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Factors of learning and predicting success in programming using
artificial neural networks

Abstract

Academic education is one of the key areas in the processd#grniation of acountry. The

ability to predict success helps teachers identify students who have the potential to attend
advanced courses, as well as students who need additional education. In modern society
programming skills are becoming increasingtportant. Many studies show that programming

is one of the critical skills of students' technological literaldyerefore, there is a need to
analyze a large amount of data on the basis of which factors that affect student performance in
the field of prgramming can be predicted. In recent years, the application of artificial
intelligence in education has increased significantly worldwide. Artificial neural networks
(ANN), as one of its tools, are experiencing numerous successful implementations.

In the dbctoral dissertatiofractors of learning and predicting success in programming using
artificial neural networkstheANN model developed for the purpose of predicting the success
of students in acquiring programming knowledge and skills is presented.

180 dudents of the study program Information Technology from the Faculty of Technical
Sciences in Lalak were analyzed. Data on pre
Students' success in learning programming is measured through achievements on the
knowledge test and is classified into three categamestuccessfumoderately successfahd

very successful threelayer ANNmodel based on a backpropagation learning algoritixas

used to predict student success.

19 models were created. The model with the best predictive accOeyo( was used as the
final model for implementation. A web application was created for that model, with the help of
which the teacher has the pdskty of adapting the teaching, and more efficient organization
of the same, which leads to successfully mastered material.

Key words: Successprediction, Programming, Knowledge test, Artificial intelligence,
Artificial neural networks, Wehpplication
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ddzd BOh ddzmSd €' H fdMOde LO " jHdzE Otrndlsj CIskztsl
GO dfzfd " jLdBdEzflstelkd.

V sOBjdfdgdcEk. ] odHJjIsd dzi €J BH fHtejHddMIS], GH

dzd 0 50O.

vsOBjdZO 2. 2.2: lwjHdtsMmisd d dzgj HisMIsOYRIY tctsc tc O dzm

ltjHdsMisd  JLJSO dedMSt{] jHBMEOYd jLdSO ded S 54
1. 1tesctcOdi3d t©OLod jded dgdl. 1 tetscteOdRBd tOL od  j dad dzC
fnlz B&Li dq%i?sﬁf‘mgd LOsdfyj ®©H &OMddej d dz]

2. 1tetsEtcOd3j to ¢ HO . C em <
Bj Bstd b GO BE?J @oi'gilggaoia EOLod’” Obd,
dd M s dzdo 50. :

3.1 4 BO f slstej B J HO Bdd
ftejotsHd dLottedzd StH B3 Idh S dsdd ctejh ¢ ORO.
MO 2° j otj dsj € tsdf ddzg

4 mirdyd ddméte ddosO
BOdzd f £ z®Quz OSB3 o
MS ZOHdhIsj ¢ j ds.

5. [ sEk<dshls Hdtej S lsdzj
TOkHO jMC B ktej' O ddd
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sh 5d (sHEZSISdo dash < Iz

5. 10 (GcOBdeo’ j &
fesctO®Rjte BsSeO HO |
OwBSlbbted BHE)' ' jdisc L

22321 esctOBMEd ‘jLdyd odmsCse dzdotsO

l 65ctOBMSd ‘jLdyfcydmMBESBO® GJot® 0o’k k S OMmd
200j$0. [od fscwOokMSd ‘jLdyd Mk dzjL Oodmded L
“jHdzk OtndljClkttk fsyj Mss® d mMdmlsj &O. [od
i BOLJwOdRO o0 jdedjfMSsd ‘jLdCk d ftddkocs' |
My cOf? OLC &OS O k). 10odfmj SH fods<dds OkOkO,
CjosH] bk &OMddzMSd Sth. [00° ftdhmlskf sEsclk.
tjojHjd d ©OH] d&O Bdds St ' ' OrdljSlkized LG
J

lLdyd odMmsl e OdpffatEQ@ sd3@dsiH § B0 Wsdgdizisjo Y tEts ¢ to O di3d
BSH | O JLpiEs) OnOJERI®* djtt ). dsj tftejlsj to

vV OB | BBBECE. 8)j] odHjlsd dzjSj ©H ftojHdsmisd, H
dzd 0 5O.
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OB j kO 2.2.3: ltjHdsMmisd d dzgj HisMlsOYdR29)tetsc ts O

} toj Hdztsls JLdS0O oadmMts€i] jHBMIEOYd " jLdSO oadMmB§
1. IsecHigl O ftoscteORJeO’ |1. 1 slstcjBdets '] HBEwBPbHs ] 9
?

fqmoisd, dmyiwOe?® Od ( fd drettedd ¢'H ftjojct
2. [ded ®BJjLBJ ' E'E odhd |2 1tesceteOBBd dO odmMtsCtd
@BOh ddzmhS¢de " jLdSO. Mitsted d BSH fiesetORBRO d
3. uts Mk "JjLrdyd €t°d ME |3 vt j 'k MO {ftesceteOdsd
cOYlzdz0Otc O. Mz tBdydats RO j 3 Bists

. . 4, o selz<O ) ¢

5. J0° ) MmCdsdsmisq c.yho
fesd0d&OLj d dmfe0s’? O
6. 1 tsCtOBItcOS j oMt ¢
B’ s HEZCIsdo dash <2 f ot

{OLEZJCO dLBj' £ fesct0BMSdr JjLdCO ddmSse d o

[Mdetso dz0 ©OL &ZdSO dL®Bj' ' fesce0odNSdn JjLdCO da
pdMsCse ddosO® &OCtK ddzsjteftejsdeO £ fs€wOd] 0
RZdMS e ddosO Bsck &OCH ©OLLkdkjlsd toykik@ikd, O
j%dC Omdets CHOM HLCdASdy mjLdyd odMmMsSse ddo =0 Mk f
it Mj &O¢s kuyj, udlko' 'k, dNfe0e? 0 'k d IsjMmisds

LV 50OBj daf Nk BDAzS sbzse @5 j 6OL dzd S dL i)' & ftesctsC
o dMsSse ded o 5O.
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lgjots' jS ) |fojosHddOy HO BJ |BON ddefyCHds 6 dpj  gOP
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T 1tL d dz0 § 10 HoeQUE L dz@d KO ddmS ¢ ddesO® fMj fdh
Ofj BB dzj eMS s ‘ jLgSk, doj LORKjoO & dzdSOCot
ttjedMmisted BO d wWgost SER. dedingjereddz§ B g mid M OL § L ¢
fescEOk0, fePEtyg®OY] HO df SjtoHj Hdz0 k6 sdhddms d
CsBddyqeo &£ HdtejSldts MO - OteHo j otsds.

T (WdEOomdetsls migjLdsseed]  dzd M s dzdo 5O Mk & BBsted ™ f
stesh j ®OSj gjssted j. mjrdyd odhmsSse dzde O
sequdes §BCE] <k kdzls O OdryedhdQeddse] sClzy j ¢ O

T JO0CsEQ] ‘M. dyd ddMmeétse ddeasO Mz " jLdyd ftedd
2O MO fteseteOR @ " jLdSk ddMmStse dzdotsO, dst
ddMStse dzedotsO. 1 tseteORBJLO’ j ddMmMStse dedoatsO
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o0 fdhk MmMj deOh I§tEze tzj MBEHaBE 5 Sk | L OFf Od3ls
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ltesetecOdisMSd “jJLrdyd btej<j 6jdaj eOyd "  j

lescteOdBMed " jLrduyd btk ' ¢ dyyg O pdshgsgdipiand) dzj

fsfdse dzj, dOkydsj d Bfhilsj feddjdi. vS?bkyk &
fnlPascal C, Fortran, C++, Java 1 tetsetcOdz S5 d ' jJ dz2Of dMOdz dzO {
Zfo0 SEBIO djtc fojosnd & ‘O ddmMSd *jLdC ©OH
@ bkHd &OChj ©OLE®K] E d ES?kykz b SO©OCISjtdfl
Eidtse doj fMlstokSlsktj, dlsjwOlsdodd dMCOLd, HEBH]j d&C
%O odMGStd otk BESEk<k b foSEtO®Rj oddBO HO
&0 @jjs ddMSse ddosO Cs°d Mk f§sojLOdd MO Of
dMftcOodlsd d fSHiy OoOld dzgj&ts Ofj BBdZj teMSj 4L dG

1 o] H dats M Islefte Jodijda) @ upd]: |

T “jHBsMsOs dsilk ydls? do sflsd

T OMmdes HJWJdzdMOdzO Mmd st MO (d Mmj 3Odzlsd ¢ O)

1 {setHdf sizse @) d dzOkZydzj Of dzd S Oyd ' §

1 dzj L OoadMmdesfyls tsH Etj' O° O

1 foj desfdotsmls dzO; Hiskej § zOY stedsj

T jHdsMs0o dasfls ©Is¢ &OF O° O ctejh OC 0O

T BteL ddzO dL oteh j ¢ O.
Jod "Jrdyd Mk dzgjL OoadMmded tH BEtj' O 0O d dseclz
ltwod " jLdyd btj<jtetijye@ddd, Mkjedipgd fH Wtk
dzj W Ists t©OH(, O dzgj dO s hlsO bktejBO HO Mmj &
stcd " jdlsdmMOded d ftesctcOBMEd L OHOYd Mk §sHj? Jdd

t Oded fteddzdj ed ftescteOBMEdr " JLdCO btej<j 64 dzj 60O

1 Flow-matic.v § jutdzf L o3 ' & 1 95 2 Regningtod Bt 58 H ) Bzfp © dzd
dz0 &z y dBdaepHoppertc OLjodfj “ JHOdz SH fteodn OUNMMBLCO  dzj tcf
L£d? ‘“d Bdt HO M fsecORRdeO® | fHtodeddyd
SHGEtSo Ot Odzts EHROBRYP FOHEUF BB ISOH O € sted MBafvdzs £t
matic' | J&BOB o jdzd¢d EkdyO® d&O HO? Cobdb@H|ts®™ f tots

1 Fortran. ] BHddzy 1957. fs°" Qoadts Mmj Htweod BH " jLd
ftcdHtolzy jJ dzd { toj o ts it FORDRANG FORrgtfa @RANlatEg . mdLrds
HdL O ddgMsi®da @ dzO kz y dzts Jolmn@BadkulzO tc fp Is a3t sfzj dzlsj Mk B«
:4HdzisfnlsOSdzJ iz fdidscdzec@lg Qe f tcd Miskzy dzed M<C d d3 dzgd

j Htead kb HtojHMlsOs? j da, stej IsdteOdz ' j MO f
CdRRf O dzdtcOded dL " jLdSO odimsitse dzdotsO BdIlsd ¢
Hdtej Clsdets k2 3OPorfalzm§ szksHhs@OB. f s z zO0tcOdz * jto * j
fsMsts j<j¢ CBSHO dO desoaj tOYkzdzOtej, dzO Istey dh
i d0 SO0k fsMsOt §sLdOl s Mot ° jWdSO
tjimlstedClsdodeddd * jte ° jIF, DO Y BATDo OBdzdn OB ls | L 9 d

B
%Ot jHB ) Mk BJdj $33]dd€ ¢ €@ O0&O daBfacd HO o j 6L d
2016.

1 LISP.Lispjef tco d ddzlsj tcff tof ts fipRlafndh-PdzO jlgf@tcd * d W& ts6 tc O3
¢Cs'd " j d HG_d:BBfr]JIzq’Lﬂ:diﬁmg\Asm,utm&qQSS GtsHddzj HEE
Massachusetts Institute of Technology MIT) 1 L O° dzedtcOdz " j L O dMmistcC

d dzls § dzd d3Bldzyd * §
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1 COBOL (Common BusinesSriented Language Cobol je Bdts ftco d i tsfdzts
ftesetcORBMCdo J ' HjjLdg € Jd 1959. cetHddzj, ftwead tOykd
[ ddd MisOteMmisots -s8HBMEOWZ S uf)y d HOAOM Ctttdmisd,
s J dZsdmMOdzO o j g6l " © Boatse " jLJdEO

1 ALGOL (ALGOrithmic Language Algol * § dL tsstesHdyd dd&f JjteOlsd o c
dLdsoO €s°d T fwotsBdbHzsmMiBE®Odrd * (kg @ OB tsH dztd
Association of Computing Machinery (ACHixs H tc z ¢ 5 AldnH. Bésls@Brnegie
Mellon University nJj e tse G dzOoded LOH# QdeBSfg" j J ¢ Stefsdzj s
h Is ts Pasdtal, C, C ++d Java[34].

1 BASIC (Beginner's AHpurpose Symbolic Instruction CgdBasic’ gzOfmilsOts 1964. Gt
d HdLO dzdtcOdz HO BEHJ] [ Ou ozt O M@ dz c QBhMEP ts J| 3O ¢
George Kemengf Tom Kurtzag35].

{ PascalPascal' j tOL 9 dts NiR&GuSWirthe sHaf@zZ] p tojdatsd B teL 5 dzgOh
hdetsSCz EftslstejBlz, ftsmiBdats My ©OLOIdEB $ OB HIESB(
smMsBddzy “jLdSCO € ts5° GobdlBortrind Algob8Z0 € sted fMis d dzd ,

T 4.l tsGtcOBMUdcOL  oPfrkhis Bitchiel 972. cetsHddaj, It *j
MstekSlsedteOdzd fsetOBMSd “jLdS StRfO dzj e
fdzd ydzze Ofmj BB dzj sz MO EZOC<tsd3 tOH ORitdhetsj Mise j d
cOL aidt® demimfdmisjdzs St jJ StjdcOdEp) fhsts o
CstedMmisd LO ftesdteOBdeO’ j s1Unis OMadoavsizZldtO8n d ils j o3
Linux[26].

B jSbdes tsted JdzlsdmMOded " JLdyd

sttO' jd&3 MJHOBHIMIjlsdn d Odd~s BMOBHiMildrn ¢t
ftosctcOBBME d d3j Is s Dbject I0BantddCHsogrammings d@OP. A 5 te B30 dzdzd
Csdzyjfls tsB jCOO “j ftoad ks ftcjHMlsOa? jdz 19
Simulaz dztstcof pdelstdlz L © dMistcOy o OF j] tOykzdzOtefmlseo ©. .
CdLdCO fYsHteY OO 8B jJCIlsdets tsted " J dzZlsdmMOdzets f tesG tc O
HSHOI] Mk &dtscecdd f tsfhistsBapiskpdgan, Afla d o (50, ¢ Ot h s
| ZO0o dzj SCOtOCIsjtedmMpdeSg MBOEZ]FC bgesd SB26H Olsj Mk k&

vOBJ O . RC Bdzets tsted " J dzZlsd MOE@EY §f OtcOHJEe BO ( RL © St

gots’ Mlsats JidMm

S ZOMO HjWddedh ] OfMmMtcOCIlsdsy SOLOCI, s
s&ZOMO (Cl {Oktedelzl] (ddd Mot Mo O, IHsHS ) dats v fzOd

ZOLdeo O ' B ' iSIsd.

(6 '@GC(Obj 8 ®BEC J IoMjsdko ddhbody0 C&Onj MO
otcj Hdzsisd OltedBlzIsO tsB' jCIsO dzOLdoa O My
[jtsH (Me{f[jlsHj o jLOdj MO ¢ &EfNEGGEOSH]EE S HOMR
1 toj desf) §stelzCj j ftetsyjfm S dds B 4§

. SH Hitkzetse B  jSCIO HO YtLte ] d&jlstsH.
thgstadz'éSﬁgssigt)yl]’tstsleJ) § 5BOo jhjc0 (ghotsid MO ki
9epassing) 1) sk ¢ O M) MOMs d SH OHBIM] (BB  jSIs

Zuddedlsd) .

s ZOMO d&Eyj] HO J&O §GHS OMJ (ddd § o
10fMdzj ' doOlojteLd j CdOMmj. [ jnOddL Od fLedlstst jdda
(Inheritance) dzOfmdzi ' do OF° j . 1 SsHE dZOMO dzOMmdzj ' 2° § (O]t

1 Ofndzj ' do OF gitalo ‘fiizj tevjtsdie@yyd " j dL 3’ &2 § dzOfy
[ s8CssteMC O HdMjtelsOYyd ™ © Bte 1 JBB N O dlsOds &
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g9t Mlse s JidMm
mj HOdz BH tsfr]dztsadzq’" ftioddydf O B jClsdats
|MCted f@fstedsOyd ©) . UL dgkltOh ¢ sMls B §C
[ dz2€ O &z dzO : . .
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tcOL BB O d fooMmisOdts " j HtsBJdOdzls dz0 tfddhte © HNdjecdED tzd3
tcOMmis iz 1]'151;[ ZOtecdzsMisd f BRSOt " jJ fstcOMmMls s zdzOte
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mdLtdyd udletelsy ¢eJjdzj eOyd  J

ltescteOdMCd " jLdyd MGsRHfe®Y OCl dif edmirff f ftescteOd3
fsCkh Qo0 & HO M fHtdedzd)yd *kEHMEBE " JjLdSkz. 71
fosctcOBBdtcO ' &2 d k¢ Eyk B 6jdzj cOststey dLo jN SO’
Ud o talgijtcOayid * 4 HEYLBSHIJHRZO7T O OHjMjlsse 960 OO
Gjdej 6OYd 4. mjLdyd ujddastclez] §f &isdpj @@ dzizd iz Hd j
sBtcOHEZ ojdzd¢) Ctdzdyddzdd sHOBSOCO BJjL WsCkMdtC
Mk tcopPLO@IOBO HSHOBSOCO d GBEKGOHBSHR fBHOISOCO
dqdzsj teWw j " M. 1wjHMOoadzdyd " JLdECO yYjlsowISAS ¢ j dzj te
iSPSS J HsMIsGUs@C" j4 hIss Mk tdd mMisttd bk [p dshkz d&zOo

mJ L dyde jfdgilssgiOyd " J

1 jlO cjdzgjteOyd O ftosctclOdFEMELFO ittt EOOEHGIT * JL
tcOLotsd® &8HJAO HaoHJfr]JISBG 94 6¢O0. vts Mk " jLdn
fsis<kz tetcOddyj o0 ¢t 0 Mz HOLO k ftsdicOdglz, C
dzoqo[fr]ors ftesctcORBjte, Is°. HftoscteORjtc ftsMisOa? O O
tejnjcg. [od ‘JLduq’ Mk kOB HLO ddtOdd HO
ftoscte@dgidicO.i L dyd fMj EkEcdkzOodtsd (sttdmlsi E dhistO
94N BOYddzlsj dzf Oglz@tpd Mjz. " JLdyd Beoj cjdzjteOyd J |
“dLdSi. sOHO Mk d&OMIO" Odzd ddtsed Mk drn MdiOlsteC
iz HO <j ®tod " jLdyd LOdBjddlsd fmej " JjLdSC] odMmt
My HOOKQS fimisko OC B jWJCOMdese OdzestedIsdBO 9 j sdBO ¢

Bsyj *OCE Okkss®kOsdLsoOd d HO ‘&h ko jROdOnls]

1[52;] @zO0" § 5L dzOIsd " dr jRotb§O g Is i 6§ daj O ydsddut se

224f sHjteded fsce®O®MSd “jLdyd

 sfdzj HS 7 cBHddzO foj odhj fj dMistzyk b toyk
SH ‘jHdGEE ‘jLEBO, Cttdfddyd &Otzykz & Mej L OF
o dMECO fHECIdo desfls. | b Gse&BPBRS distO |k dy Ok
f ol bdsiisd Cttedmisj ftojrHdeshisd desoj §tesyy Misteine
iWdComdr dJLORE OfddCoyd 0 ©OLddyudlsds dod)
AfmlsOdzH OtcH dzj i o d M j dzO d3jCllzfddva, Pythgne G €, PoifvedQs PHP)s 5 Mz :
Javascript | dzOo dzd dzj HSMISOBOS woada AMkOttdad “jLdSO
5jBj?0 HE tjh 000 O d&ZOMOddr ftbedj BO k &SHj

[udedzjrudsts ‘j HO fescwOdkjted BseO E HO fodiecd
fsL OzPoftetse dzj g KO BESH | tedasc itz Istafj cuotinjCHis c3 txfHdgytg) d%
S d L 6% Bt

f Scala Jots 'jJ o jtosoOldzts ' jHOd tH d&O° MisOted " d-
ftiosdLotsH OCOHJBME] L O Madird@fleygkyh sE5° ¢ t©OHIE L
EPFL (Ecole polytechnique fédérale de Lausa)nhe ZzZo90 yotme s’ . ltco
2003. G Scalal €&js,di38  dzlz © j f Ot OH d & &i3j 5B

J €
Wz dz€ yd ts dzO dzdzts 6 l]’thSGtGOd;so[tQSrfalé)q’ @@ Hdgd JUBBPJo’ tg
(Java virtual machine, 0 Mk &OSCts ftoj dsmMdej dzO od

ifod “jrdyd Mj @OLJo O k i3tsHjtedzd@R 1. jdoj M. Mo d tdzd dzOMsOdd L
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1 Golang(Go).[ o & ‘' j * jGoahles i wWOE jL O Msf flse j dzz d dal
Go'j fYtmisBdes LOdzdd3” do ° j to Kep Thonjpeod dzs 68 tc © 3 G t
UNIXtSY j 6Ol d o dzatGe‘ jnd this | GO G a0 9sOHO “ j B C
opensourcef &8 j G@&ilgj. Yj Mt @&@OOsAH. COFSCA

T Rust Rust' j fdflsj &MSd ¢ totsc MailsiRestarchijsio dsde d &t S s
Wdebkteded & d JUdS @fezd+lr o Odzl jjtiztzgOlgo s Oo? j ¢
slso stej dese SSHO ‘tsh 2010. ¢&sH (GlaydonHoa® o dzd H

1 Kotlin. 5 dzj HK@tlindzs, " jHo O BB f tSL dzOls EdzzlsOtc M d t
mitd J StjdtcOde ' j JIstBrairfgls tauOdizjy BSj i Odgd "tgB * Oo
GtsHddzj, d ®&OKO(Y M dz@Sqazl JKotlin-z ° §J 2 0 1f7tc iz 6j=r@] dzj
f tco 5C dzOMdzO Affididdz® € @dzadz®  dzOIsW stedsd ( §f sMisOB
"4 HBHJ? jdz IsOSYQeets @i ffyad bz kL s[dz ©

1 Dart. Dart * j MCtedtflsded d B " jSClsdes Bted j dzlsd MO
Sflsdd3dL 89 O0dz L O Cadzd "  § dzlsy dzO tc Googh2041. dzOIs W t
ctsHddzj, O SCSwtedfMmisd Mj L O dL tcOH DardltssHdidzdzder |
ZO ftosctcO®ME s OHPL it Sttedmisd E ojB Of dzd ¢
JavaScripd By J My TCtejlsOd dz0 Meodds 9JB BtOlzl

1 TypeScript. TypeScript §| B J Mf zOIsOdz MCtedlflsdzgd d BB  j Clsdz
“iLEL OEOR 0l 2. MisosaftdsiBs ¢ 2 < 0o Avale@tOs & O
fShdzse dzj OWpEApdarti () .f Li5CLOd] g BO 1O {6 dd
CtstedMmisy Mistetsc stronts dyfirL, @MDY §j  ( dete®P gz " dhg O° § ,
Cjdagjteduysj Cdiftsdsj dalsj . . .

T Julia.Julia® §J HddzOdB3d yoOdz, ftesctOBMSd " jLd¢ odmtseC
f sHtch Cisdal @ tg | dfls@O dzj dzdzts (1 ta te dntts @ dfda@ tcjO dgs d ¢
‘J  tc ™assaghmsetts Institute dkchnology (MITR 0 1 2 .  QutiaHrd] dzjdz3ts 3 §
CstedMmisdlsd E dOkydsd ttOykzdaoemlselz, o jhlsOys

1 Swift. v Iso stc ApdelzSwift ° | L OdRBd"? jdz HO BEH] Mdekted
Odzls j tc dzOBhjeeti@C L O tOL oats” Of ddgple®@yc O j R thinpld @ts j
mjiLd¢ “jJ BB 098 jdz 2014. cetsHddzgj SOt ftets® j
“J Ghdsthattner( St d “j kOCt' j ° jLHVOIdztetsrH jS§ik O tc dzd -
CtsH ' jJ MdzdyoOdz Rusta z d&zOf dMOdesdz k&

2251 0 fsfkdzOtedzd  d ftescteOBMSd “jLdyd
vihtes " j BHjHdld C(6&@ f66EGxouidadd - ielidd@Ed N

B ot ftosdtcOdj eMCdr MO, Hwkzed kO odhj dzd dac
fetsyj MewHessez0, dJ) tOLwdadyy. iz ojck0 § sfkdkow
pteiisy Of&zd¢ Oyqoos 1N 6 BldgdYdiasc BAEQEG I, j L dy
HO? j Y Cotiotits dgfis Mdzts o dats © 5 Fost@A Y tf BYIDBEOETPS 5 dac
ddey j ¢ jeflgls &l tc O’ jdzdds Of &z S Oyd OO d i jteOlsd o dzd
10 90yded " d fOtOB) Isted dzO tsmdetse z S5 dm Md dBsy
f) EA0]:

T ssdzd C s zdsd®y " J LSO Mfskdyj k2 ftojlsttOydo OF |

1 1t BEdZOMO LO Mo ¢t d MEsd E " jLd¢

T1tes’ YotsH OPH 2O s @i * jL ¢

T ltesyjdzgj Btes O ftsMmiss j<drn ddded O SCtsHO dz2Of

[ sCIsstemMC O Hcfﬁ]Jtslsqu‘Ozz Bte 1 JBB N O dlsOds &



AOSCItsted Euj® O d ftejHod' OFj bkfMfjhdshmsd £ ftsctOkdsC

s’ s jC OO dgO bty " jLdCk

s §oMisse 0 k WssfBdds@ fPBO] ¢ 2fgd d ¢ k2

tets® MiskzHj dBGOMBY MOPBESEOBILO © M dtetsds Mo j
s’ wEHJIs@GdYOd ¢ Iz

tes’ fisMmistse O

= =4 =4 4 -4 4
L

) s j B dd MO ksed Ct'd B O’k 'k f§HOL
tOL &zd ydisd d3 € wmddy Hidd CHR@RIROH fdzj Csdzd S5 ¢ dr .

Tiobe Software

s s &3 O dEifbe CSoftware [41] dzgzHd Mo OC e d&j Mi yoO, T dHdEz T
RO Oy ktedzd " dmr dMstcOYdo O 0 EfYftslteiBy d&O° s kdOt
TIOBE Programming CommunitydzH j € L O SO’ BiMjy. 1M’
CstedMmlsy L O TIOBEE qir gz@ dn@°, | zGapgle, BitgisYaHhgo!, Wikipedia,
Amazon, YouTubgBaidu 1 O MmMdaz#HiyjdoB. 2 j5ftcedS OL dz2O° f s &z dzOt
Cstedh <jdzdrn) o RIOIMENR 1. | GE&HE ddg )
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Ratings (%)
-
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—_ N, ot
b = —
e M e
2018 2020

2002 2004 2006 2008 2010 2012 2014 2016

C == Java Python C++ == C# == Visual Basic JavaScript === PHP == Assembly language SOL

4 dzd228: T1 OBE Programming Coluni ty | ndex

kOB j @fIHDIs2.'6 Mlsjfid Ctedh<js 0 dadf sk deez
20. EHddzj, SOt d §sLdyd j kdo 6jLgd€®Od daj t5d

OB O 2.2.6: 10 {cfdOtihkrR JolEsctOBnNSd * JjLd

v
20

! tG(tSthG qog‘t 2021 | 2020 | 2016 | 2011 | 2006 | 2000 | 19% | 1991 | 198
C 1 2 2 2 2 1 1 1 1
Java 2 1 1 1 1 3 22 - -
Python 3 3 5 6 8 26 21 - -
C++ 4 4 3 3 3 2 2 2 8
cH 5 5 4 5 7 13
Visual Basic 6 11 13 - - - -

JavaScript 7 6 7 10 9 9 24

PHP 8 7 6 4 4 11

soL 9 8 : - 38
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! tg(tSthG qogoz 2021 | 2020 | 2016 | 201 | 2006 | 2000 | 19% | 1991 | 198
R 10 13 17 28 : i i i ;
Ada 33 33 27 17 16 20 8 4 2
Lisp 36 27 28 13 13 16 7 6 3
(Visual) Basi@ - - - 7 5 4 3 3 5
Swift - 9 17 i i i i i i
Ruby - 10 11 10 24 30 ; ; i
Fortran - 31 28 23 15 16 4 3 5
Pascal - 243 | 16 12 35 12 3 10 6

10dzdd3? Jots " jJ HO Isted dzO s zdzOtedzd " © { tetsc tc ©d3f
tc j H sfMmdayan C:¢t + +Pythonfnj Isj ¢ 2020. ctsHdBEP f s PG 1 dz0O
GHddzd LOEZLJBOtS yjlsotwlsts iz mMiss (2010. Istej <j d
SHdtsMdes 2021.SQAAP] 8f tcoddj Mfsisls fs° O k" jJ dzO dzd
ftesectcOBMEdr " JLdSO 2020. cetsHddzy (8. g M, 2

ljcdzj OBRMEEEGE  jLJCO MO dzO° o j <d 3 Sftste @IS 5 6
i20200H Ol “j bk @B jdd 2.2.7

vsOBjdZzO 2. 2. 7: lwscttO®MSd " JjLrdyd hHeL d&@ike j <dd

0O 9 j< 0" 9 j< 0" 9 j<
Lsnd|! @ ‘Jlsq’qu( Lsud! €] ‘Jlschdz LsHq g ©) ‘Jlsdqdz
2020 Python 2014 JavaScript 2008 C
2019 C 2013 TransactSQL 2007 Python
2018 Python 2012 ObjectiveC 2006 Ruby
2017 C 2011 ObjectiveC 2005 Java
2016 Go 2010 Python 2004 PHP
2015 Java 2009 Go 2003 C++

IEEE Spectrum

s ts 3 OIEAEE SPectrum[42]dzz Hd dKBsekz<desMmils ddzls j e OCIsd o detsc  to

fosctcOBBMEdr " JLdCO BJdtO UHxtaj (Hredding,ty tdsiin@wb dzc d tc O
d ztflso stcj dagdpent sH O tOL dzd ydIsj MWeel) Misbilej Enterfrided{ ¢ Oy d ° C
Embedded

T Webi “ jLdyd $Steddlsfjj L © ttOLots” oB MlsteOdzed yo d
T MobileT " jLdyd Sts°"'d My SCtedmisy LO OfdzdsoOyd |J
1 Enterprisei * jLdyd St8°d M Sstedmisy L O § shdtse dzj ,
f Embedded " jLdyd ¢€8°'d My SCtttdmis] L'OOT®BGEtcOddtsC

v SOB j &g2] ROIRY 8k dzO° § B & &zO towizlf OF et tEzef to G d3f) S ds ¢
Of ZdCOYyd O LO Mo QL POROC s.EtsH G Qtize d 6 OF O

2y o’ kOB jdzd ftMmists  d ©OLEZISO dLBj' £ AVBasatiABadihds dnA( %
Bsek<j Hd O ¥68) R&ESized Vi sual Basic. 10$(td dzj$j w©OM{tOsj,
Mej ¢Sjesej Hd OdzjClsy, COs hIlss Mk Visual Baésl1 shIstBNNET] ¥Ci sasal
Basic .NET ftfmlsOt ¢ dz0s dz6Q d GP&HGMNm@RE|® OVi sual Basic
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s OB REA® O I s ZdzOtedzd " d ftesctcOBRBMESd “"jrdyd LO t0O

( RL 9[4R2] :
Trending Jobs Open
t O¢ (dLdyd ¢ sZ0d teg tellzts Iz (drdyd St j IsteOy (" dLduaj dedsso C5H Q)
Web Mobile |Enterprise |[Embedded ~ Web Mobile |Enterprise| Embedded| Web Mobile | Enterprise | Embedded

1. Python Java Python Python Python ) Python Python Python Java Python Python
2. Java o Java o Java Java C] ] Java o Java ]
3. Go o+ + o a + + Go o+ + Java ¢ ++ [JavaScripf o+ + o g+t
4. | JavaScriptf  Dart & + + | Arduino | JavaScripf Swift Go Assembly | HTML Dart o+ + Arduino
5. Dart Swift Go Assembly| HTML Scala o+ + Arduino Dart Swift Go C#
6. HTML Scala Swift C# Ruby Dart R C# Go C# R Rust
7. Scala Kotlin Scala Rust Scala C# Swift Rust Ruby Kotlin Swift Assembly
8. | Ruby c# Ruby Elixir Dart Objzc“"e sQL Ada PHP Scala Ruby Elixir
9. Kotlin Objecctlve Julia Ada PHP Kotlin Ruby D C# Objeuctlve C# Verilog
10. C# Scheme R Verilog C# D Matlab Forth Kotlin Delphi Shell VHDL
11. Rust Delphi Matlab D Processing Scheme Scala LabView Scala Scheme Matlab |LadderLogic
12. PHP D C# VHDL Kotlin Delphi Shell Verilog Rust D Julia Ada

bz BOtdzd ftedSOL tj kddecO fscwOBMSds “jLdS o,
sdftsoj Of dzd Oy zOUYGIOBRL g &N j dets * j § Rytwnfted MO j
COs d¢z0 BG? ] ©OdEduOdsd fscteOdMsd  jLdCk.

IEEE Spectrum™ e ~ h* i~ cho h™am_

T
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Julia. o
Rust oo
Shell C———
Processing
Ct
SAS
Fortran
Cuda oo
Objectice-C (00
Visual Basic ==

C
C++ |

JavaScript |
Scala [

HTML
Kotlin o

Python |
Java |
Arduino |
Go |
Swift |
Matlab |
Ruby |
Dart |
SQL |
PHP |
Assembly |
Delphi ()
Perl R

o Zd22B | Odzc L O° | f 5§ k& dzO te dzts iy BOFO.Cistei e

Stack Overflow

StackOverflow[43]* j @@ ‘Bls ¢ ts5° of dipdsiXysfte dfO M tetsW j i d ts dzO dzdzad o3
d jdskzLd OfmMsddkO. vt “j “jHdO tH dO"  9j<dm d dz
hfiesds Mo jls®. v W jiBtekOwk 2020. cwsHddd MSsts
Eyd Mise so Odzts 202D Dekeclo@y I[ved & (

10 fMdzd C Od§02.2D [4246V H Olsd Mk tjL kzdzsOlsd  UsdscOL d fls
RO si3d? jdzed dr fHtescttOBMSdr " JLdCO, ftosetoOBME
Yddzi HO dzOMlsOej HO drn Cwstcdmiygi)zi HiOsd2OC@@EMHS d -
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Rust 1 86,1%

TypeScript ] 67,1%

Python 1 66,7%

Kotlin 1 62,9%

Go ] 62,3%

Julia 1 62,2%

Dart 1 62,1%

C# ] 59,7%

Swift 1 59,5%

JavaScript ] 58,3%

saL ] 56,6%

Bash/shell/PowerShell ] 53,7%

HTML/CSS ] 53,5%

Scala ] 53,2%

Haskell ] 51,7%

R | 44,5%

lava ] 44,1%

C++ ] 43,4%

Ruby ] 42,5%

PHP ] 37,3%

[ ] 33,1%

Assembly ] 29,4%

Perl 1 28,6%

Objectve-C 1 23,4%

VBA 1 19,6%

6 ZdZ2T [ MO fLscwOEMSCdrE “jLdCO C6° ) fLsd
HO? J P dzd n JY Ric clfiplss

VBA ] 80,4%

Objectve-C 1 76,6%

Perl 1 71,4%

Assembly 1 70,6%

C 1 66,9%

PHP 1 62,7%

Ruby ] 57,1%

Cit 1 56,6%

lava ] 55,5%

R ] 55,5%

Haskell 1 48,3%

Scala 1 46,3%

HTML/CSS ] 46,5%

Bash/Shell/PowerShell 1 46,3%

saL ] 43,4%

JavaScript ] 41,7%

Swift 1 40,5%

o 1 40,3%

Dart 1 37,5%

lulia ] 37,8%

Go 1 37,7%

Kotlin 1 37,1%

Pythan ] 33,3%

TypeScript 1 32,5%
Rust

13,9%

4 ZdZ2B[ MO fosdtcEdHNCidrf KA w@d®) td Cttedhls
Oded dzj Njdzj HO (EL aSH0? ] Cstedmls

[ sCIsstemMC O HdetGBqu‘026 Bte 1 JBB N O dlsOds &
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Python
lavascript
Go
TypeScript
Rust
Kotlin
Java

C++

saL

CH

Swift
HTML/CSS
Dart

1 30,0%

] 18,5%

] 17,9%

] 14,6%

] 12,6%

] 8,8%

] 8,6%

1 82%

] 7,3%

] 6,6%

1 6,5%

1 6,0%

] 17,0%

[ —— -
Ruby T 4,5%
C T 43%
Haskell /7 497%
Scala T/ 1 42%
Bash/shell/Powershell T/ 39%
PHP T 1 3,5%
Assembly T/ 2,6%
ulia T/ 2,3%
Objectve-C T ] 18%
Perl T/ 1,1%
VBA T 0,7%

4 ZdZ2®[  MsO § toisd to CAEPCafse € Qg jdiEdO dzj S stdfmls
Odzd ¥ d dzi H@LPASHAOE yJ

JuyudedzjHdzts "~ J HO { tctRosteGdRus d ~ Gl RISt Aotiste dfeiPlsz tc © M
dL  Ofmdeddzs HO Y jdzd HO dzOMiIsOo d TypdScript@7,1%)sted Mmlisd .
Python(66,7%), Kotlin (62,9%), Go (62,3%), Julia (622%),Dart (621 %) Mk "~ jLrdyd L
Mk fosctcOdijtcd SOCt' jJ] f5C0O0L Odzd Oalzffard Yto tsL OH 5 HE?
I'3 dimfddoded €& (3 3 sted Mis & ¥ 18 ©E GO HED d H4g te s

s JHdd ftsecteOdizMcy " JjLd¢] fHtotetecOd3jtced dL BJ G(
stedmisj. 1 0 o t/BAS HZd MBRPE SO Mded A o 6  totsc to O d3l
g © dzOfMis o j d,H Of tSlOs Ebjsiuf(Bish,6 %) Ped (71,4%). Rustfn j

sdztsots fsCOLOts COB dz0° tsdid? j d&d% df tf todste GdRfjdiin@ ddzj
O d&zOMIsOe j AP ¢ O CBtedMmlis

H ftsecteO®iMSE dn dLdeoO ¢t d  dad Cted Misyg , 30¢
s teOMthen® , z HisS © j Mmdzj v Javapcrip(38/5%)j) dedsic tc Qjdg el )t
O BBOC J LOddzls] toj Mtso ORe] (1,1 V) MBAGEMHDHBEIME 4 ~ JLdEJ

1 6dCOf Opamdzj Hd Bselk Bdlsd HsBted §SOLOIj?d €O
fescttOBdEeO° O g HO?j OClkjddsj ddzd HO Mmj HB
fesctOBNSd “jLdS kttjsO HO fMmj bkMes d SOHO My
mMdMmisj 30, O Yo dfdiats cls@BAEC E 5°J L d& tejB O Eydlsd.
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2.2.64 Is OdzH yH[ O G tc O BAYX R

v bsSk CkOkC)] OYzdOEMS] dhstted: 2O 0o ? j
fesceOBMSdn “JjLdCO. ) tttctOdn | ‘J d¢j Stjde
fots’ jCPsWdsjpSiemS ) Wdttd) oty distcjBfcoO
CejhCj d 00?20k Mj fesedjdd (40 0) S j Lk
sqds/ sHBGBE S8°d <j tjhdlsd fessdjdj d kL]l
Jotsdkzyd k2 ftc®Od cOGMSC B PUMOE e daC yd ¥ Oy "dzd  J
ftsH Ctdbstesdztsd ‘ jHESE 5 jHdqdzyO dJdd stcoddL O
St OddL Oyd O L O ISOOANSKS Ecmdnlst@niatiotsls HISC, [EEE s H
©OLod O k& Mj MkOdHOLHd KOs dfdodsiclicd d3in® j ifkyd dgf @ tg H
MoMmists d ©BH JjSMEjOkO0 LO ftsctoOdnCi JjLdSj.
HdtejSldts HO Eldukz dz0 jotsdzyd b §esceodns dn
flsoe k' & CO ydOdssd UE&BdlsjlsO L O MisOd OeH j

fRsH O | f§O0dzHiaNs HE iz @ @i datddz OdedsoH ik [48f),Is O dzH O to

5 d 0 dehfidipiads NE@)dodh g d fzlsdkzo do f§se
4 Bd HBYPuEISGEzyd " Odzdzd m t6OL dzZdC O d Ekleat' do
56
J

gt
nnmq_

COBMCHE" £ROdEwdz0 ¢ zOMdW d CtOQufs @Y 5da® tz8 BtgH O
HjfjXKD j€Omsd B dzse L O MsekSC kel ¢ OlOdse O
OydsdzOdzdzd & ) lscRtsize d@isi o dfd RH IOBRMEGLAG) odgAdSHEL. 5 5 dzd
dzoqtsgqmsglz bfslstejBlk o) bdzOtesHdedn, t6J ¢dsdz0 dz
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