTBA U yBEIMUCHHUEM UHCIIa HAMPABJICHUH W 00BEKTOB
nHpopmarmm, KoTopble HEOOXOUMO 3alIUTHTh OT HECAHKIMOHHUPOBAHHOIO JIOCTYIA, MPOOJIEMBI C HUCIOJIb30BAHMEM TEXHOJOTHIA
OMOMETPHYECKOI MACHTU(HUKAIIMN JIMYHOCTH Ul pa3rpaHHUYeHus JOCTyna K MHQOPMAILMOHHBIM pecypcaM CTaHOBSTCS Bce Ooliee
aKTyaJbHBIMH. B paboTe paccMaTpuBaIoOTCsi HEKOTOPBIE 0COOCHHOCTH MPOLEAYp HPEeIBAPUTENLHON 00pabOTKH OTIEYaTKOB MaJbLEB
¢ ucrnons3oBaHueM ¢uibrpa ['abopa. [IpeacrasieHa CTpPYKTypHas cCXeMa MapajuiejbHOW MOJIENH HPOrpaMMHOTIO 00ECIeUEeHHs IS
IIpeBapUTEILHON 00pabOTKH OTIEYaTKOB MaIbIEeB. TakKe KOPOTKO PACCMOTPEHBI PA3IMYHBIE TEXHOIOTHH, MO3BOJISIONINE OpTaHH-
30BaTh COOTBETCTBYIOMIYIO IIPOrpamMMy (TIapaIeTbHOH 00pabOTKH), OMICHIBAIOTCS MPEUMYIIECTBA U HEIOCTATKH KaXKAOH U3 HUX, HA
OCHOBE KOTOPBIX BBIOMpaeTCs ONTHUMANIbHAS ST KOHKPETHOH 3amadn. [IpemocTaBieHs! pe3yabTaThl IO CKOPOCTH BEITOJTHEHUS TPO-
TpaMM C Pa3HbIM KOJIMYECTBOM ITOTOKOB H X MPHOPUTETOM.
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JOCIIIKEHHSI KPOCILJIAT®OPMHOI'O ®PEVMMBOPKY FLUTTER.
YU O3HAYATHUME PO3KBIT II€EI TEXHOJIOI'TI 3HUKHEHHS
HATHUBHOI PO3POBKH HA ANDROID TA iOS?
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Ioctymuna: xxosrens 2019

Anomauin. Poboma npucesuena 00CiioHCceHHI0 KpOCHIam@opMHO20 GpetiMeopKy 015l pO3POOKU MOOLIbHUX 000am-
xie Flutter 6i0 xomnanii Google. [Ipogedeno npaxmuune sunpoOYSanHs MexHONIO2I 3 YL 6CMAHOBUMU, YU GOHA
docmamubo 3pyYHa ma HAOMiHA. Y cmammi npedcmagieHi 6UCHOBKU 34 Pe3yibmamamu nPpOo8eOeHUX O0CIIONCEHb.
Hasedeno nopisnsanus mexanizmie pobomu Flutter ma inwux nonyaspuux Mo6itbHUX KPOCHAAM@POPMHUX (pelimeop-
Ki6. Pozenanymo ocrogui ocodrueocmi i 8iominnocmi mexuonoeii. Haoano pexomenoayii wo0o ii guKopucmaHHs.

Kniouesnie cnoga: xpocniamgopmui pivenns; MobinbHi dooamxu; Hamuena pospobxa, moea npozpamyeanns Dart.

1 BBeagenue

CrtaHoM Ha CHOTOJIHI CTaTUCTUKA BHUKOPUCTAHHS MOOUIHHUX noaatkiB (MJl) roBopuTh mpo Te,
[0 PUHOK 3POCTAE 3 TE€OMETPUYHOIO MPOTrPECi€ro, a 0COOIUBO CTPIMKA TEHICHIIIS MPOCTEKYETHCS
came cepell KpocmiaThOpMHUX MPOrpaMHUX PillieHb, SKi HAOyBalOTh Bce OLIBIINOI MOMYISPHOCTI.
Moga itne npo nporpaMHe 3a0e3neueHHs, ke MOXKe 3alycKaTHCs Ha pi3HuX miatgopmax (Android
ma i0S), Marouu NpH 1IbOMY OAHY KoJ0BY 0a3y. [lepeBara Takux M/] momnsirae y 3HWKEHHI BUTpat
Ta MPUCKOPEHHI mpoltiecy ix po3podku. Lle poduts kpoc miardopmui (K-IT) mporpamui pimeHHs
Iy’Ke IpUBabIMBUMH, 0COOIMBO, Y KOPIIOPAaTUBHOMY ceKTopi iH(opmMariiinux TexHosoriid. Ta yo-
My % TOIpPH BCl IIepeBaru, HaTUBHA po3poOKa (TOOTO po3polKa miJ OJAHY KOHKPETHY I1aTdopmy)
MJI 1 noci Bce mie 3arpeOyBana? CrpaBa B TOMY, 110 IPOrpaMHi PillIeHHs, Ha OCHOBI SIKUX peai-
30BaHO K-I1 po3poOky, MaloTh MEBHIN Mepenik HEeIOoMiKiB, Yepe3 Kl Takl JOJATKU MOCTYHNAIThCS
HaTMBHUM 32 TUMM UM 1HIIUMH MOKa3HUKAMU (Hanpuxnaod, weuoKicme gisyanizayii eiemenmis na
ekpami MoOLIbHO20 Npucmpoio, NPooyKkmueHicme ma iHwi). Y JaHOi poOOTI MpeaCTaBICHHN
ormsin K-IT ¢peiimBopky Flutter, mpoBeneHo #oro mopiBHSAHHS 3 IHITUMH MOAIOHUMHU TEXHOJOT1s-
MU, a TAKOX HaJAHO PE3IOMeE JIOCITiy CTOCOBHO OCOOJIMBOCTEH HOTO MPAKTUYHOTO BUKOPHCTAHHS.

2 IMpunuun po6otu Flutter Ta mopiBHsIHHA #0T0 3 IHIIMMH pillIeHHAMH.

Flutter — i1e SDK (Software Development Kit) 3 BiIKpUTOI KOOBOIO 0a30r0 JJIsl CTBOPEHHS MO-
OUIbHUX Ao0JaTKiB BiAg KommaHii Google. BiH BUKOpUCTOBYEThCS Ui PO3pOOKH JOAATKIB T[T
Android ta 10S, a Takox 11e 0OCHOBHMH crocid po3poOku noaartkis mix Google Fuchsia — onepaTtus-
Hoi cuctemu Bi7 Google, sika 3apa3 (ctaHoM Ha sucronan 2019 poky) 3HaXOAUTHCS B CTa/ll aKTUB-
HOi po3pOOKH; MPOTHO3YETHCS, 110 BOHA JeOI0TYe dYepe3 JBa POKM 1 B KIHIIEBOMY MiJICYMKY 3aMi-
HuTh Android, Wear OS 1 Chrome OS. TBopii ¢ppeiiMBOpKY CTBEpPKYIOTh, 10 BiH M030aBJIeHUI
OUTBIIOCTI HENOJIKIB CBOIX momepeaHukiB, a came Takux K-II ¢peiimBopkis, sk React Native,
PhoneGap, lonic, Xamarin ta iHmmx.

Hi ans xoro He cekpert, mo y cdepi po3podku K-IT MoOITEHUX TONATKIB € HOCTaTHE 6AraTcTBO
BHOODY, 10 Y PI3HUX TEXHOJIOTIH € CBOI nepeBaru 1 Hemomiku. 1o % Takoro peBOIOIIHHOTO MOXKE
3anponionyBatu HaM Flutter? [1]o6 e Ha0UHO BUSBUTH, HEOOX1IHO MOPIBHATH JETall apXiTeKTypu
Flutter ra React Native. CripaBa B ToMy, 1110 React BUKOPHUCTOBY€E HATHBHI BiJKETH JUIS BiITBOPECH-
Hs Ul i komyHikari€ro 3 iaThopMHUMUA KOMIIOHEHTaMH. BiH BUKOPHUCTOBYE Ui LbOTO, TaK 3Ba-
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HUI MicT (muB. Puc. 1), Skuii i € TUM «BY3bKUM MiCLEM», 1[0 3HAYHO YIMOBUIBHIOE MatOBaHHs (6i-
syanizayii) Ul.

Apxirekrypa React Native

Services

Your App E Platform
E Canvas
«——> OEM Widgets <>
° | Events
Client code T %n L
M : Location Bluetooth
-— Audio Sensors
E Camera etc.

Puc. 1 — Cxema apxitexktypu React Native

B apxitekrypi Flutter (¢prammep) Taxuit mict BiacytHii. | xoua inTepdeiic mixk Dart i muiatdop-
MHUM KOAOM Bce 1mie icHye (Puc. 2), iomy aiis po6oTu moTpiOGHO 3HAYHO MEHIIIE Yacy.

Apxirexrypa Flutter
Your App Platform
Widgets, | N Canvas
Rendering E Events
Client i .
! Services
code !
Platform ! Location Bluetooth
Channels ™ Audio Sensors
| Camera etc.

Puc. 2 — Cxema apxitextypu Flutter

Bapto 3BepHYTH yBary Ha MaJllOBaHHS €JIEMEHTIB. Y KpocIiaTGOpMHUX PIlIEHHSX, SKi BUKOPH-
CTOBYIOTh HaTHBHI KommoHeHTH Ul, st B3aeMOIii 3 HUMH BUKOPHUCTOBYETHCS BIpTyajbHE JIEpPEBO
BiketiB (Puc. 3).

Platform
App Bridge
Compare, _ Canvas
‘ Undate <+—> native «—»
p P widget Events
virtual tree
of
native widgets|

Puc. 3 — Cxema mamoBanHs enemMeHTIB y React Native
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BipTyanbhe nepeBo — 1e aOCTpakTHa Bepcis 300paXXeHHs 3 €KpaHy, CTBOPEHA 3 BUKOPUCTAHHSAM
00'eKTiB, TOOTO IIPOTpaMHE ySIBJICHHS TOTO, 110 0a4UTh KOPUCTYBad. BipTyansHe nepeBo € HE3MiH-
HUM 1 1epeOyI0BYEThCA 3 HYJISI KOXKEH pa3, KOJIH M0-HeOyAb Tpeda MOMIHATH Ha eKkpaHi. BipTyaib-
HE JIEPEBO MOPIBHIOETHCS 3 MOJIOKEHHSAM 1 CTAHOM HATHBHUX BIJDKETIB IS TeHepallii Habopy MiHi-
MaJbHHX 3MiH, SIKI TOTIM BUKOHYIOThCSI, 100 OHOBUTH cTaH. HapemTi, muraropma moBTOPHO Bigo0-
Opakae peasibHE JIepeBO 1 MajO€ HOro Ha ekpadi. Bce 1ie HeoOXiaHO JIHIe TOMY, III0 OHOBJICHHS
BCHOT'O €KpaHy Biipa3y — 3aHaJTO JI0pOra B CEHCI MPOYKTUBHOCTI OTEpallis.

Opnnak Flutter He BUKOpHCTOBYE HATHUBHI €JIEMEHTH eKpaHy abo HaBiTh WebViews, BiH Hagae
cBOi BiacHi BifpkeTH. Lle 30ibIIye iX rHYYKICTh Ta MBUAKICTH peHaepunra. Flutter mamoe (Bizo-
Opaxxye) cBOi BI/DKETH IIPsIMO Ha canvas. TakuM 4HHOM, Te, 10 OYyJI0 BIpTyaJlbHUM JIEPEBOM BiJKe-
TiB B MONEPETHHOMY MPHKIIALIi, Tenep € 6e3nocepeqHbo aepeBoM BipkeTiB (Puc. 4), sike BigoOpa-
KYEThCS HA CKpaHi.

App Platform

Canvas

Events

widget tree
Puc. 4 — Cxema BimoOpakeHHs enemeHTiB y Flutter

Pennepep Flutter nepeManboBye TUTBKH Ti BiJKETH, SIKi HEOOXiHO OHOBUTH Ha ekpaHi. He3mi-
HEHI Bi/DKETH, HaBITh Ti, SKi Oy MPOCTO MEPEMIllleHi, YaCTKOBO BiJJHOBIIOIOTHCS 3 KeIlly (mayxe
IIBUJIKO).

3 Moga nporpamyBanns Dart

Dart — nie MoBa nporpamMmyBaHHs 3 IOBHICTIO BIIKDUTUM BHXIJHUM KOJIOM, CaM€ Ha Hil Ipaiitoe
Flutter. «Bcepemuni» Google 1 MOBa pO3BHUBAETHCS JyXKE MIBUAKO, BOHA BHKOPUCTOBYETHCS
Adwords, Flutter, Fuchsia ta iHmmmu. Huxde npenctaBieHui HEBEIUKUN TIEPEIIK JESKUX MPUH-
UIOBUX ocobnuBocTelt Dart, siki 3HaYHO cnpolyoTh poboTy 3 Flutter:

e Dart moxxe 0yt AOT (Ahead Of Time) koMniIbOBaHUM B IIBUJKUMN, NepeadadyBaHui, Ma-
mmHHuE ARM koa. Lle pobuts Flutter nyxe mBuakuM B miiaHi podotu (11 30ipku release).

e Dart moxxe 6ytu JIT (Just In Time) kOMIIIbOBaHUM JJIsI BUKIIOYHO HIBUAKUX LIUKIIIB PO3pO0-
ku (exmouarouu nonyasapny Hot reload Flutter, npo siky moea nide mpoxu nizniuie).

e Kon B JlapT € 04HOMOTOYHMM, 1110 1030aBJsi€ pO3pOOHUKIB BiJ] IEBHUX MPOOJIEM CUHXPOHI3a-
uii qanux. [Ipu mpoMy, SKIIO Bce K BUHUKAE HEOOXIMHICTh y 0araTomoTOYHOCTI, TO € BiJMOBiIHI
i3omsTH (isolates), siki BUKOHYIOTh POJIb MOTOKIB, 1 MPAIIOIOTh TAKUM YHHOM, [0 Y HUX HEMa€e 00-
JacTi CNUIBHOI MaM'siTi, a CIIJIKYBaHHS MK HUMHU BiI0yBa€ThCs 4Yepe3 BiAMPABKY MOBIJOMJIEHb 110
CHeliaJIbHUM KaHajaM.

e (Cxema «300py CMITTS» 1 po3noainy nam'ati B Dart oco6auBo mBuAKa A7 pO3MOIUTY HaM'aTi
JUTst 03711491 HeTOBrOBIYHHUX 00'€KTIB (ideanvro nioxooums onsa Flutter, axuii 3nuwye ma nosmopuo
nepeby0os8ye He3MinHe 0epe6o i0xHcemis OJisk KOXCHO20 Kaopy).

e Xoya NMporpamicriB, sIKi 3HaIOTh 1110 MOBY, MIOKH IlIe, HE TaK Bxke i 6arato, Ti, XTO 3HAIOTh MO-
Bu Java, JavaScript, Kotlin, C# abo Swift, Bxke MoxyTh mouaTu porpamyBaHHs Ha Dart mpakTuuHO
BiZIpa3y.

4 OcobauBocti «Hot reload»

Bapto 3BepHyTH 0c00MMBY yBary Ha oaHy 3 ocoonuBocreii Flutter — Hot reload. Bona mo3Boisie
PO3pOOHMKAM BHOCUTH 3MiHHU B JIOJATOK B TOW 4ac, KOJM BiH YK€ 3allyIICHUH, TP IIbOMY Iepe3a-
BAHTAXKUTHCS TITLKA 3MIHEHUH KOJI, @ pOOOTY 3 JOJAATKOM MOKHA MPOJIOBKUTH 3 TOTO K MICIIs, 1€
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PO3pOOHUK 3YNMUHUBCS 10 3MIHM KOJly. Bech ommcanuii mporuec 3aiitMae MEHILIE CEKYH/IH, a BCE 1€
MOXJIMBO 3aBISKH 3rajfianomy Buie JIT-komminsaropy. 3aBasku boMy (YHKITIOHATY 3HHUKA€E HEOO0-
X1IHICTh B TIONEPEAHBOMY EpPerisiii 30BHILIIHBOIO BUTIISLY €KpaHy, sK 11e 0yio, Hampukias, 3 xml
¢daiinamu B Java/Kotlin mpoekrax. B mpomy pasi MokHa OyKBajgbHO CTBOPIOBATH CBIM J10OJATOK
IpsIMO Ha €KpaHi IPUCTPOro 0e3 HEOOXiHOCTI Mepe3anycKaTu caMm JOJaToK.

5 BuaacHmii nocBig po3podxu

HaiinpocTimmuii crocid 3HalTH CHIIbHI Ta C1a0Ki CTOPOHHU OyIb-SIKOTO IHCTPYMEHTY — CIIpOOYyBa-
TH IOCh 3po0OHUTH 3 Horo ponomoror. Tak, mo6 3'sicyBatu uu € Flutter roctatHbO CTaOLIBHUN Ta
3pYy4YHMH, Ta 4M MOXHA 3a HOro J0MoMOrorx KOM(OPTHO CTBOPIOBATH JOJATKH, OyJIO BHUPIIIEHO
CTBOPHTH BIATOBIAHUN JOAATOK JUIS Lijel OpOHIOBAHHS KIMHAT JUISA AUTOBHX 3yCTPidei.
TBopui daaTTep moadamu Mpo Mirpaiiro po3poOHHUKIB 3 IHIIHMX IIATGOPM 1 MBIATOTOBUIIN BEIIH-
Ky KUIBKICTB cTaTel Ta BiANoBiAHOI fokyMmeHTanii. Ha odinifinomy caiiTi [1] MokHa 3HaiiTH 6arato
KOpHCHOI 1H(popMalii Mo po3polil, a Takok MaTepianu moao nepexony 3 Android/iOS/Web pos-
poOku Ha ¢urarrep. Tak, MepBUHHE O3HAMOMIICHHS 3aiiMae Bij| Mapu THIB A0 THKHA. B pesymnbrari
BKE€ MO’KHA BUIBHO OPIEHTYBATHCS B IPOCTUX MPHKIaZax Koy GpperMBOpKy 1 po3ymitu Dart 2 xox.
OnxHUM 3 TIEepIIOYEproBHX 3aBAaHb OYyB MOIIYK CTOPOHHIX KOMIOHEHTIB. Po3poOnuku Flutter
noadanu mpo 3pyuHicTh miakiatoueHHs 0i6miorek (y Flutter - mnariniB). Ciucok MOXIUBUX 3aJ€XK-
HOCTEH MO’KHA 3HAWTH Ha CIeNiali30BaHOMY CaiiTi [2], Ha sSiIkoMy BUKIaJEHI sK OQilliiiHi TUariny,
Tak 1 po3po0JieHI CTOPOHHIMU PO3POOHHUKAMH (68 OaHOMY BUNAOKY MONCHA NPOBECU AHANOZII0 3
maven penosumopiem). IlmariHu MOXyTh MaTl HATUBHUK KOJ IIaT()OPMHU, SIKUH T03BOJISIE TM 3BEP-
TaTHUCS 10 KOMIIOHEHTIB cucTemMH. Taki rurariau mig Android, ctBoprototbest Ha Java ab6o Kotlin, a
miz i0S — Ha Objective-C a6o Swift. Ix mpunImn po60oTH 3acHOBaHMIT Ha BUKOPUCTAHHI KAHATIB, 1€
KaHaJIM — 11eé MeXaHi3M 3B's3Ky MK Dart KoJoM Ta KOJOM KOHKPETHOI IUIaThOpMH XOCT-I10aTKY.
OpnHak i KaHaJIM MOXKYTh TIepe/laBaTH TIIbKK OiHApHY 1 TEKCTOBY iH(OpMaito. Takum 4nHOM, KO-
JIM J1esIKO1 HATUBHOI (DYHKIIIOHAJIBHOCTI y (praTTep HeMae, TO pO3pOOHHK 3aBXK/IM Ma€ 3MOTY HaJlaTH
il caMocCTiifHO.
BpaxoByroun Bce BHILE 3a3HAYCHE, Ta CIMPAIOYHCh HA MEepIIl 0COOMCTI BpaXXeHHs BiJl pO3pOOKH
TECTOBOTO JI0JIaTKy, MO>KHA 3pOOUTH HACTYITHI BUCHOBKH CTOCOBHO ILJIAT1HIB!
1. Jlna crabinbHOI poOOTH NOJATKIB HEOOXITHO PEeTeNnbHO MIAXOMUTH 1O BHOOpY IuiariHiB. B
Tepiry 4epry BapTo AUBUTHCA Ha odilliliHi muarinu Big po3pobHUKiB puaTTep. Ix cnucok €
Ha github [3] 1 BoHM 3HaxoasaThCsA npsAMo B penozutopii Flutter.

2. SIkmo B 3ampoIOHOBAHOMY CITUCKY HEMa€ MOTPiOHOTro IUIariHa, TO CIiJl IepEMICTUTHUCS Ha
CalT 3 miariHaMu BiJi CTOPOHHIX PO3pOOHHMKIB [2], Ha sKOMY € 0e3:1iy BiJIOBITHUX 0101i0-
TeK. Aje TyT moTpiOHO OyTH «oOepexkHuMY. [[7s cTabiapHOT poOOTH J0/1aTKa BapTO BUOU-
paTH TUIBKH Ti, JUIA SIKAX € HE TUIBKW MPHUKIAAU BiJ pO3pOOHUKIB, a TAKOXK 1 3rajkud Ha
CTOPOHHIX pecypcax (ranpuxnaod, numanns 3 eionosiosmu na StackOverflow) [4].

3. Benuka yactuna 6i6niorek, podoya. OnHak, 6araTo IIIariHiB I1e He MalOTh CTa0LIBHOT Bep-
cii. byab-gkuil 3 HUX MOKe MaTH 3acTapily JOKYMEHTAIlil0 ado MPUKIIaJ BUKOPUCTAHHS.
Taxo, XOpOIIO0 OPaJIoI0 € MepeBipKa Mpale3JaTHOCTI [U1ariHa Ha 000X miaatdopmMax.

6 Yu norpiden Flutter mpoexry?

Sk 3po3yMITH 110 NEBHUI MPOEKT MoTpiOHO abo, B3araii, MoxHa craptyBatu Ha Flutter? B -
oMy, el ppeMBOPK BapTO BUKOPUCTOBYBATH KOJH 3aBYACHO BiJOMHI 3araibHU 00cAT poOoTH
Ta B1JIOMO, 11O ii MO’KHA peani3yBaTH 3a JOMOMOro cranaaptHux 3aco0iB Flutter Ta muarinis. [Ipu
bOMY He OyIb-SKHi JoJaTOK BapTo mounHaTu nucaty Ha Flutter. Tak, mpukiamaMu moraHux Jo-
JaTKiB Ha ¢uiatep ciij BBAXKATU:

® JI0J1aTOK, SIKWW IHTEHCUBHO TPAIllO€ 3 HATUBHUMU Oi0mioTekamu. Ha xamb, s Toro o0 Bu-
xmkatu C-ko, sSskuid Hepiako HeoOxiauui B Android po3poOiti, moTpiOHO BUKOPUCTOBYBA-
T 2 mocTa. (Kananu ta JNI);
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® K0 MPHUHIUIIOBO BAXJIMBE MHUTAaHHS €(EKTUBHOIO BUKOPHUCTaHHA pecypciB. Hampukmnan,
MPOCTHI TaiiMep Oy/le BUKOPHCTOBYBATHU OLIbINE Mam'siTi ab0 MOTY)KHOCTI IEHTPaIbHOTO
MPOIECOPY HI’K HATUBHUH JT0JIaTOK;

® KOJIM B JIOJIaTKy OaraTto ocoOJIMBOCTEN Ul SIKMX JOBEJETbCS CTBOPIOBATHU ILIAT(HOPMEHHHH
Koa. HasiBHICTD KaHaiB poOUTHh MOKIIMBHM peaiizyBatu Ha Flutter Bce, mo MoxxHa 3poouTu
B HaTMBHOMY JI0/1aTKYy, ajie MCcaTh OJHOYACHO 2 peaii3aliii MOXe BUSBUTHUCS 3aHAJTO J10pPO-
T'MM Y CEHCI HaKJIQJHUX BUTpAT. B 11boMy pa3i MoBa iijie mpo Taki 0COOIMBOCTI, IK KOHTEHT
npoBaiiaep, CallKit 1 T.1.

VY cBOIO uepry, NO3UTUBHUMH MPHUKIJIAAaMu A0AaTKiB Ha Flutter e:

® J10/1aTOK, AKMI Ma€ JU3aiiH, 1110 He 3aJIeXKUTh BiJl IIIATQOPMHU;

® JI0/IaTKU 3 CKJIAJHUM iHTepdericoM kopucTyBada. B mpomy pasi Flutter cnpourye Hamamry-
BaHHs Ul eeMeHTIB;

® KOJIM TIOTPiOHA BIUCOKA IMIBHJIKICTh PO3pOOKH. AJKe HEOOXiTHA JTUIIE OJJHAa KOMaH/a Ta OJIUH
KJIIEHT-OIATOK.

5 BucHoBku

3a pe3ynabpTaTamMu aHamizy iHpopmanii npodiabHUX [HTEpHET pecypciB, y3araabHEHHS TyMKH Oa-
ratbox (axiBIliB Ta OCOOMCTOrO JOCBily MOXKHA CTBEpXKyBaTH, 110 Flutter € moTeHIiiHO mepcmek-
TUBHOIO TEXHOJIOTIEIO, sIKa MIBUAKO Habupae momysspHicTh. Kilbka CMUIMBUX KOHIEMIIH, IO Jie-
XKaTh B OCHOB1 poOOTH JaHOTO (pEeMBOPKY, MPUBHOCATH B pO3pOOKY HOBI i71e1 Ta MOXKIIUBOCTI, 3a-
BISIKM SIKMM CTBODPIOBATH HOBI JTOJATKU CTa€ 3Ha4YHO mpocrtime. Hanpukian, Take momupeHe 3a-
BJIaHHS, SIK BUOIp MOTPiOHOTO 300paxkeHHs 31 CXOBHINA Ha MOOLTbHOMY mpucTpoi y Flutter poouts-
Csl OZTHAM PSIKOM KOZY.

Flutter meBHO He 3MOXe MOBHICTIO 3aMIHUTH HATHUBHY PO3pOOKY, ajie BiH TOYHO 33JaCTh HOBUU
TPEH]I, B IKOMY B HAWOJIMXK4i pOKK Oyzie pyxaTHCsS Baroma 4yacTHHA iHIycTpii MOOIITBHOI pO3pOOKH.

CTOCOBHO MEpCHEKTUB PO3BUTKY (pelMBOpKy, komanna Flutter oronocuna mpo XiJx aKTHBHOI
po3pobokr Hummingbird — Flutter myis Web — ta posmosiina, sk 1ie, mpuOIu3HO, Oy/ie MpalfoBaTH.

B manax xomanau Flutter sminuTu suiire camMuii HU3bKOPIBHEBUH IIap TAKUM YMHOM, 100 KOJI
3amyckaBcsi B Opaysepi. Sk O4iKyeThCsl, TAKMM YUHOM 30€peKeThcs OCHOBHA ocoOnmBicTh Flutter —
HEePEHOCHMICTb €JMHOI KOJOBOI 0a3u Ha pi3Hi maThopmu, B JaHOMY BHIaaky — Ha Web.

binbm neranbHO pe3ynabTaTH J1aHOi poOOTH, OYJI0 PO3TISHYTO B MEXax poOOTH KOH(EpeHLii
NixMulticonf, Bizieo 3 siK0i MOKHA 3HAUTH B MEPEITiKy MOCUIAHb [5].
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Investigation of the cross-platform Flutter framework. Will the heyday of this technology mean the disappearance of the na-
tive development on Android and iOS?

Abstract. The work is devoted to research of the cross-platform framework for developing mobile applications Flutter from Google.
A practical test of the technology was carried out to establish whether it is convenient enough and reliable. The article presents the
findings of the testing. The comparison of the mechanisms of Flutter and other popular mobile cross-platform frameworks is given.
The main features and differences of the technology are considered. Recommendations on its use are formulated.
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Hccaenopanue kpocniardpopmennoro ¢ppeiimpopka Flutter. Byner siu o3HayaTh pacuBer 3TOH TeXHOJOIMH HCYE3HOBEHHE
HATUBHOIi pa3padoTku Ha Android u i0OS?

AnHoTamus. PaboTa mocBsIieHa HCCIeNOBaHUIO KpociuiaTGopMeHHOro (GpedMBOpKa Uit pa3pabOTKH MOOWIBHBIX HMPHIIOKEHHI
Flutter ot Google. IIpoBeneHo mpakTH4ecKoe UCIBITAHUE TEXHOJIIOTHH C LIENbI0 YCTAaHOBHUTH, JOCTATOYHO JIM OHA yJ0OHAs U HaJeXK-
Hasg. B cTaThe mpencTaBieHbI BBIBOJBI IO pe3ysbTaTaM MIPOBEACHHBIX HccienoBaHuil. IIpuBeneHO cpaBHEHHE MEXaHU3MOB pabOTHI
Flutter n npyrux NOMyJIsipHBIX MOOMIIBHBIX KpOCCILIaT(OPMEHHBIX (hpeiiMBOpPKOB. PaccMOTpeHB! OCHOBHBIE OCOOSHHOCTH M OTIINYHUS
TexHonoruu. [IpuBeeHbl peKOMEHIAINH 10 €€ HCI0JIb30BaHHUIO.

KioueBble ciioBa: KpoccrutaTOpMEHHBIE PEIICHNs; MOOMIbHbBIC MPHUIOKEHUS, HATHBHAS pa3paboTKa; S3bIK MPOrPaMMUPOBAHHUS
Dart.
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HENO3UIIHHOI CUCTEMU YUCJIEHHS KJIACIB 3AJIMIIKIB
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Byn. M. JlomoHocosa 81, Kuis, 03189, Ykpaina.
0.oksiuk@gmail.com

Hapiiinoio: XKosrens 2019.

Anomauia: I[lpononyemvcsa HOBULL MeMOO MOHIMOPUHSY OAHUX, NPEOCMABIEHUX ) HeNO3UYILHIL cucmemi K1acie 3a-
JuwiKig. s Kooy 6 cucmemi KIACi8 3aAUKi@ mecmosi 6a3u KII0UAIOMbCsL 8 3a2AlbHy CIMPYKMYpPY KOOY OAHUX, WO
Micmumb HaGip 6a3 ingopmayii. Y ybomy eunaoky banraucu, axi npedcmasisioms onepayii 3 ingpopmayitinux ma Ko-
HMPOALHUX NIOCMA8 OOHOYACHO A HE3ANENHCHO bepymb yuacms y npoyeci 06pobku ingopmayii. 3a pesyromamamu
00pobKuU THpopMayii ModxcHa i0ciOKo8ysamu abo noemanto, abo HANPUKIHYL 6CIX 0OUUCIEHb, OCKLIbKU NOMUIKA,
KA cmanacs 6 6y0b-aKoMy 3aIUUIKY, He 3ACmocosyemvcs (He "nommoscyemoca”) na 3anuwKu, wo 3arumuiucs. 3a-
NPONOHOBAHULL MEMOO KOHMPOTII, 3ACHOBAHUL HA NPUHYUNT NOPIBHAHHS, 8 NOOAILULOM)Y CMEOPIOE NepedyMOo8U OJis
PO3POOKU eheKmUsHUX Memodi8 OiacHOCMUKY | KOpeKyii nomMuioxk 6 kaaci 3anuwkie. Hedonikom sanpononosanozo
Memoody € dewjo HU3bKA onepamusHicms KoHmpoaw. JJana obcmasuna 06yMo8110€ HeoOXIOHICMb NiOSULeHHs One-
PAMUBHOCHI KOHMPOIIO CUCMeMU 0OPOOKU OAHUX 6 KILACT 3aNUIKIE 34 PAXYHOK 3MEHULeHHs YacCy 6UKOHAHHS nepepa-
XO8aHUX 6uuje onepayit Wisxom po3pooOKu | GUKOPUCIAHHS, HANPUKIAO, Memodig i 3acobié peanizayii nO3UYilHUX
O03HAK HENO3UYIUHUX KOOI8 ) KIACI 3aTULIKIS.

Knruoegi cnosa: memoo KOHmMpoOno 0aHux, KIAC 3aTUWKIE; HENOZUYILIHA CUCmeMd.

1 Beryn

Bimomo, 1m0 BUKOPUCTAaHHS BIACTUBOCTEH HEMO3MINIIHOI CHCTEMH YHCIICHHS KJacy 3aJIMIIKiB
(K3) 3abe3neuye BUCOKY MpHU3HAYEHY JUI KOPUCTYBaya NMPOJYKTUBHICTh peasizalii B cucTtemi 00-
poOku nanux (COJI) oGuncaoBaIbHUX aIrOPUTMIB, IO CKIAAAIOTHCS 3 apU(PMETUYHUX OmNepariii
[1-7]. Haii6inbma epexTuBHICTh Bix 3acrocyBanHst K3 mocsiraethes B pasi, KO peaji3oBaHi alro-
PUTMH CKJIQJAIOThCS 3 CYKYNMHOCTI TaKMX apu(PMETHUYHUX ONepalii, aK 10JlaBaHHS 1 BIAHIMaHHS
MHOkeHHs [8-14]. HeoOxiqnicTh 3a0e3meyenHs BiaMoBocTiiikoro gyrkiionysantus COJ] Bumarae
po3pobOKu 1 BrpoBakeHHsI B K3 HOBUX METOJIB KOHTPOJIO 1 KOpEeKIii MOMUIOK 1HpopMarlii, Bia-
MIHHHX BiJl METO/IB, BAKOPHCTOBYBAaHUX B 3BUYAWHUX JIBINKOBUX MO3UIIHHUX CHUCTEMaxX YMCICHHS
(TICY) [15-21].

Binznaunmo, 110, mo-mepie, BCi METOU KOHTPOJIIO Ta Kopekuii gaHux B K3 IpyHTyrOThCS Ha
cneruimi peamizailii TO3UIIHHAX OMEPAIliil B TaHIM CUCTEMI YHUCIEHHS, 1[0 BUMAarae 3HaHHS BEJIU-
YUHU (MOXJIMBO 3HAKY) YHCIIA, IPEJCTABICHOTO JaHOI0 HEMO3UIIIIHOI0 KOIOBOIO CTpYKTypoto. [To-
npyre, MeToau KOHTposro B K3 € mogansmmm po3BUTKOM KOHTpOITIO 3a MoayneMm B [ICY (apugme-
muuni AN-koou) [1-3, 10-14]. [iiicHo, 3 ToukHu 30py iH(pOpMaLiHHOTO pe3epBYBaHHS KOAHM € MOja-
JIBIIMM BJIOCKOHAJIEHHSM BIJOMUX apu(METUYHNX 6araTo3aInIIKOBUX KOJIIB.

Binomo, 1110 6arato3auIKoBUi KO IPEACTABISETHCS Y BUTIISIL:

A= (A A (modmy), A (modm,),..., A, (mod my), ...,
e A (Mmodm,,_4), A (modm,,),

TOOTO Ak =(A.a,ay,...8,), oe & =A —[A/m]m;.

VY 1iboMy BUIIAJKY, IS

ﬁmi > A
i=1
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CYKYITHICTb 3aJIUIIKIB {a;} OAHO3HAYHO BH3HAuae ornepann 4 ', 1 uncenabHe 3HAaUeHHS A, CTae B3araii
He ToTpibHe. bararo3anuikoBuii Ko HaOUpae BUTIISA LY Heno3ulliiiHoro koay K3

A =(a,ay,...48,),
III0 JTO3BOJISIE peallizyBaTH MOJYJIBHI OIEpallii 10 OKPEMHUM HE3aJIEeKHUM TPAKTaM, OIEPYIOUYH Tillb-
ku 13 3anmmkamu {a;} . Take kogyBaHHs uncen no3ossie modyayBaru CO/l, B sskomy 00poOka Bcix

3aJIMIIKIB a; YHCIIa TPOBOAUTHCS MapaieibHo B vaci [1, 2]. B oMy BUNaaKy y3arajibHeHa CTPYK-

typHa cxema COJl B K3 sBisie coboro Habip okpemux Mikpo-EOM, mo QpyHKIIIOHYIOTh HE3aJIEKHO
OJIMH BiJl OJTHOTO 1 apaJieSIbHO B Yaci, MPHYOMY KOXKHA 0 BIACHOMY ITEBHOMY MOyt m; [12-14].

2 OcHOBHA YacTHHA

~

[Tporniec kopekiii (BUSABICHHS 1 BUMPABIICHHS) TOMUJIOK B 1H(QOpMaIliiHIi KOJIOBOT CTPYKTYpi A
JAHWX CKJIQJA€THCS 3 HACTYITHUX OCHOBHHUX CTAITiB:

- KOHTPOJIb JIaHUX (npoyec 6Us6IeHHs (pakmy HAsI8HOCME ROMUIKU 8 uucii A);

- TIarHOCTHUKA (IOKANI3aYis MICYst ROMULOK 13 3A0AHOI0 2TUOUHOIO OIACHOCY8AHHSL);

- BUIPABJICHHS IOMUJIOK B KOJIOBiH CTPYKTYPi NaHUX (8i0HOBIEHHS CNOMBOPEHUX 3ATUUIKIB

a;(j=1n)
uucna A ma ompumanns npasunvrozo uucia A).
Yucno
A=(a,85,...8i_1,8,Qj,4,.--8p)
B K3 npencraBiseTses CyKynHICTIO

{a}(i=1n)
3aJTUIIIKIB
a; = A(modm,)

1o BHOpaHiil cucteMi iHbOpMaliiHUX OCHOB (M00dynig) {m;} B pobouomy (iH¢hopmayiiinomy) dnc-
noBoMmy iHTepBaii [0, M), ne

n

M = H M; — 3aranpHa KiTBKICTH IHGOPMALIHHUX KOJOBUX CIIIB.

i=1

ITpu ubomy HCJJ

(m;,m;) =1,
npu
Lj=Ln(@i=]).

Jnisa toro, mo6 ko K3 BonoaiB KOPEKTYIOUMMH BIACTUBOCTSIMHU HEOOX1/IHO, 1100 BiH MIiCTHB Iie-
BHY i1H(opMarliiiHy HagMipHicTh. [Ipu npomy, no-nepiie, HeoOXiJHO BU3HAYUTH (BUSBUTH) 1, TO
MO>KJIMBOCTI, KUJIbKICHO OILIIHUTH HasBHY (IPUPOIHY) B MepBicHIN iH(opMalliiiHiii KogoBil CTPYyK-
Typi HaaMipHicTh. [lo-gpyre, mpu HEOOX1AHOCTI 3a0e3MeUYeHHs JaHUX JOJATKOBUMHU KOPEKTYIOUH-
MU 31i10HOCTSMH, BBECTH JI0JIATKOBY (IUTY4YHY) iH(pOpMaLiiHy HaIMIpHICTH (3aCTOCYBaTH METOAU
iHpOpMAIIIIfHOTO pe3epBYBaHHS) 3a PaXYHOK BBEICHHS J0JAaTKOBHX (KOHTPOJIbHHX) mmijctaB {mk}
K3. be3 BTpaTtu crijbHOCTI MipKyBaHb BBa)XaTHMEMO, 110 710 n iHdopMaliitaum nigcrasoro K3 no-
JaHO OJTHE

Mk = Mp+1
KOHTPOJIbHE MIJICTaBy B3a€MHO MpOCTE 3 Oy/b-IKUM 3 HasBHUX 1HQOpPMAaIiHUX MiAcTaB. Y HbOMY
BUIMA/IKY YUCIIO
A=(ay,8,,...80,8n,1)

B K3 npencraBnseTsbes 3a JOMOMOTOI0 CYKYITHOCTI
{mi} (i=1n+D
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ocHOB y moBHOMY unciioBoMmy [0, Mo) intepBaii, ne My = M - mp+1 — 3araibHa KiIbKiCTh KOJTOBHX
caiB mist ganoro K3.
Bigomo [1-3], o Ay HEMO3UIIMHUX KOJOBUX CTPYKTYp B K3 MiHiManbHa KOJ0Ba BiJICTaHb BH-
3HAYAETHCS BUPA3OM
dpin =K +1,
TOOTO BOHO 3aJICKHUTH SIK BiJI YKMCJIA JO KOHTPOJIbHUX IIJCTAB, TaK 1 BiJl BETUYHHH KOKHOTO 3 HHUX.
SIKIIO [Tl KOHTPOJIBHUX OCHOB M, BUKOHYETBCS yMOBa

k
Hmzt <My,
t=1

TOZ1 BBEJICHHS B cucTeMy IijictaB K3 oHi€T KOHTPOJIBHOT

Mk = Mn+1
OCHOBU €KBIBJIEHTHO HasABHOCTI K KOHTPOJBHHUX OCHOB. 3 ypaxyBaHHSM TOTO, IO BCl YMcCia, AKi
OepyTh ydacti B 00poOIi maHux (mepenada ta oOpoOka iHpopMallii), a TakoX pe3ysabTaT ornepaii
JAaHUMH 3HAaXOJIUThCS B iHTepBaii [0, M), TO O4eBHUIHO, IO SAKIIO B pe3yabTaTi 0OpoOKH JaHHUX
OTPMMAHO OCTATOYHHl pe3ynbTaT A > M, To Iie 03Hauae, o OTpPHMAaHe unucio A croTsopene (He-
MPaBUJILHE).

TakuM 4MHOM, SKIIO B PE3y/IbTaTi 06pOOKH NAaHUX BH3HAYEHO, O A > M, To poOUThCS BUCHO-
BOK, 1110 unciio A HenpasuibHe. Ha 11b0My npuHIuMi (MPUHIMUII HOPIiBHAHHS) IPYHTYIOTHCS BCi Me-
tonu nopiBHsAHHA naHux B K3. fkmo A <M, TO poOUTBCS BUCHOBOK, IIIO0 YHCIIO A TpaBHIBHE, a
AKkmo A > M, To uncio A nenpasunbHe. [Ipu oMy nepen6auaoThesl TIIbKH OHOPa30Bi (B 0HO-
My i3 3aJMIIKIB {a;} yucia A) TOMWIKH, 00 IMayKa MOMIJIOK TOBXKHUHOIO He OijbIe

k =[log, (m; —1)]+1

JBINKOBUX PO3PSAIB.

JUist po3rIIsly METOZy KOHTPOJIIIO (Memoo npsamozo nopienants) nanux B K3 Ha ocHOBI 3a3Haue-
HOTO BUIIIE IPUHIUIY, IKUI BUKOPUCTOBYETHCS TaK CaMO MPHU po3poOI1ii METO/IIB 11arHOCTUKH 1 KO-
PEKIIT MOMHIIOK, CKOPUCTAEMOCS pe3yiIbTaTaMH JJOKa3H B1IOMOTo [ 1] HayKoBOIO 3aTBEpKEHHS.

Teepoorcenns. Hexalt iHpopMaliiiHa OCHOBa

{m}@i=1n)
K3 3 ogHi€10 KOHTPOIBHOIO
Mk = Mh+1
OCHOBOIO BHOPSAKOBaHI (Mj < Mi+1), i HEXai pe3ynbTaT

A=(21,89,.18i_1,8, 811,18, 8n41)
BUKOHAHHS omnepalii € NpaBWIBHUM YHCIOM, TOOTO

n
A<M (M =]]m).
i=1
Toxi cTBepKY€ETHCS, 10 YUCIIO

A=(a,a,,...a ,,8,8,,...,8,,a,,,),

B SIKOMY CIIOTBOPEHHI OJIMH 3QJIUIIOK dj # @i 32 OCHOBOIO Mj, € HEMPABWIBHUM, TOOTO A > M.
IIponemoHcTpy€EMO LiE.
Ha ocHoOB1 npuHIUNY MOPIBHSAHHS MPaBUJIbHICTh YMCiIa A BU3HAYa€ThCS BUXOMASYU 31 CHIBBiJ-

HOIIICHHS.
n+1

A<M =Mg/my,; (Mo =]Tm)
i=1
3 iHImoro 60Ky, O4eBHIHO BUKOHAHHA YMOBU M, /m; > M, /m,,; A ynopsakoBaHoro K3 npu

i=1n.
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B 1ipomy BHIIaIKy BUKOHYETHCS Taka HepiBHICTE A< Mg /m; .
BigzHaunmo, 110 3aIMIIOK

a, = A(modm;,)
qrciaa A TI0 MOJYIEO M; MOKe Ha0yBaTH 3HAUYCHb
a =0,m -1,
VY BIAMOBIAHOCTI 10 PO3ALTY TBEPAKEHHS, 1110
di # ai,

1 BpaXxOBYIOUH, 110 1HII 3HAYCHHS 3aJIUIIIKIB
aj(j=Ln+lTaizj)

HETPaBUILHOTO A umcna 3anumaroThes 6€3 3MiH, TO B intepBaii [0, Mo/M;) HEe MOXYTh OJTHOYACHO
3HAaXOAUThCS 06uaBa unciaa A i A. Toxi, Tak sk 4nciao A < Mo/Mpst npaBUIbHE (3HAX00UMbCS 6
poboyomy [0, M Jinmepeani), To unciao A 3HaxoquThes mo3a intepsanom [0, Mg/m;), i TuM Ginbie
3HaXOUThCS T03a inTepBaioM [0, M).

V 1IbOMy BHIIAJIKy YHCIIO A, JUIS SIKOTO BUKOHYEThCS yMOBa A > M, € HenpaBuabsHuM. Takum uu-
HOM I10Ka3aHO, 1[0 YHCJIO

A= (al’ Ap,y.ei_q, é:i 1 Q4 10-+8ns an+l)

e cnorBopenum (Puc 1, 2).

0 1 2 C Me-2 M1

! = = ] .l =)
T T

0 M 24 oo Mo t) M M=ma. M

Puc. 1 - Hucnosi inTepBaiu At Mg = My+1

=T =T =1 =1
0 M i/mi 2-Mi/m; (mJ-T)-M: Mi=mi-Mi/m;

Puc. 2 - Yucnosi iHTepBai 1y1si JOBUIBHOTO MOAYISI Mi

3 AHaJsi3 MeToay KOHTPOJIIO JaHHUX

Pozrnsinemo Meton koHTpoito faHux B K3, 3acHOBaHui Ha pe3ynbTarax 1 BUCHOBKAX PO3IJISHY-
TOT0 HAYKOBOTO 3aTBEPKEHHS.
B ocHOB1 KOHTpOJIIO JIEKUTH 0a30Ba onepallis - MOPIBHAHHSA pe3yibTaTy A omnepatii 3 4ucioM

M= Mo/ Mp+1.
JUist HOpiBHSHHSA YHCe
A=(ay,8y,...80,8n,1)
Ta M HEeoOXiJHO MepeBecTH 3HAa4YeHHs A B MO3ULINHHY ABilKOBY cuctemy uuciaeHHs (IICY). dns
L[OTO MOYKHA BUKOPHUCTOBYBATH OPTOTOHANIbHI Oa3ucu
Bi(i=1n+1),
SIKE MIPEJCTABISAIOTHCS Y BUIIsii [ 1-3]:

B, =(10,...0,...0,0),

B,=(01...0,...,0,0),

B, =(0,0.,...1,...,0,0), (1)
B, =(0,0,...0,...1,0),

B, =(0,0,...0,....0,1).

Oproronanphi 6a3zucu B Bu3HadaroThes it koxkHOTo K3 BiAMOBIIHO 10 BUpa3y
B, =m; - My /m; =1(mod my) . (2
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3HayeHHa Baru m;

. OpTOTOHALHOTO 0a3ucy B BU3HAUaeThCS K OJIHE 3 PIIICHh CUCTEMH MOPiB-

HsIHB:
=1 1.M,=p,(modm)
m =2, 2-M; = p,(mod m),
(3)
m=m-2 (m-2)-M;=p,,(modm),
m=m-1 (m-1)-M;=p,,(mod m).

3HaueHHsT M, Ul IKOTO BUKOHYETHCS YMOBA (2), BUBHAYAETHCS MUISIXOM ITiJICTAHOBKH MOJIH-

BUX 3HA4YCHb

METOAOM mpoctoro nepedopy. 3naueHHs A B [ICY Bu3HAYa€eThCs y CHIBBIIHOIICHH] 3 ()OPMYIIOI0
n+l

Ancy :(zai -B;)mod M.

i=1

4. llpuknaau KOHKPETHOI peaJi3aiii MeToay KOHTPoJI0 1aHuX B K3

Posrnsinemo mpukiaau peaniszaiii MeToly KOHTPOIIIO JaHUX Ui yropsakoBanoro K3, 3aganoro
iHpopManiiauMu My = 3, My =4, M3 =5, My = 7 i KOHTPOIBLHUM My = M5 = 11 ocHOBamu (puc. 3).
Hanuit K3 3a6e3neuye indopmartiitnuii intepsai [0, M) aast ogHobaiitosoi (I=1) COJ, ne

4
M = H m, =420
i=1
[ToBHUi#t yKcnoBwii iHTEepBan ysBiaeHHs uncii B K3 BusHadaetses sk [0, Mo) (muB. puc.3), ne

Mo =M - mps1 = 4620.

0 1 2 3 4 8 9 10

0 420 840 1260 1680 2100 T 3360 3780 4200 4620

Puc. 3 - Yucnosi intepBanu mis | =1 (mg = mpeq = 11)

V Tabmunsx 1+5 npeacrasieHi npoueaypy BusHadeHHs 3Hauenp M (i =15), a B Tabmumi 6 pos-

paxoBaHi 3Ha4YEHHs OpTOroHanbHuX O6asuciB B;(i =15) .

Tab6n. 1 — Ilpouemypa BU3HauEHHS M,
M =3 M; =4.5.7.11=1540

=1 m, - M; =1540 =1(mod my)

=2 m, - M; =3080 =2(modm,)

m, =1, B, = (1,0,0,0,0) =1540

m,
mZ

Tabmn. 2 — Ilporeaypa BU3HAUYCHHS M,

m, =4,M, =3-5.7-11=1155
m, =1 1-M, =1155=3(mod m,)
m, =2 2-M, =2310=2(modm,)
m, =3 3-M, =3465=1(mod m,)
m, =3 B, =(0,1,0,0,0) =3465
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Tabn. 3 — [Ipouenaypa BU3HAUEHHS My,
m; =5, M, =3-4.7-11=924

m; =1 1- M5 =924 = 4(mod m)

m;=2 2-M3 =1848=3(mod m;)
m; =3 3-M; =2772=2(modmy)
m, =4 4-M, =3696 =1(mod m,)

M, =4, B, =(0,0.10,0) =3696

Tabm. 4 — [Ipouenypa BU3HaUEHHS M,

m,=7,M,=3-4-5-11=660
m, =1 1.M, =660 = 2(modm,)
m, =2 2-M, =1320=4(modm,)
m, =3 3-M, =1980 = 6(mod m,)
m,=4 4-M, =2640=1(mod m,)
m, =5 5-M, =3300=3(modm,)
m, =6 6-M, =3960=5(modm,)

m, =4, B, =(0,0,010)=2640

Tabn. 5 — [Ipoueaypa BU3HAUEHHS Mg

ms =11, Mg =3-4.5-7 =420
ms =1 1-Mg =420 = 2(modms)
M =2 2 -Mg =840 = 4(mod mg)
ms =3 3-Mz =1260 = 6(mod ms)
ms =4 4-M; =1680 =8(mod ms)
ms =5 5-Mjg =2100=10(mod ms)
m, =6 6 -M; = 2520 =1(mod ms)
M =7 7-Mg =2940=3(mod mg)
m; =8 8-Mj; =3360 =5(modms)
m.=9 9-M; =3780=7(mod mg)
mg =10 10-Mz = 4200 = 9(mod ms)

ms =6, Bs=(0,0,0,01)=2520

Tabn. 6 — OproronanbHi 6asucu B K3
B, = (1,0,0,0,0) =1540
B, = (0,,0,0,0) = 3465
B, = (0,0,1,0,0) = 3696
B, = (0,0,0,1,0) = 2640
B =(0,0,0,0,1) = 2520

Hexaii 3amano nmpaBuiibHe
Ayoo=(1,0,014)
yucio B K3.
Ipuxnad 1. BU3HAUYNTH MPAaBUIBHICTh YHCENT A= (1,0,0,1,4), cnoTBOpEeHOTO MO MiICTaBl
m; =3 (g =0).
[epesoaumo uucio A B IICY Ta nopisHIoeMoO ioro 3 M = 420.
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n+l

~ 5
A=(>a -B)modM, = (> a, - B,) mod 4620 =
i=1 i=1

= (1540-0+3465-0+3696- 0+ 2640 -1+ 2520 - 4) mod(4620) = 3480 > 420
mod 4620 =12720

TakuM YUHOM OIEpaH;] A MiCTUTb MOMMIIKY B OJHOMY 3 II'SITH 3aJIHIIIKIB.

Ipuxnad 2. Hexait uncino A,qq = (1,0,0,1,4) HECIOTBOpEHE.

B npomy BHIIagKy OTpUMaEMO
A=(1540-1+3465-0+3696-0+2640-1+ 2520 4)

mod 4620 =14260(mod 4620) = 400 < 420.
T.4. ynciio A € npaBUIIbHE.

5 BHCHOBKH

1. Anaii3 BJIaCTUBOCTEH HEMO3UIIIHHUX KOJOBHX CTPYKTYp TOKa3as, mo koau B K3 € apudme-
TUYHUMH KoaaMmu (Odesakuil ananoe yux xodis 6 IICC - apugpmemuuni AN-xoou), IpuaaTHi 10 BUKO-
pUCTaHHS, K JJIs mepenadi, Tak 1 it o0pooku iHpopmamii. s koxie K3 KOHTponbHI OCHOBH
BKJIIOUEHI B 3arajibHy KOJIOBY CTPYKTYpPY JaHUX, IO MICTATh CYKYIHICTh iH(QOpPMALIHUX MiJICTaB.
B n1poMy BuUnaziKy 3aJIMIIKH, SKUMH TIPEICTABISIIOTECS onepalii B K3 3 iHpopmamniitHux i KOHTpo-
JBHUX M1JICTaB, OJIHOYACHO 1 HE3aJIeXKHO OepyTh y4acTh B mporeci 00poOku iHdopmarii. Pesynbrar
00poOku iHpopMartii, nmpeacraBicHnii kKogoM K3, Moke KOHTpOJIOBAaTHCSA 200 MOETArHo, ado 1o
3aKIHUEHHIO BCIX OOYHUCIICHb, TAK K TOMUJIKA, [II0 BUHHUKJIA B Oy Ib-SIKOMY 3QJIMIIKY &; YHCIIa

A=(ay,8y,... 818,81, Bnr8nu1)
HE TIOLIUPIOEThCA (HE “pO3MHOXKYETHCS ) B 1HIII 3aJTUIIKU
aj(j=Ln+1 Ta i=#j)

yucna A (y cycioni mpaxkmu oopooxu ingpopmayii CO/). Baxxnuse 3HaueHHS Mae (HakT BUSHAYCHHS
KUTBKOCTI 1 BEJMYMH (32 KUJIBKICTIO peali30BaHUX Omepaliil) KoXHoro 3 nux eramis. Hanpukiarn,
BEJIMYMHA KOXKHOTO erary 00poOku iHdopmarlii (eTanmy o0unciaeHb) Moke OyTH BH3HauYeHa abo 1o
00yMOBIIEHOMY 3aMKHEHUM ITUKJIOM OOPOOKHU alropuTMy, a00 BiAMOBIAHO 0 MOXKIMBOTO 3HAYEH-
Hs1 HIMOBIPHOCTI BUHUKHEHHS OJJTHOPa30Boi (B 0AHOMY 3ainuiiKy yucia B K3) nomuiku.

2. JInst nOBUIBHOT BIOPSIKOBAHOT

(mi < mi+1)

cucremu migactas K3, 3 oqHUM KOHTPOJIBHUM MK MMiCTaBOIO CIIOTBOPEHHS OJHOTO JOBIJIHHOIO 3a-
JMIIKY a] 0 MOLYJII0 Mj OJHO3HAYHO IEPETBOPIOE IpaBUIIbHE (Hecnomeopere) 4ncio A B Hempa-
BunbHe A. B 1poMy Bumazky cuctema KOHTpomo B K3 10cTOBipHO BU3HAuYae (DakT CIIOTBOPEHHS
yucna A.

KopurysanbHi 3116HOCTI nepemkoocTiiikoro koay B K3 3ainexuTh BiJl KIJIbKOCTI Ta BETMYUHH
KOHTPOJBHUX {My} OCHOB. SIKIIO JIst Aesikol KimbKocTi I iHdopmamiitHux mijgcraB nasoro K3 Bu-
KOHYETBCS yMOBa

r
Hmzi < my (mzi eM),
i=1
TO CIIOTBOPEHHS B OJJHOYACHO JIEKUJIbKOX a00 HaBiTh y BCIX IMX I 3JIMIIKAaX HE POOUTH MpaBUIIbHE
yucao A B HenpaBuibHe. [Ipu npomy BBaxaetscs, mo CO/l pyHkionye 6e3BiqMoBHO. OHAK TIpU
upoMy cuctema kouTpoiaro COJl He BU3HaUae HOMepa BiIMOBMIIM TPAKTiB 0OPOOKH JaHUX.

3. 3anponoHOBaHUN METOJ KOHTPOJIIO, 3aCHOBAHUN HA MPUHIUII MOPIBHSIHHS, B MOJAJIBIIOMY
CTBOPIOE BIAMOBIJHI MEPEAYMOBH JJIs1 pO3pOOKH e(PEeKTUBHUX METOJIB JIarHOCTUKM 1 KOPEKIii mo-
Musiok B K3. Hemosnmikom 3ampornoHOBaHOTO METOY € ACIIO HU3bKa ONIEPAaTUBHICTH KOHTpOIItO. Lleit
HE/I0JIiK 00yMOBJIEHUI 3HAYHUMHU TUMYAaCOBHMHU BUTpaTaMu Ha omepariii nepekasy uucia A 3 K3
B [ICY Ta nmopiBusiHHS yncen A 1 M B [ICU. Kpim 116010, SKIIIO KOHTPOJIIO TiAAETHCS TPOMIKHHMA
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pe3yabTaT 004YHCIeHb, TO MOXKIIMBO JJOJATKOBO OyJie MOTpiOHO 101aTKOBA Omepallis mepeKiany 4u-
cma A 3 IICY B K3. Jlana o6ctaBuHa 00YMOBITIO€ HEOOXIHICTh MMIABUIICHHS ONMEPATUBHOCTI KOHT-
pomto CO/JI B K3 3a paxyHOK 3MEHIIIEHHS Yacy BUKOHAHHS IMEPEPAXOBAHKUX BUIIE OTEpaIliil MUITXOM
pO3pOOKH 1 BUKOPUCTAHHS, HANPUKIAA, METOJIIB 1 3ac00IB peanizaiii MO3UIIMHNX O3HAK HEMO3H-
uiaux Koy K3.

4. [lepcrieKTUBHUM HANPSIMKOM ITOAAJIBIINX JOCTIKEHb € po3p0o0Ka MPaKTUYHUX PEKOMEHIAIIIH
IOI0 aJamnTalii 3alpornoHOBAHOTO METOY A0 creuudpiku 3aBaanb kpunrorpadii [22-30], mudpo-
BO1 00po0OKku curHaiis [20, 21, 31-33], Ta BupimieHHS KOMIUIEKCY iHIINX [34-42] 06uHCIIOBAIbHUX
3aad.
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Data control method, which presented by code of non-positioning system of deduction class calculation.

Abstract. The paper proposes a new method of monitoring data presented in non-positional residue class system. For code in residue
class system, test bases are included in the general code structure of data containing a set of information bases. In this case, the bal-
ances that represent operations for informational and control grounds simultaneously and independently participate in the process of
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information processing. The result of the information processing can be monitored either step by step or at the end of all calculations,
since the error that occurred in any residue, does not apply (does not “multiply”) to the remaining residues. The control method pro-
posed based on the principle of comparison, further creates prerequisites for developing effective methods for diagnosing and cor-
recting errors in deduction class. The disadvantage of the proposed method is the relatively low control efficiency. This circumstance
makes it necessary to increase the efficiency of data processing system control in deduction class by reducing the execution time of
the above operations by developing and using, for example, methods and means for implementing the positional features of the non-
positional deduction class code.

Keywords: Data Control Method; Residues Class; Non-Positioning System.
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MeTox KOHTPOJISI JAaHHBIX, MPEACTABJIEHHBIX KOIOM HEMO3HIIMOHHON CHCTEMBI CUHCIEHHSI KIacca BHIYETOB.

AHHoTauusi. B cratbe mpeiaraercsi HOBBI METOJ MOHUTOPHHIA JJAHHBIX, NPE/CTABICHHBIX B HEMO3ULHOHHON CHCTEME KJIacCcOB
BbIUETOB. ISl KOJla B CHCTEME KJIACCOB BBIYETOB TECTOBBHIC 0a3bl BKIIOYAIOTCS B OOLIYI0 CTPYKTYPY KOJA IaHHBIX, COJEPIKALIMI
Habop 06a3 uHpopManuu. B 3ToM ciryyae OanaHCHl, KOTOPbIE MPEACTABIAIOT ONEepaui HHPOPMAMOHHBIX U KOHTPOJIBHBIX OCHOBA-
HUI OIHOBPEMCHHO W HE3aBUCHMO Y4YacTBYIOT B mporecce oOpabotku mHpopmanun. 1o pesynapratam oOpaboTku mHGOpMANUU
MOYKHO OTCJIC)KHUBATh WJIH ITOJTAITHO, MM B KOHIIE BCEX BBIYUCIICHUH, OCKOJIBKY OIIMOKA, KOTOpas NMPOHM30IIa B JFOOOM U3 BbIYe-
TOB, HE NpPHUMEHseTCs (He «YMHOXAETCs») Ha OCTATKH, KOTOPBIE OCTamHCh. [Ipe/uIoKeHHBIH MEeTOJ KOHTPOJISi, OCHOBAaHHBIH Ha
MIPUHIUIE CPaBHEHMs], B JAaNbHEUIIEM CO34aeT MPEIIIOChUIKN Ul pa3paboTki 3 PEeKTHBHBIX METOIOB AUATHOCTHKHA M KOPPEKIUH
omMOOK B KJIacce BEYETOB. HemocTaTkoM NMpeayio)keHHOro METo/1a SIBISIETCS OTHOCHTEIBHO HHU3Kasi ONepaTHBHOCTh KOHTpours. JlaH-
HOE 00CTOSTEIHCTBO 00YCIOBINBAET HEOOXOMMOCTh TIOBBIIICHHUS ONIEPATHBHOCTH KOHTPOJISI CHCTEMBI 0Opa0OTKH JIaHHBIX B Kiacce
BBIYETOB 33 CYET YMCHBIICHHS BPEMEHM BBINOJHEHHMS BBIIICTICPEYHUCICHHBIX ONEepanuili myTeM pa3pabOTKH M HCIOJIb30BaHUS,
HalpHMep, METOI0B M CPEACTB PeaTH3aluH TO3UIMOHHBIX TPU3HAKOB HEMO3HI[MOHHBIX KOJIOB B KJIACCE BHIYETOB.

KuroueBnble ciioBa: METOJ KOHTPOJISl JAHHBIX,; KJIacC BBIUYCTOB; HEIMO3UIIMOHHAsA CUCTEMA.
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BUMOI'M 10O CTBOPEHHSA IHCTPYMEHTAJIBHUX 3ACOBIB IJIA
EMYJIALII MPOLIECIB IHTETPALIIl MPOT'PAMHUX CUCTEM
I3 BUKOPUCTAHHAM HTTP/HTTPS IPOTOKOJIIB

Koctsutun 'stuenko, JImMutpo 3iHOB'eB

XapkiBcekuii HarlioHansHUH yHIBepcuteT iMeHi B.H. Kapasina, maiinan Codoau 4, Xapkis, 61022, Ykpaina
konstantyn.diachenko@gmail.com, zinoviev@karazin.ua

Penenzent: Tkauyk Mukona BsdecnaBoBudY, JOKTOp TEXHIYHUX HAYK, Mpodecop, XapKiBChKHUii HAI[lOHATbHHUI YHIBEPCHTET
imeni B.H. Kapasina, maiinan CBob6onu, 4, Xapkis, 61022, Ykpaina.
tka.mobile@gmail.com

Haniiinuio: Jlucroman 2019.

Anomauia: Emynayia npoyecie inmezpayii npoepamuux cucmem iz suxopucmanuam HTTP/HTTPS npomoxonié Ha
menepiuntill 4ac WUpoKo BUKOPUCIMOBYEMBCS NPU pO3POOYT NPOSPAMHUX CUCTeEM 3 PO3NOOLNeH0I0 apXimekmypoio. Y
pOO6OMI PO32NAHYMO CYHACHULL CMAH NPOOIeMU, NPOAHATI308AHO ICHYIOUI IHCIPYMEHMANbHI 3acobu 01 il eupiwuen-
H5l, BUABLEH] HeOOIKU A 3aNnPONOHOBAHUL KOHYEeNnMYalbHUll NioXi0 ma eumozu 00 npozpamu, SKa 003801UMb A8Mo-

mMamuzyeamu i HALA200umu npoyecu po3poOKU ma MeCmYSaHHs NPOSPAMHUX CUCMEM I3 GUKOPUCTIAHHAM
HTTP/HTTPS npomokonis.

Knrwuoesi cnosa: xomn’romephi HAYKU; NPOSpamHi cucmemu,; npuKkiaoHuti npoepamuutl inmepgetic; REST; emynayis
6eb-cepsicis.

Beryn

Ha nanmii wac 6araro cydacHHX MPOTPaMHHUX CHCTEM MAalOTh PO3IOJLICHY apXiTEeKTypy, TOOTO
CKJIQJIal0ThCA 3 IBOX 200 Oibllle KOMIIOHEHTIB, SIKi Y3TOKEHO B3a€MOJIIIOTh MIXK CO0OI0.

Jiig 3a0e3nedeHHs SIKOCTI MiJl 4ac po3poOKH MPOrpaMHOTo MPOJAYKTY 000B’3KOBO BUKOHYETHCS
fioro TectyBaHHs. TecTH BUKOHYIOTH MEPEBIPKH BIAMOBIIHOCTI 3asBI€HUX J0 MPOrpaMHOI CUCTEMHU
a0o0 1 KOMIIOHEHTIB BUMOT 1 peajibHO peali30BaHOl (PYHKIIIOHAIBHOCTI, 3/{IHCHIOBAHI HUIIXOM CIIO-
cTepekeHHs 3a 11 abo X poOOTOI0 B LITYYHO CTBOPEHMX CUTYaIlisiX 1 Ha HAOOp1 TECTIB, CTBOPEHUX
Ha OCHOBI BUMOT [1].

B 3anexxHocTi Big Macimtaby Ta O10JKEeTy MPOEKTY, pO3pOOHUKH BiAMOBIAHUX MPOTPaMHUX CHUC-
teM (I1IC), BUKOPUCTOBYIOThH SIK MIHIMYM, JBa C€peloBUINA s ix po3ropraHHs. Lle cepenosuiie
s po3podbku (DEV) ta cepenoBuie mist roroBoi Bepcii cuctemu (Production). Takox, iHOA1 10-
JAETHCS TPETE CEPEAOBHINE — I TecTyBaHHS (QA).

CepenoBuiie A TECTyBaHHS MICTUTh BEpCil0 MHPOAYKTY, SKa IJIAHYETbCA JIO 3aIyCKy Ha
Production cepemoBuii 1 sika MICTUTh 3MIHU BIJHOCHO 1O TMOTOYHOI BepCii, IO 3amyllieHa Ha
Production. Ha 1ibomy cepenosurii moxxe npooautucs E2E (end two end) TecryBanHs, TecTyBaHHs
npukiagHoro mporpamuoro inrepgeiicy (I1I11), inTerpamiiine TecTyBaHHs a0 MaHyallbHE TECTY-
BaHH: Ta perpecis. SAkmo [1C, mo po3pobseTses, MmiJ 4ac MPOXOIKEHHs TeCT-KeHCiB B3aeMoJIie 31
CTOPOHHIMH CHCTeMaMH a00 BeO-cepBicamMu (KomnoneHmamu), siKi € TUIaTHI, — TUIaTa MOXKE CTATY-
BaTHCS 3a KOXKHE 3BEPHEHHS, 110 3HAYHO 30UIbIIy€e KOIUTH HAa po3poOKy. OKpiM TOro, He BCi CTO-
poOHHI cucTeMu Ta cepBicu HajaoTh DEV ta Production cepenouina.

Ha cporosni 3a3Ha4yeHi TPyIHOIII BUPILIYIOTH ABOMa criocobamu. [lepmuii, 1e BiAKIIOYEHHS
B3aemoii [1C, mo po3pobiseTbes, 31 CTOPOHHBOKO CTyK0010. 1le mpu3BOaUTE 10 3HMKEHHS SKOCTI
MPOAYKTY 13-32 HEMOXJIMBOCTI TECTYBAaHHS MPOLECIB B3a€MO/IiT 31 CTOPOHHIMH city>kO6amu. [pyruit
croci0, 1e eMyJISIIis MOBEIIHKH, CIIeHapiiB 400 MPOXOKEHHS MOTOKIB JAaHUX CTOPOHHBOI CUCTEMU
abo cepsiciB [2]. Takuii crocid moTpedye CTBOPEHHSI HOBUX CUCTEMH-EMYJISTOPIB, PO3pOOKa SIKUX
MOJKe 3aiiMaTu Oararo Jacy.

TecTn BUKOHYIOTh NEPEBIPKH, B IKMX BUKOPUCTOBYIOTHCS MMONEPEIHBO HAKOMMYEHI BXiIHI JaHi.
Hampukinan, konmu BimoMo, mo Ha «3anuT A» cucTeMa MOBUHHA MOBEepHYTH «Biamosias A». I1apa
«3anut A» Ta «BiamoBigs A» - € BXIIHUMHU JaHUMHU A7 Tecty. [l 3a0e3nedyenHs T0CTOBIPHOCTI
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MIPOXO/KEHHS TeCT-KeiciB HEOOX1THO 130JI0BaTH yCi KOMIIOHEHTH, B3a€EMOJIisl IKHX TECTYEThCS, 00
Oynp-sika mapaiieabHa B3aeMois 3 komrmoHeHTamMu [IC Moxe BIUTMHYTH Ha BHXIiIHI aaHi. Hampu-
KJIaJ1, U TeCTYBaHHS pe3epBallii KOHKPETHOTO MPOJYKTY Tpeba 3a0e3MeUnTH Taki yMOBH JJIsl TEC-
Ty, 100 OLJIBIIIE HIXTO HE 3MIT 3ape3epByBaTH 1€l MPOAYKT B OJMH 1 TOH ke vac. [{to ocobnuBicTh
BUPIIIYIOTH BiJMOBIHI CUCTEMU-EMYISTOpH [3].

Yacto OyBae tak, mo UI/UX komanga 3mymieHa po3po0:isatu cBoto yactury [1C crimparounch Ha
cnenrikanii, KOHTpakT abo iHTepdeiic 10 cepricy, 3 AKUMH X KOMIOHEHTH CUCTEMH OyIyTh B3a-
eMOMiSITH. [3-3a BIACYTHOCTI HaJCKHHMX THCTPYMEHTIB eMysisiilii mporeciB interpamii [1C BuHuKa-
I0Th 3aTPUMKHU po3poOKu. Takox 3aTpUMKH pO3pOOKH MOXKYTh BUHHMKATH, KOJH i Yac po3poOKH
Ta TectyBanHs [IC onuH 13 cepBiciB, 1110 HEOOX1THUMA 711 KOPEKTHOT pOOOTH CUCTEMH, HE MPAITIOE.

Tomy KOMaHaM PO3POOHHKIB 1 TECTYBaJbHHUKIB 3MYILIEHI BUTPAvyaTH PECYpPCH IUIsl CTBOPEHHS
cnenu@igHUX IHCTPYMEHTIB JIJIs BUPIIICHHS Tpo0JieM, 10 mepepaxoBani Buie. Tomy, iMiTalis pe-
anpHoOTO 1Tl BeO-cepBicy 3apa3 MIMPOKO BHKOPUCTOBYETHCS Y cepi po3poOKH IMPOrpaMHUX IMPO-
aykriB. [1ig imitamiero TII mu pozymiemo kepoBany emyinsunito noseninku I1I1I Be6-cepsicy. 3ara-
JIOM MOJKHA 3a3HAYMTH, IO IMITaIlisl PeaTbHUX CEPBICIB Ta CTBOPEHHS KEPOBAHMX 3aTyIIOK aKTHB-
HO BUKOPUCTOBYETHCS Y HACTYITHUX OOJACTSIX:

- opranizauisa E2E, interpaniitnoro, I1I1l, manyanbsHoro, perpeciiiHoro, KOMIOHEHTHOTO TeC-
TYBaHHS TPOTPAMHOTO MTPOIYKTY;

- oprasi3aiis mapajenbHoi poOoTH PPOHTEH 1 OCKeHI KOMaH/I Ha/l OJHIEI0 3a/1a4eto 0e3 3a-
TPUMOK;

- 130JIF0BaHHS €JMHOTO CEPBICY JJIsl MPOBEJICHHS HAIArOPKEHHS IPOTPAaMHOI CHCTEMH.

[TommpeHHs ifell CTBOPEHHS Ta BUKOPUCTAHHS IHCTPYMEHTIB iMiTallii peallbHUX cepBiciB 00y-
MOBJICHE HACTYITHUMU PUIUHAMH

- HEMOXJIMBICTIO 3a0€3IeUUTH 13011110 CePEAOBHINA Bijl 30BHIITHBOTO CEPEIOBHINA ITiJ] Yac
NepEeBIPKU TecT-Kelcamu;

- BIICYTHICTIO MIATPUMKH JEKUIBKOX CEpPEIOBHIL CTOPOHHIM CEpBICOM, 3 SIKUM B3a€MOJII€ CH-
cTeMa;

- HAasBHICTIO MPOOJIEM 3 MPOBEICHHSIM TECTYBAaHHS PO3MOAUICHHX MPOTPAMHUX CHUCTEM, JIe
CHCTEeMa Mae 3B S3KH 3 OJIHIET Ta OljIbIlle CTOPOHHIMU CUCTEMaMH ado cepBicaMu;

- HasBHICTIO MPOOJIeM 3 OpraHi3alli€lo mapaieabHOi po3poOKH OJTHOTO MIPOIYKTY;

- TEHJEHLIEI0 Ha ONTUMI3alli0 pO3pOOKHU Ta TECTYBaHHS POTPaMHOIO MPOIYKTY;

- BUMOTI'aMHU JI0 MOKPAILEHHS SKOCT1 KIHIIEBOTO MIPOrPAaMHOI0 MPOIYKTY.

Jliig O1IbIIOCTI PO3pOOHUKIB Ta TECTYBAIBHUKIB, OCOOJIMBHM 1HTEpEC MPEACTABISAIOTH MOKIUBO-
CTI CTBOPEHHS «3arjiyniok» abo eMyJSATOpiB CTOPOHHIX CHUCTEM JUIsl BUKOPHCTAHHS OCTaHHIX Yy
IIpoLeC] 1HTerparlii 3 MPOrpaMHOI0 CUCTEMOIO, 1110 pO3po0IIsieThbes, Ta ii HAIAaroHKEHHSIM 3a 4ac, y
JeKUIbKa pa3iB MEHIIUH y MOPIBHSAHHI 31 CTBOPEHHAM CHeUU(IYHUX IHCTPYMEHTIB, a TAaKOX JJIs
MIPOBE/ICHHS TIOBHOTO TECTYBAHHS CHCTEMH 13 CAMOCTIHHO-KEPOBAHUMH CUCTEMaMHU-EMYIIATOPAMH.

HasiBHICTh TaKOTO 1HCTPYMEHTY J103BOJIHTD:
- 3a0IIaUTH KOIITH y pa3i, KOJIM IMITOBaHA CUCTEMA € TUTATHOIO 1 HE MA€ CHeIiaIbHUX TeCTO-
BUX PEXUMIB;
- 3a0MIaJUTH Yac Ha po3pOoOKY 1 HAJIAroKEHHS MEBHOI YaCTUHU MPOrPaMHOTro 3a0e3MeueHHs;
- 13omoBatu I1C BiJ cTaHy CTOPOHHIX CEPBICIB I TECTYBaHHS Oi3HEC-JIOTIKHU;
- pO3ropTaTH IHCTPYMEHT SIK OKpEMHI KOMIIOHEHT 1HPACTPYKTYPH MPOAYKTY.
VY Mexax J1aHOi poOOTH PO3IIILAAETHCS MUTAHHS CTOCOBHO KOHIENTYaJbHOTO MiXOMY 10 pO3-
pOOKH 1HCTpYMEHTAIbHUX 3aCO01B JIJIsl eMYJIALIT MPOLEeCiB 1HTErpalii MPOrpaMHUX CUCTEM 13 BUKO-
puctanasm HTTP/HTTPS npotoxodmis.

1 Ilpouec emy.sinii peajbHOr0 NPUKJIAJIHOIO MPOrpaMHoro inrepdeiicy cepsiciB ado cy:x0

Be6-cepsic (abo BeO-ciyx0a) — 11e MporpaMHUil cepBic i3 cTaHAapTU30BaHUMH iHTepdericamu,
1o ieHTu(iKyeThcst BeO-aapecoro. Bed-cimyO0u MOXyTh B3aEMOIIATA OJHA 3 OJHOIO 1 31 CTOPOH-
HIMH JI0/IaTKaMH 3a JIOTIOMOTOI0 ITOBiIOMJIEHb, 3aCHOBAaHMX Ha MEBHUX MpoTokonax. Ha cboroani
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JUIsL B3a€EMO/1ii KOMITOHEHTIB PO3IMOAIJICHOTO JOAATKA B MEPEXi IIUPOKO BUKOPUCTOBYETHCS apXiTe-
krypauii ctuib REST (Representational State Transfer) [4].

Peanizaris REST cTmiito BUKOHYETBCS 3a JONMOMOTOK MPOTOKONY mepenadi gaamx — HTTP,
SIKW BUKOPUCTOBYETHCS JJIs YIpaBIiHHSA Ta nepenayi inopmartii pecypcy RESTful cepsicy.

Imitanis peansroro I1I11 no3Bomnse emymtoBatu Oyab-sxuit RESTful cepgic.

Ile kopucHO B CIieHapisiX TECTYBaHHs, Mapajieni3allii poOOTH Ta 130IF0BaHHSI OJTHIET CITYKOH.

Jly1st TeCTYyBaHHS MOKJIUBO:

JIETKO BiATBOPIOBATH BCi THUIH BiAMOBIJEH A KOMIOHEHTIB CKJIQJHUX MPOTPAMHHUX CHC-
TeM, TaKuX K BeO-ciyx6u REST;

130JTFOBATH TIEPEBIPKY CUCTEMH, 1100 MEPEKOHATHUCS, 110 TECTH HAIIHHO BUKOHYIOTHCS 1 HE
BUKOHYIOTBCSI, KOJIM ICHYE CIIPaBKHA MOMUJIKA. BayKIMBUM € juilie nepeBipka CUCTEMHU, 1110
TECTYEThCS, a He ii 3aJIeKHOCTEH, 100 YHUKHYTH HEeBJad TECTIB uepe3 HEBiAMOBiAHI 30BHI-
ITHI 3MIHH, TaKi SK BiJIMOBa Mepexi a00 mepe3aBaHTaKEHHS CEPBEPA, JIe pO3TalloBaHa BeO-
ciyx0a;

JIETKO BCTAHOBIIIOBATH IIA0JOHHI BIAMOBII HE3AJICKHO IS KOXKHOTO TECTY, 00 TapaHTy-
BaTH HAsBHICTh TECTOBUX JJAHUX BIJMOBIIHO A0 KOHTPAKTY BeO-cepBICY B KOKHOMY TECTi;
CTBOPIOBATH TECTOB1 TBEPKEHHS, SIKI MAIOTh MEPEBIPATH 3allUTH, SKI HaJICHIIalla CHCTEMA,
110 TeCTYeThCA [S].

[Tpu mapanenizanii poOOTH MOXIIMBO HACTYITHE:

noyatu po6oty 3 Il cimyx6 mo Toro, sik BeO-ciayx0a Oyne peanizoBana. Sxmo I abo
MoCIyra Ie He MOBHICTIO po3po0iieHi, emyssiis Moxke imityBartu 1111, mo go3Bomsie 6yab-
K1} KOMaH[I1, IKa BUKOPUCTOBYE IO CIYkOY, po3modatu podoTy 63 3aTpUMKH;

130JIF0BaTH TPYNH PO3pOOHUKIB MiJ Yac MOYATKOBHUX eTariB po3poOku, komu [II1I ciyxou
MOXYTh OyTH HaJ3BUYaHO HECTAOUIPHUMHU 1 MIHIMBUMH. BUKOpHCTaHHS iMiTalii peanb-
nux I1I1I no3Bosnsie npomoBKyBaTH poOOTY 3 PO3POOKU, HABITH KOJIM 30BHIIIHS CIyxk0a BH-
XOJIMTB 3 JIaJy.

ITig yac po3ropranHs Ta HanaromkeHHs [IC OyBae KOpHUCHO 3alycKaTu OKpeMy Iporpamy abo
OJIHYy cy’0y, a00 00pOOIATH MIAMHOKHUHY 3alIUTIB HA JIOKAJIbHOMY KOMIT'IOTEp1 B PEKHUMI Hajaro-
mxkeHHs. BukopucTtoByroun imitauii peansnoro II1I, nerko BuOipkoBO mepecuiaaTy 3alUTH 10 JO-
KaJIbHUX IPOILIECIB, K1 BUKOHYIOTHCS B PEKHUMI HaJlaro >KeHHS.

2 AHaJqi3 iHCTpPYMEHTIB /151 eMyJIsillii IPUKJIAJHOTO MPOrPaMHOro intepdeiicy

Ha tenepimHiii yac icHye Kj1ac IHCTpYMEHTaJIbHUX 3ac00i1B, 5Kl J03BOJISIOTH BUPIIIYBAaTH 3a]1ayl
imiTauii nmponecis interpauii [IC i3 Buxkopucranusm HTTP/HTTPS nportokoniB. Jlo HuUX BiIHO-
csatbes, Hanpukinaa: MockServer, Mockable.io, Prism, Restmock, ta Okhttpmockwebserver.

Po3rnsiHeMO OibIll 1€TaIbHO MOKIMBOCTI Ta HEJIOTIKHU JAESKUX 3 HUX.

MockServer — Ge3kOIITOBHHI IHCTPYMEHT JIJIsi CTBOPEHHSI 3arjIyIloOK OY/b-SKOI CHCTEMH, sKa
inTerpyetscs uepe3s HTTP a6o HTTPS [6].

[Teprm 3a Bce 1€ IHCTPYMEHT J1a€ MOYKJIUBICTB:

3aIyCKaTH CIieliajIbHUI cepBep s IMITYBaHHS CEpPBICIB 1 CIIykO0 AJis 1HTerpaliifHoro Tec-
TyBaHHS;

ctBoproBatu imitauito I1I1I peansHOro ceppicy 1 HalamTyBaTH MPOKCi IO pealbHOTO CEepBi-
cy;

CTBOPIOBATH OYiKyBaHi BIJIOBIJII 32 KUIBKOMa PI3HUMH XapaKTEPUCTUKAMU 3AIHUTY JIO Cep-
BiCY;

3amam'aTOBYBaTH BIAMOBI/I BiJ] CEpBiCY;

HiATPUMKH JBOX MOB IPOTPaMyBaHHS.

Jo nenomnikiB MockServer MoHa BiJJHECTH HACTYITHE!

HEOOXIJJHICTh JOCBIAY Ta 3HAaHb 3 MPOrPaMyBaHHS JUIsl CTBOPEHHS eMYJISTOPIB;
BIZICYTHICTb TpadiuHoro inTepdeicy A HaJalTyBaHb;

IMITaIlisl TOBHICTIO MOTPeOye HAMCAHHS MTPOTPAMHOTO KOTY;

BiJICYTHICTh MOKJIMBOCTI 30€peKeHHsI HAKOMMYECHUX BIAMOBIEH Bil pEaIbHOTO CEepBicCy;
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- BIJICYTHICTh MOXJIMBOCTI IO MPEMPOILIECUHTY 1 MOCTIPOIECHHTY 3alUTy Ta BiIMOBIII.

[Iporpama Mockable.io — 0e3KOIITOBHHMI 1HCTPYMEHT MJisi CTBOpEHHs <aarimymok» ais TIITI.
Mockable.io qae MOKIMBOCTI CTBOPIOBATH O4iKyBaHI BiJIOBI/II 3a SIBHO BKa3aHUMHU XapaKTEPUCTH-
KaMH 3amuTy, JUMHAMIYHO T€HEPYBATH BIAIMOBII BiJ cepBicy Ta Mae rpadiuHuii iHTepdenc A Ha-
JaITyBaHb.

Jo ii HemoMKIB MOXHA BITHECTH HEMOJXKJIMBICTh 30€piraHHsl HAKOIMYCHHUX BIiJIIOBIJEH BiJl pea-
JBHOTO CEpPBICY, BIACYTHICTh MOKIIMBOCTI LI0OJI0 MPENPOLECHHTA 1 TOCTIPOLIECHHTA 3aMUTy Ta BiJ-
MOBI/ll, HEMOXKJIMBICTh CTBOPIOBATH OYiKYyBaHI1 BIAMOBIZI 32 KUIBKOMA PI3HUMH XapaKTEPUCTUKAMHU
3aIuTy.

[Iporpama Prism — 1ie Oe3komToBHUI HaOip makeTiB i ctBopeHHs MakeTiB API 3 OpenAPI v2
(paniwe sioomuii sixk Cneyucghikayis Swagger) Ta OpenAPI v3.

[TepeBaru Prism:

- MOJKJIMBICTh CTBOPIOBATH OUiKYBaHI1 BIAMOBI/I 3a SBHO BKa3aHUMHU XapaKTEPUCTUKAMHU 3aIu-
Ty,

- TIOBHE JIOTYBaHHS;

- CTBOpEHHS IIa0JIOHIB 3aMUTIB 32 33/IaHUMHU XapaKTePUCTUKAMHU 3aIHTY.

Henomniku Prism:

- HEMOXJIMBO 30epertTy HaKOMH4YeH1 BiNOBI/I BiJl peaJbHOTO CEPBICY;

- BIJICYTHI MOXJIMBOCTI 10 MPEMPOLECUHTY 1 MOCTHPOI[ECHHTY 3aIUTY Ta BiAMOBI/IL;

- BIJICYTHICTh MOJIIMBOCTI CTBOPIOBATH OYiKYBaHI BIAMOBiAl 32 KiTbKOMa PI3HUMH XapakKTe-
PUCTHKaMU 3aIUTY;

- BIJCYTHICTb rpadiuyHOoro iHTepdeicy A HalalTyBaHb.

AHaiiz MOXJIMBOCTEH icHYI0UNX iHCTpyMeHTiB i imitamii 11 1o3Bosisie 3poOUTH BICHOBOK,
10 ICHYIOYI PIillIEHHS] MalOTh a00 BY3bKUN CHEKTP MOXKIIMBOCTEH, a00 He 3pyuHuil inTepdeiic, abo €
IUTATHUMHA. Y PEATbHOCTI BCE 1€ MPU3BOIUTH JI0 TOTO, IO YACTIIIe 3a BCE, 3a/1a4i, SKi MOTPeOYIOTh
iMiTalil0 30BHIIHIX cepBiciB, po3poOdHukH [IC BupILIyIOTH 32 JOMOMOIOK0 JAPIOHUX CaMOCTIHHO
CTBOPEHUX IpPOrpaMHuX pimeHb. Tomy Oyno O KOpUCHO CTBOPUTH IHCTPYMEHTaJIbHHUM 3aci0 s
emyssuii npoueciB iHTerpauii [1C, sxuit 6u o6'enqHaB yci kopucHi (yHKIii Ta OyB BUIbHUH BiJ Ie-
peNYeHnX HEJOIIKIB.

3 KoHuenrtyajabHe NPOEKTYBAHHS POrPaMH JJIsl eMyJIsiIil
NPHUKJIAJAHOT0 NPOrpaMHoro intepdeiicy

ITo-nepie, y GpyHKIIAX TporpaMu s iMiTallii NPUKIaJHOTO MPOrpaMHOro iHTepdeiicy Heoo-
X1IHO nepe10aunT MOKIIUBICTh CTBOPEHHS JEKUIBKOX PEXHUMIB eMYJIALIi MpOrpaMHOi cucTeMu. A
came:

- “30ip maHuX” — OTPUMaHHS BapiaHTIB BIAMOBIIEH Bi/l pealbHOTO CEPBICY Ta iX 30epe’KeHHS;

- “IpOKCIHr” — 3BepHEHHS 0€3MOCePETHBO /10 TaHUX PEATBHOTO CEPBICY;

- “sarmymka” — BUKOPUCTaHHS 30€peKeHNX a00 3aBaHTAKEHUX JIAHHX;

- 3MiIIaHuN PeXUM 31 CLEHapisIMU — MPETPOLECIHT, MOCTIPOLIECIHT 3alUTIB 3 BUKOPUCTAHHS
DataFlow ma6ioHiB Ha 00'€eKTHO-0pieHTOBaHIi MOB1 Groovy.

Jliarpama BapiaHTiB BUKOPHCTaHHS, 10 MIPEICTAaBICHA HA pUC.]l, onHcye cUCTEMY Ha KOHIENTY-
anbHOMY piBHI1. BoHa BimoOpaxae BiTHOIIEHHS MIXK akTOpoM “TecTyBallbHUK ™ Ta MpeLeJeHTaMH .

Ile nacte MOXIHUBICTH po3poOHKKaM [I3 cTBOpIOBAaTH THYUKI eMyJIsiii BeO-CiIy>k0 1 BUKOPUCTO-
BYBATH iX K y SIKOCTI MPUMITUBHHUX 3arJyLIOK TaK 1y SKOCTI eMYJISATOPIB 3 MOBEAIHKOI, BCTAHOB-
nenoro Groovy ckpuntamu. ToOTo 1 TECTYBaHHS MOKHA BUKOPHUCTOBYBATH PEXUM ‘‘3ariTyIlIKH”,
SKUH J1a€ MOXIJIMBICTb IMITYBaTH BeO-CEpBICH 13 ONEPEAHBO 3aBAHTAKECHUMH TAHUMHU.

Pexumu “361p naHux’ Ta “mpOKCIHI” JOMOBHIOIOTH OJUH OJHOTO, Ta BIAPI3HAIOTHCS JIUIIE 0CO0-
JUBICTIO 30€peKeHHs JaHUX 1 MOXKYTh OYTH BUKOPHUCTaH1 JJis MiATOTOBKU TECTYBaHHSI.

3MilaHuii pexXKUM HajZla€ MOXKJIMBICTD 33JaTH 3BHYAHIN 3ariyIiii pi3Hy MOBEIIHKY B 3aJI€KHO-
CTi BiJ 30BHIIIHIX MapaMeTpiB CTaHy cucTeMH. Hampukian, koau Ha oauH 1 Toit ke 3amuT I1IT1
CepBiC MOBHMHEH BIAMOBIAATH MO PI3HOMY B 3aJIEXKHOCTI BiA yacy. /s 3MilIaHoro pexxumy HeoO-
X1JTHO MaTH JTOCBIJ y HAITUCAHHI CKPHUIITIB Ha MOBI nporpamyBaHHs Groovy.
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[To-ngpyre, HEOOXIAHO TepeaOAYUTH MOMKIMBICTh Y3TO/KCHHS 3aIMTIB 32 MapaMeTpamH, TiJIoM
a00 3aroJIOBKaMHM 3aIUTY 1 3amaM'sTOBYBAaTH CXO0K1 BIJIMOBIJII JIJIs1 OAHAKOBUX IO 33JJaHUM XapaKTe-
pPUCTHKAM 3anuTiB. [HIIMMU ClIOBaMU, JUISI 3alHTIB, 3 OJIHAKOBO BU3HAYCHUMHU XaPaKTEPUCTUKAMH,
Ma€ MOBEePTATHCS OJHAKOBA BiIIOBIIb.

[HCTpYMEHTANBHIMIA 3acif

Emynauia cepeicy
¥ DEMAMI "3arnywka” ..

<<Iﬁﬁh¢l:\le:>

EmynALUiA cepeicy
Y PEXMMI "TIPOKCIHT

OTPUMEHHR DaHWx
30 CXOBMLLA

EmynAauia cepeicy
peami “3Dopy nanux”

EmynAuiA cepeicy
¥ AMilaHoMY pexIMi
3 cUueHapiAmn

BOPEHHA KOHDIrypauing ™
ANA eMmynAull cepeicy

CTEOpEHHA Dexany 3
AAHWMK Ta Kodirypauiam

Puc. 1 — Use-case giarpama Jyist IHCTpYMEHTAJIBHOTO 3aC00y

BrinenHs Takoi mpomo3uiii JacTh MOXJIMBICTh PO3POOHUKY CTBOPIOBATH J€TaJIbHI eMYJISIil
BeO-cityk0 3 ypaxyBanHsaM He TUibku URI anpecu 1o pecypcey, a it inmux enementiB HTTP 3anury:
3aroJIOBKIB Ta Tu1a 3amuTy. Uum OublIe XapakTepUCTUK MO)Ke OyTH 3alydeHO MiJl Yyac eMyJisiii
BeO-cepBicy, TUM JieTanbHile Oyne onucanuii [1I11 Be6-cepBicy Uit MOANBIIOTO TECTYBaHHS.

Tpers npono3uis, sika Mae OyTH peaiizoBaHa Mpu po3podui mporpamu ans imitamii [T — ne
3/IaTHICTh CTBOPIOBATH Ta 3aJaBaTH CLEHapil JUId 3alMTIB 3a Jornomororw Mo XML abo 3a nono-
MOT0I0 MpeAMETHO-OpieHTOBaHOI MOBU. ClieHapiil B KOHTEKCT1 JaHOTO MUTAaHHS — 1€ OIHUC KPOKIB,
SIK1 TIOBMHHI BUKOHYBATHUCS i1 Yac 0OpOOKH 3anmuTy Ta Bianoiai (auB. Puc. 2). MoxiuBi BapiaH-
TH: BUKJIMKH MiJ3aMMTIB, MOAUQIKalisd Oyab-SKUX BIACTUBOCTEH 3amUTy, MPENpOLECIHT 3aIuTy,
MOCTIIPOIIECIHT 3aMUTY, MOAU(IKAIIS BiAMOBIII.

def headerName = "X-app'
def headerValus = 'mock-service'
request?.headers.find | mockServiceHeader -»> mockServiceHeader.name == headerName ].value = [headerValue]
if (request.query) |
request.query = "§{request.query}slang=en"

Puc. 2 — Groovy cuenapiii 1y1st Moaudikarii BX1THOTO 3alUTy
s mpomo3uiiisi Moxke OyTH pealli3oBaHa 3a JIOMMOMOTOI0 BUKOpHUCTaHHs martepHy DataFlow ta

icHyrouMX peanizaiiii Bix komnanii Apache. Lle HagacTe MOXIMBICTH PO3POOHHKY 33aTH MTOBEIiH-
Ky BeO-CepBiCy MpU HOTO eMyJISIIii y BUIAIKaX, KOJIH HEMOXJIMBO 3a37aJIeTiIb CTBOPUTH JIaHi IS
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TectyBaHHs. Hanpukian, konu BeO-cepBicy y 3alMTi NepeaeThCsl €IEKTPOHHA MOMITa OYAb-sIKOTO
KOpPHCTyBa4a CHCTEMH Ta HOMEP KapTKH JOsUIbHOCTI. Tak SIK CepBic BIJIMOBIIa€ HA 3aIHT, ITyKAIOUH
32 HEOOXITHUMHU XapaKTePUCTHKAMH JaHi JJIs BIIMOBIAI y 3a3/aieriap MiArOTOBICHUX JaHUX, TO
IS KOYKHOTO TECTY HEOOXIHO MiArOTYBaTH JiaHi 3 HOBUMH KOpUcTyBaueM. Lle nacTh MOXKITUBICTD
CTBOPIOBATHU MOJIENI JJIsl MPETPOLECIHTY 3aUTY Ta MOCTHPOLIECHHTY BIMOBI/I 32 JJOMIOMOTOI0 Ha-
nucanHa Groovy ckpunty [7].

YeTrBepTa MPOIO3UILS MOJIATAE Y CTBOPEHHI MOXIIMBOCTI €KCHOPTY Ta IMIIOPTY AAHUX JIO 1H-
CTPYMEHTY IMITallii 32 BUSHAYCHUMH I11a0JIOHAMH, a TAKOX MOXKJIMBICTh EKCIIOPTY YCi€i KOH)ITY-
pauii IHCTpYMEHTY Ta MOXKJIHUBICTB IMIIOPTY OT0 MOBHOI KOH(irypamuii 6e3 Brpar. Lle 103BONMUTH
MEPEHOCUTH 1HCTPYMEHTAIBHUHN 3aci0 B 1HIINI cepeloBHINA Oe3 BTpATH JaHUX 1 KOHpiryparii. Y
TAKOMY pa3i yci HaKONUYEeHi JJaHi MaloTh 30epiraTucs MpuMycoBo, abo y «OeKkami» 3a po3KIIaJIoM.

4 BucHOBKH

B mexax nanoi poOoTH Oynu 3anpornoOHOBaHI KOHIIETITYaTbHUHN MiAX1J Ta BIAMOBIIHI BUMOTH 0
THCTPYMEHTAIILHOTO 3aco0y, SIKUH JO3BOJUTH aBTOMATU3YBaTH Ta HAJATOIUTH MPOIECH PO3POOKHU
Ta TeCTyBaHHs MporpaMHux cucteM 13 Bukopucranusm HTTP/HTTPS npotokomis.

B minomy, Taka mporpama Mae SBISATH COOOIO0 CHCTEMY, SIKYy MOKHA 3aIlyCTUTH Ha OKPEMOMY
cepBepi abo JIOKATbHOMY KOMI'tOTepi (sik okpemuil komnonenm 3 epaghiunum inmepgheiicom ma
REST HIII) nnst emynsiiii IpOrpaMHAX CUCTEM.

3araibHi BUMOTH JI0 iIHCTPYMEHTAIBHOTO 3ac00y MOKHA C(HOPMYIIIOBATH HACTYITHUM YHHOM:

- IHCTpyMEHTaJIbHUU 3aci0 MOBHUHEH MaTH JIEKUJIbKa PEXKUMIB eMYJISIiT IPOrpaMHOi CUCTEMU;

- IHCTpYMEHTaJbHHIA 3aCi0 OBUHEH Ha/JaBaTH MOJJIMBOCTI OPIEHTYBATUCS Ha Pi3HI XapakTe-
PUCTHKH 3aITUTY B 3aJICKHOCTI BiJl IPUPOIN 3aIIUTIB IO BEO-CITYXOH;

- IHCTpyMEHTAIBHUU 3aci0 TOBHMHCH HAJaBAaTH MOXIIMBICTH 3amam'sTOBYBAaTH BIIIOBIII Bij
cepBicy Ta KOH(pirypariii cepBiciB-eMyJIsSTOPIB;

- IHCTpYMEHTaJbHMI 3aci0 MOBMHEH HA/JaBaTH MOMJIMBICTH MPEMPOLECIHTY 1 MOCTIPOLECIHTY
3alMTIB Ta BIAMOBIJEH 3a JOMOMOIOIO CIIEHApIiB, K1 MOXKYTh OyTH CTBOPEHI Ha OCHOBI Mpe-
JIMETHO-Opi€HTOBaHOT MOBH GTrooVvy;

- TIOBUHEH HaJaBaTH MOXJIMBICTh €KCIIOPTYBAaTH Ta IMIIOPTYBATH JIaH1 0 1HCTPYMEHTY eMy-
TSI
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Abstract. Emulation of software systems integration processes using HTTP/HTTPS protocols is now widely used in the develop-
ment of distributed systems software systems. The paper discusses the current state of the problem, analyzes the existing tools to
solve it, identifies shortcomings, and offers a conceptual approach and program requirements that will automate and debug software
development and testing processes using HTTP/HTTPS protocols.
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TpeGoBaHUSA K CO3JAHMI0 MHCTPYMEHTAJIBHBIX CPEACTB ISl IMYJISLUM MPOLECCOB HHTErPALMH MPOrPAMMHBIX CHCTEM C HC-

noJib3oBanneM HTTP/HTTPS nporoxkoJios.

AHHOTAIMS. DMYISIHS TIPOLECCOB HHTErPALIMK IIPOTPAMMHBIX CHCTEM ¢ ucnonb3oBanueM HTTP/HTTPS mpoTokooB B HacTosiiee
BpeMsI IIMPOKO HCIIONB3YeTCs MpH pa3paboTKe MPOrpaMMHBIX CHCTEM C paclpelelIeHHONW apXUTeKTypoi. B pabore paccMoTpeHO
COBPEMEHHOE COCTOSIHHE NPOOJIEMBI, TPOaHAIM3UPOBAHbI CYIIECTBYIOIINE HHCTPYMEHTAJIBHBIE CPEJICTBA [UIS €€ PEIICHUs], BBISIBICH-
HBIE HEJOCTaTKU W INPEAJIOKEH KOHIENTYalbHBIH IOAX0 M TpeOoBaHHS K IporpamMMe, KOTopas MO3BOJHUT aBTOMATH3UPOBATH M
HAaJIJUTh IPOIECCHI Pa3pabOTKK M TECTHPOBAHUS IIPOTPAMMHBIX CHCTeM ¢ Hcronb3oBanneM HTTP/HTTPS npotokosios.

KiioueBble clI0Ba: KOMIBIOTEPHBIC HAYKH; NPOTPAMMHBIC CHCTEMbI; NPHUKIAIHONW mporpamMMHblii uHTepdeiic; REST; smymsauus
Be0-CEpPBHCOB.
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