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SUMMARY

Dychka A.Algorithms and software for automatic identification processes
based on multicolor interferencesistant barcodes in medical information systems.
I Qualifying scientific work, manuscript.

PhD thesis in the field of knowledge 12 Information technologies in speciality
121 Software Engineering. National Technical University of Ukraine "Igor
Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2023.

Automatic identification is a technology for entering information into the
processing system by scanning a special mark applied to the surfdbe of
accounting object.

Data entry based on barcoding of information is one of the most common
types of automat identification, the advantages of which are high speed and
accuracy of data entry into the computer system.

The technology of barcoding information is used in various industries, its
application is also relevant for the medical industry.

With the develpment of information technology, the task of informatization
for medical industry arises. Digital medicine is an important component of public
life. One of the important components ehealth is medical informatiosystems.

The medical information systeis a software and hardware complex, the use of
which allows to increase the efficiency of the functioning of a medical institution
and improve the organization of patient care.

The analysis of existing medical information systems shows that the degree
of automation of processes in the provision of medical services is insufficient; it is
necessary to strengthen the protection and integrity of personal and medical data
patients, automate patients' access to their own medical datd, toensure
electronc visually secure interaction between doctor and patient using mobile
devices.

The solution of these problems is possible due to the use of multicolor

barcoding of information in the medical information system, which allows several
7



times to incease the information density of barcode symbols compared to black anc
white barcodes.

The outlined tasks and trends in the development of digital medicine
determine the actual scientific and technical task of improving and developing the
theoretical foundtions of creating algorithmic and software tools for automatic
identification processes in medical information systems based on multicolor noise
immunity barcoding of personal and medical data of patients using mobile devices
which is solved in this digstation.

The purposeof thedissertation is to improve the technology of developing
specialized applied software as part of medical information systems based or
automatic identification amedical documentation objects using multicolor noise
resistant bartoding of information.

In the first section of the thesisalgorithmic and software solutions for
automatic identification in medical information systems are analyizezlcurrent
state of software in the medical field is studied, in particular speciaiaiare
products for various sectors of medicine, as well as software soltgiated to the
use of mobile devices for health care. The features of multicolor bar coding of
information are investigated. Thmade it possible to form requirements fbe t
development of a software system architecthe¢ would provide patients with
additional opportunities for automated access to their medical data based ol
multicolor barcoding of information.

The secondsectiondevelops algorithmic and softwaimlsfor the processes
of creating multicolor noisanmunre barcodepatterrs as minimal structural units of
a barcodesymbol It is proposed to create barcquidterrs so that the vector (digital
equivalent) of each barcogmtternis the codeword of a multialued Hamming
correctng code or BE-code

A method of synthesis symlmgly of a givencapacityand color of a noise
resistant barcode for implementation in a medical information system based or

multicolor barcoding of information has been developed.



The third sectiondevelops algorithsand software for noisenmunity of
multicolor barcodes in medical information systems. A method of increasing the
noise immunity of multicolor bar codes is proposed, which is based on the use o
two-level damage contralsing two multivaluedcorrectng codes: a code that
corrects single or double damages within a barcpaiern and a Ree&olomon
code i at the level of the entire barcosgmbol

The fourth sectionis devoted to improving software desitgthnologyfor
automatic identification processes in medical information systems based on
multicolor interferene-resistant barcoding of information. Based on the analysis
and prioritizatiorof functional requirementthe architecture of softwasystemas
the part of the medical information systems developedthe characteristieature
of which is the use of multicolor barcoding for automatic identificatibomedical
documentation object3he monitoring organizationof software functioning aa
part of medical information system based on meisipsoposed.

A number ofnew scientific resultswere obtainedin the dissertationn
particular for the first time the architecture of the software systes the coreof
medical informationsysten was propose@ characteristic feature of which is the
provision of multicolorinterferenceresistant barcoding of patients' personal data
and distributed storage of multimodal medical data, which allows: to ensure fast anc
errorfree entry of patient da, to guarantee integrity data, as well as simplify the
processes of creating software for the new generation healthcare industdycal
information systems with automatic identification of medicllcumentation
objects.

For the first time, a method of synthesis of symboby (a set of barcode
patterrs) of a given capacity and color of ainterferenceresistant barcode for
implementation in a medical information system bas®ed multicolor barcoding
informationbasedon the fact that digitaequivalents (vectors) of multicolor barcode
patternsare codewords of a muiialued correctng code capable of correch
single or double errors (damage) within edrdrcodepatternwhich, when reading

(scanning) from a barcode carrieras structural units of a muitiolor barcode
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image, provides reliable data reproduction or detection of a significant part of
multiple damageof barcodepattern elementsand thus forms the lowervel of
noise immunity of multicolobarcodeimages kevel of barcodepatterns.

For the first time, a method wasdevelopedo increase the noise immunity of
multicolor barcodes when they are used in a medical information system, which is
basedon the use of twdevel control of damage (distortion) that occurs when
scanning a mukcolor barcodeimage, using two muhkvaluedcorrectng codes: a
code that corrects single or double damiage the barcodeatterrs (lower level),
and theReedSdomon codéd at thelevel of the entire barcodsgmbol(upper level),
and is that thepeculiarity of the application of a mulaluedcorrectng code at the
lower level of damage control is th#thedigital equivalent (vector) of a multicolor
barcodepatternshould be the codeword of this corragticode, and the peculiarity
of using a multivalued corredhg code at the upper level of damage control is that
it should correct distortions of two typéserrors and erasures, where the fact of
detecting miiiple damageof barcodepatternelements at the lower level of control
is qualified at the upper level of control as erasure, which, due to half the resource
consumption in the ReedcodeSolomon's erasure correction compared to error
correction can significantly improve the noise immurofybarcodesymbok: when
used at the lower level of control the muléluedBCH-codel by (35- 45)%, and
the multivaluedHamming codei by ( 12 - 25)%.

The theoretical foundations of developing requirement®r the designed
softwarehave been improved which consist in the fact that, unlike the existing
approach to prioritizing functional requirements by qualitative {mameric)

indicatorsi "key', "necessary", "desirable", etc., it is proposed the basisf five
numerical criteria"penefit”, "penalty, "cost, "risk", "benefitproximity") that are
assigned numeric values from the range 1... 10 on the basis of their expert evaluatio
guantify the overall priority of the requirement by formula calculation, which allows
you to streamline the regqements in descending order of priority and, on this basis,

effectively plan and distribute work among teams of performers, taking into account
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their qualifications and quantitative composition, as well as perform quarterly
planning of software developmie

The main scientific results of the dissertatiarere publishedin 7 scientific
papes, in particular in 5 scientific articles, of which 1 article was published in the
publication included in the list of scientifjournak of Ukrainen category "A'; and
4 articles in scientific journals included in the list of scientifarrnalsof Ukraine
in category 1", as well asn 2 materials of scientific conferences

Keywords: application softwaresoftware architecture, medical information

systems, automatic identification, multicolor barcoding, digital medicine.
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5O odStdkzsls: CEjCy ¥ (EBJEStSodr LS
Zg i, =(Zs ;- YDMOd 3,7, ; =(Z5 ;- Y,)mod 3.
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CChdetMEO (2 ftod?2 @ smdR fedld S 0) , B L

Bdes ¢ Y dajldz0 HIS/SO0=1 " odé+ dzdzd®@ BOCty tetsL 9

fetsyjHkztess v jdwaeU B@&ELPpAXIML T Obtstesdg

M=r=U=CF, O B MyjL ZORBHY j dzdzv 5 1§ 5§ GddeBd s

Zsg).

it sLedwdy d3s ftedC dzOH St Cy' ' H-o®ROGRISC

1 903 0Olsd Bj Bis, hts  dzO datsfyl &OCB Iz dzsj € dz®d

Histe' o @&¥(20Q4 101 2).

14d~02 ' H yYyofm Lydlskze Odzdz" Yy’ tsets L dzOS (
202172 732475 Zs Z7

Z=(1 0 22 1 0 1 2,

wed2 & Mmisdl! He' fodddSd (' HStoj Mdzj dz
{ B ud m&ddsth s dj Sz ) d dzH S Bz

a0g alo 820 820 40§ 420 alo . alg 420 -
=128+ 0B 8+ 28 3+ 28 0+ 18 BT 0B At 1B 8 288- 2 8= g
Sl 1(%+Oé%+ §+ §+ g+0é%+1é%+ ¢l §+
a00 326 800 .alo 800 426 a0g .alg alg
82:1%8+0%8+2%8+2 8+1%8+0%8+ 8+2%8:%8:a7
e 2 i Ve S
800 426 .alo . 4lo 200 Al 426 320 alo
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a0 406 . a0¢ .a0¢ 80§ a0§ 300 300 40§ ¢
S, =B 8 058 228t 280 B0 OB 8t 1B 8 288567 a
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76|
a a

{BUdMmdzd Bs o dL dgOydzd ¢ RBOIdy"
detMeROP- UU= B-U= P-UP=(0,1)(1,2)=(0,1)+(2,1)==(2,2)F1 0 (H ] o .
IsOB dg). 2
[MS detM @, IstsZmeo Mdass Bd dzS d .
1 202 H j d3ts € 5 j Wdats'c tsdglda] daldD dzsC Olstste’ o ff tsd3
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32= l- Ss
S1 - Sy
[ v Yl et MEsYSsClk s ydhddss
6 7 4
M-1:(1/det|v|)#> S‘I Uad)a? _jp° -
- “a’ad |-a%a
[ ¢ @F=5a[2)=0,1) 2 U=a] Uk s
3.0
a’a
M-1=
ala’|
UBHSZ:aSaO--a6:a all . a2_a
s1| [a®a’l |-aY [a®a’l [adl [at
%

( s5M¢ T UdR)=(2,1 )

P©-(0,1)=(0,2 ) 5.0

[ Odz' tesL 9 0wy Fesli+ 1o @ daBRERHs dz’'U

[ dzv Yy Gaplsssmiz® s fesyjHlztolz v j daw:

= 0 OB O+ @ O + 13+« @1=(2,2)+(1,0)+1=(0,0)=0,

O WV+qQUU+1=@W1=(2,0)+(2,1)+1=(1,2)i0
=P+ qYPY+17=@B1=(1,1)+(2,2)+1=(0,1)io0
=P+ qYPY+1=W1=(1,0)+(0,2)+1=(1,0)i0
=W+ UV +3=B1=(2,2)+(2,0)+1=(1,0)i0
= By OB( Op+ @ Y + 1°%= @1=(2,0)+(1,2)+1=(0,0)=0,

= B U¥( e’1)12+E(€L)J+174zﬁibl1—(1 1) +(1,1)+1=(2,0)i0
=P+ V+1=®1=(1,0)+(0,1)+1=(1,2)i0
cS BOYd d\s, ¢ tstc e Cic * b lslzy pzdzw
m=m=a=a"’=a"=a’, vMFm'=a’=a"’=a’>. AdJ BL &OYO "5
BOs 5! i Myvzlo, Eed By BBt Mdse O.
[Budmdzd &ss o j dzd ydded .flsdsd dzts$ dzO tsmdetse
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Rz o 157

4 5YOS Iz tBdjAQdajjddts isOIsted Y :

—(1/a5)ﬁvf O‘ (ﬂa%%ﬁ @‘
a’a
a’ zA
Z%Z_azs‘.
a’l la°

:alaE‘ _
a’ a

¢ dz{f=(0,2)=2,P=(0, 1)=1.

v 5 Y2, Yo=1.

I df 0o ddiss § tsdzq dzS d :

70=(Zo- Y7)mod 3 =(1- 2)mod 3 =2

73=(75- Yo)mod 3=(2- 1)mod 3 =1.

sOCdd3 yddesdz, ftcOoddz dgd iz daDLDIststetsdz L Yc
Z=(2 0 2 1 1 0 1 ayftme g el dkz { tdd ds
[ dzw ftsBkzHBso md dzo sdz' € BOGOISsSE sdz' te
oS sdmstsozo Olsd M€ tsessyg ©z1 d ( Oaj 4 50 @E §tots
CsH, bkkottejdd?2 " dzwitsds o dCtej fdzs o Odzdz™ 4
ko' todz 2 SO f j tdfjtoo citwlg 2 Cosldte d y W o

I sBkHtsok MetttsyJ dzda CSH' 9 totsL 6 dzv dzj o
26,17y S sHk 1 yvym QCH)do .wWwisdBd dC stcddR@)BY &8 tzj H
Mo sdz' D7) ( GEM).i  sdzj dzsC OAST". o ) (Sl B dizts €
fsBzHtso Odzts dzO0 tsMdetse ©  dzj L 9 pOIFEEDes d3dzts 6 t
v f BREE® =U2% =020 26095= 01,

vo ' toded? dgpsclsm'dy S sEz( 286m odL dzOyOs Is
g(X) =1 &85+, RHrH2, 20t ], B 2)= (R4 20+ 1) (R At 2)

(RHRAH2) =+ 20+ R+ o+ 204+ 2084204+ m+ 1 Y90 01€Qe=112221112 1.
Bsd3z o HYf ts9 ' H OGysilpth 5 dcdiz®c B30 g by w
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CSChsCGuano dSte Mdzdisd, dzOff tod € dz@z- z5) 1 Ols G Isit
dedy dz' = ®BWHC 8, Ol DiBE ocds ? SBOBIBETC
Iso ' t6dglp) (SO, o' HY 59 weets BOE jotf £.40) tc dzlg to ) .

I'dSte] idz¢Creylf sendz’ Hiso dzats Mistse § y' 1 deui dad
o Hfitseo HdZ Qo' MmMsseatfy', Glstegf&GP' EtsH
1y m: 8)»-1(T6, 7); (15, 6)-; (14, 5)-; (13, 4)-, dZ0 thdtso ' w
MddzlsjL o Olsd Mddotsdz €d L OsOHBMIs' 2¢CdnA
(soOBdgz. 2. 8
10 O0dzOdztsas'eo’ v k@ tetdsiude dzdj=5 W Gl G ' g CTd3% tefatsH]
Ilym @y dzO Mddzlsj L zo Olsd M d-d3eOs defrji&igff t© d@2eh ©O H
L sy dzde ' Milse odf tcOo dzj dzdzW-L az® BSAE.QIs dzddd dz
o OBt stesyj dz@ T awlils' ¢ sk C siHEs, dztizdsts St
(24,16YC sHEZ 1 vym @, .visdB da dC sted MIAEpE ) If ¢
ftsdzj dEZEEFGEtstcDo ME stos Yy jidzO fig'mdAsted © ff It Hlafs
(48,40} S sHE J1yYym, wCd2 odCBEEFMB)solzO {f tsdj
GF(7?).

vsOCO ddLSO CtH' ' &8 1YM HO sy dzd o * Mis
LOo OHBMIs" 2¢dr zs L MdBeatsdz COBd to' L dats’
it BLE W dzlz Is CtsH(d By R BHUS 9 ' dz'o dsihddpls d2tsiz
LOBJ LY Jykze ls!' o-dstort @B dz] dEde'tf Scgedeidz &  d3j
Lydlskzo Odzse 5 -L dzO&etOm " B ORI 5¢ sdz' tedzts G 5 Z
Cte] CIsoOdzt dzgdr By ddossMmilsj2 CtSH' 9 1 Y
odqweodzwisd BOGCOIStSC tcOUsdlO ¢ Ofnts di3d dzeds L 8 ts BZOB]
fesHECIs dzO0 dtsoJawlf i e Ouisz @ ¢ iddijites L tctsB € (
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v OB dzd yw 2

[ dzd B3] dzlsGFBY stz® "7 B dz' ZROdz' dz' (Bdzsa ¢

glsjtfjdzjod {1
dzj o' A .
e etol b TSR Ly
fsCOLdg C Sy odcdmldssy f5HOa dz' dzd ]
Milsi tdJc 4 34 fsHOd (HJ MW dBdats G 57
fogds sd ¥ ed® baBaEsssUd iAo dsg
jozj g dg % Bhd U
IS do f s dzw
0 (0,0,0) 0
V] 26 1 (0,0,1) 1
V3 U?s U (0,1,0) 3 m+2m+1
¥z U4 ¥z (1,0,0) 9 o+ 2
Vi U2 Ut2 (0,1,2) 5 m+2m+1
U U?2 F+2U (1,2,0) 15 o+ 242
¥; U2t 20P+U2 (2,1,2) 23 | R+atl
P> Ut 20P+1 (2,0,1) 19 m34+2m2+1

v OB dzd yvw 2.

1 slslzy dmils Md(dse sdz' € B)O cLOToA HSXI) 96 dR]S~d ~( 2
M stetswdedsH (8 1 ym

g=3 g=5 q=7
(s,u)- W (s,u)- W (s,u)- W
(13,4) 81 (10,2} 25 (10,2} 49
(14,5} 243 (11,3) 125 (11,3} 343
(15,6) 729 (12,4} 625 (12,4} 2401
(16,7) 2187 (13,5) 3125 (13,5) 16807
(17,8} 6561 (14,6) 15625
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fd Mls jrigeOsBigSur, 5B 6" @33 Y j tc @WBJ o flasts y Jf PEHO
GHz 8-Corelntel Corei9.

r Odzd?2 ftoesctcOdRdzd? HtotsHEZSIS HBL otV ]
Ctc] CIsko Odz! dzts’ LHOIsdzts s CBH" 9@ 1 YMmM
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fsdsddz¢ d HBSt' oadet " dgzazé; YBIZEO dzaj od
Bsy dzd o B3 Myd L dzO~tsHY J dadz?y o Mdzse O 2 ¢
Bsy dzde ® o j dduddd f tsdddst.
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CsH' 9 J1yYym odwedwisd IsO oadftcOQodzwisd B OG
s H dztis O Ho 5C tcOls dz' i sd3d dz€ d ) fn ae=eCER 9
odf tcOo dzvw 8 Is+ w .

[ sfpdz' HY j dadz?  5C OL syisvd,, d2OY tdfdtSoda@ H3)-C tdsHic
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sddz, it MEstsyjd CtHd ®&EOEls: B' dz h 2 ¢

10 O0dzOdztse ' ¢ Qi df dgpdisids jCLdz 9B O eZO6 5 ©
Ctsded- ¢ dzr €' Mls odCsted Mis tsiv @ ®» Cidedelzj LCAEIE!
Misjfjdzj 3 HfosmMissets qePpha@pO2, bR lsts,L 5§ s
yslsdted S sdz' tedzdn ISO-LaO B S sdz' tcdzd - z s
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L%

2o I 2 Z3 Iy Is Iy Iz Lz Do Zn I I Z13 e Iis

1 1 2 2 2 1 1 1 2 1 0 0 0 0 0 0
0 1 1 2 2 2 1 1 1 2 1 0 0 0 0 0
G _ 0 0 1 1 2 2 2 1 1 1 2 1 0 0 0 0
anffo o o 1 1 2 2 2 1 1 1 2 1 0 0 0
0 0 0 o0 1 1 2 2 2 1 1 1 2 1 0 0
0 0o 0 0 0 1 1 2 2 2 1 1 1 2 1 0
0 0o 0 0 0 0 1 1 2 2 2 1 1 1 2 1

o Iy oz Iy Zy Zs Z I Iy Zv I In Zn I Iy I
0 0 1 2 1 1 2 0 1 1 1 0 0 2
1 1 2 1 1 2 0 1 1 1 0 0 2 0
1 0 2 0 2 1 2 2 1 0 2 2 2 0 0
1 1 1 2 1 1 0 0 1 2 0 2 0 1 1
0 2 1 0 1 0 2 2 2 1 2 2 0 0 2
1 0 0 1 2 0 2 0 1 1 1 2 1 1 0 0

Heps 7=

0 1 0 1 2 1 1 2 0 1 1 1 0 0 2
1 1 1 0 0 2 0 2 1 2 2 1 0 2 2
2 1 1 2 0 1 1 1 0 0 2 0 2 1 2
0 1 2 1 0 2 2 1 1 1 0 1 0 0 1 2
0 2 0 0 2 1 2 1 1 2 2 2 0 2 0
1 0 2 2 1 1 1 1 0 0 1 2 1 0 2

tdm. 2. G6G)O.Is® of jikeigOCasOtsdz@ y( ISt 2 C 59 56
16, S sHEZ 1 Ym

1 0 simdetse® Ctsydes™ L ydr OB dzdy!' &ty
CsH 'fp' ja2 Mo ©O) o' HdsB', H &S 5@t detdfigfleio
o &zZOMisdo ' Mis! 1LOOOHAS fdsd RI€@adz] dzdz? H o C 6O
Ctoy desc 6 dz@Q § O, LOBJ LY jykz' Is: mw o dwe dzj dad
B' d&z h 5’ b0 Iqfdestiplatts S X8:dzd lsig UEOS B2 Hi 94,1)%,
ytslsdted € tsdz' -tedizf TG RL1s966) %, f 0w lIsd ¢ sulalz@UA dix
i (8857 960) %, f1j d3d C iR itco8A)oasz d
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cS¢ EkEXJ LOL&OYUOdsm:, MOdkj o dzOMmisde ' f
o dL 20Oy Odz' dats® dzO dzd ¥ dz' sid3tzOC t6d p dz' L OB o
L O OHBMIs' 2 CtsMis BOGCOIstsC sdz' toded = Zs,
(odwodzj dzdz?" B OCOItsCtcOIsdad n  tv@dcdBA )3 IcH
LOBj LY jyjddz" L OoOHBM' 2ACELiEOYS d )s' odz@L
CBted Sszo Odz! dasEdRsGsdz®&. { ° H O

24 jlssH MddesjL bk Mdkosd ¢ BOCOISEE
hsedRsods CGH' o

rdzy fMddasjL bk Mddosd $d BOCOIES sy tod
fOteOdj Isted: 1) oRitSdz ote g fijds? Csiz s’ o, N
Hdzw L OB Otco dzj dzdzv | dzl dgpP@5E 99 ( yOtekzdetsC ) 2
fslsky dz' Mls' 2HifWodz'ds Cifldz®S 28, WC' odS BB
W tstc d3lz o O dzdz™ h IsLcE{E~tE @Hjtsdr'd » dzO0 dets ' X
OBjLfjujdedz ftetsyj Mk MS Odzz o Odadztz®S By (€
d C s fsdBddsS, wWCbk dzj 5BR H O C O]t
Yydlslzeo Odedzg’ o iOHEEZ d3j dz" dzj Mf ted W Is dddfye S ¢
ZsItsLdBUyE®2 oadfOHSCE B d h daj M tcdW Isdzd o t

[ O yd odm' Hdzz IStc'gPMEs (Ot O @JdYic ' fots <
Bdzsy ddzd L O9 OH GBS ' 26 prd Szsdz0 ' s dzOfls 2 § dz
1.1dB ' 6 CtejClsko Od degsets CtSHE Hd&v Mddals,

H

-

cChads = 1, bt fMddkBetd Sk MdL Bo thatslzls§
Mmj &3 dze ©@; wEChs 3 = 2, It HAI s ST
1Y M.

2.1 dB ' tc f OBE B SIdtds jef Is(z o Odz! dese s C BHE.
1 208 yd 3¢gk O IstotLtso)’ H dz' 2 IswOBhdME 4y 3 (ds O1
sOB dz. TWX.h 510 3 = 2) L dpQ AzOndMisaye ¢ idcdso df
fslskzy dz Mis! Md kB Odzi b@fr?,.C ffSHESE KGR

L dz02 H Wt Stk ' dstsu), § Q@@ d Cstcj Slskzo Od
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3.1 4 dzd tolzo Odzdz” -LodgAESls totc* o

Z 8

o ' u-tc RIS tg Wzg-Gzls o hdsaeHO 0 0€é0
SO LOMsMmMizeo Ooahd HEts Ctsy dets@

9"  HY So(swyadusds (( mJj d3' dzc O OHEWIstKBER) 6B is tzo

mdz" 9, wC¢' "-LdgPClBCORBd 2z S

1 Jtkzyd
g-1q9g-1¢éqg-1,

v OB d&Zdyw 2.

[ OCdBOd dz' fslsky datsfls’ gy dLadets@ie £ l8' O3

2O fsfipdgCottH (9 Mmj B 26O (3 = 1)
q=3 q=4 q=5 q=7

(s, u W (s, u W (s, u W (s, u w
(7.4) 81 |(6,3) 64 | (4,2) 25 | (4,2) 49
@85y | 243 [(7,4r | 256 |(53)y | 125 |(53F | 343
9.6y | 729 [(85F | 1024 |(6,4r | 625 |(6/4) | 2401
(10,7 | 2187 [(9,6y | 4096 |(85)y | 3125 |(7,5F | 16807
(11,8 | 6561 | (10,7) | 16384 |(9,6) | 15625

4. A stocdizzo Odzdzy BOMdolz dzgj dezdzr sodr 9 j ¢
I HEdHO' i3 dzzdz' 59 d 2 94 SChtste (tsME " 0
ZsLdOCO BEZHEIS! L OBOtwoadzj dz HB&ZOCBOJNH
histedr CSHBO BGE 5T 1 5B tdOpdgidzvdz’ tcdz®@ ¢ f dzv d

W-1 dzgj dzgz dz' soedm o j CIststc’ o .
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v OB d&zd yvw 2.

[OCMd BOdz dz' fslsky dzsfyls’ g dLdesaE £ s’ O

zO fipdgstotH ‘(o 12y m (3 =
q=3 q=4 q=5 q=7

sy | W | (9| W | (59| W | (55| W

(134} | 81 [(9,3) 64 [(102- | 25 [(102F | 49

(145) | 243 [(104)y | 256 |(113) | 125 [(113) | 343

(156) | 729 |[(115) | 1024 [(124) | 625 |(124) | 2401
(16,7 | 2187 [(126) | 4096 | (135} | 3125 |(135) | 16807
(17,8} | 6561 |(13,7) | 16384 |(14,6) | 15625

5.1 oste’ HY zo Odzedz?  gOMdolkz dzj dzkz dz' dg@figChd  ad;

Zs-L dz0S d) .

1 By dzj HESY 0§ dzdzy o d §f HCLEORGYS IS

ez d MmkMm' Hdg ~ Jdzj d3j dzls’ o,
Cdz tedgk Mo EHDELBE dtssy 2ls! dzOC &zOH Ol d W
of" Jjdzj d3j daslf’ toydef @) O Mmisseofyv dzj
Codz Stelz. ipedy " didtese’ bdRsead. uv0OSCO fte
M csh j dadaw L yd 4 bsa @adg'e d z NS Odzkz 9 Odz! da
(fsd §hik' s mw fd dem tetsdz' L Oy* W f totsy
hilstedn C SHSo sdztkY ) 5B tc O

1402 ' fMdzw ftotste' HY g Odgdgtlc " O dzd M d dzts fi)
. A Sted3lz 9 O dzdzW CGJBARJ sted ydzets e ts dzOB BBRL " o
(Mdd@esdz’ ¢ d) .

h s d3®l5 Is 4
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sty dzs sz L 94 Cstste’ 9 MbB@WO&Y ISAé] B tcd A
L SBtoOY J dadlzy, Jdzj d3j dzlsd W Ctsetsdzl O8 BBY tizge
9jCtstc® (YydqWtctso cethO§ Op. 9 O0dzj dzls© z s

[ sted &3O dz' ) s O¢- I &ZOSCHY 8" BL OFZ@H tsMIs’ 2

9 HiBo Hdzd?2-L &EQEBGScygtcsoad?2 JSo' 90dzj
L Oo OHSiYsS ReLtsd@E HEZ (mj d3' dzc © OBt 1 Y M)
it OL 53 DldsodiEftes & Is Mddosdz' Sk BOGCOIStsE
histcdmrtsotcets CtsSHLIz.

t SLedzw dzj &3ts f tod & dzOH .
14dr02 dgjtsBr' Hdzs dz20 BMdeH,Py, 390 Frn " H=dzd<K4 1
Mddzlsj L o Olsd Mmddzo sdzq&kz 4 Y tsls Pte PG tsdy'lsts &S &
CoHE L C' @z oflaj zdsj4B8P O 4&)y bk wedr
L desfhp'w LOBjLYJyk' s+ mMwv o d{ tc O dzjzdzdegj 3+
CsY dzSB sz O, L O k3w ORh ®zjo HEs EMC O' Is
cWwWHC 9 IO Missoafy' o.

[ dzv Y sBEHBod Md dZotis@zs @ddj Is ta® d3d O HsGzd tiF
Fd@iscod htsHEts Cdz tdakOS$ M toded Skd@’ @s dzOMls
H' 2.

1. [MC " dzn 8 d fipddelsj L Mddgesdz’ € odCtsdzzoe Olsd
= 4) GCtHEZ 1 YmMm.

2.1 dL d&z20yd dss fsOw OB@jdotd dicC sotse s S tSHEZ 1 Y
2,0 45,

[ dzv  y! sets o IsOBglz. 42 .L ddOFR sk d s a4@R 'B dz
B dz M L\OGh @S¢ fd BOd dis By ke O f Sl
1 2Oy jWzdgdlz IsOBdz. 2. 10 o (HIYIPBBHHOYMY] S
s=9,u=3.

316 jdzgj oz’ Bs -0 @EOBEL EsL' Bi-RsL eWar® BBs®
YJlso el tivg " HMddse® O HB 3 3 3, sO© L O
ftesyj HEtolz CBHEzO Odzdzgw -C 3y sy’ talyve. d d3t J(L!

CSHEZo O®dgY o', s MC BOWBL BY HzdE ©S®HGo d
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1Y M, dzOo j Hj dzad = [z ptotsH Qde'CHidlzj | . ) dziste s dzjy !
94 Clsstesds 9" H-if OS OdzsE @ B fdAsw oW § B 6ds G ¢
BHE BsdkQ® L &' tedsfls' 35 3. P dgtf o
ydWto®kd: o0, 1, 2, 3.

4. gl stel3gz” d@zgs BBOMdo dzj dzzdz? soedr- o9 CIstste’ ©
9 jClktsts 000000000 (k [ sHOXOE |s' dgj
Bj b 2! sodn o jSlktste' @ MlsOdgsoadls! 63.

5.1 JCsdz0° s ftesyjHEZtel ftost' HY o Odedes d3l
GWHCd O flskok] @' dzis &' Misddd tHAGOL B9 (
18, otded ¢ tsL dzXyf)fiac Odn@ dzo Sz BZs dz@ O P | zek
[ BHOILBS | ) .

[y, ' Moz et b 6teldtizézy = L O8zd b §f &

6. 4 W ste Bz d¥ts pligtisschitafddiias dz' tedzd B L QEBOAH By ls T €' ¢
wedrn MlOdtsodls! 45 ([sHOLBS ). I td
uskdtedC sd tcdas®®C ¢, sd Bssd' Cd L Odzgj tol
[ BHOIS ) .
{ BL G dzV dg) R S ZOH .

1402 dzj 5B~ ' H dzfg d dipdsodild jSLHL otplls dic dztHy 1S
LO9 OHtsMis' 2Ctsets histodn sawas * CGots Hilg  Ld3j Sz dz
wedan B d LOBj LY jykzo Odzts odf tcOo dzj dzdzV
Ludlkzeo Odzdz?, O L O bdsadzOS has dpj MHstst
SHAdEE sd' to'das MO fplwdf y' o .

v fsBkHtsed Mddotsd $d {5 L2000 dé @]

3 = 1> 9dCtdO ks OSCE fsfd Hso d fls:
lLuddsjL MmMddwosd $d od¢C sizkbd @B §aE dss  (80s
Mmj & &zeO, BMS & ¢d 3 = 1.

2.1 dL dz0yd s fP WOl s'telgS so scts CBHE mj d
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1 OC sHEZ' ot slipgztS dstiz 0 O dz! dzaft g dstEsEHaB: { * H O
fifn) = QF) R)(= ( 31R7+280+12°+40R3+1472+405+ 2 90+ 1282+80M343+
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+265 42+ 9024+ 60+ 2.
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1402 IsjSCMmisse | AM&D ' H tegztep Bztzm dz8 2 f S H (
fo IsdSCdz cdesets zs, Mdde sdz' CHOIs Wik Gste B)s dztds

CsHE mjd3" dze O (1 BHOLLROS. ' dOdz' ykz* 6 4
10O% ' Cikzo @ah , dzOf tPES &OH, "Kigsfls g dqq
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Sy S coBtBL( Md®sddd' SO 0 9dtddd-
fd dze

13
14
15
16
17
18
19
20
22
23
24
25
26
27
28
29
30
34
35
36
37
38

21
31
32
33

odaNmsmwmo~oo S dY

111

39
40




1 2 3 4 5 6
41 + + 9 9 3 1 0 4 0
42 Sspace space space space 3 1 1 0 3
43 o] o] 0 o] 3 1 3 2 4
44 3 2 1 1 0
45 , , 3 2 2 2 3
46 ; ; 3 3 0 1 4
47 ( ( ( ( 3 3 4 0 1
48 ) ) ) ) 3 4 0 2 1
49 - - - - 3 4 2 4 2
50 / / / / 3 4 4 1 3
51 : X X : 4 0 1 0 2
52 @ @ @ @ 4 0 3 2 3
53 # # # # 4 0 4 3 1
54 % % % % 4 1 1 1 4
55 pad pad pad pad 4 1 3 3 0
56 setB setA setA setA 4 2 0 1 3
57 setC setC setB setB 4 2 1 2 1
58 setD setD setD setC 4 2 2 3 4

1 OL dzOyJ dz' 2 i sfHslef H o dzBIEH, o wC Z6 o 9 tSH
¢ dzOo " Olskzted, o' Hfis9" " HO' sOCO0 fMmdz HBe
fsteWHCBodn desdBjtc' ®8 (HdoO. ©OB&Z 3. 2).

5 2 A M & setC)
31 28 0 12 39 57 29 (3.6)

1 OCBHE' B3 ' dal¥ sAsaRBy28 D dg) 39 Bjid2Setstsi s s
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lod 3" Isdoded a5 J GH(EB) IRt &3 uifsmidzy Iso ' @ded 2

CSHE -uiSds@sdzO0 o dL dzOyd dzts w €
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w = (31 42 5 2 40 @ 7) 3
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10 Bhdsse' CGHEH)ECEIRY s ks 3y d fifds e
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31103 9 jShkstcd®s [42[202]o1]314
(CBHtse ] Mzsets CSHEZ Mj d3 dzG O)
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J dzj d3j dzls d , ht-f kB BEZRIs" Hj dzlsdW " C Olststs,
BOIstcd Yyt dzO§ ' o . [ Odz' LH" 2Mdz¥ * Is' Mw da@igCaiz
ZsLdOCd BtotsB dzw b Isf todf tsip'das dglis o et Oy ¥ dz'
Wiste sz dsdzj o fbtsydeasets ( 5B totsB ezsdpORAdAS

Il Blstsyded2 dz@Ss  jtojlsotster 8 Is ) s H-Oztz® § &'
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H] SBHJ]tesdi LMQdelf' yddssO 9 " H My smMseslkz Eklsetste] d
CsHiz) .

sCstcj e Odzd?2 o dzzlstc’ h dz'L ddzOf JOS tif Hi Jtotg tedg
ydmdzs L H'T OF O tstslazw W E B o 220G p tc Mzf sizo 5 dz'
Yy!' st odSstedmistsalzs Isi ZOof &8d ¢ &OH ,{ jls @R
sBtotsB dzj dzdzvL dpOR§ ' o g ddfRfiPd oL H " PHLOL & ezl 2 (
LyYydlsOdzd da' hdas b sy deas@3s dz0. A ] Mdzsets HJ CE
CoHbumBhzsRcdzO L d&jlstss o df teOo dzj dzdzv ff s d3¢
odftcOoadisd odzzlste' h dz' d3 H j BntsH jtatstyeB.dzOICES oW H
ted fn. 3. 5 fsCOLO0dt fkdSlsdtotsdy) 19 fOSKk
b s dzts d3ts dz®@ . dz0 L § w gt 9 ' HLOY e G )y, dh(ize
Histf so dz® st dzZ@yS k2 HBs ftowv BsCEkIsdts™ (¢ 9 OH
otsdzgd © "  HCdHO® Is! Mw .
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bl: 713 712 711 710 79 78 77 76 75 74 73 72 71 70
u'= (31 31 10 190 1717 14 0 26 4 18 6 2) (38)
fus > il fpo " ' " M’ fis” M)’ " " " 1’

[ dzv L tekzydesfls® Hy SSHEZO Odadzv Mlis d te-O dzdz
izt Bsdz0 dz0 dezdz! s L dzOyj dzdz? ( yj a Oc
B8 deddd3, O tsLV"Hd, "t & Mswis: §sdd
fdzsw © MisOo dzv s E o' WEES' HdEHIPE Is! OB @IS t
oded)H" Qs k2 o dcdzv HLE=OYmpdg¥ sC s sets ydm

[ J SSHEZo Odzdz? Hftcso OHWIS! 9 OS2  tsid

1. [BtosB dv Y yd' (FPsdy ©cOs 0O dzOdz 965 HJC S}

CEL GHHE sUE®, hts o Mwis! fisdtOdedzy,

j1=2. 1 jtejo twe |Or. of GHash jlsdsdzvC * dzr € Ml

fjtwjodhikz' Cttcj Clslzo Odz! dzz L HOIdz fMmis!

YjtejL daj o tcOo dz' JCiytf tisldso s telgOdzde™.W Isp € Al

Lo=7=38 L,=7 =13( LmOd4l).

CChts MisdieOds ¢zD. oadvwoedy des, st

2.1 ZORBHWYIs! ®hsetyd) dz s Oltste' 9 fMisdts

1 (R) = ;r_l (1- Lo = (- 389(L- 139 =27 +3Ix+1.

cSMis0, kL o

3.1 dL dzOoyoe s, wClEz &BOSMdddgs diisy §° d&d9g t
HyCBH] e f° mydiys dotaiSinE(dz] )dAdz"

1OvVodzO €' dzr €' MIs! & YosRBdssS E L ydlsc
e O

[MEC" daz=eC,d st BOSC Md B d&RdAEEzEE ', dzw E 'z lskts y
Hy SsHjte ' Mdzw o dw o dzj dzdzv t=mtf(6s 2)/2)kAs d tc O
4. { Bydmadzs s Is C &3 SQlzd @zl dNqlddH s sz MY |
d=0uM@eée q : wc(@,w=1, 2, €&,

116



H cjc'(x):rcljllc-ixi;c'i TtesLteWHd LydlsOdzsets mdztse O.
i=0

MddzHtes gz Mitslsotstcjd J HBSte' oded s Is! d
o' Hifklsdz Mis' Myskottejdd & L ydlsOdsil
Qu=c'(7%)=
=31(7)*+31(A)H+10(A)+19(A) +17 (M) 3+17 () +14(7H)°+26(7)*+
4(7Y)3+18(7)%+6(74)+2=37 (mod41);
Q=c(7) =3 5=c(7 =2 F=c (7 = 1 F=c(7¥ = 3 &=C(7HS.
[MC " oz SHjoz@®B B ' Misdls! MmMytskostej d2 teL
.VUIso st ¥ Is! fddzH etsdzdad 2 dBdets ¢ sy dzj dz
Y (x)=1+ arl Y XW =1+ 37X+ 35x2 +23x3 + 11x4 + 38x> + 5x6.,

w=1

1Y M 99 HIREE)V(Dtedaek ) q (L dzO NdgsHvdidt | S s o C
fd dzH o s d3dzd 2 Bdzts @ tsu\d;*)dzuf@%l}\/\);(‘[s o\, dz¥,, H

i SR sdzj delsd BSHIW ' CsoOdsets fMddzH tets 3
(1+37x+35x2 + 233 + 1 1x4 + 38x5 + 5x6)(2x2 + 31x + 1)(modx7) =
=1+ 27X+ 36X2 + 34x3 +15x4 +15x5 +16x6.

st sdzj dzlsd RSHJY CtsoOdetsets fyd dzH tots Bl
V1=27,V5=36,V5=34,V,=15, Vs=15, Ve=16.

. d2OR sSH W [s! mMddzH tetsds ff sd3d dzts € V4, Vy, dzv&/,, Yy t
o dH" dzvs s " WiV dz®m sprdat+fdls 0§ dzj o34 dals ¢
Codif sdzj dels Odsd ) @ar\g Boe3iza, § BR\G.dzts €

[MC EZIY2+1=3, Its € tsdif 5dzj dzlsMeNeE34M d da
D,=V,=15,Ds=V5=15, D,=Vs=16.

m .
.1 dzZOR tsSH W Is! Bdzts ¢ sYdzj dz  dzts € B(E)sle'ad; X ;f t5 3
j=1

Cj W'  sesadmdze s s dz0 shigasded 6 € dsi Y stet
LO Odzetstedls dstsfdzj ifj'teddj LGl ©Of sHOISBE | )

117



) 2O ME D, L O yYd Odctidlsdsd L dzO2 Hj dt
f 55 dEEL+167+132 (Hdo. [ BHOES [ ) .

.t sLoOW L 2% IR0 (eBFRIAYO L dzOr BHAA K€ ,C B
T, O 20 i i C ®lydamal L sld5d.di S
t ' o dat+dBEz132 oGF( 4 1) BOGR=2%stBpdz [Isy J , azts
f s a5 dzb§=m =17 Lo, = =8

10.1 dzO R tsH W Is ! Bdets ¢ sydzj dz Q2O Uzl § JLidaf s |
My oo H AKX &) (ModX ™):

Q(X) =V (X)h(X)(modx7) = (L+ 27X + 36x2 + 34x3 +15x4 +15x5 +16x6) (
@1 +16x +13x2)(modx7) = 2x4 +18x3 + 30x2 + 2x +1.

11.Asted3lze Is+ MY ' de={dabl, &3dzsy  dels8 S Olstste’ o fi
HSE wWEeE’ 9ntsHWIs! Leizjs ¢ BlO tedfts € iPUsdstg@ dz’ {f
of steWHCtSOZE yd LO LisMisOdzdzy d3 L ¢
MisOdzgs ¢ Is
L dzOh s Bl Le{{ f EBHLG #13 | o =17 L, =38={813,1738.

12.0 B yqdmdzs s s @ofmjfdefswpostafj dz2 , Iktselsts w¢ iy

-1
L O WSt disk dzely [g/vﬁtf;—g;%[)—.
O @ L,L)
9-Lj=1g, |
[dzv  § dzlei3§ datB@tEly disld H § di3ts (L dzOud dzdz”

_ Q(8-1) =16
(2 (1- 81A3(1- 81QA7)(@1- 8139

L dzOu § Hedz? tej N Isd J dzj dgif sl2dO,[ e=20eRezI6y d dazd
13.] @0 dzw s k1 ff slso stej dedzys) I tow QSHEY o

o qcdehi( HADB)® o dStdzze 5! C S8 cqd sl

fn dzts® © W= (¢ ' modP:

(L, [ =(8, 9)=(7, 9),

(L2, [ 2)=(13, 19)=(?, 19),

10 Od&zOdztsg' * v
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(Ls, [ 9)=(17, 20)=(7, 20),

(La, [ 4=(38, 16)=(?, 16).

1 8C 6] B3O,

Mm=(f 7  )mod 41=(18 9) mod 41=9

M=(fp 7 [ 2)mod41=(0- 19) mod 41=22

f=(fyy 7 [ 3)mod 41=(17- 20) mod 41=38

M=(fs 1 [ )mod 41=(0- 16) mod 41=25.

{Isxd, ofm" ysbdted MY silse wtfj3dzdz"8 )z offtf de
o dzOMdz' HsC Yttt i RBOds C(tSHBe | Maztse s

sBHBoatsRBE Mzcekz (&) o HYite HO'
c(X)=31x13+31x1 %4+ 1 0x 14+ 19x10+22x5+ 1 7xB+ 38X+ 1 4x8+25x°+ 26X+ 4 x3+
+9X%+6x+2.

[ dzv L dz2On~ SH Y J dadzv ' daW 80 dgPtH B <2 dats dzis(X) f s d
fsH' dzdIlsd dzO IslieX) Stadmdiz?-u it driE@f Halz @3;
a(x) = c(x)/G(x)=
(31x3+31x 4+ 10X 419104220+ 1 7x8+ 38X+ 14X+ 25X+ 26X+ 4 X3+ 9x2+6X+2)/
(X S+12x3+8x*+34x3+13x%+24x+34) =31X+28x5+12x+40x3+14x2+40x+29.

Stsj Wy C dzsifo i Isafs sl dzW st ROy 2 dzj

¢ = 31 28 0 12 40 14
wej fijttjlotstysls! o fwMmd He dz M fMd de
5 2 A M setC & sefl 5, ° dz0 BMmdese * W Fgdots * dn'dc

f so ' HEd3EAMAEzZY :
1 O jJHJdO fftmd Htse dz' Mis! H'2 LOBJLT,
(BB Hdydzed s HOdzdr fOY' ' dzls®) L BOGCOIstsC ts¢C
¢ dzG Stcg Iskls © Stej dzedz?  d3j H d Ydzd ~ B GO S Sift
histcdr CBHESOSEtS L EBOY jdzdgw to Odz' L 59 Odzts
(r sHOIsSE 1) .
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v sz, 9 HOdtBEz dOZzSsotsd@kz HEMdz HYJ
Ho Stc' o daf fglizj d3izM LOBJ LT Jyd dedaw L O9 OH s

hsedRStsHSoa R LBB®OYjdz, WwWCO Ctkdidsk:
(Mfssottejde ) hlstedRCtHusadn j dzi dgp dzks ezt
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f L dOYyYSd dBsy dzO0 99 Oy QIHOCH o' tstcdzp dzflzaf Y .
MstekS sktedtss , Odj 2 ' di stedOy' 2 dzsz0C ‘S8
hlstedr S BHSO 15 f sL dzOys d d3ts Yy dzO tctsL ¢ dzw

BOCGOIItesL e (HeEBi. ) dzts s Hsdatyf, s oL O OH sfyls* 2 ¢ * fr

LOftcso OHdIsd a0 HiB SHAAEOCH s A dz2O o' 9 dz' ¢

Mz OISO dzO 6 9 dz' -L YT * » (GRREZE WI dfsgifizgzts
ZsLkOSCd ‘° tLdeWHOB] Mdzse O

1 0 t' o-dzlzO%Z'so Hdzv LOBjLYjyjdedzr "~ 5 L Oo

Bdetse sL dzgOyded?2 Cttej Slskzo Odz' dgd?2 SCStH( SLHE
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hlxlycx8itpfcnim21grmymg2649q8ep18kn33geyv03ai25y37fnp3q6alipgrl104ux6300xndkivusjOnwvx
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"analysisResultLink":"https://www.barcoderesearch.com/analysis",
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[we. wjttojtc o jtelsO HOd OdOdE L' o, o
fOoy"' ‘' dzls O.

i' N L
I:l_-l-"g_._-l— | o

tdm. 44 54 d20Oxy§ O HEYW HBMEfE §O0Yy' * dzls:

it sLedzwdz d&3s oL O BBH' & FOY' ‘ deglsO L dz
10 fted?2 sds o dz' COtew HYOyY' ' dzls By J
dz" COtes . 1ted yY! sz d@Esy dzO0 tsB W@HOISKE[dzd=H2(ddz Q
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sWdzO2dz. v oadfOHSE BWAkZO2d tijxdikz 0Oy °
Zs, &k wCsdkz LOhdWtktse Od MO H Odz 0]
ZO dedr) . [ " €Ot Lydbkz® zs L jSCttOdO MdB
' Mdzv 2 oeldzdavj Cdsti zj € e Odz' B iGoyjdLldz dz! Idsj Kldigls ¢

lted odeBte’ Gijydddk BdkdzO2dz & zs 0Oy’
zO tjLizdz sOIsd OdzOdz' L "' 9. v yY! sz o d{f O
HOdzdr HOyY' ' dzs©O o tetsL f SH ' dfjrdz HO dagfdhfr Idf jOdg
"n lted 3O0dzdzy (tedfm. 4. 5) .

1 Qo jHjdBs CtesCd Odzestodlsdsz, hts toj Odz
1.1 Oy" ‘" dzls 9adotsHdIs! dzO JjSGtOdz Moatsets MA&ZO
fjtemMtsdzOdz degdds " H] dzsdW ' € Ols tste 5 3.

] SOt LO HBYtd®ksetss Mdstsdfts CipdgOtels Yj € de@ dz

f Oy ' dzsO.

3. SHOILBS dO0 MAizOtlsl dz z' COteWw 9" " HY tcO:
HOdzedr HfOY' ' dzgsO dzO Mjtco jto [ wy.

4.1 Oy' " dzgs 2O Mot ddz MBOwlW s dz slstcd gz
Bj Hdydzedr HOdzdmr = dOHO' HBL O W dz

504 dMmlsj &3O * dg'sy'f¥ ‘HMu@tfsg lsdH L B j t6 ¢ Odzdzg? 3
dZzO Wsttdzo Odzdz? Isd d@z3yoOmtsetsets IstsC j dz0@ H s

6.1 " HIMdMIsj BO HOdd~" OdOdz' L ' &9 o jtlsO

HOdzd r .

tdMmlsj &3O f jtcjHO Wistcdico Odzd2 I8¢ j dz dz

. BHOILS d' COoOtw WBfIskz® HOd L O Lts¢|

. [ BHOLBSC dz' COtew BlsteddZz L Ofdlskzeo Odz' H:

N

© o =~
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Migcucrtemun sGepiraHHA MegUUHMUX gaHWNX
nawuieHTiB

aHanisisg peuenTis

Migcuctema
fiarHosis

{ Migcuctema

Migcuctema

Cepeic
LocTyny Ao

[aHnx

4,03BiNn Ha 06pobKy 3annT Ha OTPMMAaHHA

AaHux AaHux nawieHTa
HapgaHHua goctyny Ao meguvHmux
faHuX 3a LoNOMOrol CKaHyBaHHS
LUTPUXKOLY 3i cMapTdoHa nauieHTa
MauieHT Nikap

tdf. 4. 5. unjdkO dzOHOdd" HsMisk{kz H
Sdzz02 dz ey d &

cShts fOy" " dzls fjtcjBlzo O dzO o' HHOdz'
&z' COter L odCtstedMmlsOdzdzy 5 d3j dz'j $§Otcj B BES =
LH® 2fdz 9 Olsdmw o Hotshn tojn @ 3Oy O dzdizeia® 2 fizC

V fteslf sdtso Odz" 2 MmdMmisj d3 SHdddB L f
CsHEZzo Odzdz" HOdzdr, Istsdisz Mdz' H MSCOL Olsd { &
CtsHzo Odzdz™ / H JOGHECHOPOO dgdid,m H 'SBi Oy § dzO0 dzO

L HOdE 2 ' " tOten' ' odSBtedMmistsoalz’ Is! Mw
HEf Sdi3sG ts® Yy! tsGts h OB dzts dzlz ® HBEZOO' Is!
(tejClbkzo O desets S BSHE.
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2. 3ickaHyBaTtu
LUTPUXKOL, 3
3. 3anuT Ha BubpaHi  ekpaHy nauieHTa

laHi Npo naujeHTa ‘
Jopatok

Cuctema
JocTyny o
MeANYHINX

1. BvBecTW Ha eKpaH LUTPUXKoA
3 igeHTudhikaTtopom nauieHTa

Joparok
natjieHra

4. Hagatu goctyn
40 Mmegu4yHnX
OaHnx

nikaps

focTyny

TOKEHy A0cTyny

Migcnuctema
OaHnX aHanisiB

8. oTpUMaTK AaHi 3a TOKEHOM

6. TOKeH gocTyny
00 OaHWX aHanisis

9. AaHi aHanizie

tdm. 4. 6. | OW dZOHOdddY HGUHSEPIK:HS

1 O tocd € d&zOH , ftcd oS sted Mlis Odzdz' CtsHEz
BarcodeDecoder BlzHJ ' HCdzt yj dzO mis te
dzj sB ' HdzsMIs' f° HCdzt yJ dzdaw "dzh se s C ste,
tcsLtesBdIsd dzsod?2 Cd&z0Ofm L tj Gdz'.L Oy' ‘8 Oc

Il twijLlkzdz IsOIs', BEkd&ZO tslstcd 3O dzd te@tdBf ' 4]
[ Odz0 j&dsSZ tdsO BOLtSocE, otdz® & Milsdls!
OHOf Iskze Olsd ° HSE §Blstcj B B3d Hd ydese ts L

totsL totsB dzj deda?y H tosctcOBRBHE e yz®B j ¢ P izig j dzdzV |
BOGOLSStsd todzsEts L Oo OHBMIs' 2C 56t hilsted At
10 e sdzso Odz® Ot ' IsjSlskzte® ftescete O
W stedROY 2 des’ fMdflsj k], E wGC'2 LOBjL
otsdztH ' Isd Mot & dBIHJyudedddd HOdzed B SO
o ZOMdzd 3 BOYOdzdz?v 3 SO h dZw Rt @ o lasthyEsle
histcdrtsotsets CtSHEZBOdzdzw ' de¥ ste 3Oy
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<<interface>>
BarcodeCodec

+ encode(message):Code

<<interface>> + decode(code):String <<interface>>
BarcodeDecoder BarcodeEncoder
+ decode(code):String + encode(message):Code
¢ ¢
DefaultBarcodeDecoder BarcodeCodecIimpl DefaultBarcodeEncoder
- correctionStrategy: CorrectionStrategy = - encoder:BarcodeEncoder - dictionary: BarcodeDictionary
Qtri - decoder:BarcodeDecoder
+ decode(code):String + encode(message):Code
_ L4 + encode(message):Code
<<interface>> + decode(code):String )
CorrectionStrategy Zdntertaces>
+ correct(code):Correction BarcodeDictionary

BCHCorrectionStrategy + findSign(sign):BarcodeSign

- bchCode: BCHCode
+ correct(code):Correction

t M7 4. OCtcOBO § &OM' o ¢ itz @EAAST H j ¢

[ 4 Odz' L 59 Odz’ o MmdMmlisj d3’ fteddydfd tots
HOdzdRr fOyY' ' dzelsO, otsdzsH® dadagw ded 3 o s’ d3d
@odets S fjtjHOY HOddr L kS E tk¢d L
CdW stedsOY’ T L BHdsets MdBzOlsW sdzO  dgh d d3
wet flsH SteE Odz L Oy BjHJUudzse s 5B fdzlz
dzt Hip! C sc@® WHOCWsd'tedzts fyls ©  d3j HOYlsidte fy OZQdirds s
H Odzd A fOy" * dzls O. 1 S sted fls O dzdzw BB ' &
hsted i CtsHisoadd3 MYsMsetsd jtejHOY O Bt
o' LEOdz dets LORdh jdzze jozj Sltetsdzdz oL O
BjLYBMjtej Hd 15, 5OC Odzsdz® o JHMEIE Grdlz'  dzC
CtsdgW " H jdzy' 2dz Mi§84]. sB d3' dzglz H Odzd d3d

IOLtso 0O On'sjShkkted ftetscteOdRdts’ fdfk
ZOB ' t&8 dBsHbEd o, Nt LOBjLEjyks k' toj Od
AW stedROYt 2d 2 fMdMmisjd . | 2O dsuast to & gk dac
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AuALoor
aHg1d alfewneod
el uawod aidexir el gouues
XnHer eceq XuHer eseq XUHeT eceq
aLushad XVHeY XuHhn'an >
XMHET  BHHeldaos sinuaoladan 5 A
eceq sdexir
yoleroy
- guushed | AuA1ooY aHaid
eN3LIMDT| | | nawod siadad
g1E0H el
XUHeT
eseq ﬁ Y
g1E0H elT
-« eNaLIMITTI| | nmexichuLHa L | aideswr oiaden g|rewnsod el
olgdap U glouuee oigdan |
gigiLreHe XuHel?
alrelquAsad gIsieHe - XuHRhUaw < ﬁ
almed M\_mﬁmq eNa LMoL ot AuALool? =
s | —1 21ada)
XWUHhWTOW yifou
amuaoxo DA H amunsoxo
aHdeny aHaulTousod
aryed a|LHam/dol elHaleu
XWHhUTAW XWHhUATaW 7 ~ yorefroly
eINa1ouKd | eNa10KotT | _
apel, g
i g1 HaW/AioT H
egeq j
apiss 8e XUHhU TN v v
«— | BWaLoMdIIL * pureidage qHaxedgos qHaxedgos
EBEEq mintireHe xvnaoroxuxudim xuaoFonxudim
- J1gada) BHHegA1UhE BHHeaAdaHal
olgda) o1gda)

qHaxedgos
xnaooxxmud.Lm
amuaoxo

aHdeny

‘jClktcO fBctOBds |

m
m

49. t

{ dma.
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BiHduds 2 cOdkzL' HEMkOkdy 5 OHOflkko Olsd
ftes' Clhtso Odgs’ ' dalf stedgOY' 2 dets’ fd milsj oisq,
ftesyd M totsL tesBdz] dzgdz ftosctcOdRdzsGets L OB 4§ L

4. 2. [teOdz LOY' v { totsc wiCidgdasice gl dzw
BOGOIstsCtsdz' tcdzsets L Oo OHBMIs' 2CtsEts hIstec

{Mdzso dzed &3 S A3 sdzy dzssd3 f esEe e Odgdzets’™ M
2O thdtse' BOCOILStd tcdzdrm L O9 OHtsMIs- 2 ¢ 0
HjSCBHEZo Odzdz? ([ BHOIBS 1) . | Bdsoddd L Oc¢

ftesyd Mz fjtejlsoatstej dzdgW o~ " Hdzs'™ ' dav Sted3On
H]SCtSHEoOOdzdzgY . v HOdtsdBz &sHEZEZ @By dzO €
1.1 " HBBSHEZd CBHEZOo Odzdzw o~ Hdats™ ' dgW Sted

2. " Hi3sHEZdz2 Wsttd3szo Odzdz? L tsBtcOy J dzdz? N Is
3. " HissHEZdZ HJjSCBSHEZOOOdd histcdr CBHESO B

1.1 " HdisHizdzr CtsHEZo OdzdzgY o - ' Hdzts™ ° daW ts5te d3C

it sLedzw dzj d3dts HESC dZOH g N § sStecOdz L Oy"' &
" dW stekOY T . U ftesyjf' SHEZO Odadem ' dzdls
sfmdeso dz MIsOH' ~ : Mmlsotstcj dzdz?" OHOY Istso Odzs

histcdoCtHso R L dzOC " o .

10 Jjlof' Mmlsottej dzdzv OHOfIstseo Odzsets ¢
fjtojlse stcj da on' Hdzséts 5o ' HBMAdzj dzdzy L
MdBo sz tcYE sdtséts CSHE. wjiteiH kOCda ]
ROMlszf dz' : HEs tso dzgj dedz? Mddso sdzORd ff § tog d
My jy' Od dzd Bd -L Off 6 Ralzs ex@dgep di3q , HiSH @8 O dads
LO9OHtsMis' 2¢ ] CBHEZo Odzdzy Istsh 5.

[ dzv  f tets@ tc Odzdats’ tcj Odz' LHOEN " dz' wiABs dztses ofsH

tsfdzts o dz' OB MlstcOC y* AudlstcOIsjcec' W CtsHEzo
hilstedrBo tsG s CBHIEO (BarcodeTransforn
(PaddingStrategy) . Il " HYftseo HOdz dz' fMmiss
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o zOMdzej W Stcislise Odztze SO BPH 5 H s d3dzj dzdaw . .
sCtcj Bdm JjIsOf " o, hts toj Odz' L zsIs! Mw L O |
histedrtsosets StsHEZO. ¢BMIsOC Y ¥ AuwlsteOlsj G
HSf sd3setss h OB dztsdzze A Odzys ¢ 9o " H {f o\ jHidaz
Wistcdiszo Odzdz" OHOf stso Odgséts ff tso ' Hsd3dzj dada”
fjteiboastejdzr. vOCdd yddesdz, L HIWEC §
tc' Ldz MmMlstcOlsjec' ' OHOfIsOY' o' HEsSd3dzj dac
HOdzsG s 9oL O BsL ® 6@ L Gcaf MA s dictOty d d®d3dalz o
fsdz Hseo desils® f jtojlsottejdz oR' HdesGts {1
N Odzys 6 o  HY ts9 ' HOdz dztdnls' 0 dzOo j HJ dzO daC

CodingStrategy

- transformationChain:
BarcodeTransformer]]

+apply(barcode: Barcode): Barcode

i T

<<interface>>
BarcodeTransformer

+ transform(barcode:Barcode):Barcode

5 7 :
! | I

S ) !
PaddingAppender ReedSolomonErrorCorrectingCodeGenerator

-paddingStrategy:PaddingStrategy - reedSolomonCode:ReedSolomonCode
+ transform(barcode:Barcode):Barcode + transform(barcode:Barcode):Barcode
q . [
PaddingStrategy ‘ ‘ CharsetSwitchAppender

+getPaddingCount(messagelLength:int):int + transform(barcode:Barcode):Barcode

t dM9. 4. OcttOBO ¢ &zOM' o h OB dzsdalz [ ¢
toj Odz' L Oy' ' CtHED @tedgizj dzlz H dets G 5
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public class RSCodingStrategy implements CodingStrategy {
private final ReedSolomonCode reedSolomonCode;
public RSCodingStrategy(ReedSolomonCode reedSolomonCode) {

this.reedSolomonCode = reedSolomonCode;

}
@Override

public Barcode apply(Barcode code) {
return Optional.of(code)
.map(barcode - > new CharsetSwitchAppender().transform(barcode))

.map(barcode ->new
PaddingAppender(paddingStrategy()).transform(barcode))

.map(barcode ->new
ReedSolomonErrorCorrectingCodeGenerator(reedSolomonCode).transform(barcode))

.OrElseThrow();

}
private PaddingStrategy paddingStrategy() {

return length - > new NearestSquarePaddingStrategy()

.g etPaddingCount(length + reedSolomonCode.getControlDigitsCount());

t .10, [ ' Misddee t©jOd LOY' = fjttjlbotst
Hsf sRsEsY h OB dsdlz Af Oy e o' HYBo' HOD

1 OfmMskf dzd 3 S tesCsd3 §° Mdzw OHOY ISOY' = ¢
BOBtdy' histedrCtsHtsoadms L d&2OC' 9. sty dzs 3z
fsMisQodzjdes £ o  Hfte " Hdz Mmls! CBH (9]¢
Mise tstcj dadatzO $ZC. [ Odzd?2 CtH (9] Clstste) a3
s O0Cdd3 y d dzts d3, ftotsyJ M fMls o ts @fjrdzdzt dz@§O I
fjtojlsotstej dzgdzv di3 M Botsdz' 9 ff ts9 ' H s dzadzpadde ok

1 bySd Lsted s’ Cllzo Odzdzy f tots ¢ to O d3dz
OHOfIsOY' ¥ 9on HdzBEets o Hsd3dz] dzdzv, © IsC
Ld&ZOSC " 9 9o OB MistdiGSHH [£o Oudz' dePE 6 s{ Encoder
Htsy' dz' dzts t6j Odz' Lo Olsd L odSCtsted Mils ©Odzdzy 3
OBMistcOCyYy' W NAstsHkzoOdzr dzd ¢ 0 HitiBERZOO' I
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NalsteOlsje'" wW CtsHEZoaOddz" 0 IsO fHulsteOlsjds " W
Mdddosdz 90. '  OctcOBO HOMSEI Loab6wWLCEZ Lt
2.1 " Hd3sHzdzr Wstedszo Odzdz L sBtcOY J dedg? N Iste
1 OMmMszf dzd d3 J SOf sef Sy ldzDty € §f dzdzv Wzsste d3lz © O dzdz!
sMdzts o’ BOIsdE@Y" © .2} " H YO yY! sets ftesyy

shdaso dz S jtOy' ' : BfjeOy' ¥ §j tci o) c
Csdz t6, O kOSEY §j tcildpOsts jodzdly  ddsDidstasdwy”
fecctcOBds’ tjO0d LOYy' ~ HOdscs ftsyj mt

Nl Jdze eOIststc L tfeste QxOudafsod g sHanmrage Gener at
BOtcdy®  CMjdz" 90 (Barcode Bitmap Ger
(Col or Slchtedg )L ISSBdE Oy 7] TR L 2Oy (dPBar code
params).

[ Olsted y* f°CMmj dz' o BBs Y dzO L Of so dzd
102tsyjodude hddzs MiesmMis@sHs L ®PISstdig) dz © L d
o dzd L . ] By stss dzZOH Odzdz" 3y dzd 1o Bifnts 9 dzj odd
HsYy dzf dgdd3 ° odH " dzj dzdz? OB Mt OC y-L dzOR & It
(BarcodePatternl Arrangement Str atl e fjuzVy
SlsB@dedz? BOIstedy" ' ¢ M =82 deO u SstB, tc Odgjj HALZY ©
sf jtcOY" ¥ L BJtej X J dedaw HOdese s L sBtcOy j da
LsBtoOy jdadz" E HjWwWEed2 fwsls' C odejHj dadgw
9dojHJjdedzw (STDOUT) , OBt k i’ B HFEk
" deC Of Mz dzv y©' H Odzts’ ftseojH" dgf (), Hisy' dz
LtsBtecOy jdzdz" 0 (I magePrinter).

) scedkzvHEZ dz2O Isj, hts E odhjsfdmOdzed
Pl dzy i3 dzlsOyt T, s L Odzj YOI 9" H odditsc
mMdMmisj 8 ,tesh tesB dzv ' Is! Mw HdzZw CBdzilstelz® o
LSBtcOY J dAfiRS L dzOsy € d o Hisy' dz' dets o dSEtsted MiIsC
Awdzd * dzy' W L Odzj ydetsmlsj 20 (Dependency |r

141



<<interface>> <<interface>>
BarcodeEncoder BarcodeTransformer
+ encode(message:String):Code + transform(barcode:Barcode):Barcode
& 4 A
| N
! | !
BarcodeEncoderimpl i | CharsetSwitchAppender
| 1
| 1
- barcodeDictionary:BarcodeDictionary ! |
- codingStrategy:CodingStrategy | =
|
+ encode(message:String):Code i + transform(barcode:Barcode):Barcode
i
N i
<<interface>> | PaddingAppender
CodingStrategy !
L ______ -paddingStrategy:PaddingStrategy
+ apply(barcode:Barcode):Barcode
+ transform(barcode:Barcode):Barcode

ReedSolomonCodingStrategy

+ attributel:type = defaultvValue
+ attribute2:type
L - attribute3:type

A
JAY
1
1
I
I
1
1
1
1
1
I
1
1
1

+ operation1l(params):returnType
- operation2(params)
- operation3()

tdm.1. 41" ODetOBO CdZzOM' @ "  HABBHE

[ Odzd 2 h OB dzts dzdz) 1OG gzy ¥ dzyfizls - ® " H C ts dzs
OBfMstcOC Yy 2, s oaditedmlssoabkze s Mw. v OCC
" HGdzt Yy dgdz?v to' Ldzdr S tdz' edzgdm MaJ d3 IO
LsBtcOY jdadz? E WO2dz OBt fjtjHOY' 2BGCH
tffn. 24.11dC dzOH o dStsted MisOdadz?y totsL totsB dzj ¢
mMjteoa " M', hts Gjdgjtelz’ LBsBOYj dada” Hdzw 1t
ZzOo jHides k2 dz' iBlsddec 2 dz2O tedfm. 4. 1
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BarcodelmageGenerator

- barcodeCodec: BarcodeCodec

- bitmapGenerator: BarcodeBitmapGenerator

- bufferedimageGenerator: BitmapBufferedimageGenerator
- barcodeParams: BarcodeParams

+ generateBarcodelmage(message: String) :
Bufferedimage

,,,,,,,,,,,,,,, Q
BarcodelmageGeneratorFactory <<interface>> <<interface>>
BarcodeBitmapGenerator BarcodeSymhbolArrangementStrategy
+ createBarcodelmageGenerator() + generateBarcodeBitmap(barcodeData: | + arrange(symbols: Bitmap): Bitmap
Code) : Bitmap
? |
| o
<<interface>> <<interface>> BarcodeBitmapGeneratorimpl
ColorScheme BufferedimageGenerator

- arrangementStrategy:

+ color(value: int): Color | | + generate(bitmap: Bitmap):Bufferedimage = | BarcodeSymbolArrangementStrategy

7 + generateBarcodeBitmap(barcodeData:
1 Code) : Bitmap
BufferedimageGeneratorimpl

~, - colorScheme: ColorScheme
N

+ generate(bitmap: Bitmap):Bufferedimage

tdm.2. 41" ODetcOBO ¢ dzOM' © ' HBSH-EZZY i
fsL d&zOy< d

@RrestController
public class BarcodeGenerationController {
private final BarcodelmageGenerator generator = new BarcodelmageGenerator(
BarcodeCodecs.BASE_41 RS,
new BarcodeBitmapGenerator(),
new BitmapBufferedimageGeneratorimpl(ColorSchemes.DEFAULT_5_COLORS),
ImmutableBarcodeParams.of(9, 30)
);
@RequestMapping(path = "/barcode/generate”, method = RequestMethod.GET)

public ResponseEntity<Resource> generateBarcode( @RequestParam String message)
throws IOException {

var image = generator.generateBarcodelmage(message);
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var outputStream = new ByteArrayOutputStream();

ImagelO.write(image, "bmp", outputStream);

var resource = new ByteArrayResource(outputStream.toByteArray());

return ResponseEntity.ok()
.header("Content - Disposition”, "attachment; flename=barcode.bmp")
.contentLength(outputStream.toByteArray().length)
.contentType(MediaType.APPLICATION_OCTET_STREAM)

.body(resource);

tdfm. 34. 1tAdC d&zOH o dStstedMisOdedzy tetsL te
GJjdzj tclzo Odzadzy L-fstBiicd@Q | Caflz?y 2z s

3. " Hi3sHEZd HJjSCtSHEZOOddzw hilstedr SBHBSO S

| Bdzts o dzts L OHOY, ¥ HOdtse s f ° Hd3BH k2 dzw
LtsBtoOY Jdzadgw hIstedr CtsHBBats L dOYSd. 1 Oc
HO O ctdzscoadze jlsOfd: fjtojlsotstcj dadz? L tsB teC
odH" dzj dedzw  jtco ddzdzd m H Odzd #2OE " BOSHEHY" dz
fjtojlsotstej dzdz? L tsBtoOY J dzdgv bk BOIted ys N Iste

o dMBSBEt ' adg" MC&OHdEMIS' , "t L Ofdt
L 5BtGOY J dz' o "B dzj 3§ dzels Oy v e dRAtsHdIS!
UOMls dzd dats s Hfj HishisHozQ@izizdz? h Sted RS BHBo 5° f 15
Bts H &z dz! tcj Odz' L Iz° L OHOYk tsls tc d 30 dzdzv ]
hsedRStsHBodr Ld&OC'a. [ORO LOHOYO ‘ ©
A sEedkOYy' T, bsdkk 0 fosdtOddO didnlstzdenC
sdf MO®RI- OBt Motsyds OeMlswOCy' 2. uvOC
CdW stledzOy’ T L BOLtedy' hlsteda StsHBo R L dzC

tsls to d d30 dzdz" OHOf Istso Odgse s  f tso ' Htsd3dzj dadz”
slstcd BOdzadz" f sYOLS o OH O ek @PdEB®Yds ff 5o ' Ht

[ Ud 9 dH dzts, LYdlsodz® d&BOstedyw hilsted n €
fsRdqSd. v odfOHSE o dSElisdiplszDdzdzyL O tOH
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LOCSHBo Odats”’ CdeW sted3Oy " LOBJ LY jykz' Is+
histedr S BHSo BE R Liaz@CjAz () dzdls@iz’ d® L @209 €z . Iz f
tcsLEdZYWHOIsd i3y B3 ftetsyj Hiztelz HJ CtSH Zo Odzadaw
i @ dzts d3ts dzO . [Isyd, ftesyj M lstcd dz0 dzdz
ME ZOHO" Isy Mw L Hotsm JISOf " o: HJ]SCtSHES® O
Hj SSHEZzo Odzdzy MEdsdr®OBERO. Z8tedr CSHESO L

shdztso ’ CsHE 1 ym, SBYO dydzdeddy )
CtsH' 9.

1 bty¢d Lotk ftosctcORds’ tj Od L Oy
zOMmisz{ dz' OB MstcOS y' ~ :tod "R[SjHZ®H 2 o @da’r dzdo!

AudlstcOIsjce' v OBt SlskoOdzdz?y zs Mddzeo sdzlzo
dBMstcOCYy' v AulstOlsjec' W Citej Clskzo Odzdzr Zz
CedRkf sLdy’ ‘L OBMIsttOCy' ' ¥ ArJSBsHEZe Oz
ftets’ CIskzo Augds”' wiod.Is tc O

10 JBOf' tlstedBOdzdz" o~ HdzSGEts 59  HE
9d¢ sdzOlIs d o d dzlz y 4 dzdzv Mt oy @O &Ozg » IsBJ dip
9J S Istste-LazOZ s o z Isj SMistse d 2 teW HSC LG
hlstcdrsotsets CBHIEZ. 1 d € t5dz0 dzdz2V dz€ ®d An z dz4f g @
odH" dzj dz' 2 odh j OB MistcOC y" ’ Ar j SsSHEzo Oc
sfdmMOdzs” oL O diIGsH'® "4 L sBtOY Jj dzts dzO ted M.
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<<interface>>
BarcodeDecoder

+ decode(code: Code): String

A

ReedSolomonBarcodeDecoder

- correctionStrategy: CorrectionStrategy
- reedSolomonCode: ReedSolomonCode
- barcodeDictionary: BarcodeDictionary

+ decode(code: Code): String

<<interface>>
CorrectionStrategy

+ correct(code: Code): Correction

{ df.4 47 DEO®O § dzOM'

~

|
L

BCHCorrectionStrategy

- bchCode: BCHCode

+ correct(code: Code): Correction
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# TYPE system load_average_lm gauge

system load average Im 4.4150390625

# HELP jvm buffer count buffers An estimate of the number of buffers in the pool
# TYPE jvm buffer count buffers gauge

jvm_buffer count buffers{id="mapped - 'non-volatile memory'",} 0.0
jvm_buffer count buffers{id="mapped",} 0.0

jvm_buffer count_buffers{id="direct",} 7.0

# HELP jvm memory max bytes The maximum amount of memory in bytes that can be used for memory management|
# TYPE jvm memory max bytes gauge

jvm_memory max_bytes{area="heap",id="Gl Survivor Space",} -1.0

jvm memory max_bytes{area="heap",id="Gl 0ld Gen",} 8.589934592E9

jvm_memory max_bytes{area="nonheap",id="Metaspace",} -1.0

jvm memory max_bytes{area="nonheap", id="CodeCache",} 5.0331648E7

jvm memory max_bytes{area="heap",id="Gl Eden Space",} -1.0

jvm_memory max bytes{area="nonheap",id="Compressed Class Space",} 1.073741824E9
# HELP system cpu usage The "recent cpu usage" for the whole system

# TYPE system cpu_usage gauge

system cpu usage 0.0

# HELP jvm threads_states_threads The current number of threads having NEW state
# TYPE jvm threads states_threads gauge

jvm _threads_states_threads{state="runnable",} 11.0

jvm_threads states threads{state="blocked",} 0.0
jvm_threads states_threads{state="waiting",} 11.0
jvm_threads states_threads{state="timed-waiting",} 7.0
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{jLbkd Ostd ©BHIEOS ¢i (IS@F ikl ‘5 o' Mlsc

WO2dz "L LtsBtcOy tzozis o3 Hf tshiceiEdg® s
ltedC dzOH L Ofdlskz SO o' Hfitsd1l® mMjtco jO

Curl

curl -X GET "http://barcode-research.local:8080/barcode/generate?message=HELLO%20BARCODE" -H "accept: */*"

Request URL

http://barcode-research.local:8080/barcode/generate?message=HELLO%20BARCODE

Server response

Code Details
=24 Response body
Download file

Response headers

accept-ranges: bytes
connection: keep-alive
content-disposition: attachment; filename=barcode.bmp

content-length: 608454

content-type: application/octet-stream
date: Monl7 Jul 2023 13:46:59 GMT
keep-alive: timeout=60

tdmt.16 1 twdS dzOH LOYdlskz IsO tjLbkzd SOk
L 5B Oy J dzdzW

r dzv Htsfmdz' HY | dedztizOR O @66 Myt te gl dg Js difi§ & tso ‘dA
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-PMm sBtesBSd LOfdklkz ( BOCMddiOdz dzd2, 9
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Bz mMjSkdzH, O 1% LOfdls' e L wedatsm! {t
9900 Is: Mw od¢ s5dzOdets .

Oz sHftg) toj dz' iy jstifs & OL Bz 6 jsdstic § Ble dzv S H dzs
oL d&zO Mmjte Mk, h s MaththokProL dzdi2tc tsdgQ MEdeE KT
8-Corelntel Corei9 L BBO' B G | tcCBIREGT MElz DDRA.O d&36
[ OS M BOdz" dgd?2 BOG' d@g f ORBOWIS' hts odH"
ftetsyd i) winfpShozOH @B. | Is@ndz’ H Y J dzdey B W3 Et5H Gl
dzOo Odzls Oy z o Grdz! kRIS O Igtglgls z o O dzdzy o dbashtc d fi
MCted § lsdf ¢ OS &t d 20 & | Hiz@zd &) 17

#!/ bin / bash
for (( 1 =0; i <500000; i++)); do
msg_length=100

msg=$(cat /dev/urandom | env LC_ALL=C tr -dc 'A -Z0-9'| fold - W
$msg_length | head -n1)

random_number=$(( RANDOM % 1000 + 1))

sleep_time=%$(echo "scale=3; $random_number / 10000" | bc)

echo "Generating barcode for: $msg"

sleep "$sleep_time"

curl -- request GET -sL \

-- url "http://localhost:8080/barcode/generate?message=$msg" \
-- output /dev/null &

done

t d#H17) cdCha€imCtcdflsk HdzvW d&zOo Odzls Oy 9 O
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== [barcode/generate

Yac obpobku 3anuty (Mc)

17:25 17:30

== MaKCUManbHWA == 99 nepceHTUNbL == 95 nepceHTWNb == 50 nepceHTUnbL

{ (18 sBkO MdMmisj &sd o dasteBOdz dafs
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B & MjSbkdH Hi 190 & & MjSkdm. [ d&v dj!
WChE' k! MY (OB 0 &UWsdH s 20%. A
sdds, "t Odketstdlsdd LOo OHEMIS 2CBEE CHHL
¢j dzj oz o OdzdpColsisdE@Prls ! Hsosd odmsChk Odae
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== [barcode/generate
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BukopucTaHHA npouecopa (%)

25%
20%
15%

10%

|
5% ooy o o o o4

17:35 17:40 17:45
== BiACOTOK NPOLECOPHUX TaKTIB

BukopucTaHHA onepaTUBHOI namiaTi (%)

17:35 17:40 17:45 17:50

== BiCOTOK ONepaTUBHOI NaM'ATi, LLO BUKOPUCTOBYETLCA NPOLLECOM
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VARV 21:05 2110 PARE 21:20
== MaKCUMZNbHWA == 99 nepceHTUb == 95 nepceHTUNb == 50 NEPCEeHTUNb

HTTP kopu|signoeigi

2000
1500
1000

500 “M

21:00
== 200 == 500

t d.%21 | Odzifpide jiplsde sets yoOMmk tBttsB S d L
dzj S sty Sdzdm L O dIs' o

157



BukopucTaHHA npouecopa (%)
25%
20%
15%
10%
5% @—e—d

21:00 21:05 21:10

== BiACOTOK NPOLIECOPHUX TaKTIB

BukopucTaHHRA onepaTMBHOI naM'aTi (%)

60%

40%

(04
21:.00 21:05 21:10 2115
== BjiCOTOK ONEepPaTUBHOI Nam'ATi, LLLO BUKOPUCTOBYETLCA NPOLECOM

t d#H22) Odzj ydz' Mils! odStstcdmlsOdzdzr 6] Miztem
dzj Sstej Sdzedr L OfdIs' o

1 O dz¢ ydzd &3 § € fipfnjedyides jHdyly iEgz’ - Ot OC Is § ted
ftetsCtc Qlpts | BF otRdasQdzjdy dzsfyls’ MjtejHdz BE B
o' H tbL & tk {§ o' HBAdzj dedz” , Hdzw WwWCtsets
rdzv  edte' h jdadzw y' ‘ o Oz @' Is d  UaOte dOfifass O«
sjflskzeo Odzdzy L ° L 3 dzdzd 3 t § 5 & oz KzO 3zlso & )
fsCOLOdzd oW d3kz L Odzy y dz' Mis! mMitd Hdz 56
odSEtstedmMisOdzdzy ftetsyd Mste® o' H Hiso ) d dzd
L B dz' h j dadzg Htso Yy ddzd  ts9,'LH XA dadzs , 5 0 &
Mftshmisjte’ cO’" s GOL O wzi " Eihipdzkthg s Yok

158



400 3 dAH g00fg dizego ts dif iad ~H Sgtk] 2 00  dfn dzv g
500mMd d3d dedks § tso . HbBWBdzj dzB) dz' M j dzdz® H 59 ) d da
Hs 1500 fpdlsfse ®dixz v H O QdgOddsch' julddsy fj toj
sBtotsB Yz ©f 3200 Hts 16000 o3 dz' mj S zdzH .
‘h sHotx] C sted MisOdedz” toj Mkztem' 8 ftetsyj MstcO.

tiLkde SO HOdSEt jS MY 4 e3d®jddys & 4L s R0 >

KinbKicTb 3anuTiB 3a XBUUHY

1500

1250

1000
750
500

250

00:05
== [barcade/generate

Yac 06pgbku 3anuty (Mc)
20000
15000
10000

5000

0 OE — =
00:05 00:10 00:15 00:20

== MaKCMManbHWA == 99 nepceHTunb == 95 nepceHTunb == 50 nepceHTUnb

t dH23) Odzj ¥ d&z' Mls! MmMjtejHd Bt YyOMEz B e
fseo' Hisdgdzj dzdzgv, h s CtSHE' IS! MW

159



BukopucTtaHHsa npouecopa (%)
70%
60%
50%
40%

30% |/ e ~—————» ,

00:05 00:10 00:15

== Bin¢OTOK NPOLECOPHUX TaKTIB

BukoplicTaHHa onepaTUBHOI naMm'aTi (%)

0%
00:05 00:10 00:15 00:20
== BiNCOTOK ONepaTUBHOI NaM'ATI, WO BUKOPUCTOBYETHLCA NPOLLECOM

{ (H24) Odzj Y dz' Mls! odStdflsOdadzy toj Mk tsf
{50 HisdBdzj dedz?, "5 CBHE' Is! fw

10 tjL Ezdi'tds®lgRddgdlzse s j BB ' tc dotpdzticdsts dzy
mMitde ' &) dzj czo Odzdzg? htcdrCBHSOBGES L BB tcOY
LtesBdIsd dzOfmlszf dz@ odMmdaetse € d

lujtejHds 2 yofm weBtsBSCd LOfdlklz dz' d' 2

~ o d dzd dzlz .

2 jtejHd 2 yofp wBtttsBSd LOfdllkz JE¢Mmft

9n HdasEts f tso ' Hisd3dzj dadzv .

160



3./ jcOdodz® §OdROWIS: dzj * Ctodlsd ydzed ds

Gjdzgjtczo Odzgdzg? N stedr S BSHBoaBGEB L isBteOY J &

4y Offssls® fsyjmMsed * Swdlsduyddd toj

G j dzj tolz o Odzdaw histcdr CtSHESO SG 5 L sBtcOY §

sBYdMdt o Odz' dzts 1S m@HEdstd fls O dedg'tE0 ¢ &0

ftesyj MO,

1402 dzjtsBr' Hdets o f Odiydz' 4 ©ORFIOYE Off
6jMkten' o, hits dzgj 5BE' HdZOH devlzw i) jotisa ‘¢ figlic ks O g
hstedm S BHISO d n L sBtcOy j dz' , h s i {ON tsB 3
fts0' Hisdgdshdd nNYEdsdos jLfjyk’ doOfsk] d
(SLO):

99 4t dzls d dz’ MdteJHdy sets Yyomz

ftso' Hsd3dzj dzdz? © d&3j ¥ O ©°"H 1 HB 20

B'dzzhj 200, o3 dz' fyj € zdzH

99 f4temi dzls d dz MitcjHdz S WalsRzr |

ftso' Htsdidzj dzdz? o d3j ¥ O= ©" " H 201 HEs !

B'dzxhj 500 3 dz fyj € zdzH

99 f4temi dzls d dz MdtedHdy sets YoMk t

ftso' Hsdgdzj dzdzv © d3d Y Oms ©  H 501 HB 1

B'dzzhj 3000 & dz' Mj € k&dzH

- MMmlsd &30 (@&lod ddadOs fdz M S dzz L H Olsdz’ MiIs* |

~ 9o d dzd dzlz

[ dzv o d § s dzO0aifbalzdzy sy diz C sfMils ' L ® tf edefdyisCdiaf
ftedtfzh jdz2 : HBoYddzO ¢ 59 ° H s d3ozgetizdg tc dzfs s §
4 .0 4t HOU ; Hedpdedzn ¢ dzOdz@E] Ofsdsts i Is+ s ity
Hdzw o dSCtsdzOdzdzy L OHOdzdr Y ' dzj 2 to" adzv ff s

[Isyd, otcOr o zd YgtsL tf SadzEaz Hosld ¥ ddz ff
CoHEZE AwHQ OO0  tso) H'sdRdE] ‘diy Is ! ptsatiss dd
Hso yJdgelsd &34 o d G dzW H :

161



2005000 .

1200 —7g5g9 © O
‘ 3005000 .
EZOBOOW 10080

‘ 1068000
€501500 7709 S9533

] ftoeseo jHjdbidf @ 'cH  odzY BB SCd 1
o ( dzd dzlz , 99 f jteMm dzlsd dz YyoOfmkz tBtesB S
l cOnatsolze yd dz' dz' 2 dzz L Odzj 3 dzg' Mis! ydodpdzdzlss,s
Bsy d&2® O, 0ds Mj tej Hdz" 2 yOMm tBtesBSd © 2|
Hdzw1 2320 6000 dls" @ L O moeddddsz. [Isyj, o]
L Of OtcOlsddd hisy dzdoe sfmlsw dzd § sH ' B dzd d3q
Htsfpdz' HY jdadg?, HdzvW BB §ddfte § 55 tZdzi dgz,
1 IsO 200 Mmd d3é 6fdz0 Bdd fy LazBai °

¢ 20O dzts ¢ * Yy dats HLd@ve H tfstB@] ‘S & & Gdzjntdkaikzg 6 Bzdzw
sy 2¢O ¢ dzr StsMls® okL dz' 9, hts dgji€eddD HHOAZCG
6 TobkLdz o. | dzvL G aspBSEAYsIRHA] Oz dg'chalzeHtyf s ° H d
3BhkLrdz 9. vOSCdd yddesdz, HdzvW HBMW G dzj dadz”
tesL Etstodzzls @ STdzCBfiyls 4t kL dz' o .

ltcso jHjdzgj HEMfZ mighEag cHOZo Olsd, h s
MdMEj Bstclz * OdOdz Lk jlstedS * sjoWQdgdsd
nOtcOCIsjted Mmisd ¢ ftese tc Od3dets”’ md Mmisj d&zd . [
syt adOdRMPc Olsdzd r toj Miztem' o, hts dzgj sBR "' HdZ
L HOIsdzats s ' d3Jfipd@Fls jodgfdL dsOyd ded » Yy ' dzj 2 ' o dgv
LOBJ LY Jjyjdeda totsBtSlsd d3j Hdydas’ © dzW48 tc &30
okzL dz' 9)

v OSdB3 wudokgE figafdnssd?2 ' o j fizs s aOBBR
M Mislg @Y dzsH sB 59 d2 dBsdz' Is stctfoedzd ff s@ @iez! 1 s
sflsdds stcPiglztc’ o .

s0CO tfflsddy LOYy' v HBLO GBIV dzy Is° dzv !
WEdC y' sdzlzo Odedg?y tetsL ctstodgzlssets §C dzOfls j 6 ©

162




ftoesc te@diidz ] sz, O LOSCBY °~° Cwtedmlskze OY" ¢
9 Oy dzdlaifi s 6 SR Btetsdzd L HBStS9OW, OHYJ
By 20 tos v € dzvf Hee] Il tc O ) iz te 2Cts esj L f ts ) j° WzPH dz
BjLYJjSCE IO wC' fMmls! ydlslsw dzs Hj 2.

1 ots G tc @dgdgls | A3z, hts o fYwodz 2 d3 t6f Mmd
HOMM teHsH''Ldz o f j 8 dzj dz' Mis¥ sy d2OO ZOK I8 PIztf & «

4. 4 . Il dmdzseoe ¢ d HB yYdlseo jtolstsets tefSL H

1 d¢ t5dz0 dz' HsMdz' HY jdzdgv P BHEB ftes' CIskze
fiesyjmM' 9 OoltsdgOIsd ydats’ "HjdalsdW'®™ COy" °’
HL osdzw s sdzOpisisB dzlsdo d mMdetse € d .

1.1 0 tMmdtse ' Odz0dz" Lz IO fto' stedilsdL Oy
Oten "' Isj S skztclz ftoscteOdi3dets™ MdMmilsjdzd we w
n Ot OCIsjtodets® tsMtsBdzde " Miss wWCts™ *  HJYJ
BjHduydzdr HOEDCHEYY'S'idsd s Gshiszf HT
LH" 2Mmdes " Is! Mmw L O Hsf sdi3cE B¢ Qo IstsBOIs
BOGCOItSE tsdz' tocdats G ts hlstcdrtso sG s CsHizo Od
HESL 9 sdzw * mMftesMisdlsd fttsyjMm L B dzj
BiHdydz' 2 cOdzkzL ' .

2.1 dE& stcdMlsOdzgdzgv d&3 dzed L € h OB dztsdz' © ftets’ €
stec Odz" L Oy’ ¥ Bts H EHAZVE s H ECotondiiav O dzdzve O G C
L Os OHBMIs' 2C G ts histcdr o G CtsH Iz, w
ftosetcORdes” MdMmMilsj dzdd, hts HBLotdY " j W, !
' Bldtsets fjiilsotstc] dailpf W BB S ¢ dzd H O Gedz¥ O
Wstedzgz hstcdr CSHisotsGts L isBtoOY j dzdav . A
ftosetcORdes” MdMmlsjdizdd o Yy dzsdBz O *° M

.rdzv LOBJ LY Jyd dedzy dzOdzj ¥y dztse 5 ts'G ded'3 datd:;
mMd mis j &sd L Of tetsf tsdatso O dzts S Odz’ L Oy"' &

ftosctcORdzesets LOBjLY Jyjdedz" Bk ME dzOH (
163



shdatse ' 3jlstedC. [ tds stedde §sdveo:

okzL dz' o CdeW stedzO Yyt 2 dets’ fn d M IsBrapdtheusls &
9 ' LEzOdz' L Oy 'Grafana g Mmlsijods’™ dsy dzde ' Mmis! fi
Odzts B3O dz' o B BIs’ fesctcOBgdesc s L OB

WldsS Yy tdezo Ocdzdz” f tetscteO®Rdets’ Mg Mlsj dsd.

164



Il Ry 1 sR

VU HdMjlsOYy' 2dz 2 tosBBsls' dsdtE'dd judzk ©
EHtME 5dz0 dzj dzdzw Isj r desdzts G " totsL totsB dzj dzdg
LOBjJ LY jyjdedz" ftesyjm' © OolstsdBOIsd ydats’™ "+
MdMmisj 3Or dz20 BMdse' BOCBEHEtSdEJBdRgHBHL Oc¢

v HdMJj els Oy 2 dzts BBz Hisfdz' H Y j dzdg sls to
tojLEzdz sOIsd.

1.1 sCOL Odets, hts HdzW toLtetsBdzj dedgv W C ' Md
Qo lstsdkOIs d ydats”’ "HjdalsdW"® SOy’ o 3 H
sfdzse ' B OGCOISKS tsdz' Nelsldtsd Asts a O t© HStHsE £ Q ¢
dzO i oy ftes' Clskzo Odada” dzj 5B R " Hdats
Wkdt y' sdzOdz' dzd - o d iBts G Hits tofsL totsB dz8 ¢
LOL dOYyjdedz" d&3 " =» o' stedlsj sdasmls® .

10 o' Hdi3 dgze o' H ' Mgzt ysets ' HA SH|
WedeS y i o ddise L Of totstf sdatseo Odets o d L d
20 tsihdsdsed Wd Mdztse d d % isgh EOpritedd, lso@0s (@', M Is -
ficd Lo @ dif L * ¢ MB!, ofdeyafzsz L wWCdrm o
LdzOyjdedz?" L H'  OfOLtsdzz 1é10 h dzwiRtisleld o
2O y''2 thdse C'dz €' Mdes o dL dzOYyOls
Hisf Sdiits@ s Wistedizz dz' dese s  tsB yd fmdzj dzdzv .
oddssed LO MFOHOdMzdz" d5 o' Btedilsjlslz SO
9dS tsdzOdedz?y totsB' Is L totL totsB dzj dzdz ff totsCt

vsOCd2 " "HA"H HB fto stedlsdL Oy"' °’ 4
tcsLodlsCtsd3 Isj st Isd ydzd - L OMOH tetsL ot
ftoesctcORdetsets L OB j L J Yy dadav .

2.1 sCOLOdets, hts Hdzw " Hodh jdadaw jWjiCIsdoe
fsmdzze § Oy’ ' dzls@dg daizO s gatzisac'dBzOdg] 2 dats
tsL tesBdlsd OR' lsjChbtel §tsctoOdds’

HSHOISCtse ' Ay ddetsMmis'® hHsHts | dzj € Iste s dac
165



10 totstf sdztseo Odes Oten " Isj Clskztelz ff tosEtcO
CdeW ste 3Oyt 2 dgt, NOPBBCIs | tcdats ® tod Mtss w
BOGOIstsCtsdz' tcdzse s L Qo OHBMIS 2C8Ets h st
HOdzdr HfOY' " dzls" @8 SO ttsLftsH' dzj desGts L E
HOdzd -, Mt HBBLOBAdY : LOBjJjLY jydilsd h o
fOy' ‘e dzlskze Olsd y' dz' mdz" Mis+ HOdzd n ,
Mo stoj dzdz H tesctcORdesets L OB J L i j yg daedav

fsCtsdz-datgy v g yded &7 ' dW ste 3Oy’ 2 dzd 2 fd
"HjdsdW' SOy 'Y sB' 'Cl'es ®jHGUdSEE *
1 5C 0L Odzts, h 5 -L dDB" a5 (zfgd g0 sz’ C k)

LO9s OHBMBEsBEBEBSEe CtHEZ Mdz H Mise st
(ydW¥tesod?2 JCo' oa0dzjziee o B Izy dz€ 6B 57 g f3
Bhzse 5L ZOYydzsets Ststej Slskzo Odz! dzts 6 t5- OBHESH Iz
HoBOISdzZ (od3ddzéd dC@B) FOr YyODFHlsSsoats o dV
fedzdddz¢d. 1 O0ftsfsdkztco Odzss o JC stedMmisso Iz
Mmj d3' dzc © OBB dhatsetsL dzgOydzed?2 SCBBH 1 ym L

{ sLtctsB dzj dets 3 stsH  fyd dzls | LLEzdzGRD epd) etz

fslsky dshls' O Std wdshls' L Os OH ML
Cobdsk' 5! v 2@ bsdkkz, s ydWess' jG
ZsLdzOC"' 9 ' CoHsoddd Mdse Okd dEBdscsL

LHOIdzse 5 9o d fGsBG® daveldft tdtHisdris  ffj Hadlxf gz¢ & (@
Csy detsc dz@ € O. AdJ LOBjLY jyk® Hsfistse
Lydlskze OdadzlzOC Z 8 L detsfmy® w OB s odwe d
BOGOICtcOIsdzdr kN CtsHHPORO. j dzj d3j dals* o 2

ststed Sy w (oadwodzj dzadzddO¢ @B dzdzdets Stc iz’

tc' o j d& JuddgYj L ff Oy OHtsMIs® 2 C sMis’ BOGOIs
L sBteOY Jjdo -( @S jds) . 25
1 8C0OL Odzts, hts ftod L Offlstsiz o Odzdz B O

G d&zOH dzs v s v ftesyjfMd HJCBHLEo Odade”

166



dzj 5B = ' H dats o) doe Olsd HSH OIsC tso dF dzdzam C
LOo OHBsMIs' 2CsMis’ BOCOISBdz tcdzdr N Istec

100 etsyf sdzso Odzts  d3j Is 5 H f' Hodh j dadgw
histedrtse dn CtsH' @ fted A odSted Mis Oc
mMdMmisj &3O~R , wed?2 ctkzdlskz® s mMw dzO L Ofy
EhCtsHY{nslsotstejdz ), hts oaddedC O ls! fto
hlstcdr CSHBSBOSES L sBiOY j dadav . 1 © tc ‘dzaf dg'dz
histedr S BHBadA L d&ZOC' 9, LOMsMsalz’ Is! M
hts odftcOo dzv * SH dzs € tc Ols dz' (SBH mj
Zh Cgndadzy E B 3 Or Sy desets hlstedn § BH S
L dzOydez yOfmlsddze f sdB3ddztsS B dzt "8 CtoOLk
i oadg Efm" " bhlstedrSCBHBOE 5L d2Oysd,
| HBESBsRO, wCd2 LHOlkd]2 odfuCd dvl
fsdiddzéd SO MisdOdzdzy; dz2O o d§ tc ©o dzj dzdz
¢ sdzlste s dz' dz' tesL oW H(J, O dz0 oidBPdzdz
Ctodzlstetsdz! dzgd 2 toftsL toW H . AOCIs odWwe dzj dzdav
histedr SBHSoaBES L dzZ0OC O MY tod 2 B3O Wadzsmww Co

fls d t O dzdz" | ‘ LO t©ORkdsS y! BES  H
LOo OHEMIs' 2CsMls' histedRSBHBo s § 5L dzO
tc' o dz' C ts dzls t6 5 dz¥ Bhs ¢ 5L dzO Y dats @ 5 ¢ ts

hlstcdr CBHSoOBGEtS L sBcOGF didgr O tociilipts Qs L diz
1Y mdzO -45p/6
I sC0L0dts, s y' dzdzgg B Myd o ty' dzgs o
Mmdmlsj &8d M’ HO' y' d* o Odedz” ~ °  dgOH ' Z
[ dzw HitsMdz' HY j dzdaw ~nOtOCIsjtedmisd ¢
LOBJ LY Jjyjdedz" L Oftetstf sdatso Odzes stec Odz' L
ot kdz] dzisets feseteORBsets fosHkzSIsE &
MdMmilsj &3¢ st GO §f f sC OL dzgd ¢ O] : C'dz €' MmisH
sBtesBSd LOfL¢BH, s uwulfso H]J2 MmMjtee O,

fesyj Metedzd T SOCk' 9, o' HMBlES &l9.d¢
167



[ smdz' HY j dedgv f tetse tsH d dzd iy B IssH A3 dzC
shdetse ' OdzgOdz' Lz Bjlsted¢ twtsBtslsd MdMmlsy
Bilstcds fsCOLOdzd Mis' 2¢" Misy IsO MlsOB "
MdMmlsj d&3dd © EkEdkseo OR o dMmitsCde AisdzOo Odzls Oy J ¢

[ 59 J Hj dzts, hts odSttcdMlsOdadzy ftetsyy
tesBtslsd MdMmisy B3 * JWJiSClkdoededdz ' defplsteklz
tcsL tesBdz] dzsets fosetcORBdetsets L OB J LT JYd
1 Oftetsf sdztse Odzs § a3t * ted ydad 2 mMf s B 5
tcj Mztemdzp sB W'CH dz' HdzW toiL 6@ stels Odadzgy € dz
hstedm S SHISO d n L sBtcOyY j dz' , L HOIsdzts G ts
OHJj CkZattd OdzY f sfMdzke, wECd2 ctokzdzskz®
dé¢tstedmlsOdzdz" dzO0o OdzlsO) zo Odz! dzscts s Mk

vsOC, WwWChts L OH'j &R st Oazfpzd §f 5 dzlz ¢

~oddzd dzz L MdtjHdg &3 yYyomsdy tBttsSBSCd
Isj CMistsadr o' HisEREZ) Gz O@GY Ol &E Mmdd
sts ¢ dz2 ¢ Mls: okLdz &8 Mmjte' Mk ¢ j dzgj ok
L sBteOy J dz'd dffjjls QldBts eodids. dz" ©, Hj okL dzsd3 o
LOM" B L  tc@®HrB-Bpetotsl@ored9 4s O tsif j e Olsd o dzfs
32 GB.

v O¢ Of OtcOls dz' toj Mztend (46 okL dz'
dzOH " 2 dzts”’ tcsBBlsd totsLtetsBdzj detsets  ftots@
®Bd Hdydets™ ° dell Sted3OyY’ 2des’ MmdMmisj d3d o d3J

-

©

168



gl Reuf[s IRsJIRBUOGLRM 1r(rfT[]

meodhizdz ¢. w. lteddeydf d W stcdislzo Odadza™
MmMdMmisj di3dd o j zd¢ets o MlsO / o . w. M
CdeW Sted3OIsd € O TIRMI.-T do Hd3itelt7. v .

[Jdzt dzdE 5960 1. w. ¢dz2Odz' sduydzed?2 s dz¥ H
9 WwBJHduydz 2 cOzizL /A w. [ J dz' oz
1 Oy’ s5dz0dz! dztsegts kzdz' o j emdls i BA0.-i [ 64 39
4. L156B

[ " Rrdeso © ¢. 1. [ saPdts’ Mz i Qdzes’  ° daW
mMdzzyed Ctotso /I . l . [ adztse O, r.
ste1 v " dBBJdz2 [ dmO2 ZD20[9MiibGERE QOH By .€ BEB
I 82.

DOI: 1030929199505192019.5.75-82

Mikhnova A. Information suppornhodel of production transfusion processes

/ A. Mikhnova, D. Mikhnov, K. Chyrkova // Eastefuropean Journal of
Enterprise Technologiet.2016. Vol. 3/3 (81)i P. 36i 43.

DOI: 10.15587/1722061.2016.71673

rodz" 2 1. b . s Odismis’ 2 dzj € § W3 & f Qdgdzp
stse dzd o sMlis et CAzOMdW " € k2o Odadzw [
dlsOdzH OtclsdL Oy* v, MIOROsdW 428 O3B, wC' M
Pashkov V. Medical device software: defining key terms / V. Pashkov, N.
Gutorova, A. Harkusha // Wiadomodaekarskie.i 2016.7 Vol. 6.7 P. 813

T 817.

L Otcrn s [ . S . lesyjHEtO isted &30 dzdz”
B4 Hdydzd = " dat SEEAROY" 2dzd~ MdMmisy s /7 [.
ZIssWjdz2 [/ uvSO dzm! S d2 N ktedzD2R11ls j dzj
v. 9,74, 1Al®3

o J o34 dzd Y- o . 1. i BLietBC O f &zOIW stcd3d

' hjde Hdw BjHJudes® 0 dzW stediOy' 2 dats’
169



10.

11.

12.

13.

14.

15.

16.

OpenEMR/  ¢. 1. wjdgjdeiy', 1. 1. [ Oty
Cdy 4 dZ2j2@l5w. 3u . T2Q@

Aminpour E Utilization of open source electronic health record around the
world: a systematic review / F. Aminpour, F. Sadoughi, M. Ahamdi // Journal
of research in medical sciences: the official journal of Isfahan University of
Medical Sciences. 2014.-Vol. 19, 1.7 P. 57-64.

s Odzj dgC 5 [. w. [ BB' dz dg L OfMmlis ts iz dzf
CdeW sted3Oyt 2dedr MdMmisjdz / [. 8. steo Od
é. [Otjfmseo O, [ . 1. 1 JdROIBe, Hu. ub7
T 69.

DOl https://doi.org/10.15407/usim.2018.04.0057

Dicianno B. E. Perspectives of the Evolution of Mobile (mHealth)

Technologies and Application to Rehabilitation / B. E. Dicianno, B.
Parmanto, A. D. Fairman, Th. M. Crytzer, D. X. Yu, G. P. Derek, C. A.
Petrazzi // Physical Therapy2015.7 Vol. 95, 3,. P. 397 405.

Telenyk S. Architecture and conceptual bases of cloud IT infrastructure
management / S.telenyk, E.Zharikov, O.Rolik // Advances in Intelligent
Systems and Computing2017.7 CSIT. P.4162.

Telenyk S. Modeling of the data center reseurmanagement using
reinforcement learning / S. Telenyk, E. Zarikov, O. Rolik // 2018 International
Scientific-Practical Conference Problems of Infocommications Science and
Tehnology (PIC S&T), P.28296.

Zharikov E. Adaptive workload forecadting in clodata centers / E. Zarikov,

S. Telenyk, P. Bidyuk // Journal of Grid Computiing20207 N 3.7 P. 149

168.

HekimianWilliams C. Accurate localization of RFID tags using phase
difference/ C. HekimianWilliams, B. Grant,X. Liu, Z. Zhang,P.Kumar//
Procedings of the IEEE International Conference on RFID, 2010, 1R639
Yang L. Tagoram: redime tracking of mobile RFID tags to high precision

using cots deviceSL. Yang Y. Chen, X.Y.Li, C. Xiao, M. Li, Y. Liu //
170


https://doi.org/10.15407/usim.2018.04.0057

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.
28.
29.

Proceedings of the 20th Annual Intational Conference on Mobile

Computing and Networking, 2014 P. 237 248.

Chen L., A directed graphical model for linear barcode scanning from blurred

images. [Asian Conf. on Computer Vision, Springer2012.i
535.

Hua Yang. Automatidarcode recognition method based on adaptive edge

P. 524

detection and a mapping model // Journal of Electronic Imaging016.i

Vol. 25(5).7 P. 118134.
EAN-13. Barcode Specifications

https://barcodel.com.au/edB-specifications

sV DB4A46 s tKHOH Zls @ dzdzy ' deW ste 3Oy

[ Otc$ z o O dadaw B ‘Sl 9 "HjdzasdW' SOy

https://zakon.rada.gov.ua/rada/show/n0005868Text
Kim Y. J., Lee J. Y. Algorithm of a Perspective TransfaBased

PDF417

Barcode RecognitionWirelessPersonal Communications, 2016.7 Vol.

89(3).1 P.893911.

DOI:10.1007/s1127016-31716

Code 128/GS11.28 Barcode.
https://www.barcodefaq.com/1d/ced@8/#Codel28CharacterSet

ISO/IEC 18004:2015 Information technolofyAutomatic identification and

datn capture techniques QR Code bar code symbology specification.

https://www.iso.org/standard/62021.html
USST 12/5.7 AIM USA. i Pittsburgh, PA, 1986. 20 p.

Two-Dimensional Bar Code SpecificatioiisTiger Bar Code Systems, Iric.

199.7 6 p.

Two-Dimensonal Codesi Data Capture Institute, 199530 p.
USSi Code 16KI AIM USA. i Pittsburgh, PA, 1994. 26 p.
USSi Maxi Code.i AIM USA. i Pittsburgh, PA, 1994. 20 p.
Kaywa QR Code. https://grcode.kaywa.com

171



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bagherinia H. A theory of color barcodebl. Bagherinia, R. Manduchi // In
IEEE Int. Conf. Comp. Vision Workshops, 2011, N6¥13, pp.806-813.

DOI: 10.1109/ICCVW.2011.6130335

BarrusJ. Embedding barcode data in an auxiliary field of an image file / J.
Barrus an. G.J. Wolf // U.S. Patent50399, Dec. 19, 2006.

Tutsuya O. Layered twdimensional code, creation method thereof, and read
method / O. Tutsuya, M. Kazuhiro // US Patent Application, 20090166418,
2006.

High capacity color barcodes / Microsoft Research, May 2@10.% d o3
HesmMiskzy z:
https//www.microsoftcon’en-ugresearclprojecthigh-capacitycolor-
barcodeshcchl

Grillo A. High capacity colored two dimensional codes / A. Grillo, A. Lentini,
M. Querini, G. Italiano // In Proc. Int. Multiconf on Conp. Science Inf. Tech.,
pp.709-716,2010.

Parikh D. Localization and segmentation of a 2D high capacity color barcode
/ D. Parikh, G. Jancke // In IEEE Workshop on Applications of Computer
Vision, 2008, Jan.7.

Wang F. Colofconstant information embedding / F. Wang, R. Manduchi // In
Proc.IEEE Workshop on Color and Reflectance in Imaging and Computer
Vision, 2010.

Miller E. Color eigenflows: Statistical modeling of joint color changes / E.
Miller, K. Tieu // In Proc. of Int. Conf. on Comp. Vision (ICCV), vol.1, pp.
607-614, 2001.

Cattrone P Two-dimensional color barcode and method of generating and
decoding the same / P. Cattrone // U.S. Patdii8746, Jan. 20, 2009.

Querini M. 2D Color Barcodes for Mobile Phones / M. Querini et.al. //
International Journal of Computer Science and Apgilimis, vol. 8.N.1,
pp.136-155, 2011.

172



40.

41.

42.

43.

44.

45.

46.

47.

48.

Peterson W. Erre€orrecting Codes / W. Wesley Peterson,
E.J.Weldon,Jr./l.i Second Edition : MIT, 1974. 549 p.

Blahut R. Theory and Practice of Error Control Codes / Richard E. Blahut //.
I MA: AddisonWesley 1983.7 500 p.

sOmMOkd u. v jtstedy CtsHdtse OdedWw [/ uU.
CRAZOeDLJ:. [ dJtg,57169 M3 .

Sun H:Y. The application of barcode technology on logistics and warehouse
management / Horying Sun // First International Workship d&ducation
Technology and Computer Sciencé8™arch 2009: proceedings. Wuhan,
IEEE, 2009, Vol. 3.

KaminskyM.A. Barcode scanning devié¢dl.A. Kaminsky, JChoi, S.Lim,

M.C. Palmer // U.SPatent USD710362S1, applicant Motorola Solutions Inc.
- US29/458380; appdate 19.06.2013 ; pubdate 05.08.2014

Wang Q. Rain Bar: Robust Applicatiaiiven Visual Communication using
Color Barcodes / Q. Wang, M. Zhou, K. Ren, T. Lei, J. Li, Z. Wang // 2015
IEEE 35th International Conference on Distributed Computing eByst
Columbus, Ohio, USA, June 29July 02, 2015: IEEE Proceedings2015.

I P. 537 546. DOI:10.1109/ICDCS.2015.61

Blasinski H. Color barcodes for mobile applications: a per channel
framework / H. Blasinski, O. B#86 an
B2.7 2015.

Bagherinia H., Manduchi R. High information rate and efficient color
barcode decoding // Proc. of the 12th International Conference on Computelt
Vision.T 2012.71 Vol. 2. i P. 482491.
https://doi.org/10.1007/978-642-338687-48.

Blasinski H., Bulan O., Sharma G. Rmlorantchannel color barcodes for
mobile applications: an interference cancellation framework // IEEE
Transactions on Image Processing013.i Vo | .  212P, 14981541.

173


https://doi.org/10.1007/978-3-642-33868-7-48

49.

50.

51.

52.

53.

o4.

55.

56.

S7.

Querini M., Italiano G.F. Color Classifiers for 2D Color Barcodes // Proc. of
the 2013 Federal Conference on Computer Science and Information Systems
I 2013.1 P. 611618.

Ramya M., Jayasheela M. Improved Color QR Codes for Real Time
Applications with High Embedding Capacity // International Journal of
Computer Applicationi 2014.i Vo | . 911P, 812. 8.

Pang P., Wu J., Long C. CodeCube: A Miiyer Color Barcode for Mobile
Social Applications // Proc. of the 29th Chinese Control aratifion
Conference (CCDC). 2017.7 P. 77137718.

Elhami G. ThreeDimensional Cubic Barcodes / G. Elhami, A. Scholefield,
M. Vetterli // IEEE Transactions on Image Processirg022.i Vol. 31.7 P.
316671 3181. DOI:10.1109/TIP.2021.3120049

Querini M. Reliability and Data Density in High Capacity Color Barcodes /
M. Querini, G.F. Italiano // Computer Science and Information Systems.
2014.1 Vol. 11(4) .1 P. 1595 1615. DOI:10 /2298 / CSIS131218054Q
Firmani D. Engineering Color Barcode Algoriterfor Mobile Applications /

D. Firmani, G.F. Italiano, M. Querini // J. Gudmundsson, J. Katajainen.
Expiremental Algorithms, International Symposium on Experimental
Al gor i t hmsi L8diiredNdt€slirdComputer Science, Springer.
Vol. 8504.1 P. 2111 222.

DOI: https://doi.org/10.1007/978-319-079592-18

Wara A. Enhancing user experience using mobiled@&e application / A.

A. Wara, S. Dugga // International Journal of Computer aridriination
Technologyi 2014.7 Vol. 3(6).7 P.1310i 1315.

Jahagirdar K. QR Code with colored image / K. S. Jahagirdar, S. B. Borse //
International Journal of Computer Application015.1 Vol. 115(16).i P.

381 41.

Ramya M. Color QR Codes f&eal Time Applications with High Embedding
Capacity / M. Ramya, Mlayasheela // International Journal of Computer

Application.i 2014.7 Vol. 91(8).7 P. 8i 12.
174


https://doi.org/10.1007/978-3-319-07959-2-18

58.

59.

60.

61.

62.

63.

64.

65.

DOl : https://doi.org/10.5120/15899889

Abas A. Increasing data storage of colored @&tle using compress,
multiplexing and multilayered technique / A. Abas, Y. Yusof, R. Din, F.
Azali, B. Osman // Bulletin of Electrical Engineering and Informaiic020.

i Vol. 9(6).i P. 2555 2561.

DOl : https://doi.org/10.11591/eei.v9i6.2481

r flcOCsoMm!: X.d21 OcOIsso d Blsteden FosH/IG. S .
rztcOC gt ¢ d sz d Mz] tey o ' H TEOUEZENS p Asdz’ y dac
L B ' tooded ©Off Isfg @ fdds @ alZld ts d30 Iskrf futddBsasatzl 2288V -

2(383).7 &. 1571 31.

DOI: https//doi.org/10.20535/1568956.33.2018.164669

Berchtold W. JAB Codé A Versatile Polychrome 2D Barcode / W.
Berchtold, H. Liu, M. Steinebach, Blein, T. Senger, N. Thence // Electronic
Imaging.i 2020.7 Vol. 2020(3).i P. 207i 212.

DOI : https://doi.org/1@352/ISSN.24741.173.2020.3.MOBMLR07

Wang G. Security Mechanism Improvement for 2D Barcodes using Error
Correction with Random Segmentation / Wang G., Yang Z., Chen J. // The
6th International Conference on Information Technology: IoT and Smart City:
Bhubaneswar, India, December 121, 2018 : ProceedingsIEEE, 2018]

P. 1041 109.

DOl : https://doi.org/10.1145/3301551.3301593.

Wiegers K. Software Requirement${Edition) (Developer Best Practices) /
Redmond, WA: Microsoft Press, 2003544 p.

Stellman A. Applied Software Project Managament /A. Stellman, |. Greene.
iCambri dge, MA: OOReilly Media, 20
Berenbach B. Software & Systems Requirements Engineering: in Practice/ B.
Berenbach, D. Paulish, j. Karzmeier, A. Rudorfddew York: McGrav-Hill
Professional, 2009.

Laplante P. Requirements Engineering for Software and Systems/ Redmond

WA: CRC Press, 2009.264 p.
175



66.

67.

68.

69.

70.

71.

72.

/3.

Dick J. Requirements Engineering (4rd ed) / J. Dick, E. Hull, K. Jackson.
Springer, 2017.
https://doi.org/10.1007/97819-610733.

Jtedyse € d. w. [ MtsB d&zd o sMiIs Wistcdzlzo Oc
LOBJ L ¥ Jyd dadagv / S. w. Jtedye €, . 0. 1
LEtcOT 20B.T U . 28i4. -148.5

DOI : https://doi.org/1A.542Y 40280727 .

Jtedye € 5. w. [MBdzdetsMmis' LkftcOo dz' dzde
ftoesetcORdese s L OB J L yj dzdaw I 5. w.
o' Mdzd & 1 ¢ v D2018G s ©° Bzfi, & .~ -18@.1

DOl : https//doi.org/10.15421/402808.

Jtedys ¢ OH. w. ABtdOd LOy'w sy Mz
fiocdtcOMRBdase s L OB L jyjdaday [/ 5. w. | &
9 ' Mded ¢ 1 v D208 s O &z ,ia - -15B.5

DOl : https//doi.org/10.15421/40281124.

Chung L., On NoffFunctional Requirements in Software Engineering / L.

Chung, J.C.S. do Prado Leite // Lecture Notes in Computer Sciénce.
Springe.i 2009. Vol. 5600.

DOI.org/10.1007/978-642-024634-19

Maalej W., Toward datdriven requirements engineering. / W. Maalej, M.
Nayebi, T. Johann, G. RuhielEEE Softwarel 2016.i Vo | . 31I3P. -~
48 54.

Mahmoud A., Detecting classifying and tracing ffanctional software
requirements. /A. Mahmoud, W. GrahtRequirement&ngineeringi 2016.
iVol . 21,257 3, P. 1

Mengmeng L, Automatic Classification of Néiunctional Requirements
from Augmented App User Reviews / L. Mengmeng, L. Peng // Proceedings
of the 21st International Conference on Evaluation and Assessment in
Software Engineerin. | 2017. P. 344353.

DOI.0rg/10.1145/3084226.3084241.
176


https://doi.org/10.1007/978-319-61073-3
https://doi.org/10.15421/
https://doi.org/10.15421/
https://doi.org/10.15421/

4.

75.

76.

77.

78.

79.

80.

81.

OMGE Unified Model i ng lObjecgMamagesnént \
Group 12017. 796 p.

Saher N. A Reviewof Requirement Prioritizatioechniques in Agile
Software Development. /.Nbaher, F. Baharom, R. Romli // Proceedings of
the Knowledge Management International Conference (KMiC2018. P.

242 247.

1y [ .. stdeyf j CIs dzj S y' 2 L H
fiosetcORBdetse s L OB JjJ LY jyjdedz" 0 Hdzw MilskzH

Alce tcOdRdzO ' dey j dgj te" WO/ 7 dg f¥4sHfg,j to d
ssLOS [.[. [fttdd?2 StdhfjSlk djsy
ftotsctcOd3dets G s LOBJ LY Jj yd dedav O H dzw il
Nl e tOd3dzO® ° day J dzis e tolzislf ROMAT S5 65 L OF .

uldzj B8O [|d2@2u f,. 1., 1duscoO ¢. w. o
LOs OHEMis' 2¢sMls' BOCOLSS sd toded - h

GHp) // 1 0k¢ 8&021i9™ #{182).i t H0E2.

DOI :10.20535pisn2021.1.231210

tlzdzj 30 | . w., dgPOdZUC€ O ¢ . Csusj ClszahoOdz o
Bese L dz2Oydzdr StSH' 98 mjd3 dzc © [/ Y sl
BOG ' MistcOdzls ' o s Omf ' ttOdzs' o Al ted G d
(1[s62021),9 sfffps,sfloH O 2021 tc. B
Isjrndds Oac®ddzd. A sz’ s fam dzwe sty o' € Sk
] otsfe 20@D-4 . -98.9

ISBN 978617701018-9.

g lzdzj 3O | . ., [ zO2 [ 1., rqyc o ¢
BOGCOIStdz tcdzgdrn hlstedn € sH@&$PY -~ /LU dz@Sd" frpl
Isj ndesdAs@2 1. J1df. x50. (132), w&. 31

DOI :10.34185156299451-132-2021-03.

SulemaYe., DrozdenkoL, Dychka A. Synthesisof the Symbologiesof

Multicolor InterferenceResistantBar Codeson the Baseof Multi-Valued

177



82.

83.

84.

85.

86.

87.

BCH Codes// RadioElectronics ComputerScience Control 1 2022.1 Vol

4.P. 107118.

DOI:10.15588/160827420224-9.

rquyus o ¢. w. 1 OfMmissMmize Odzdzy d3dzs 6 5L dzO
LOo OHBMIs® 2CsMmis BOGOIBS Bz tedzdm N Is
Hisfpdz" Hy jdo . 1 dfkm¢ 13 dzdBedsegngdd d
RZOkzCtsots Chdedsjoizgzis” ~ , ( d3. 7 dy. J tddgdj odis t
1 sdz' h G226 YHolsdgwi j2[0 2721 Az9Ots9o O M ' dz' dz
Przeworskui 2022.-4 . - 889

skdzjd&z0 | . 4., 1dysoO ¢. w. 1 ndaddRh j
histedr S sHBBadm L BBOY j dzii 20237 I fyls R2d3dz'
Tdg. -12@.5

DOI:10.34185/156:09452-145202310.

dkzdzj 0 | . ., 1dyuyscoO ¢. w. ) totsetcOdidz
Is © oL f BH' dzj detscE s L BJ o' caOdgday o dfiFyls
Isj - desid2828.7 I d f . 37 &(. 1 4168)4.

DOI :10.34185/15689453-146-202313.

Jtedys ¢ 5. w. 10" B HdzWw o dL dzOyj dzdzv
B IssHOB d3 stcduydzsets OdzOdz" L 2z [/ 5. w.
1 OzStsod?2 o MRACO2QRfus . 2 81, ¢ .~ 1-5bD.
Jtedytr € S. w. l'LEOk LOYy' v twjLkzdz IsOIs’
ftesctcORBdetsets LOBj LY jyjdeda" L odStsted
Jtedys €, ¢.5. I1EySsefms CO// 11XRITEBD d2
U . 27 T4 1-8. .

DOI : https://doi.org/10.1421/40271025

| tedye € S. w. Il d¢ sted Mmls O dzdzw fJ dz¢t Mis§Ct
tcjLbEd O 9 jJCMYfjtolsdesets tsy' dz¥ 9 O dzda™
[ 5. w. Jtedye ¢, l . o, [ Odzw o s €271/
2018.1 vu. 28 4u. d®.

DOI : https://doi.org/10.1421/40280919
178



88.

89.

90.

91.

92.

93.

94.

95.

Jtedyr € S. w. sdmilsj BO CBBY dzj ¢ Mdztsc s
LOBJ LY Jyjdedgw [/ / 1 OkSC 9202279  figdad.$8 Ly |
95.

Jtedys € 1.5, 10BJLTJyd dedzgv VvOC tifislO dzH Otk
wrrr -203@% o9 &BiY0Os Ydbls® atsets yd¢ dziz
Jtedys ¢, ¢.1. woOddhddz, 5. w. Jtedy¥ ¢
1202307 ° 2 4. -0

Hrytsiuk Y. Software Development Risk Modeling / Y. Hrytsiuk, P.
Grytsyuk, T. Dy&, H. Hrynyk // 2019 IEEE 14th International Conference
on Computer Science and Information Technologies (CSIZ019.i T.2.7

P. 134137.

| Botstelkzh jdzgC 5 v. [. [ iltSHBdkse v Yy'
o dL dzOyd dzdaw wetsils' i tctsdtcAdgfztze td Yyt 6
dZzOy' tsdzOdz' dzd 21 20Ad4d 3 ) kemigls j Is .

| sotstelzh j dzgf s U . { . r sfmdz" HY J dzdaw o
~nOtcOCIsjtedmMisdS flosctcORzcets L OBJ LY J
dzOy ‘' t5dzOdz' dztsc 3§ 2Bz o Ji taifny JUERTIS Iz .

| soBtelzh j dgl tsdzOuy. d dgfizy L f i Silsd o desfmls® a3d
ftotsj CIlslzo Odadzaw ftosdtcORBdese s L OB LY Y
zOy ‘' t5dzOdz! detsc 3§ 225 "o jActd B1HS Iz .

Zasornova |. Study of software testing tools according to the testing level / I.
Zasornova,T. Hovorushchenko, O. Voichur // Computer Systems and
Information Technologiesi.2023.-# 1.- P. 3846.

DOI: https//doi.org/10.31891¢sit-2023 1-5.

LebigaM. Neuratnetwork model of Software Quality Prediction Based on
Quality Attributes / M. Lebida T. Hovorushchenko, M. Kapustian //
Computer Systems and Information Technologies. 20221. 1 P.
69-74.

DOI: https//doi.org/10.31891¢sit-202-1-9.

179



96.

97.

98.

99.

100.

101.

102.

103.

Hovorushchenkd . Method for forecasting the level of software quality based
on quality attributes / T. Hovorushchenko, D. Medzatyi, Y. Voichur, M.
Lebiga // Journal of Intelligent and Fussy Systen023.- = 44(3).7 P.
3891-3905.

l sistetso O [ . 1. 4 Iz y O0nddslzy  f WeGists figty "d3d ff td
LOBjJLYf jJyjdedewr / [J. 1. 1 tdiisteses O, u.
Codi3f 0¥ Isj tcdi'201B)¢ fIsH] dfde. 4 3-B2r.

Hovorushchenko T. Methodology of Evaluating the Sufficiency of
Information for Software Quality Assessmehtcording to 1ISO 25010 //
Journal of Information and Organizational Sciene&Q18.7 Vol. 42, -

1.7 P. 63- 85.

ISO/IEC 25010:2011. Systems and software engineering. Systems anc
software Quality Requirements and Evaluation (SQuaRE). Systems and
software quality models. [Introduced 01.03.2011]. Geneva (Switzerland).
2011.- 34 p. (International standard).

ISO 25023:2016. Systems and software engineering. Systems and softwar
Quality Requirements and Evaluation (SQuaRE). Measurement of system ant
software product quality. Geneva (Switzerland016.- 45 p. (International
standard).

Lakra K. Application of metaheuristic techniques in software quality
prediction: a systematic mapping study / K. Lakra, A. Chug // International
Journal of Intelligat Engineering Informatics2021.i Vol.9,” 4.7 P. 355

399.

[ dh j dz€ SCABEtsj. dz2C O Ctedlsdyj MSdrm ftotsc teC
3n IstsdzOR . v. 1. sOyJ msets / 1. { . |
| sotstelzh j dz€ 5 fsH tof m. @ 1 1 O¥.deg ngdsly
Edzde j chdIsj s Tic2MPlR €. 201 2.

Goyal S. Comparison of Machine Learning Techniques for Software Quality
Predition // International Journal of Knowledge and Systems ScieR020.

i Vol. 11,7 2.1 P. 2040.
180



104. Masood M. Early Software Quality e&dtiction Based on Software
Requirements Specification Using Fuzzy Inference System / M. Masood, M.

Khan // Lecture Notes in Artificial Intelligence2018.i Vol. 10956. P. 722

- 733.

105. skL !+ [ . 1. 1ltscdetsL zo Odzdzv W Ctsmis'® f t
wesmis® oddBwsc |/ [ . 1. skL i, 1. o .
1 sHkeddzm! €O [/ / [ ilssHd I[s@02F-tcd dzAQH b 0F)
Ty . 41022

181



rdrouvsnr

[ BHOISE
sSOMdW* SOy w O NOtOClkjtedmisdSd dz02 B
dz' dz' 2dedr hstcdrsodnrm CBH' o
[ " dg 2dzg hlbtcdmatseo" CBH(

|

w ‘ ¢ | ¢ dzW O o1 Ysditds
|
|

Code Delta ' ‘ i 2| Code

Codebat MSI Distance Plessey : z ;34 3k Code 98 128
|
' odsj 2 mieas Spgs | B4 2 MIEAN Zél
|
|
Code Code Code Code |

Code 93

2/5 ITF UPCGA UPGE : Code 39 Eull ASCII
|
|
|
2/5 Matrix Code 11 E,CA:\REEIS EC,:AOI\?-% i
!
|
|
|

2/5 2/5 Dat [ Code 39
Compressed | ~logic | | Code 32 Code CIP| | FUll ASCIl
t hls zOMdU  COY' v oz de 2dzdn hilsted:

182



v OB dzd yvw ¢
[jwe" 20tOCljtedmisdSd dz02B' dzr h ftsh
1 OL9 SO dlstelzC |l wf M |wdW stedz(s " dz § t ' ¢
Zs Mo s(zs-L 2O ¢ tsH Odzh ' dz' dz' S Sdzls e 5L
HOdzd AL d2OC " o, dzd = | dzj dz
fn d d&3e
2/5Code| 10 vyd 5z, 4 Z 0,28 1 1968
CodelITF| 10 vyd| 5z9 zZ +1 0,47 1 1972
2
2\5 Matrix| 10ydwtw 3z, 2 z +1 0,42 1 1975
Codel11| 10 vyd| 3z, 2 Z +1 0,43 1 0OB| 1977
1 Myqvy
Codabar| 10 ydy{ 4z, 3 z +1 0,39 1 1975
My 4 ymd
CodeMSI 10 vyd| 4z, 4stdB' dz 0,28 1 OB| 1976
z ' 1
Delta 10 vyd| 6z, 5 ] 0,22 1 1977
Distance| 40 dz¥ O 9
fnd &3 ts
Plessey| 10 vyd| 4z, 4stdB' dz 0,33 2 1978
6 0Odz¥ O z ' 1
fd &
UPCA 10 vyd 2z, 2stdB' dz 0,45 1 1973
" ed d
J dzj d3j ¢
EAN-13 | 10 vyd 2z, 2stsd3B’ dg 0,48 1 1976
" dte q dz
J dzj d3j ¢
Code39(10 yd¥% 5z, 4 zZ +1 0,42 1 1974
B¢ o, -
fnd &Be ts
Code93|{10 yd¥W 3z, 3stsdiB ' dzl 0,60 2 1982
BkzGCo, - h d ted dz
fnd &Bo s J dzj 3] g
Code 128128 fMfmd| 3z, Jstdds ' dz(0, 60 1 1981
hdteddzl1l, 21 ¢
J dzj 3§ qo @ sfdz
dz' mils+ )

183



“‘1ﬁﬂ53 03608' "3 O mos7a7'""s
z s UPGA z s UPGE

A'g20123 456787 ||
z s EAN-1 3 EAN-8

48237 4566
z s Codabar z s MSI

T

z s Delta Distance (BM) Z s Plessey

ABCEL KP1-100/
zs 39 zs 93

Diait DATUM
Zz s il ASCI zs 128
t dm.2 Wted ¢ ZOH{ds LzABBOYSE H W Edr d dz' 2 dzd

184



[ BHOItsE

1 sodz Ndz' AsOo FAdB L Isjted MiIsd S d dzO28B " dzt b f
Misj CBdsdcf mrtsoedr S tSH' o
I
l
1 u
| 1
Codablock
Code 16K
i (e
L Ultracode
PDF 417
tdhlytsedz hdz2' 2 odcecdzwH d&O2B" dz# h ftshdtey
v OB d&zd yw 1
rJwe' ~nOtcOCIsjtedMmMisdSd dz028B' dz2 " fsh (
1 OL gl " HIstg|s " dz' ¢ sdzlstetsat sL tets| t ° §
Zs 9 Odzd | teW H G i tsd3d dzts ! totsL 4
OdzW ©Og 1z s- dzj dz
fsL dz
Coded49| ASCII 2 1 |stdzlstetsdz!-¢ Intermec | 1987
9 tsdz k teW Corporation
mot 9) IsO| (uvz¢)
dzd 2 € tsdzls
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ArrayTag Aztec Code QR Code
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[ 4 W EOteOCIsjtedmisdCd dzOG2B' dz' b f 8" dtej dac
[ ©¢ Mmd 30 dz
" odzl st dE®y ¢ A3 "¢
zs-ftsL dzOy§ s tsdalsts tcsL 16
LOL 2O o 0o Aquien) § sddd [ BH B8 Wt g
yqdw tesgmd dzo ts
fd d3e ts¢
Data 2335 3116 S SH - | International| 1987
Matrix g4 sSdzsdy  Matrix
(870)
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4 sSdzsd3 Systems
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[ BHOItsE

1 HOIdz' Mls! odwodzwisd B OO 6R tatk-LEHAEAEERE, d
Mddzls j L 5o Odzd 7 dzO tsfdats & Is ‘Hig W€ efchm  Is G toffy "
CBH & MmJ d3" dzG O

Il " HipslssS HotsC teOIsdzd n
f s a3 dets ¢
aqdwedwes st mw
55% -
50% - 50% -
45% —+ : 44% :
40% -+ | | |
35% 4 | | |
I | |
30% | | '
25% - : : 25% :
20% —+ | | | |
| | | |
15% -+ | | | |
10% < | | | |
| | | |
5% - | | | |
| I I I S SH
(3L,28- (9.6 (85- (64 (53- (42-
| ] ] ] ] ] 1l slsky dz' f
©(
15625 3125 625 125 25 nddo & d
l I | | | | 1 OHdzdh ¢
010 033 038 033 040 050 CBHE

tdinl 15CO0LddSd odwedz dzdz" H oSS toOisdzad A
L dz2O@Rizls j L so Oded m dz® BMdese® HjwWCdnA
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7% 4+ ] " Hislsse Ho BC tOIsded R
&tsC
65% — gtq'sv?gdzvtvsss lsJ fnw 670/0 q=7
60% - :
55% - |
50% -} S0% b =3
50% 50%)
45% - I
I I
40% - 41% | |
3506 - 3% : :
30% —+ | | |
27% | |
25% —+ I | |
I
20% <+ 18% | I I
15% - fm : : :
1% 1+ foo. /| | : :
wi/ /0 .
. | | |l 7¢m0' ¢t
(8,6)- (7,5- (6,4)- (5, 3)- (4, 2)-
[16807 [2401 (343 [49]
(13,10- L1 | | | | | L scwer o
(12,9)- (11, 8)- (10, 7)- (9, 6)- (8, 5)- (7, 4)- (6, 3)-
[19683 [6561 [2187 [729 [243 [87] [27]
L1 I I I l | 1 OHdzdh ¢
0.23 0.25 0.30 0.35 0.40 0.45 0.50 CHE
t dn21tC0LddSd oadwoedzy dzdz" H o s5C tcOls dzd
q=7) 1O bLttdEBrs-dza@EOL, Mddzlsj LHSoVEdH]Rn
stc' 2 Ctsoadnrn BSOHMD A Bzc O
1l tod 3 Is%s@ d Ff steWHC 59 Odz' L O f Otc O d3j

C 9 OHtcOIsdzd n

Bdzts ¢ 5L de@wdzdnd d3' dze O.

HEzY € On

9COLOdets fslskzy dz Mmis:
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1 sCOL dedffVop dzj dzdz?
Bdzts ¢ 5L dzO Y dzd aggf di3& tedl O d3d

I Hfsls¢
s’ 2C 0 d &g

BOCOIES tcOls dzd -
CsHOBR] Mj o' dzeO,-CHEmE" mgzdfdzdzc

[SH OIstsC

BOCOlEC tcOls dzd 7

v OB dzd yw

f sd3d dzs ¢,

stsH |1 Blskzy ¢ StOIsdz MiIs+ { t5d3d dz&
mj &3 | md d3e 5 3 4 5 5
(12, 9} 19683 91% | 82% | 6,8% | 74% | 7,7%
(11, 8} 6561 18,2% 16,4% 13,6% 14,8% 15,3%
(10, 7) 2187 26,7% | 25,0% | 20,4% | 22,0% | 23,2%
(9, 6) 729 33,3% 34,5% 27,4% 28,6% 31,6%
(8, 5) 243 41,1% 42,9% 34,8% 35, 7% 38,5%
(7, 4) 81 50,0% | 51,4% | 40,7% | 44,6% | 44,2%
(6, 3) 27 50,0% 60,0% 50,0% 56,3% 37,5%
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]  HislkC

YJlseo ' el tso ddid

BOCOES wOls dzd 7
CsHOMB] Mmj i3 dz¢ OF s i bs 7 i jH dgd d

v OB dzd yw

f sd3d dzis ¢,

[

StsH |1 tSlskzy ¢ SsteOIsdz’ Mis! { sd&3d dz€
mj &3 | nd d3e s 5 3 4 5 5
(10, 7} 16384 46,7% | 54,1% | 52,0% | 51,5% | 51,3%
(9, 6) 4096 444% | 57,1% | 57,9% | 56,9% | 55,3%
(8, 5) 1024 50,0% | 61,5% | 61,6% | 62,7% | 59,5%
(7, 4) 256 47,6% | 61,6% | 63,9% | 70,8% | 66,2%
(4, 2) 16 33,3% | 11,1% | 22,2% - -
lticdds sCA@.sH( 4 f25)n " Hdzdd3 o' H f SHEESE
mJ d3' dze O
v OB dzd yw v
Il " HIBlC BOGCOIBEC tcOIsdzd n f sdzd dzts €

for ls' ©C o d dzq

CsHOM®B mj d3' dzd,@9-C s8R ° H dzd d3d

sStsH |] tSlskzy ¢ steOIsdz’ Mis! { tsd&3d dz€
mg &3 | fipd d3e ts > 3 4 5 5
(9, 6) 15625 50,0% 63,7% 68,2% 71, 7% 71,0%
(8, 5) 3125 43,8% 58,7% 66,1% 74 4% 76,2%
(7, 4y 625 64,3% 67,9% 74,3% 80,2% 78,1%
(6, 3) 125 80,0% | 77,5% | 800% | 832% | 765%
(5, 2) 25 925% 86,3% 82,2% 82,8% -
(5, 3 125 250% | 125% | 172% | 156% -
(4, 2 25 50,0% | 25,0% | 344% - -
ltedd3' C-OsH( BA SHE,! 2A)sn  HddBJ-CBHE 1t
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] Hisk&S
' BCtsoddsd SSHOB] Mmj d' dz¢ O,-C WHIEED ' mijded BEC @

BOCGOIC tcOls dzd o

v OB dzd yw

f sz dzts €

sStsH |1 Slskzy ¢ S tc Olsidz’ ttsdzd dz¢ d
mj &3 | nd d3e s 5 3 4 5 6
(7, 5) 16807 16,7% 11,1% 12,5% 12,2% 12,3%
(6, 4) 2401 33,3% 22,2% 25,0% 24,4% 24,5%
(5, 3) 343 50,0% 33,3% 37,5% 36,6% -
(4, 2 49 66,7% | 44,4% | 50,0% - -

[

v OB d&zd yvw g1 .

I Hfslkse
o' M’ B¢ s dd3d

BOCOLBCtOddr fis®Eatsyj dzq
CsHO®B] mj &3 dz¢ @, Hifzts AW j HistzdiztC

stsH |1 Blskzy ¢ StOIsdz MiIs+ { tsd3d dz&
mg &3 | ipd d3e ts 5 3 4 5 5

(7, 5) 32768 | 28,6% | 20,4% | 222% | 21,8% | 21,9%

(6, 4) 4096 42, 7% 30,6% 33,2% 32,7% 32,8%

(5, 3) 512 57,1% 40,8% 44,3% 43,7% -

(4, 2) 64 71,4% | 51,0% | 55,4% - -
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[ SHOIsSSC
1 sCOL deff™eh dzj dzdz?" B OGOILtsSCtOIsdzed »
cdzs e 5L dzOydzd kg m € sH O d3d

v OB d&zd yv g

] Hislks¢ BOCOsSt©Oldds §sdddsS,
ste' 2C o ddd € H OB §iswrss ¢YsEETs 2Hdzd dgdn) o * H

stsH |1 Blskzy ¢ StOIsdz MiIs+ { t5d3d dz&
Py mdde g 4 5 6 7
(18,9} 19683 86,6% | 85,4% | 84,7% | 85,1% | 85,0%
(17,8) 6561 88,1% 87,0% 86,1% 86,5% 86,4%
(16,7} 2187 89,2% 88,5% 87,5% 87,9% 87, 7%
(15,6) 729 90,3% 89,6% 88,8% 89,1% 89,0%
(14,5) 243 92,0% | 90,9% 90,2% | 90,4% | 90,3%
(13,4} 81 94,0% | 92,8% 91,7% | 91,8% | 91,6%
(12,3) 27 94,1% 93,5% 93,1% 93,1% 92,8%
(8,3) 27 46,4% | 39,3% 295% | 32,6% | 34,4%

Jed & SO, ot ©HS movg ' ( 8f,80)dzd 5 § B H & ds.
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Il " HINEsBGEOIsC tcOls dzd - i tsd3d dzts € w g
Yo eCsoaodddd StsHOBRI 1 vym, -gtsmiz Hndedmzd o
sStsH |1 Slskzy ¢ SsteOIsdz’ Mis! { sd&3d dz€
lym| md d&ie 5 3 4 5 6 7
(13,7)- 16384 79,0% | 73,4% | 70,6% | 70,4% | 70,7%
(12,6)- 4096 835% | 77,7% | 75,1% | 74,9% | 75,1%
(11,5)- 1024 87,6% | 82,1% | 79,5% | 78,8% | 79,2%
(10,4)- 256 91,6% | 86,0% | 83,6% | 82,5% | 83,0%
(9,3)- 64 93,5% | 88,6% | 86,8% | 85,5% | 85,9%
(8,2¢ 16 96,6% | 92,6% | 90,7% | 88,1% | 87,2%
v OB d&zd yv g
l " HIMslss ¢ BOGOItsS tcOIs dzd ~ i sd3d dzts €

o'l cCsoddd CwHO®R] 1 vym, €IS Hzdzdigdn o ° H
sStsH |] tSlskzy ¢ SsteOIsdz’ Mis! { tsd&3d dz€
Pymndde s 4 5 6 7
(14,6) 15625 | 91,7% | 88,6% | 88,5% | 88,5% | 88,6%

(13,5) 3125 92,9% | 90,0% | 89,9% | 90,0% | 90,1%
(12,4) 625 93,8% | 91,3% | 91,3% | 91,4% | 91,5%
(11,3) 125 95,0% | 92,5% | 92,6% | 92,7% | 92,8%
(10,2) 25 96,0% | 93,6% | 93,6% | 93,9% | 94,0%
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Il HiMslssE BOGCOLSCtOIsddr § tsd3d dzs§ ,

CsHOBRd 1 ym, n' HddRPSHEZ H Yiwso dzisG 5
S SH 1 slslzy ¢ StcOIsdz’ Mis! { ts5d3¢
1Y M md dze ts 3 a 5 6
(13,5) 16807 97,9% 97,9% 97,9% 97,9%
(12,4) 2401 98,3% | 97,6% | 97,6% | 97,5%
(11,3) 343 98,7% 98,1% 98,0% 97,9%
(10,2) 49 99,0% | 98,5% | 98,3% | 98,3%
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Optional<FieldMatrix<xGFPElement>>
calculateErrorLocatorsPolynomial(FieldMatrixxGFPElement> errorSyndrome, int xi) {
var SIG = poly(1);
inth=0;
int F=0;
FieldMatrix<xGFPElement> T;
FieldMatrix<xGFPElement> L = poly(1);
do {
h++;
GFPElement dh = generatorField.getZero();
for(intj=0;j<=F;j++) {
GFPElement sigi = SIG.getColumnDimension() <= j
? generatorField.getZero()
: SIG.getEntry(0, j);
dh = dh.add(sigi.multiply(errorSyndrome.getEntry(0, h - j - D)

}
if (dh.isZero()) {
L = multiplyPolynomials(poly(0, 1), L);

212



}else {
var dhx = poly(0, dh.digitalRepresentation());
var product = multiplyPolynomials(dhx, L);
T = subtractPolynomials(SIG, product);

if(2*F<=h - 1{
L = multiplyPolynomials(

poly(dh.reciprocal().digitalRepresentation()),

SIG);
SIG=T,;
F=h - F
}else {
SIG=T,;
L = multiplyPolynomials(poly(0, 1), L);
}

}
if (h==2*xi){
if (degree(SIG) ==F) {
return Optional.of(SIG);
}else {
return Optional.empty();
}

} while (true);
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public interface BarcodeCodec extends BarcodeEncoder, BarcodeDecoder {

}

public interface BarcodeEncoder {
Code encode(String message);
}
public interface BarcodeDecoder {
String decode(Cae code);
}
public class BarcodeEncoderlmpl implements BarcodeEncoder {
private final BarcodeDictionary barcodeDictionary;
private final CodingStrategy codingStrategy;
public BarcodeEncoderimpl(BarcodeDictionary barcodeDictionary,
CodingStrategy codingStrategy) {
this.barcodeDictionary = barcodeDictionary;
this.codingStrategy = codingStrategy;
}
@Override
public Code encode(String message) {
return Stream.of(message)
.map(this::extractBarcode)
.map(codingStrategy::apply)
flatMap(BarcodeEncoderimpl::toCode)
.reduce(BarcodeEncoderimpl::merge)

.OrElseThrow();
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}

private Barcode extraBarcode(String message) {
return new BarcodeRawExtractor(barcodeDictionary).extract(message);
}
private static Stream<Code> toCode(Barcode barcode) {
return barcode.signs().stream()
.map(BarcodeSign::codeRepresemtayj
}
private static Code merge(Code first, Code second) {
return ImmutableCode.builder()
.addAllData(first.data())
.addAlIData(second.data())
Jbuild();

}
public interface CodingStratged

Barcode apply(Barcode barcode);
}
public class RSCodingStrategy implements CodingStrategy {
private final ReedSolomonCode reedSolomonCode;
public RSCodingStrategy(ReedSolomonCode reedSolomonCode) {
this.reedSolomonCode = reedSolomonCode;
}
@Override
public Barcode apply(Barcode code) {
return Optional.of(code)
.map(barcode> new CharsetSwitchAppender().transform(barcode))

.map(barcode> new
PaddingAppender(paddingStrategy()).transform(barcode))
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.map(barcode> new
ReedSolomonErrorCorrectingCodeGenerator(reedSolomonCode).transform(barco
de))

.OrElseThrow();
}
private PddingStrategy paddingStrategy() {

return length> new
NearestSquarePaddingStrategy().getPaddingCount(length +
reedSolomonCode.getControlDigitsCount());

}
}

public class ReedSolomonCode {
private final FieldMatrix<GFPElement> generatorPalymal,
private final GFP generatorField,;
private final GFPElement generatorFieldPrimitiveElement;
private final int controlDigitsCount;
public ReedSolomonCode(FieldMatrix<GFPElement> generatorPolynomial) {

Preconditions.checkArgumggeneratorPolynomial.getRowDimension() ==
1);

Preconditions.checkArgument(generatorPolynomial.getColumnDimension()
>1);

this.generatorPolynomial = generatorPolynomial,

this.generatorField = (GFP) generatorPolynomial.getField();
this.generatorFieldPrimitiveElement = primitiveElement(generatorField);
this.controlDigitsCount = generatorPolynomial.getColumnDimensiohy)

}

public FieldMatrix<GFPElement> encode(FieldMatrixxGFPElement> message)

{

return PolyUtil.multiplyPolynomials(message, generatorPolynomial);

216



public FieldMatrix<xGFPElement> decode(FieldMatrixxGFPElement> encoded)
{

var divisionResult = PolyUtil.dividePolynomialsWithRest(encoded,
generatorPolynomial);

Preconditions.checkArgument(isZero(divisionResult.getSecond()));
return divisionResult.getFirst();

}

public CorrectionResult correct(FieldMatrix<GFPElement> message,
List<Integer> erasurePositions) {

var erasurelLocators = find&surelLocators(erasurePositions);
int erasureLocatorsCount = erasurelLocators.size();
if (erasureLocatorsCount > controlDigitsCount) {

return
ImmutableCorrectionResult.of(CorrectionStatus. TOO _MUCH_ERASURE,
message, Optional.emp}y,

}

var erasureLocatorsPolynomial =
calculateErasurelLocatorsPolynomial(erasureLocators);

int errorsMaxCount = (controlDigitsCounerasureLocatorsCount) / 2;
var syndrome = calculateSyndrome(message);
boolean isZeroSyndrome = syndrome.stream()
.allMatch(it-> it.equals(generatorField.getZero()));
if (isZeroSyndrome) {

return ImmutableCorrectionResult.of(CorrectionStatus.NO_ERROR,
message, Optional.empty());

}
var syndromePolynomial = createSyndromePolynomial(syndrome);

var modifiedSyndromePolynomial =
calculateModifiedSyndromePolynomial(erasureLocatorsPolynomial,
syndromePolynomial);
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var errorSyndrome = calculateErrorSyndrome(iiedSyndromePolynomial,
errorsMaxCount);

var errorLocatorsPolyOptional =
calculateErrorLocatorsPolynomial(errorSyndrome, errorsMaxCount);

if (errorLocatorsPolyOptional.isEmpty()) {

return
ImmutableCorrectionResult.of(Correctieratus. MORE_THAN_XI_ERRORS,
message, Optional.empty());

}
var errorLocatorsPoly = errorLocatorsPolyOptional.get();
var errorLocators = calculateErrorLocators(errorLocatorsPoly);

var mutationValuesPoly = calculateMutationValuesPoly(errorLocatorsPoly,
modifiedSyndromePolynomial);

var mutationLocators = mutationLocators(erasurelLocators, errorLocators);

var mutationValues = calculateMutationValues(mutationVsiRady,
mutationLocators);

var correctionValues = calculateCorrectionValues(mutationValues,
mutationLocators);

var correction = matrixRowOfValue(generatorField.getZero(),
message.getColumnDimension());

correctionValues.forEach(it correction.setEntry(0, it.getKey(),
it.getValue()));

return
ImmutableCorrectionResult.of(CorrectionStatus. ERROR_CORRECTED,
message, Optional.of(correction));

}
public GFP getGeneratorField() {

return generatorField,;

}
publicint getControlDigitsCount() {

return controlDigitsCount;
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@VisibleForTesting

List<GFPElement> calculateErrorLocators(FieldMatrix<GFPElement>
errorLocatorsPolynomial) {

var equationRoots =
FiniteFieldEquation.solveEquation(ertocatorsPolynomial);

return equationRoots.stream()
.map(GFPElement::reciprocal)
.collect(Collectors.toList());
}
// BerleckampMessi
@VisibleForTesting
Optional<FieldMatrix<xGFPElement>>
calculateErrd_ocatorsPolynomial(FieldMatrix<xGFPElement> errorSyndrome, int
xi) {
var SIG = poly(1);
inth=0;
int F=0;
FieldMatrix<xGFPElement> T;
FieldMatrix<GFPElement> L = poly(1);
do {
h++;
GFPElement dh = generatorField.getZero();
for (intj=0;j<=F; j++){

GFPElement sigi = SIG.getColumnDimension() <=j ?
generatorField.getZero() : SIG.getEntry(0, j);

dh = dh.add(sigi.multiply(err&yndrome.getEntry(0, Hj - 1)));
}
if (dh.isZero()) {

L = multiplyPolynomials(poly(0, 1), L);
} else {
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var dhx = poly(0, dh.digitalRepresentation());
var product = mulplyPolynomials(dhx, L);

T = subtractPolynomials(SIG, product);
if(2*F<=h-1){

L=
multiplyPolynomials(poly(dh.reciprocal().digitalRepresentation()), SIG);

SIG=T,
F=h-F;
} else {
SIG=T;
L = multiplyPolynomials(poly(0, 1), L);

}
if (h==2*xi){
if (degree(SIG) == F) {
return Optional.of(SIG);
} else {

return Optional.empty();

}
} while (true);
}
private FieldMatrix<xGFPElement> poly(long... elems) {
return toFieldMatrixRow(elems, generatorField);
}
@VisibleForTesting

FieldMatrix<GFPElement>
calculateErrorSyndrome(FieldMatrixxGFPElement> modifiedSyndromePoly,

int erasureLocatorsCot)r{
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return
FieldMatrixUtil.matrixRow(Arrays.copyOfRange(modifiedSyndromePoly.getRow

(0),

modifiedSyndromePoly.getColumnDimension@rasureLocatorsCount

* 2’
modifiedSyndromePoly.getColumnDimension()));
}
@VisibleForTesting

FieldMatrix<GFPElement> calculateModifiedSyndromePolynomial(

Optional<FieldMatrix<GFPElement>> erasureLocatorsPolynomial,
FieldMatrix<GFPElement> syndromePolynomial) {

int moduloPower = controlDigitsCount + 1;
var poly = erasureLocatorsPolynomial
.map(it-> multiplyPolynomials(syndromePolynomial, it))
.0rElse(syndromePolynomial);
var moduled = polyModulo(poly, moduloPower);
moduled.setEntry(0, 0, generdfmld.getZero());
return moduled;

}

private FieldMatrix<xGFPElement> polyModulo(FieldMatrix<GFPElement>
poly, int moduloPower) {

int maxNonZeroElementindex = maxNonZeroElementindexFrom(poly,
moduloPower 1);

return FieldMatixUtil. matrixRow(Arrays.copyOfRange(poly.getRow(0),

0, Math.min(moduloPower, Math.max(1, maxNonZeroElementindex +

)
}

private int maxNonZeroElementindexFrom(FieldMatrix<GFPElement> poly,
int start) {

for (inti = start; i >= 0;4) {
if (\poly.getEntry(0, i).equals(generatorField.getZero())) {
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return i;

}

return-1;
}
@VisibleForTesting

FieldMatrix<xGFPElement> createSyndrdPadynomial(List<GFPElement>
syndrome) {

var withLeadingOne = Stream.concat(Stream.of(generatorField.getOne()),
syndrome.stream())

.collect(Collectors.toList())
toArray(new GFPElement[[{});
return FieldMatridxJtil.matrixRow(withLeadingOne);
}
@VisibleForTesting
List<GFPElement> calculateSyndrome(FieldMatrix<GFPElement> encoded) {
return IntStream.range(1, controlDigitsCount + 1)
.boxed()
.map(i-> calculateSydromeElement(i, encoded))
.collect(Collectors.toList());
}
@VisibleForTesting

GFPElement calculateSyndromeElement(int index, FieldMatrixxGFPElement>
encoded) {

List<GFPElement> products = new ArrayList<>();

var poweredPrimitive = generatorField.pow(generatorFieldPrimitiveElement,
index);

for (inti=0; i < encoded.getColumnDimension(); i++) {

var elem = generatorField.mul(generatorField.pow(poweredPrimitive, i),
encoded.getEntry(0));
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products.add(elem);
}
return products.stream()
.reduce(generatorField::add)
.OrElseThrow();
}
@VisibleForTesting
int correctErrorsCount(int erasureLocatorsCount) {

return (controlDigitsCount erasureLocatorsCount) / 2;

}
@VisibleForTesting

Optional<FieldMatrix<xGFPElement>>
calculateErasurelLocatorsPolynomial(List<GFPElement> erasurelLocators) {

return erasureLocators.stream()

.map(locator> FieldMatrixUtil.matrixRow(generatorField.getOne(),
locator.negate()))

.reduce(PolyUtil::multiplyPolynomials);

}
@VisibleForTesting

List<GFPElement> findErasureLocators(List<Integer> erasurePositions) {
var erasureLocators = new ArrayList<GFPElement>();
for (inti = 0; i < erasurePositions.size(); i++) {

rasurelLocators.add(generatorField.pow(generatorFieldPrimitiveElement,
erasurePositions.get(i)));

}

return erasurelLocars;

}
@VisibleForTesting
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FieldMatrix<GFPElement>
calculateMutationValuesPoly(FieldMatrix<GFPElement> errorLocatorsPoly,
FieldMatrix<GFPElement> modifiedSyndromePoly) {

var V = modifiedSyndromePoly.copy();
V.setEntry(0, 0, gematorField.getOne());
var sigma = errorLocatorsPoly;
var poly = multiplyPolynomials(V, sigma);
var power = controlDigitsCount + 1;
return polyModulo(poly, power);

}

@VisibleForTesting

List<GFPElement> mutationLocators(List<GFPElement> erasurelLocators,
List<GFPElement> errorLocators) {

return Stream.concat(erasurelLocators.stream(), errorLocators.stream())
.sorted(Comparator.naturalOrder())
.collect(Collectors.toList());
}
@VisibleForTesting

List<GFPElement> calculateMutationValues(FieldMatrix<xGFPElement>
mutationValuesPoly, List<GFPElement> mutationLocators) {

return mutationLocators.stream()

.map(locator> calculateMutationValue(mutationValuesPoly,
mutationLocators, locator))

.collect(Collectors.toList());

}

private GFPElement calculateMutationValue(FieldMatrixxGFPElement>
mutationValuesPoly, List<GFP&inent> mutationLocators, GFPElement locator)

{

return calculateMutationValuesPolyValueFor(mutationValuesPoly, locator)

.divide(calculateMutationDiffs(locator, mutationLocators));
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}

private GFPElement
calculateMutationValuesiyValueFor(FieldMatrix<xGFPElement>
mutationValuesPoly, GFPElement mutationLocator) {

return FiniteFieldEquation.calculatePolyValue(mutationValuesPoly,
mutationLocator.reciprocal());

}

private GFPElement calculateMutationDiffs(GFPElementationLocator,
List<GFPElement> mutationLocators) {

var otherMutationLocators = new ArrayList<>(mutationLocators);
otherMutationLocators.remove(mutationLocator);
return otherMutationLocators.stream()

.map(l->
genertorField.getOne().subtract(mutationLocator.reciprocal().multiply(l)))

reduce(GFPElement::multiply)
.OrElseThrow();

}

@VisibleForTesting

List<Pair<Integer, GFPElement>>
calculateCorrectionValues(List<GFPElement> mutationValues,
List<GFPElement> mutationLocators) {

var correctionPositions = mutationLocators.stream()
.map(GFPULil::powerOfPrimitive)
.collect(Collectors.toList());
var result = new ArrayList<Pair<Integer, GFPElement>>();
for (inti=0; i < correctionPositions.size(); i++) {
result.add(Pair.create(correctionPositions.get(i), mutationValues.get(i)));

}

return result;
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}

public interface BarcodeTransformer {
Barcode transform(Barcode barcode);
}
public class CharsetSwitchAppender implements BarcodeTransformer {
public CharsetSwitchAppender() {
}
@Override
public Barcoderansform(Barcode barcode) {
return appendCharsetSwitches(barcode);
}
private Barcode appendCharsetSwitches(Barcode barcode) {
List<BarcodeSign> signsWithSwitchers = new ArrayList<>();
var currentCharset = barcode.dictionary().defaultCharset();
for (BarcodeSign sign : barcode.signs()) {
if (sign.charset() != currentCharset) {

var switcher = barcode.dictionary().switcher(currentCharset,
sign.charset())

.orElseThrow((}> new lllegalArgumentException("Unable to find
switcher"));

signsWithSwitchers.add(switcher);

currentCharset = sign.charset();

}
signsWithSwitchers.add(sign);

}

return ImmutableBarcode.copyOf(barcode).withSigns(signsWithSwitchers);
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public class PaddingAppender implements BarcodeTransformer {

private final PaddingStrategy paddingStrategy;

public PaddingAppender(PaddingStrategy paddingStrategy) {
this.paddingStrategy = paddingStrategy;

}

@Override

public Barcode transform(Barcode barcode) {
int paddingCount = padagStrategy.getPaddingCount(barcode.signs().size());
var lastSymbol = barcode.signs().get(barcode.signs().sizg()

var paddingSymbol =
barcode.dictionary().padding(lastSymbol.charset()).orElse Throw();

var paddingSymbols = Streagenerate(()>
paddingSymbol).limit(paddingCount).collect(Collectors.toList());

return ImmutableBarcode.copyOf(barcode)
withSigns(Stream.of(barcode.signs(), paddingSymbols)
flatMap(List::stream)

.collect(Collectors.toList()));

}
public interface PaddingStrategy {

PaddingStrategy NO_PADDING = messagelLengtb;
int getPaddingCount(int messageLength);
}
public class NearestSquarePaddingStrategy implements PaddingStrategy
@Override
public int getPaddingCount(int messageLength) {
return nearestSquare(messagelLengthg¢ssagelength;
}
private int nearestSquare(int n) {
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int root = 2;
while (root * root < n) {
root++;

}

return root * root;
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