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:asuinll wighall
:Oleduioll Ol goa .1
bl 038 (oAl . jlallg LIDARg Glpols)l (o Ul goa iy

alnunoll diyl) 8lnas 8,9) 109; Lao Llal Buuog &yna; lawg hgn
&S0l

22



' Guosdl pleill ajg.ou' ooy .
ganll ol dallea) (CNN) "&ualadll dunell &<uill" paALLy
@0 il ol g0 Joleill (RNN) "6 <ol dwnell a<uill'g

. Olpsaiioll

1Q3gaul yjas .

abigai aj PyTorchg Python pladiwl &ladl (16 aagodl cujas pi
LibTorch. plaAaiwly yu=all adgll (n1a aoladiwl ++C gl
=)l cudgll (nd JUaiwll .

Cun Qs paly il growlll oAUl (16 ojaall 9igodl a0a oi
.Olpsaiiuoll Glily dallsal yu=dll Gbgll (b Jos

TensorRT: plaaiwl ¢puwnail .

++C (18 TensorRT &ifo pladiwl iy (JUaiwll depy Guuni
.23gaill elal gl

g1 jopoll ©ljlblg LS allg Suitall Jio wlisls)l giiig caliuis] (1 pUAUl ani
AdAio JWul gop oAl Jasais ++C pladiwl il gody .gueall cédgll
B83Ldll &ula LS poll (na dolll) draalll @b jol gag dyle 6clasg

clhi gl ollhall (ié Yiall 3o 3=l ++C plaaiwl Gwosll pleil jog)
oS0y (Caffeg ++C J PyTorch daalg Jio lifo go .6 6clasg Wie clal
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olduhi o d2wlg degono acai ddwac dune OBuD ping cliy (ool
.giellhnll cl§3Jl
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4 Jnd

C++ plaaiwl jjeoll aleil

Qb plei guJJ'JI pleill o egi ga ( Reinforcement Learning ) jjoll giszﬂl
&3%5 Sl (nély il go Jeladl JUA go olldll Akl (Agent) JiSgll
cnayg day pgdy ull olelpll yile ey Cbgice gl lao JSib yile deal)
Glni e jjsall pletl patiny gl j9p0 20 &Sl Glalall 6 Ul
S plaial guAA 269 @léinall dalaillg .olelll &hig «ligigll (16 gwlg

.83kl &pla oliuwlg AlphaGo Jio wlilail cuuwy spAll olgiuwl (14

jjzoll ploil dunlwll aalaoll 1

sleil) apuil poliell Ubillg dpail JUA go JiSoll aley jizoll pledl (14
1 Jouly jj=all

(a0 cudg (1l 1a diwl alla Jios (State): Al -

6327 &l Ul Jbull JiSgll @aan gl 6ghAall (Action): chall -
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a0 chal Anais Ay il @oads (ull deall &80l (Reward): slalkoll -

JS 16 ol AU JiSell @eyy gul &awliwll (Policy): dwlul -
Al

.JaSqll diu=o alla 6aila (nao jaasi dla :( Value Function ) dogdll ala +

diyzo dla 18 (u=o clal aga jadsi dlla :( Q-Function ) Q alla

4 : .
jjoll pleill (14 d2ilidl Wlojlgall 2
:Jaoll 138 y16 il Olwj)lgall (w0
-olh aud padi ile Joi agodl ge dldiuo duojjlgh Q-Learning: -
-.&8gll j9po go Awlwl guail Sl Ul

dugunell Oluill paiiuy Q-Learning Jalaiol :(DQN ) Q-Network Deep -
Iudies ST oliy (ke jizall aleil @uns s lao Q. &l cuydil ddras

Qs gile j5p5 :( Policy Gradient Methods ) clwlul 935 @b -
olhlwall Gl3 Ol 16 a3ty Eosdll &l o Uay spblo dwluwll
.Olehall) poiwoll

6aniall §Hall gw p0ai :(Actor-Critic Methods ) adll-Jioall G -
. pleil 6clas Gl dwbuwlg dowdll (ile
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Ct++ pladiwl jjeoll aleil Guai 3

16 03895 13l Gadl oAl Cuwy jiall aleill 13a &uulio @il C++ juowm
clal iy gl Sadeall Glojjlgall Guhil dytio @leny Lo (lluallg 8,513
Lyga

:auwlw Dl alghAll
:aiwl alae] .
.JiS9)l la=o Jelaiuw gl &l Huial gi cliv] (i guglll 6ghaal -
9l ( Grid World ) wleyo afub Jio b aiwl oosi of gfay
.oligugyl gl axbpall aalaill 68lao Jio HSadeo
iy el Physics Bullet gi Simbody Jio wbifo pladiwl Loy *
C++. pladiwl cbjpall (ke dasld

:olalkallg Wlelallg ol Wyysi .2

aifaoll Olelpll (a5uidl 18 JiSgll gdgo Jio) Ul 3yaaj -
olalko madi Jio) slalkall allag (Jawl gi (ilel) &jail Jio)
(&ilg=u plalanll sic wbgdeg waall yUl Jgngl
:jjoll pleill ©lojjlga 3uai .3

md il Q Joaa cliul piy Q-learning. Jio &ojjlga pail
Bellman Equation) glolw &aleo pladiwl abhanig Glelpll-olla
o
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:Cwaaill daleo

Q(s5,0) = Qs )+ a- (r 7 max Q(s',a') — Qls,a))
:jgoll
pl2il Jamo ¢ ¢
.anAll Jole : 7y -
il ge aitl slalkall @ 7 -
.50l clhallg 63332l &Jal Q dowd (lel 1 Q(s',a’) -
:clghall
.yilguite gl a0 mé) Q J9aa duay -

5" 6332l Al AalLg diwl &0 LSl Jelaw (Episode). aaln J<) -
. 7 6lalkallg

.ololy daleall gile 2l (s, @) doud Eyani oy -
. Q pud law g o)l Ky
:guasl jjeoll pleul .1

Jio lifo pos il ling ada DQN. Jio Gh padiuws cus 13] -
OEuidl plaaiwt Q &la wyyai TorchScript gi API C++ TensorFlow
. Awgunell
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tjjsall Mg il oliso .2

SARSA. gi Q-Learning Jio lojjlga Gulai) lmauss <oy MLpack: *

Python. (e Luu: aaie) Gym gl aé) C++): uc) Gym OpenAl -
Jio abay oliy g hy olaalg JUA go C++ go aoladiwl ooy

Roboschool.

4
C++ plaaiwl jjeoll pleil GLaAT
16 anla HSIAD hus Klauwlg &aio wllwa jizall aleil Glojjlga wlhi
Glowla Glol &wojjlgall 6elas Glaag 65131 plariwl éjlal U3 .6adeall Clinl
gl clalll Guénn

anlAll

jiall pletl am oy CH+. (yghal 63948 Claasg Loye jj=all aletl pag)
03a Guby glo digll go Jelatl JUA go Wil yiliall olSolul ples JySgl
! 6clagllg 59all Ui gog &g Ohlao wlhy C++ pladiwl Cloj)lgAll

ULl ploill Jao (1é clalll daall oliyhil Wio HUA @leas CH+ @yags
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5 Jnd

C++ (16 &yjlgiall &uwgallg clalll awas

lauhil (16 lagna (Ghaopl (ygho) &l @laabl aal clalll guuas pise)
«eanll cS3)l Clahs Jio bl go s olos dalleo i (ull
JSiiy paus qull Glisall o aasll CH+ 82 3ag5 auwaiall 8iSlally (ol
duwgall o 8alaiwllg 8S1l (18 Gdall afail Jio whall guwai (16 s

jlgiall

C++ (14 6513l (1a pSail 1

dyle Glaunill Ugd A C++ Jai gl Slisall jul (4o 6aalg a=i &,513)1 )la]
8)lal ke anisi (uwl Python gl Java Jio (1ALl daopll ol guse (ile .clall
C++ aioj . (Garbage Collection ) wbladl gaa Gids pladiwl dulalil 65131
lanunaj clllg 85131 (aunas (1é Lols lasas ¢ygholl
32935 gosuhiuy peaill s JSiy chll guuns gyghol a$ail 138 aun
8513l Ollae (14 gilAll gl JI&) lowo dapaig 8513l paunas aiy (ulg yrio
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ul doill (16 ol J<ily oo pisy &SI (16 el 138 .&ygpAll pé
Olaopl ol Jio aylgol) Aadio bladiwlg deypw &laiwl oligh wlini
.80An Glily olegoao go Joleis il glelihnll 3l ¢lgalg @0l

dog<llg ( Stack ) gwakall 8jlab gughall C++ owws «la Ul dalay
glal) ( Smart Pointers ) &Sl Glubgoll pladiwlg uo JLuy ( Heap )
aal<s Julaw (Memory Pooling ) 6513l guoas olnuiliwl Audisg LuLab &s1aJl
18 chall guuai dubwl olpall 0da . jpkio Jiiy Wilkllg 8)S13)l (auna;
.cabgl) dwlwall Glauhil gi ajlgoll 639330 Gl

C++ 1a Qjlgiodl Auwgall 2

logna C++. (16 clalll guwai dyled PSII QLAY (n13a] (18 &yjlgioll duwgall
plaw qul plaall ppuds gul djlgiall d&uwgall piv ulwa daisall plaall gia
@laag gi (CPUs) wlalleo 6ac pe owliio JSiiy Wi Loy yenl deja
pladiwl ws JSiy @i guny (GPUs). Gloguwyl éalleo ¢laag Jio daalleo
aLadl apluall Gllosll el wglihall caégll Jléyg pUAUl jjlgo

Olhlanll g0 .&jlgiodl duwgall Glidillg Olgall 0 vadl C++ p;.cu
oo loca a2l 1bg dunbdll Glikoll yags ( C++11 (o claibl ) C++ (o diyanll
clii| Gulkol std::thread g std::async gwlall yags (Juiall Juw yile . jlgil)
8aa=io dalill (na clall oy o (ol plaadl Aail (Threads) bhgid
gl

Atomic Operations ) &)l o=l Jio Wlpo aell padi «la (ile 6glle
Asi gl ( Thread-Safe Data Structures ) gl dioll oLl JSuag (
C++ Joai oladll 0da .&jlgiall plaal 341 aie paall golipl glad) bl
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Ul Jalaig dalell 65laallg (HPC). clall dlle duwgall (pla JXiiy duulio
-g1udnll gopl ¢18 Olduhillg

OpenCL g CUDA wlifo 3

&bl clhi gl plaall (16 lagad (JolSl &jlgioll &ungall 698 JUkiwl)
.OpenClg CUDA (Jio Gnniio wlifo pladiwl C++ gghal gSo, Abla dylun
@blwall 34851 (GPUs) cloguyl dalleo claag o 8alaiwll o <ei (il

Oclag sl J<uiy dyjlgiall

:CUDA -
NVIDIA ¢laag dallso 898 ¢ro 8alaiwlll NVIDIA ajgh (raop Jac jlal
GPU. wlaag uile 3aii C++ algST &lif (o (ujglaall CUDA 505 GPUSs.
31410 GPU 6309 Jals djlgioll (igill Ul ¢po éalaiwll aouwy lao
2wlg §las ile CUDA padiws .&lel &l depuy dnlwall Gllas
BlShallg dyolell uwgall (Graxll pleill Jio Gllao (1é

:OpenCL -
CPUs. cl3 (16 Loy .dcgito laio pe 3ai olp &) agido jueo
pcaig CUDA (o dwogoe jisi OpenClL asi .grAl Glallsog (GPUsg
Ul &8lALL NVIDIAg Intelg AMD Jio &aliao giins olS b (o diaal
.annaiall ollleally CPUS
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&jlgio)l duwgall plaAaiwl elall (uuai) diace aliol 4

:GPU plaaiwl dunell OEuill wyjas g .1
plaziwl s JSiin Cuaill gy ooy @aoell dynell Gl Qi g1
aulwnl el @UT 345 GPU J &yjlgiall dyill e.n.u CUDA. Jio clifo
Gl Ul (Al oblwallg alaganall opd Jio Gllesll g Lo (ol

Aunell oluill (1a

:&jlgioll Auwgall &ALl OojjlgAll (uuas .2
9l Dijkstra lwojjlga Jio gulwl syl Glojjlga gi &332l 85kl (14
JXiiy plaall aalleo) aygil 6ac pe Ja=ll puuds <oy Floyd-Warshall.
.jlgio

anlAll

&jlgioll duugallg 65131 (1a pfaill JUA o elalll guuai) C++ pladiwl a.n.u
- waill &bl de pul cllap gl iyl 6elas gt (uyghall dlita laya
by (elihnll 53l Jio allao (1é &jlgioll duwgall daal yly o
Ul cuelwdl ¢pjghhol) duwlwig 4,96 6lal C++ (dy (dualell duugallg doAanll

clall adle olauns cliul
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6 Jna

C++ 18 goaall elilanll clS3Jl g Gligygyl

40380
cal (e d&alaill §jad aaaj gl &gl Jolgell go daopl ©lL) aej
o0 va=ll Jaaoll LAl ga C++ Jhy «olell 03d gw go .6ad=all plaoll
aicpw Jady (Al) poaall gielinll dSallg Gligigyl wllao (16 olayhil
AR Wgw (Jndll 13a (16 639330l 3ylgall 2o Joleill (14 ajclasg dylell
ligigyl 18 aslolrdiwl ile pSpil g0 @g0)l Gllaall 03a 1a C++ j9a
826 jj=i gl olifoll Jolitiw WX (10T). clubll cuiyiilg Sakall apslall Ol
araopall %oy 9 ROSg OpenCV Jio dadsall dalaill go Jolsill (ile C++
.d2030)l (ellanll 3l Jgla polai) wlgalll 0ia (o dalanwl

daoa0)l &5l dodaill (1 C++ 1

daill yile relihnll dS3)l oids Gulas gl goaall (relihnll el piy
Jio 16 .dalleall 5gdg &SIl Jio 539330 ylgay bale giaws gl daosall
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Bl go (gl Jelailg JioDl clalll @réai) C++ pladiwl aiy &aailll 0ia
SS13)1 JrunAig aplwall ool (16 @iéall pfail gile ajad) C++ jainiy
00 6pS wbad) doypn dalles i gl &S Glauhil Lwlio aledy Lao
oo giiudall cdgll g1a dygall dliwll gladl guuas gul gliai gl bl
3ylgol) (AdAio dlaiwl glad C++ ol gSoy Sjaall go pblall Jeladl JUA

Bcladllg de pull (nle Blaall go

18 C++ o aaiws gl ollaall jpl o 83alg Gligigyl ai Gligigyl
63820 dalAily 83gj0 aianll Cligigyla .00l (relihnll €3l Gluw
dalleo willhi il oIS jaallg jleaiiw bl 8jaal (o degiio degano Jouit
yielnll cl§3)l Obojjlgd gile dabanll Gligigyl roiei .adidag &g
clalg Wiiy Juad olhlall Aislg bl (le wWyeillg (Guoell pleil Jio
.Jéiwo JSiy plaall
Jul duelaill Oligigyl pohs (1a Gligigyl y1é asilivl Olauhil (1aa]
ollal Akslg whno Juaid (elilhnll dSilg pouas)l &,§) oA
wlgal jagi ¢uyn duwlwi OpenCV &iio auni ia .ledll cidgll (né
aalAill cuos C++ J 5oy «cla (Ul aalAlL .guauallg jgnll dalleo) y946
Wio alen, lao &éag dcpw LA 03d &0 Jolzill g0 dxoxoll
Q)98 J=a 193 gyl gl gl Gbigygl)

6Ll awla)l Ol -
aalaill pghhs (14 duwlnl a2 C++ asy Baldl 513l Ol Jlho (14
Ohbudl 03d aniei g JAdi ¢9a Jo=ll go whlull gXes (il
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(ULl aleil Jio doadioll gielilhnll e8I Glojjlga (o degoao yile
gl Jio ol AKslg lahano padl ol huniig giguesl &9
290l Ol pundig el 1a pXaillg

190l 923,4)l dalleal d,948 wigal OpenCV &iso yagi (Juwll 13a (4
&iso) PCL Jio oliso padiws lody Gl (ale ditall Glpoll (o
.J1alJlg LIDAR ¢ilily cla (1 Loy leaiiw Ul bl dallea) (unail dlaul
aodll @y yol gag (ledll cidgll (16 Glbyl 0ia dalleo C++ oy
.ol Jaidl lang épgioll Gliwl gile de puwy 3l 63kl aplall Ol

(1oT) eI cuyil -

BAe, 2o dxoaoll si@all go 2=l Jnlgis bl cil plle (18
simall (le clil 3l 20 .Gl Julaig goa) OlEuill pe gasyl
cupil) daoaoll dalailll pahi (na 8ail) a2l C++ aunl dlleallg 8,53l
dioslg (il &r8lall dotailg @Sl jlediwll djaal cli (1a Loy «elubll

a3l Jjlod!

A ¢ua 639320 lgo WIA Cliy 1d 8ale cwbll cul jaal Joss
dua «la gl aalall .6513)lg adlall 6clas adaeil) C++ pladiwl
plaiiwl adudni gLoy o gag «luill pe Jolgill diaall s dala
daaill e C++ pe @4 oy gl CoAPg MQTT Jio wligSgign

.da03all
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:030ll ellanll 83l (16 Gyl obisoll 2

16 janoll dagido cliall jaibl go 8aalg OpenCV asi :0penCV .
g1 guwlg Gl yile @olxdiwl oy . Pguastl 499 jgall dalleo Jlo
cudgll (14 jenllg gyaudll Gl Juad 63kl aulal oliuwly Gligigyl
©0g2g)l Wlislg bl (ile Wil wigal OpenCV padi .yleall
s .bloill yile Wy=ill &oadiall Glojjlgdll o 2awllg &5l guiig
&)lel) dunlio l@ler oo (groailly yinil Jio Ul aledl GLids pcas
.a030ll elilhnll el$3)l clhis (il dadaill

pohil janall agido Jac jlbl ga ROS :(wligigyl Jasins plAs) ROS .
il §lal Jauws gl obifallg olgalll (o ya=ll jagy .ligigyl dalAii
Jolsiy . guedll cadgll (1a bl Julaig «olS jaoll (14 psailg leuiiw ]
ddle a5 qolp &S go gughall gXoy Lo ROS. go dwlly C++
ojaalg palgall Jio daalida)l cligfall ¢ Juasill Jawyg oligygl clall
clial gu Jolgill padiws daniio Jilw) glgil ROS pads . jleuuiwll
OS50y ROS. 14 C++ pladiwl .aokio adydn) Ggugyl plAS (po dalido
udyanll dyiopl Olinhil (1é clalll dle Ol dalleo Gudns (ujgholl
Ol 18 oS ol é$a §jlal of Ggugyl ol o jonll dalleo Jio

62420
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:doallg wbaaill 3

dia qoa0ll elihnll cl$3llg Gligighl (1é Lol o 3a=ll C++ pad; laiy
glal (1a duuigl Gbanil go 8aalg .@inleo way gl Gbaadl o yawl
ule Gy 839330 3ylgo (ile (ging Lo WE daoaall &akilll i Ly &SIl
ol ofay .clalll jgaas gl Ll ial dlies 6513l pladiwl §)lal gughall
-JSUira)l 03d (o LAl (1 8513l jang &l Glpbdall Jio Gids aclus
&o Jeladl (| daoaall dalaill qlias .8i@all go Jelail ga Al aas
f=aiiwll jaaly @l ol cli (14 oy Sjaall wlgfo o dswlg degoao
Jio olifo JUA o simall go Jelaill olell Jaal go C++ g .GlpolSlig
aaillg djaalll Jasll go Joleill Jae yal padi il std::thread. g Boost
giaAll

:a030ll (relianll cl§3l (16 (leall cdgll (16 dalleoll

gielihall cS3)l dakil (o &oall @b ol gileall gl (ia dalleall A
anigi (JUall Juw (ile .6a0a)l aslall ohuly ligighl (1é anlA daoaall
sjaalg jlalplg OlpolSl o (uleall cadgll (1a bkl (ile daldl &l Al Ol
ardudnll auiopl Cliwl (1é C++ §odi .dyygd Clhd AAY Al jlediwl
oughall aauy loo (gl dhadsio Glgalll go Jolill (nle aihaé Jaa,
.Ollagllg 8513l dalleo &raus (1 LAl
Jaaiuill &l ggihall padiwy Lo WLé (ledll cudgl (16 Glloll peal
clhcl &nnio &gaa ©loj)lgd aani ¢go9dy gf (RTOS) duddnll duioll
yebinbl cl$3l a3goi gfon gl dalailll 03a gani .aanll plaol &9)glI
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e Olldll Aailg 8aylgll Gl dalleo (o

:a0a0)l el clS3U Ul pleil (1a C++ j9a

93 C++ by a0l gielianll dS3)l (16 Lwlwi UgSo (ull pleil ss
alle olll of gua 16 a2l si@all gile gD pledl 33los pis (14 loaw
padiuy C++ glé (Ul aleill 23lai cujail 6ale paiiws Python Jio (igiuwall
83930l Gl ke oyl p3gaill Gulas (1l «JUaiwll Wi
Jasaliiy pous C++ olbll OpenCV g Lite TensorFlow Jio wbifo padj
18 C++ pladiwl 8o s .aa0aall si@all (ile éclasy DI alsil 23los
duwlwall Oliyhil Yo aleay oo &y Gllosll 34865 gile ajad (16 JUaiwll
.63kl awla)l Olhluwlg ligugPl Jio cadgll

anlAll

Qicyw JAdy daoaoll &53)l dalailll daopll ole) (1gél (o 6aalg C++ asy
16 Olauhil jakhi . gigiwoll &Adaio siaall go Jelaidl gile ajjadg aiclasg
clS3)l (né aioalg d2ll ggii clubll cuyisly 6aball &lall Glbulg Gligigyl
ROS. g OpenCV Jio lifo (o éalaiwll JUA (o .¢yanll 20aall (elihnlll
ola gl (ile 8clas) Jows digd grelinl el€3 Jola cliuil ¢jghall g<oy
&0 Jelailg 6513l §jlab ddleioll Ghaail go eél gile .63ganall yylgall
loo q030ll (elianll clS3)l Jo pghi (1é dunlwi 8lal C++ Jiay Sjaall

.olelinll o d2uwlg degoao pe GhSLUl (1é paluy
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7 Jna

Auun]l a2l Galleo (16 C++ plaAaiwl

(NLP) &s2plnll a2l dallea) uwlwll il 1

s ke jSp (Al) el 5301 go g38 (nd (NLP) &ueulnll d2Ul dalleo
By ey uwl ddypall daylie ddyny &pinl d2ll Julaig pad o cuwlgall
apaill ol aalleo (le §jalé aalail pghhi ga NLP (o waadll .all piul
olduhy Jouy .gigo 939 (153 JLiy &lkiwll @ aouw ddyny dgnllg
dahilg (ulalil gaAliblg (Gl padg (logleall AlAiwlg &I daqyil NLP
Aaliwll (le @l
«uileall 14 23=ilg (Aga)l cuuy GLaail (o ya=ll NLP dalail aalgs
o 63alg .&piul a2l laule (ighii gl Gl (ile danizall Oluuaily
wlhallg aclgdlly &)gail JSkallg (ol (n1é sl ggiill (na Ghaail psi
.olugllg Glalll (ieo Jiiy 3l rayeall Gl
bl alaiwlg (DI aleil 23laig «(1gaill Juawl Jio wlLids pghi pj
lidil ;935 . gagnill (o dygizall Gllwlg blailll laiwlg Ghasil oia dalleal
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g aclgdll (ke doslél cdw bl : ) guaai Jga NLP (1é dwvlwl
oy gile aclgall (ke dosladl el (55 (OLwl Ul 6aiiual! gi) axlaa i
Dl aaies laiy Qo JSiy (aclgilly gadl) &gl aclgdll Jga ddyzall
wal .ol go doAan ool go blaill plei gl Glojjlgdll (ile dslaall
gyl éaiiuall Cwlwll gai Sl Jugas gul Grosll pleill (1d @l olighl
plei (GPT, BERT (Juioll Juw yile ) wlgaall Jio ailaill oy ¢ua (bl

.a0An ol olegaao gile il JUA (o 6adeall g2l blasill

dll 2alos cliyg ypgnill dalleal C++ Glgal 2

£a85 C++ gla NLP. Jlao (1a paub gl a2l (na Python gl (o pé gl (ile
dalleo wlhi gl olayhill dnls Sclaslg clally poll Glei loaic dps Llio
Opus de py Jossi 6clasil adle lojjlgd QLS (uyghaol) CH+ qui .aads oy
dglle .clll o doAn Gl 20 Joleii (il NLP plaa) dllio aled loo
a0 ekl oXay oo BSIA Glal 1a @udall Al C++ jags «la (ke
ol 18 @ddns aeall go 9ot gl (igiwall dAddio Gllosll i
clbg (pgnill dalleo) aaliodl Guifallg Glgall (o aaell dia .(giwo (lel

:0lgalll 0da jpl o C++. plajiwl d<ll 23lo

(FAIR) (rellanll dS3l (18 ¢adl Gub Jad (o opghs o :FastText .1
yuail Jioill Aoaono janoll dagido &ifo ga FastText «Jguuud (16
©lainog (guaail) ClalSl oliios pleil@ifo; .cuinill plao (16 dclasiig
|udo FastText pisy .80AA duni Ol Glegoao pladiwl agaill
ol gognill cuinig Gl cuans ey Jio plaall (gia gald JSiiy
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OladL padi Gupp e Jugoldll dLD aagi U L_;u‘JI Olalsl Juios aifoy J
2l olgia gl

&jlgally diwnall Gloj)lgall go Josll (ale 83l Ll FastText pady
Wiio hla aleay 13ag .6c4%) (ngaill (o Sus whos dalleo @ifay (il
Al 16 WALaAT Gl gl NLP elduhs gile ggloey guill guglhol

Olaganallg (Al pall go Jole C++ Qiso (1@ Eigen :Eigen .2
Eigen gla NLP. J luni doono cuw il pé) aanioll ol
adleioll &byl ol go Joleil 14 &lell 6xa0 9955 i gSey
Jldiig .olaganall Julaig «lalS)l grois Jio gagnill ollides dalleay
Al Dl

@§Liu] o (il sl Claaiollg Glaganall dalleal Eigen pladiwl <oy
Ol oladio gu ol olwa Jio NLP. plao go Josll aic hJLc
.anniall AU ples aalos 3uais gf (PCA). duipl olig€all Julas chal gi

aauAag o dlle deouw Gla C++ Glifo (o degoao (1d Boost :Boost .3
clalg @il Juwllull go Joasl clgal Boost ag5 .auwliéll C++ &iifo
NLP. plao (1é 6aua0 @S9 «ludwil dalleog (rail ¢l Glloce
aalleog el Glweilg bl Jwlul dallea) Boost Glojjlga Jeai
C++. il aniey NLP ggpito (1l dy96 GalA] &bl oguyl

spaCyg NLTK Jio wliso p;a.uwlo.w :C++) ulaalg pe) spaCyg NLTK .4
ulle 8anizall GLisoll 03a goa) @b dia Python. (1d guwlwi Jiy
6alaiwll JUA o Pybind11. gi Cython (Jio cilaalg pe C++ go Python
NLP olifo) dull Oligodl o 8alaiwll clioy d2o Pythong C++ (4o
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C++. @pags gl clalll Ulio o 6alauwll go spaCyg NLTK Jio

Eigen gl FastText Jio wluifo pladiwl hyw gngni Julai 23gas cliy
ol Juai bhuuy aigos cliy &6 ciilking dguw owdll 13 (1d
&dgllhall wlghAll Jundiy pdil .Eigeng FastText Jio clifallg C++ pladiwl

.l NLP q3gaj cliy

il .Ul alac] 13 NUP 2i3gas el (18 gugll sginall bl alacl .1
vle (19inj digieo Gl degono goa Al goAn (yagnill uni
iy ol gl auudly (e 63330 Gl U] Jlails gagaj
ag0a0 0219 6392 H§J - a3godl (il yogaill po daAd degano polll
degoao pladiwl paall go 13 Qigadl clal gile pblo JSiy @bl
.0%00 jad psh alsiioll Jhao Jios oliby
ol degaan o9si gl aaay :Glall (uanAs cuiu) FastText pladiwl .2
aauis wllios 1ag «Olalsl (uoas cusl FastText plajiwl clifo, Sjaka
wlogleoll g0 Joleill FastText J 5oy . oo aqio clAd (1a ololsl
Glalsl gua Gllios ples gile hals aleny lao ljall (igimo (ile
9l &all Gl go Joleill 340 138 il Glly (16 jaks U gl
Adeall @l Ola olell
Qujay 05 23gai Jsaadl C++ 1a FastText pladiwl &l (ile Jio clyl
:aiy20 o) dols aaio (ile Jgaallg luuo

#include <fasttext/fasttext.h>

int main() {
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fasttext::FastText model;
model.loadModel("path_to_pretrained_model.bin"); // Load a

< pre-trained model

// Get the word vector for 3 specific word
std::vector<float> word_vector;

model.getWordVector(word_vector, "example");

// Print the word vector
for (const auto& val : word_vector) {

std::cout << val << " ";

}

return O;

Qaioll Juios glajiwlg Lm.Lu.o Q)20 Q3g0s ol pgdi (Juall 13a (na
"example". dals)

oladiwl bifoy 23g0ull Cuyyai a2y :olalSl wlldos pladiwlb (aill Juas .3
QUiwl ol clifoy (Jhiodl Juw gile .pgnill Judaid OlodSl uans
Jalns clisoy gi laay anlall Glaaiol Gllios djléo Gubn e cuinls G
.aloa JS ol olagio huwgio JUA o dloall (1giue gile qyill

U120 Qb uanio gr gugdl Uil ol (18 6a4aall Gall 1aa]
:Jaa)l gl Gl ¢ auluduil
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#include <iostream>
#include <vector>

#include <cmath>

double cosineSimilarity(const std::vector<float>& vecl, const
— std::vector<float>& vec2) {

float dot_product = 0.0;

float norm1 = 0.0;

float norm?2 = 0.0;

for (size_t i = 0; i < vecl.size(); i++) {
dot_product += vecl[i] * vec2[il;
norm1 += vecl[i] * vecl[i];

norm2 += vec2[i] * vec2[i];

return dot_product / (std::sqrt(norm1) * std::sqrt(norm?2));

int main() {
// Example vectors (these would normally come from FastText or
— another embedding)
std::vector<float> vectorl = {0.1, 0.2, 0.3};
std::vector<float> vector2 = {0.4, 0.5, 0.6};

std::cout << "Cosine Similarity: " << cosineSimilarity(vectorl,

— vector2) << std::endl;

return O;
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On Uil (130 Qubd) gwly Glas gile padiuy Ul qliwl Gubéo
.Glaiio gl Joa 9l wlals Jios claaio

Wuini 18 ey cus 13] (FastText pladiwl aill cuini igas cly .4
ayball GUE yin Jiall Juw gile) Guuo 63330 Glia Ul gagaill
uing 23g0i (i difoy (Laglgisily (duwluwlg GAbl Jio wlia yul
63310 uni ailai cuyjyai FastText pexy FastText. pladiwl gaul
Sl panl ol3 gylial) oo hUA pisg ss dcpuw olall

FastText: pladiwl (pgnill cuini (e hauw Jlo el .1
#include <fasttext/fasttext.h>
int main() {
fasttext::FastText model;

model.loadModel("path_to _model.bin");

std::string text = "This is an example text.";

int label = model.predict(text); // Predict the category of the text

std::cout << "Predicted label: " << label << std::endl;

return O;
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il 05 (pgnll cyind Buno Lo 3gai Jueal pgdi Juioll 13a (1a
222 (ail aiall dolls,

Joleill (14 In 62100 Eigen &uifo piwi :Eigen pladiwl Gl Juai .2
clal g «olayliwl olua Jio NLP. plao) d,glholl byl Gllesll 20
Jio olloe clal 16 ey cis 13] .l bl Julés gl (graganoll Julaill
Eigen 1agi .olalf)l Glaaio aagano gile (PCA) duuiyl GlgSall Julas
.62las) U3y obdl aojlll ¢ilgall

:aaganall olloll 14 Eigen plaaiwl Jlio
#include <fasttext/fasttext.h>
int main() {
fasttext::FastText model;

model.loadModel("path_to_model.bin");

std::string text = "This is an example text.";

int label = model.predict(text); // Predict the category of the text

std::cout << "Predicted label: " << label << std::endl;

return O;
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16 lawla 193 CH+ Guslio NUP. baglgiss jghns jlaiwl gog .&ulasll lauaill

.awgill aLlallg clall dJle Jolall pglni
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WﬁwlgﬁmwéiMI Oloj)lgA)l (o 3a=dl GLisoll 038 pads

50



093 ytelanli €Al Qilai el (pyglaod) aui oo «lall ¢un o ll
Janll go egub JX el 6alel) aGakll

daalleoll Jio doadio Glids gygholl o 3aell padiuy clall guuni .2
Ollosll @il (GPU) cloguwyl dalleo 6319 pladiwl duugallg djlgiall
ljlioo laca C++ 4ag, .(rellanll cSall plaa) dglhall LAY dyluall
iz loo GPU. &uugal OpenCL g CUDA (Jio wlgal go «bidil oia

bl ale (nelihnll Sl olduns pglag

959 cliy dalae i CMake Jio wlgal pghni i :ahanll clil dadal .
Ll 1has (le dokill 03a aclws .&alido Cliy pe C++ gylio
Bl 2)uirall (16 bhylg groaill Jalo JUA Uik 28 (gl
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C++. pladiwl (rellhnll o3l 8,61 dliol

C++ pladiwl AU pled Jlo 1

JunAll Jlanill &40j)lga Jliall 03a pigs &I ples Guw (1a CH+ pladiwl &I
L1230l Ul Qs &4d5 pladiwl Gl &egano 2o A doclla) dlnuwll
:JioJl C++. 698 (A= laiy cuwiaisall AU ples paldo oyaai il a8k 038

J2ail jlanill pladiwl giaAll jlassl

#include <iostream>
#include <vector>

#include <cmath>

// Function to compute Mean Squared Error
double computeCost(const std::vector<double>& x, const std::vector<double>& vy,
— double m, double b) {

double cost = 0.0;

int n = x.size();
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for(inti=0;i<n;++0){
double prediction = m * x[i] + b;
cost += pow((prediction - y[i]), 2);
}

return cost / (2 * n);

// Function to perform Gradient Descent
vold gradientDescent(const std::vector<double>& X, const std::vector<double>& vy,
— double& m, double& b, double alpha, int iterations) {
int n = x.size();
for (int i = 0; L < iterations; ++1) {
double dm = 0.0; // Gradient for m
double db = 0.0; // Gradient for b

for (intj = 0;j < n; ++j) {
double prediction = m * x[j] + b;
dm += (prediction - y[j1) * x[jl;
db += (prediction - y[j]);

m -=3lpha *dm / n;
b -=alpha *db / n;
// Print cost every 100 iterations for monitoring

if (1% 100 == 0) {

std::cout << "lteration " << i << ": Cost =" << computeCost(x, y, m, b) << "\n";
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int main() {
// Training data (x, y)
std::vector<double> x = {1, 2, 3, 4, 5};
std::vector<double>y = {2, 4, 6, 8,10}; // y = 2x (linear relationship)

// Initialize parameters

double m = 0.0; // Initial slope
double b = 0.0; // Initial y-intercept
double alpha = 01.0; // Learning rate

int iterations = 1000;

std::cout << "Starting Gradient Descent...\n";

gradientDescent(x, y, m, b, alpha, iterations);

// Final parameters
std::cout << "\nFinal Parameters:\n";
std::cout << "Slope (M): " << m << "\n";

std::cout << "Intercept (b): " << b << "\n";

return O;
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Starting Gradient Descent...
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Final Parameters:
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Intercept (b): 00.
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#include <iostream>
#include <vector>
#include <cmath>
#include <cstdlib>

#include <ctime>

// Sigmold activation function and its derivative
double sigmoid(double x) {
return 0.1/ (0.1 + exp(-x));

double sigmoidDerivative(double x) {

return x * (0.1 - x);

// Training data for XOR
std::vector<std::vector<double>> inputs = {
{0, 03,
{0, 13,
{1, 0},
{1,713
I8

std::vector<double> outputs = {0, 1, 1, 0}; // XOR results

int main() {

std::srand(static_cast<unsigned>(std::time(0))); // Seed for randomness

73



// Initialize weights and biases randomly

double weightl = (std::rand() % 100) / 0.100; // Input1-> Hidden
double weight2 = (std::rand() % 100) / 0.100; // Input 2 -> Hidden
double biasl = (std::rand() % 100) / 0.100; // Bias for hidden
double weightOut = (std::rand() % 100) / 0.100; // Hidden -> OQutput
double biasOut = (std::rand() % 100) / 0.100; // Bias for output

double learningRate = 1.0;
int epochs = 10000;

for (int epoch = 0; epoch < epochs; ++epoch) {
double totalError = 0.0;

for (int i = 0; i < inputs.size(); ++1) {
// Forward propagation
double x1 = inputs[i][0];
double x2 = inputs[i][1];
double target = outputs[i];

double hiddenNet = weightl * x1 + weight2 * x2 + bias];
double hiddenOutput = sigmoid(hiddenNet);

double outputNet = weightOut * hiddenOutput + biasOut;
double output = sigmoid(outputNet);

// Error calculation

double error = 5.0 * pow((target - output), 2);

totalError += error;
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// Backpropagation
double outputError = (output - target) * sigmoidDerivative(output);
double hiddenError = outputError * weightOut *

— sigmoidDerivative(hiddenOutput);

// Update weights and biases
weightOut -= learningRate * outputError * hiddenOutput;

biasOut -= learningRate * outputError;

weightl -= learningRate * hiddenError * x1;
weight2 -= learningRate * hidden€Error * x2;

biasl -= learningRate * hiddenError;

// Print total error every 1000 epochs
if (epoch % 1000 == 0) {

std::cout << "Epoch " << epoch << ", Error: " << totalError << "\n";

// Testing the trained network
std::cout << "\nTrained Neural Network Results:\n";
for (int i = 0; i < inputs.size(); ++1) {

double x1 = inputs[i][0];

double x2 = inputs[i][1];

double hiddenNet = weightl * x1 + weight2 * x2 + bias];
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double hiddenOQutput = sigmoid(hiddenNet);

double outputNet = weightOut * hiddenQutput + biasOut;
double output = sigmoid(outputNet);

std::cout << "lnput: (" << x1 << ", " << x2 << ") -> Output: " << output << "\n";

return O;
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Epoch O, Error: 055.
Epoch 1000, Error: 012.
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Epoch 2000, Error: 006.
Epoch 9000, Error: 001.

Trained Neural Network Results:
Input: (0, 0) -> Output: 001.
Input: (0, 1) -> OQutput: 099.
Input: (1, 0) -> Output: 098.
Input: (1, 1) -> Output: 002.
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#include <iostream>
#include <vector>
#include <cstdlib>
#include <ctime>

#include <iomanip>

// Define grid size and parameters

const int GRID_SIZE = 5;

const int EPISODES = 1000;

const double ALPHA =1.0; // Learning rate
const double GAMMA =9.0; // Discount factor
const double EPSILON =1.0; // Exploration rate

// Rewards grid
std::vector<std::vector<int>> rewards = {
{0, 0, 0, O, 0O},
{0, -10, 0, -10, 0},
{0, 0, 0, O, 0O},
{0, -10, 0, -10, 0},
{0, 0, 0, 0,10} // Goal state
I
// Initialize Q-table
std::vector<std::vector<std::vector<double>>> Q(GRID_SIZE,

— std:vector<std::vector<double>>(GRID_SIZE, std::vector<double>(4, 0.0)));

// Possible actions: 0 = Up, 1 = Down, 2 = Left, 3 = Right
int actions[4][2] = {
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{-1, 0}, // Up

{1, 0}, // Down

{0, -1}, // Left

{0, 1} //Right
I8

// Function to choose an action using epsilon-greedy
int chooseAction(int x, inty) {
if ((double)std::rand() / RAND_MAX < EPSILON) {
return std::rand() % 4; // Explore
}else {
// Exploit: Choose action with the highest Q-value
int bestAction = 0;
double maxQ = Q[x][y][0];
for (inti=1;1<4; ++0) {
if (Qx][yI[U > maxQ) {
maxQ = Q[x][yl[{;
bestAction = {;

}

return bestAction;

// Function to update Q-value

vold updateQ(int x, int y, int action, int reward, int newX, int newY) {
double maxNextQ = Q[newX][newY][O];

for(inti="1;1<4;++0) {
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if (Q[newX][newY][i] > maxNextQ) {
maxNextQ = Q[newX][newY][{];

}
Q[x][yl[action] += ALPHA * (reward + GAMMA * maxNextQ - Q[x][y][action]);

// Function to check if a3 position is valid
bool isValid(int x, inty) {
return x >= 0 && x < GRID_SIZE && y >= 0 && y < GRID_SIZE;

int main() {
std::srand(static_cast<unsigned>(std::time(0))); // Seed random number

— generator

// Train the agent
for (int episode = 0; episode < EPISODES; ++episode) {
intx =0,y = 0; // Start position
while (true) {
int action = chooseAction(x, y);
int newX = x + actions[action][0];

int newY =y + actions[action][1];
if (!isValid(newX, newY)) {

newx = Xx;

newY =vy; // Stay in place if action is invalid
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int reward = rewards[newX][newY];

updateQ(x, y, action, reward, newX, newY);

X = newX;

y = newy;

if (reward == 10 || reward == -10) {

break; // End episode if goal or obstacle is reached

// Print the optimal policy
std::cout << "Optimal Policy:\n";
for (int 1 = 0; L < GRID_SIZE; ++1) {
for (int j = 0; j < GRID_SIZE; ++j) {
if (rewards[i][j] == 10) {
std::cout << " G "; // Goal
} else if (rewards[i][j] == -10) {
std::cout << " X "; // Obstacle
}else {
int bestAction = 0;
double maxQ = Q[{][j1[0];
for (int k =1; k < 4; ++k) {
if (Q[ULj1K] > maxQ) {
maxQ = Q[i[jIIkI;
bestAction = k;
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}
char policy = bestAction == 07 'U' : bestAction ==17 'D"' : bestAction == 2
— ?'L':'R";
std::cout << " " << policy << " ";
}
}
std::cout << "\n";
}
return O;
}
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#include <iostream>
#include <vector>
#include <thread>
#include <mutex>

#include <random>

// Mutex for thread-safe output

std::mutex output_mutex;

// Function to generate random weights and biases
double randomDouble() {

static std::random_device rd;

static std::mt19937 gen(rd());

static std::uniform_real_distribution<> dis(-0.1, 0.1);

return dis(gen);

// Function to simulate the activation of a neuron (e.g., RelU)
double activationFunction(double x) {

returnx >0 7?x:0;

// Compute output for a portion of neurons in parallel
vold computelayerOutput(const std::vector<double>& inputs,

const std::vector<std::vector<double>>& weights,
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const std::vector<double>& biases,
std::vector<double>& outputs,
int start, int end) {
for (int i = start; i < end; ++1) {
double sum = biases]i];
for (size_t j = 05 j < inputs.size(); ++j) {
sum += inputs[j] * weights[i][j];
}

outputs[i] = activationFunction(sum);

// Thread-safe logging
std::lock_guard<std::mutex> lock(output_mutex);
std::cout << "Thread " << std::this_thread::get_id() << " processed neuron " <<

— 1<<"->0utput: " << outputs[i] << "\n";

int main() {
const int input_size =10; // Number of input neurons
const int layer_size = 20; // Number of neurons in the layer

const int num_threads = 4; // Number of threads

// |nitialize random inputs
std::vector<double> inputs(input_size);
for (double& input : inputs) {

input = randomDouble();
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// \nitialize random weights and biases
std::vector<std::vector<double>> weights(layer_size,
— std:vector<double>(input_size));
std::vector<double> biases(layer_size);
for (int i = 0; i < layer_size; ++1) {

biases[i] = randomDouble();

for (int j = 05 j < input_size; ++j) {

weights[i][j] = reandomDouble();

// Output container

std::vector<double> outputs(layer_size);

// Divide work among threads
std::vector<std::thread> threads;

int neurons_per_thread = layer_size / num_threads;

for (int t = 0; t < num_threads; ++t) {
int start = t * neurons_per_thread;
int end = (t == num_threads - 1) ? layer_size : start + neurons_per_thread;
threads.emplace_back(computelayerOutput, std::ref(inputs),

— std::ref(weights), std::ref(biases), std::ref(outputs), start, end);

// Join threads
for (std::thread& t : threads) {
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t.join();

// Print final outputs
std::cout << "\nFinal Outputs:\n";
for (size_t i = 0; i < outputs.size(); ++1) {

std::cout << "Neuron " << i << ": " << outputs[i] << "\n";

return O;
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Neuron 1: 047.
Neuron 2: 000.
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Neuron 4: 084.
Neuron 5: 025.
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