3cdbdsmgd¢ols 0bEgMgzgolol

336MOMYM5390
(Angular]S, React]S)




30 L'IMBIILHII, LOEKGH KMLNJII

dMIbId®HIB0L 06&HISHBINLOL
CHN3HMISHIAIdS
(AngularJsS, ReactJS)

39030690 os:
bEAHM-L LIT  3MBLsEEHObOL
Lsdg3bogMm 39bGHMOL “Lotg-
©5J300 3¢ ga00L JogH

d0obo
2019



3m3bds6mgdol 06O RBgoLOL I3MHMYMTGds (Angular]S, React]S)

ms3 004.5
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bLBIOM, 39MIME, 390-53¢03530900L 93900l JoMOMIO 3MO6E03900 s
3996mma09%0, MMIgdoa Isbd@odomgdoo (scalable) back-end s front-
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React Hooks oBl¢®dgb@ol 2s9mygbgdol 33wg3s 390-03¢03s300L brylBo
500000l 253m3wgbols s AFoMIMGOWMOHMIOL 5To0Egdol 3GMdEIY-
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bsobbol LOHymgsdo, dobo Bbdgombomgdol LEMIR]dgdol Tsbolios-
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0539, 3. LYOYMsdg (M9505dGHMM0), 3. BoBB0dY, 5. 306359, b. fi3gMeody
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USER INTERFACE

DEVELOPMENT
(AngularJS, ReactJS)

This book deals with the development of advanced web technologies, basic
principles of web applications that are widely used. We have presented modern
technologies for building web applications that are used for scalable back-end
and front-end systems. Together with traditional HTML, CSS, PHP and BEM
methodologies we have presented technologies developed by JavaScript language
such as Angular]S, Node.js, Ajax and React]S Freeworks and libraries. In recent
years, these systems have gained popularity among web developers in the
computer software market. They are protected and equipped with a variety of
features that greatly simplify the creation of web applications and increase
productivity. The original aspect of the work is to explore the use of the React
Hooks tool to identify vulnerable points in a web application and solve
performance problems. The result is reflected in the improvement of the quality
of the software package based on the improvement of the performance indicators
of its work.
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»32900136000 bsbgenmgsbo dgpb096G0bs @s bsbmagsm dmezspol,
3689l 09007955 eraemodols bsomger blimgbsl (1955-2012)%

L \v‘iwp 0908965% ©ME0dg ©odss 1955 §. 28
PN 0560606 Jromsoldo. Fo@Bobgdoom ©osdmagms
¥ Lbodwom  Lgmews s 1972 . Lfogws
239603M3m  b-L 30dgMbgBHOZoLy o
258099690000 85079d53030L B53MEgEHBY
,0969%996¢0L  06gm®Isgommwo  Lob®gdy-
ol 3OMMsdMwo  HOMbzgygmBol”
L3gE0semdom. 1983-1987 {jergddo Lffagerm-
005 bobgB-393gMdMMEOL POEOMM-©l3-
@wgmob  $Hgdbognedo  Mboggdlo@g@ol
»000OM30L  Loobgm®dozom  LobEgdgdol"
2130MbEYM5d0, 5939, 033> VLBYOEGHIE0S
39db030L 89360965005 356osEHOL (Ph.D.) bstolboo.

1996-1999 §5. ogm 8390(356M05-bogdoMm3gwmb gMm™mdog30 LsdgoEobm
©0036mbGH03MMo 396G®OL ,,CITO* omgd@mMo. 2002-2004 Fengddo 4050
15393609MHM s LogMMSTMMHOLM BOBBILOL LEBFOMIdS EGIMOBLS (0FEO0o)
©5 @MBbE™BIo ,LoxsMm LsdlobwyMol MIRMEOIOL FoOMZs"; 35G35MmEOL
16039MGLOGIBHT0  (dMLEMbO, obohMLgELo, 583) ,LogFoGIgm d9bgxdgbEo
X96s3330L LgBHMMOL HIBMOTT0: B0BOYL oQ)RToMGdS LsTMNSZOMdM o
9M3L5MOZMMOM  MMYRB0BIGOYJOOLIMZOL". 0ym K boE30L LsdobolEGH®mml
bsBoom bmgwom 356306 3MMmgdBHob ,LodoMmmzgmml  Los350dYmamgdols
LGOI GHMO0DOE0 90TV MWIdIO  ©OMYIGHMMO. dobo  MdsEm
b9ddm3569wmdom 50©yb0wo s A9I0MIVgdM 0dbs 20-Bg dgBHo
15535000453 MBOWOLLS s MYR0mbyddo.

0. ©ME0dg 560l 50-Bg dgBo bodgEboghm BsdH@IolLs s 0bmgzsoMo
36m9dBHob  93GMG0:  xboEzols s IMYfzgermdol 8gbgxdgb@ol Loob-
B0OIo300 LobEgdgdob, 29sfY39GHOWdMS Fowgdol LobEYdgdol Lyg-
6mdo. 2006 §. dobo obogos@ogom 8goddbs 0b@Hghbgd Lodogdm LobEgds
www.e-info.ge. 0gm LogOH®sdmGHOLM Lod3MHoIgdOL, LYdobsmgdol dmbs-
fJowyg 588-0b. OO  BMOGHBINOL, Log®mbygmol, o@swool s Ubg.
J399690380. LEHNM-L ,3OMAMITYO  0bg0bgMOOL* 35009EMOL  3BMBILMMO,
mMBsgbo  ©mbol  393bogMm-3gopmao  996gxagbALS s  3GIMYMT
3936mm09080, 0baolvyGo s GMimo gbgdol Mbsgwmo dmoby,
1BHYEI6HIOOL OO TJMdIMO s ITIM0YIOIWO, JoOMo dmgbool,
Lo8EgHOL s LdsOHMNZgEML CLEGHMOMOOL OO Jndso.
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399mggb9d9emo sdM9305GHMdOL Bylsbs

AJAX — Asynchronous JavaScript and XML
AJS — Angular]s

API - Application programming interface
APP — Applied Software

ASP — Active Server Pages

AWS — Amazon Web Services

BEM - Block Element Modifier

CMS - Content Management System

CSS — Cascading Style Sheets

DOM - Document Object Model

EF — Entity Framework

ES6 — ECMAScript 6

HTML - Hypertext Markup Language

HP - Hypertext Prepocessor

JS - JavaScript

MIT — Massachusetts Institute of Technology
MVC — Model-View-Controller

PHP - Hypertext Preprocessor

SAAS — Syntactically Awesome Stylesheets
SPA - Single Page Application

SQL - Structured Query Language

TS - TypeScript

URL — Uniform Resource Locator
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3309980l dgbsbyd:

205 byGgmemsdg —  Bgdbozol d93bogmgdems @mddm®o, 0bgm@adsdo-

D300l LEgOsTMOOLm 53509300l Bsdgzowo
m §9300 (1994 Farosb, 2590mMLosb sGLYdMwo

e

ITA), ULogds®omnggarmlb ¢gdbogm@o  wbogg@lodg-
Aol 3OMRgLMEO. 06gMmOMTsG030L Bozwe@gdol
»050mM30L 533 MToBH0BgdIMmo  LobiEgdgdol
(3OMa®mdmwo  0bgobgMoob)  s3509d0M0
0935659960l MgBOH™UBo. 76 fopabols (dsom dmemols
16 9mbmy®msgos, 60 Lobgerddegsbgwm), 55 gur-bsbgerddwgsbgmls

5 300-30g Lodg3b0gH™m 653OMB0L s3E MO FsGM30L LyobrmMIsgom
LobGHYOOL, 3OMYMTMEo 0bgobgMool, Fmbsgdms MHgsEoMo s
NoSQL 35%g00l, ©s3mmyMsdgdol 308Mm0neo  $H9dbmemyoqdol,
0803000 IMEIo®gdol, 3gGHMmol BgMoo Jugagdol, Goagdol
09mMHoob s bbg. LygOmdo.

LsbMHM EMEOdY - V.M3MOWo 5.11.1993. 06x8MO5GH03olL dspobEBH®o
Logdo®mnggeml ¢9dbogm®o Mbogg®Lo@gEo 2019
-100% @530656Lgd0m). MBOEOLOL Moz30LvRs-
wo  9boggdloGg@ol  ,domgdsGozols o
3033099 d93bogMgdsms bgmens" (100%-
©5530656Lgd0m),  3m330E0bYOL  BS3OE3M0
(2011-2016).

993U LobgsMysmgmol s LodoMmzggurmls

306039030 3FomdOL 3M5JGH03MWO A9TMEPOEGDS 390- o ILIGHM3
LoLEYIGOOL 39w ™M30baol  Lygdmdo.  39MdmE,  FovGObO,

0939035005 (03-06. 2016), Google-U Software Engineering Intern; 3065000

(09. 2018) Flexdealer (Toptal), Senior Full Stack Developer; mdoobo:

»Alta Software® (20117-18) s ,,Vidal® (2012-16) - ©@939™3960.
A976037900 #bs@980 - TypeScript, JavaScript, C #, Java o Ubg.
06909glgdo: React, Node, AWS, Docker, Rx, GraphQL, Redux,

Functional Programming, Event sourcing.
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dglsgogmo

36OHMAMsdwo  0bgobgools bgggOmdo  sdmygbgdomo
3OMyMs0mo MbOWb3zgymgol (Applied Seftware) sbvy glgz@m3-
©5  399-93a03530900L6 0O  3MMmgdBHgdol  ©s0v)dsg9ds
360036903560 d005OmMw@gdss [1]. goblo3m®mgdmewo ygmmomads
993930 o 300G 53wo LobEGIol LimeMo FoldEedoMgdol dgmbgzol
Logoombl [2]. 0go, OHmamOs Fabo, Mbws ooyl s3Hmgd@gdol
90530L  ©fygds0g, o0  (33Wwomgdgdol  obbmMEogwgds

36M9JGHoMgdol LG gdol 90gy 3o30wgdom IgE ©OML s
boMxgol Imombm3L.

0ol9BHod0Mgds - (Scalable) sGOL 390-53¢035300L 3OHMgIEOL
©535bslosMYdgEo  ™M30LYds,  GMI  dsb  Jggderml  msgolLo
d9L59gdMBGOOL  QORIMNMYDs sboero Bw9bJ309d0L  Fgolisdsdobo
9 go0oL HomEgbmodol 4sBHOm, HMIWgdoE SLEWMEgdl 0039
59m39690U.

36Mm9dBHolL  oLIFGB0MYds  MMMo  3GMMmEgLos.  SMLYdMBL
35193 od0Mmgd0L Ldgdgdols s IgoMEIdOL oo LodMsgang: front-
end, back-end, database [2,3].

¢ front-end: sLME0MHEIDdS IMIHT>MGIWOL 0b6EFIORIOLE (390-

LobEgdob 3¢09gbEHOL TboMygl), ob, MLSE BN HBIMO J0bLIEXIMBL s
d9mdewos 93056y godm@obs 96 509985390s. SLigmo  LobEgdgdos:
HTML, CSS s JavaScript.

— HTML (Hyper Text Markup Language) ¥®om®gdl offgol
33900l 39029600MdL, 3535 0MS, LsMoMEO,
356536M5530,L0s, 9gdgbFGHJO0 s 5.9.;

— CSS (Cascading Style Sheets) 365D gOL 3560bsbMBL 0¥y MMAME
sbobml  gamgdgh@gdo  930sbby.  Fogomoms, 300390
3oM53Ms530L 999009 50B30 25 303Lgaro” 56 ,body gargdgb@do
doosbo  GgduBo ogml @ubxo ©s ©sfigMowo Sylfaen
gmbGom*.
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— JavaScript 9dg3l  dGOMBIOL  JoMOMYOIOL, M) HMYMO
00mgdgmb 4960339 dm3wwgbgdbyg. sdolsmgzol 0o 0ygbgdl
©3OHMAM53900L Abwydmd gbsl s 330l 93cbBY 939MOL
FogmogLb.

e back-end: sbmgo®Egds LsoGol ULgMgzgmwer  dboGgbmsb -
LyMH30LoL Loboom. Y439woexgmo, 6oz dwxdomdl LgMzgMby (s Mo
065MBgHBY) 96 3MI309BHYHDY, HMBgwog PsGmeos 0b@gmbyEdo
Q5 35Uvbdl bbgs dmdbToMgdgErms 3gMLMbI Mo 3nd30wEHgMgdoL
dmmbmgbgdl. BackEnd - obomgol a59moyggbgds Lgezgmhbyg sGlgdmewo
9439ws 0bLEBHMYIYBEH0, GMIgwoi MHOHWb3gEymal dg@ymdobgdgdol
9dLobmEgdl. o 25m0ygghgds  a3MHMAMmsTGOolL  MBogzgMLsEIGO
96g%0: Java, JavaScript/Node, PHP, Python qs Ubg.

e Database - 9mboggdoms dsbHgdol  FoGmzol  Lobdgdgdo
399m0ygbgds  bgM3zgMol  FBstglh  a3MHMAMmLTJOoL 9690096 o
399602090056 9P ™s. 9 FM0sHEMYGdS Mgos30mo s NoSQL
dmboiggdms  dobgdo: MsSQL_Server, PostgreSQL, Oracle, MySQL,
MariaDB, MongoDB, Cassandra o bbg.
> front-end 5 back-end MMH»0gMH»MJdggd0L LEBHGWIEMGS:

sMbgdmdL front-end s back-end -0l MOMOIOIMJIgJdOL
65996039 doM0mMs©O sMJo@gdEMo:

o b9B39Gemo  s3amos0980: 53 8gdobggzsdo  HTTP-
9mbm3bgdo 306306 gabogbgds LYM3xOWIM 53035305, brmm
193960 35bMbmdl HTML-3390@00).

000g0o  dmmbmgbols  Logwdggwdg  LgMggho  9dgodl
068mM5305L IMbsggdms dsBsdo s Fggal 5mo3LgdL  3sbbols
Fodmbdo. OHMmEs 343900  BsBH30MMME0s  dMsmbgMdo, HTML
296Lob3GM3L o G5 Mbos ogmb bsBggbgdo (DOM - Document
Object Model), CSS — 079 G Mbs 4sdmoymmadmoql (CSSOM -
CSS Object Model) @5 JS - g439ws bbgs Jogoqde;

o 30060 AJAX-000 (Asynchronous JavaScript and XML):
065MBgHdo BoBgzoMmweo JavaScript sgHogbol HTTP-0mombmgbsl
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(XML HTTP Request) 3396©0b d0ab0oob s 0gdwemdl XML-
3oLvgbl. godmoygbgds 1939 JSON gmMIs®0;

* 30969980l 9(0839m05b0 53e03530980: AJAX 0dwg3s
L5395 gdsL  Bs0GZ0MMML  dmbs3gdgdo 439Ol 33EoEgdol
2909d9.  gb  9dgBHgLo  290moygbhgds  obgm  BMgodzm™M39ddo,
HmamMo3ss Angular s Ember. 5{gmdol 9999 sLgoo ©sbstrogdo
03536905 ¥ BgMHT0, bergwm 300096l TbsGgl (dGmBg@To) 30
LOHMEEgds  Bgdolbdogho  ImdEgzbm  Mgbgmobao  (DOM-ol
30Bmo©o FoMmdmygbs). o front-end MG®MOgOHOMBL back-end -
056 HTTP-bo93x9d39¢0bg JSON- 56 XML-35L¢9bgdol gsdmygbgdood;

o 9960396b5¢v50 / 0bIMGRImO  53¢03530980: BMFOIONO
000E0M™MY3d ©5 FMHJodzmM30 (Fopooms©, React s Ember)
L53995¢gdsl 0d¢g3s 53035305 LML MrmameE LyM39mHBY,
21939 3w0gb@bg. sbgm ML front-end -ob 3ogdoMolmgol back-end
-6 53035305 094gbgdl AJAX-Usg o LyMzgmBY oLETMTs3z9dgm
HTTP-U;
> front-end o5 back-end -ols 56939

o 539mbmborto  front-end: 39d-5303530900L  259mygbgdols
9%39dBHWOMBOL  gBo-gMmo  dobsbosmgdgwos  omo  JugEosb
d0gmhmgdol 930 gdWMds.  3OMAMILMO  390-93W03530900
dbmemE gohmbge Bs0GH300HmMIds ©s 99909y dmTdsmdl 3mdogzs.
0651 HgMdo  godmgds dmbozgdoms doBol dgbobgzs. 390 53035305
©3bFoMmEgds back-end dbmeErm 306390 BoB30MHmM30Ls s 90y
9b5(399900L LobJOHMBOBsEOOLS / sE30LIMZOL. slgo Fgdmbgzgzsdo
330353006 ma030L oo  bBsfowo  sbmogligdmmo  0dbgds
3w096E 0L dbstgl;

o Jbndeydo back-end : ©OMMS 3o63s3¢mdsdo back-end bgds
b MRde dbwyddo. ©mIMTg6EHIOOL boEaggdols s dmbszgdos
3058390 35HIOOL 3gdbmeEma0gd0 LogMdbmdsw s330Mgdgb back-
end -6 0900sOHM30L  MoMm©YbMBdSL  Fmbsggdms  bgwdgmeg
996093009006  BoBbom. Jogb@GHol s0mEsbss  AobLIBOZOM™ML  m

11
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HmIgeo dmbozgdgdo bFoMEgds ol (RMoxMeEro 3d), 6 s8MmoPMml
dmboggdms  gzgms  aoblibgeggdao g3Msadnb@o, Mmdwmgdog dob
mbs. Gglodergdgeos back-end bgdHgobgool 8gddbs, GMIwgdos
0domdl 5M5 Ymzggermzol, oMsdgo MHmEs Logo®Oms. o5 dmTomdl
MbIOH3IOM 9OJoBIIBHMMS, OHMPMMOEss Bo3owoms, AWS Lambda
(Amazon Web Services);

o 5®3dpxn00m  bsbmyhgdo: aodmogmomo  59m3969d0
d9Lodgdg0s RO YOWEIL front-end s back-end -b dmMHob.
030353006 Lobol  Gglodsdolo  godmmgzwgdo  dgodwrgdes
2396bmM309w@gl 96 LyM3zgHBY 96 3wogbEbgy. MO0zl g3l Mogobio
Q©5JOOMN0 S NYotygmzomo  dbsMggdo. LgMzgMo  FgsMIOOm
LG9d0EIMH0S @S 593L 9@ 0 MHGLMOLYdO. FoaMsd 00 bvyew BsGMEo
Mbs 0oyml  Jugardo. 8GMogoero  ImabIsMgdgro  04gbgdl dmerm
396000l dMIMBYMHYOL, GMIGdoE LIRS SO gdgb Gormem
23950030 g0LOE Y 99300 ¥3gMIBO 0bGHYOBJOLYdO.

» Node.js o0l back-end o« front-end ?

Node.js 360ma650m0 3eo@Bm®ds 0030056 dgoddbs Google
Chrom-ob  JavaScript = bodwdocm  @o0gdmbomgol  LfsGono s
35193od0MJB50  JugWMMO 5303530900l  FoMEH0Z5  SLvRJOS.
dobo V8 dgltrvangdol dgdobobdo, Hmdgaros ofigdowos C++ gbsby,
MBOHMB39wymxl JavaScript 3mob 300030¢0Mgdsl dobJobw® 3mdo.
Node.js 359m04qbgds doBroms@ao@ LgMzgMol dbstgl, MGmamea back-
end. 9glodergdgeos  dobo  9o8mygbgds  sbggg  mdbIsmgdWOL
dbotgbsg, Omam®s front-end, Jopa®sd 56599MM3Zg SJBHIOCGHO
96g00L  (Bspowoms, Angular s bbg.) 3m3wmwsdmer ob@gmhygo-
1gdTdo gl sMds M93MmIgbIdEO.

Node.js byl  <fiymdl  JavaScrip-ob  9glodergdanmdgdols
2985MmMgdsL  C++ o Ubgs gbgdol  goMg  d0dOwommy39d0l
doLogMmgdo [4].

om0, Node.js 3580m0ygbgds doMomaowao@ LyMzgmhBby, 390-
LgH39MOL OMeEdo, FogMsd SOLYIMBL sbgzg Tglodergdermds dolo
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L5395 g3000  EIUIAHM30L  BobxOMWo  BIOMDIOOL  SLORJdS©
(@opqdooms, NW.js s App]S) ©o 80360m3mbEHmmmg®gdol
©3LI3OMYMTIOWSE (oo, tessel da esprunio) [5].

Node.js 3as@Bm®mIsL Logwydzwo MI3L dmzwgbgdbg-
609bBH0MdMo  3MmyMsdomgds (event-driven programming) o
bobJOmbmwo (b6 MgodBomeo)  3OmaGodotmgds  (reactive
programming) [6,7]. B396 50 Lo300mbgdl Bmdsgzodoi dsbgzobowsgm
IBOM EIGILYO>Q.

§0bs9gdotg bsdMmddo obbowrmos mobsdgmmgg 39d-
3996mma0gd0l 3963005090500  L@gMm.  390-53W03530900L
doMOMOEo  3M0b(303900,  MMIMIBOE  BIOMOM®  39dm0ygbgds.
533300905 JBgWMsb 53538060900 dMfgmdowmds, wgdEm3o,
3sbgBo, LIOGHRMbO s 0bGHYMbgBHTo Tglsbgageo 3GMYMHBs
(internet browser).

Po60m@pqbowo  agod3l  sa®gm3zg ol 09bsdgdmgg
39d6mma0900, MMImgdog Tom Fgboddbguo  ds9moygbgds o
3dBH MO0, Hmammogss: HTML, CSS, PHP, BEM d500m©@MmEmy0s
[8,57]. bmm y3gmsbg 9003560 MLz B3gbo Bsdmmdo dmogagl gl
3obwogm Angular s React]S Lob@gdgool gobboangs, HGmIwgddsg
00bomby  Lo3dom  3M3NMEOMMDS  TMO3M3d  390-I3YM3YMH YOO
(Bob.1). obobo @sgMwo s IHz5¢0 BBJ3000 SO FMOZ0WO
L53995¢0989805, HMIWGd03 390-53035300L Fgdabols LogMdbmdws
505MGH0390L6 @5 99dxmdILgOL  APoMmIMGINHMOOL ST gdols

®35¢LsBOOLOm.
Angular Angulards React Laravel

Bsb. 1. 3m3vyestryemo 390-8MY0dZzme 3900
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05650900039  3gdbmemaogdl 05300  OIBOT  o
MSMYMmBomo  dbsMggdog  gooBbos.  JoMaos Togocoms© ol, Gmd
30MBorm®o  A5oLoboIdOL  25IbEOLMZOL st  wfig3m
55000690l 30630 9EHME 50w gddo Folgws s M0dgddo M,
50090 506036 wo  Mm3gMoEool  FobbmemEogwrgds dglisdagdgaros
A9mH3oboegdol  Lodwgowgdom b MPMmIwm©  0bGHIOBYEHMD
Bor070 dfgmdomdgdom.

MoMympomo  dboMmggdos  ob, GmId o msbsdgrdmgy
3996mma090L bobobsb botgzgBgdoE sbolioomgdm, s s3Mgm3Y
9439woBY 0O B30, M3 Ggdbmemaogdol 4sdmyqbgdsl dm3ygzs,
gb 5oL 3mEbowo  YMOMOgHMNMdJOIOL  hobozergds  Ggdbozmeo
L5FMogdgd0m v  LemEoswo  Jugwgdom,  FoOGHMSWMHIS
159goM™Md  Mgoermdsl  dmfgzo@s 09300  5sdosbo, MOl gsdm
LSBEOIOAIOJN 99339 5OBYOMBL 33MHBIMBOL (303gd0 LME0SC NGO
JB900 535IOIE0 5Q5305bgdOLMZOL [9].

©OgoLsmz0L  3m330vBHJAME  IMFYMIOWMBS© 95T GHM
396LMbsmmo  3m330MEHIMH0 b gdEHM30 TmosHMYds, 9MTJ©
LIsOAHRMOYPOE,  MMIgdog  FgoMg  bBmdol  3MB30E OO
9fymdomdgd0s. dg0dgds 408m394mo mMo Lobol dmmbmgbso
3OO 53035305, HMIWYIOE BIMOM® TMobdoMgds, gbgbos
LIoMBHBMBJOOLMZOL 9633600 s3¢r03530900 (Android, iOS) s
390 9303530900 [10]. 3MHMaMms30LEHJd0, MMIIdoE gHom-gMo b
®mM039 LBIOML BEMdgh, 8500 EsLEJIJIOL 3OHMIWGIs 56 5J3m,
OHmamO3 Mgbmgmdo, sbgzg B396L Jggysbsdo. Mo mdds Mbs, MmMogzy
Lg3gHm 360893690Mm35605, MO39 LBIOM 3OMYMSB0MHIIOL (3EBSL
dmombmgl, mwmdgs 3MmaMmedomgdol 969d0 s  GHgdbmemyogdo,
G0dgros  09939m00m  bgds LsOEGRMb s  390-331035(39000l
99Jdbs  goblibgoggdmeos. 1939 LISOEHBME 8303530900l dgddbos
android bLobEgdobmzgol Lb3s Lodwowgdgdom bEgds, ios obmzgol Lbgs
[11,12].
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B3960 Bs8HMT0L Lo33wg30 09353 03d, MMIgEog 9mdEgabm
539000  0dbgdo  qobbowramo,  gbgds  09bsdgotmgg  39d-
33¢00353090L, 500  gob3000M9dL, 253MYgbgdsl, 0bEgHhgzgolgdol
3bsaoDBl. 1) 50MY 390-93¢035305 FMMRJOMo oym desktop GHodolb
03605690%g, ©W3sbg ©wl q.f). responsive web design ob
L53995¢g300m  IMOYGOMWos  bgoolbgs bmdol 93¢sbgdby, Mg
QOO IGO0 TbsMYs.
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I 0530: o gHo@nvyemo dodmbogngs:
3519 BHod0MGBO0 390-53¢0035:30900L 53900L 0bLEHGMTBGHW@o
L3995¢09d900L sbsgrobo
1.1. 399-239M00, BSOG0 5 33O 3SEOS

396-839(0©0 R0 gdoL JODMOOMDSY, Mm3gos
239600393 os  LghzgHhbyg, Tobosb  Fzomdobomgol  LoFoGmms
dbmwmnE  dmfgmdomds,  OHmdgmog  BsGommwos  0b@gmbg@do
(LBsOEBMbO, 3¢sbdgBo, WgdGHM30, 3gMLMBIMMO 3:330vGHIMO).

396-bsodo 5oL 390-9390@gd0L, bLrIMImgdol, 30009Mgdol S
9.0. gHOMBE0MdS, MMIJWOE 9BHZOMOMMW0s gho b Ms8gbodg
bgM39MBy  ©d  BMMIgos, B39MWwgdcmo3,  bgwdolsfgmdos
06¢gMbg@om, A9wggnmboom. HTTP/HTTPS 3MBHMIME0L
Lodugorgdoom [13].

dbmywomdo 30639wo Lsodo 990ddbs 1991 b, 99ddbgaro
G0d d9MbgOL-o. Fsbdo gobmoglgdero ogm 0bgm®Tszos Sbowro
A996memaool dglsbgd World Wide Web (WWW) (dbmgeoml
GO JugEro). 0bgMOHTo300L 49393 oxdbgdwywo oym HTTP
36OHMGHM3MEDBY, bnwmn bsodo gddboo oym 390 36OHMAMToMIdOL
HTML 9b65%g. bso@bg sbg3g gobbommemo ogm 390 Lg®zgob s 390
0651 HgHob Imdomdol 3006303900. LyoGEo s1g3g AobEs Abmgeomdo
3060390 063gMbgE oGO m0, MoEysb dmy305690000 BdgMbyML
@00 dobbg Aobomsglio Lbgs Lso@ol dolLsdsOmmMYdO. Y39esxkgMo M3
boFo®m ogm 3063900 LsoGol  sbsdvdszgdms  ¥9Mbgdl  wod
3930000 5©6Mg 1990 Fgrlb 89gdbs. 9 OML F9oddbs 3oGzgwo
39906M59DgM0 @S 30H39Wo LYMZ9IMHO, HMIGEo IRIbgdIEO 0ym
NeXTcube-ol d5Bsbyg.

398-53¢r035305  SOOL  3w0gb®-bgM3gOHMMO  53E03O30d,
Omdgedog  3ogbBo 303000y bgHzgdl  dMOMHYMOL
399mygbgdoo. 390-LgM3960 35lwboldagdgEros L3960l
09935005bg. 390-93¢0353000 My035 3obsfomgdmanos bLgMzgmbs s
30gbGL  meolL, dmbszgdgdo  0bsbgds  MPgBglo  LgHzgmby,
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0683mM5300L 933w bgds Jugeol Lsdowgdom. 53 doymdol
JOD-gMHM0 M30M5GIMdsS 0L B3JBHO, OMI 30g6GHIBO 9O 5M0H
©50m30090wo  3mb3MgGHIce  3mdbToMgdgrms  M3gMsEowge
LobGHYBsDY, 900GHMT 390 9303530900  3WIGHRMMT>0STMOOLM
LgM30LgdOos.

390-33960 99905 MO0 INs350M0 bofloroligeb, HMmIwgdlss
9hmgdso: Front-End oo Back-End. gobgobowmo 1.1 bsbsbo. 6ol
§968050396L mommgmero dsmgsbo ?

Front End

65b.1.1. Front-End o5 Back-End

Front-end 560l 390-53e035300L 0ob bsffowo, G@Iwol sbabgs
9ol 9mIbdocmgdErgdl Igwyderosm. 390 - 3H9dbmemyogdol L3gEos-
@obGHO 9903 gds BermdEIL Omamea front-end sa®Mgmgg back-end
dbotgl, mwdEs dgbodergdgaros dbmermE gm0 900sMHYGdO
0ymb  9630m5M90o, Tspswomo front dbsdgl, sbgomo bobol
L39E0sobGHL, dga30de0s front-end Y39 ™M3gMo 3MfimEmo.

053063 993300005 300d350, M LooEob 30D MH
dbstgl oo 9x8gd@oL dmbgbs dgmdwos 3wogbGbg, Mo 0dds
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Mbs  Lso@ol 1393080353  PoLomzseoliobgdgwos,  sMlgdmMdL
L0 G gdo, 0539W0MSQ 6039MLoEgGHOL 99dGHOMmbmEo
gm@boergdo,  OHMIWgdoz  30DeEGs©  dgodergds oM@
2499000 gm©b9b, J5000 IN5356MH0 Fobsbos LoLEMSEY, s bLods®Eogg,
30050MH0  9839JGHJO0  IEZ0OMZs Lso@olb, dob LobMmsxqby
MOMYMB0MOE S50bOHYds, MWI3s ) boddg 230d3l Fomsro mbol
9mb5399900L 3M3309BHIOD s Bogoe LobJs0sb 0bEgMHbgEH™ME,
5060860 3OHMdEgds Bod@oMGms© d99dhbg3gw0s, FogMsd Mbs
23930035¢0LHobmm  garmdo®o  Imdbdomgdergdo, @S Jomo
Mogbgo, o3 dgdombggzsdo xmdl LooBo ogmlb LHOmsgo. 0mdge
3099956 dbsMgl, ©oo 860d3zbgermds  5d3L, OHMYMOE 339
203608b69m, ) Lso@ol back-end dbsdg (H@Igerog bgHgzgMol Fbamgl
§o63moygbl, s BoliBy IMa3z0569000 30¢s35615390m) Lom3gomglcm
©Mmbgbgs  IgbOyargdyero, 8oa®sd LooGol 30DsEGo  dbotg
0md39w 900y, 96 96 MOl 3oBWoEMMe© AsTsMYo, d500b6
39230005 9935000MOM™ 35600 dMo30L s Bmbs3gdgdol Bobdobsls,
H0Iol 30HBMowrMo oMy o6 555350093005, 96 3sbsdgM™MZgMdSL
56 899Lods3gds, d0mbgszs 0dobs Folo LodsMm™Ms30 9GS bowrwwo
Bofogdo  as0sMmenos, SEdsm 3MmGs MY dmodgdbgds olgoo
0903990l Bmeol, 3063 Abaogl  93GHMIMBdODBY  FgohgMgdl
393963, 996  dY4ozgo  JoMOMII®  I0DbEFHIMGLGdIY0s
OHmamO3 30D Mo, Slggg dMogol s bbgs dogs bBoffoergdols
23595OMMEOMIOm.
Lso@Gob front-end dboGol sIbBoIds bgds LsTMsEgdgdom,

OHMYMOOGOS

e HTML

e CSS

e Javascript

oMbgdmdL Angular]s, Gmdgerog JavaScript-ol gogsMmMmgdOmss

dogdmo. ol sp®mgomgg front-end ©9Y39™3dg6EHT0 FMOSBOYDS.
50b0dbmwo 96900 FoMmBmoygbgb LosoGol goBwWswMMo TbsMol
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999060l Lodmoegdgdl, domo  fogombgzs  bgds  0bGgMbyd
0M59HgMgdol  HIsMGPdOom, MmEabsg 0bFGHIMbgd dMembgHom
39bgbm LsoEOlL 453 dsbgdsls, Topswomo© 06GIMbgE dMsMBgMOL
URL-80 ofjg0gds http://www.gtu.ge ©mdgobo, 9sboob @s3ogdomy-

00bsl, dmbEgds LYM3xMBY sOLYdIMEO BooEgdMSD fzmds s Bzgbo
dmmbmgboll  FqLododolbo  Imbs3Egdgdol  godmaBagbs  ,sMbom*
Omdgwbsg HITP  3Om@Gmzmmo  gfmgds  (Hypertext Transfer
Protocol). o090 obgbl hypertext ol Bsdm@zoMmzsl  A3gbL
06 5BgH 0.

Loygm@o®gdms 3®M9m3g TypeScript - 3MMyMsdoMgdol gbos,
Mmdgerog Microsoft-8s 2012 ool Fomdmoaobs s 3gd-s3w0ogzsezool
501 853900L  0bLEHMIgbGH0s, MHMIgEoE 3ME9L©Ids Java Script
Developer-ob d9bsd@gdemdgdoo [15,58]. TypeScript-ol o3GHMmM0s
©sbool  BHgdbogmeo  MbogzgMloGgdol  3Gmxglmmo  sbogML
390090 (Anders Hejlsberg), Gmdgwdsg 0sbs8g 894dbs Turbo
Pascal, Delphi oo C# [16].

TypeScript o3Lgds0s JavaScript-0sb @  30330¢0MHYEds
05130. 53odBHMBM0350, 3MMYM>TOL 3MI3owsEool 9999y TypeScript-
by 0go  0990dwgds  dgbeyergl  BgdolLdogH  0sbsdgMmay
0Mobgmdo b6 asdmygbgdmer ogdbsl Nodejs  Lg®zg®ob
3Wo@GBMEMTsbg.  3mI3owoGMmMol  3mo, OHmIgmlbsg  TypeScript
249003453 JavaScript- 9o, 3039w gds Apache o3gbbooo.

TypeScript oblbgo39ds JavaScript-Ugeb  GHo3gdol  boo
ULEHOGH03MOHO0  B0TBMEgdoL  TgbodEgdermdom, LbEOWERILMZs60
3olgdol  2sdmygbgdom  (BMAMOE  GHOIOEoI  Md0gIE-
™mM096@0MgdMwo  gbgddos), 1939 IMEYIWGOOL BRsOMZ0m, GO
oBJoegdl  s3v9ds3900L  IOMEILL,  5ToMGH039OL  30Mb35EMBLL,
953959 BHMOH0baL s 3oL IMZ5¢OR MO  2o0mygbgdsl, saMq039
99300MIg00L 30365l ©s3v)8539d0Ls s 3MT305300L 9BHO3goDY, O
F9B50EM5 E9BJIOIMl 3OMAM53gd0L FgliMmergds.
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390-Us0@0  Fgagds  93Mgm3g  3wogbGHOLm3oL  Mbowsgo
dbotobgob, GMmIgwos, LsoGob BMbJz0omboMgdsl sbYbL, Topa®sd
05350 3009bGHOLMZ0L MboEIsg0s, F5350m9© 50bodbmE Lsodby
0930 dmgzsbgbo dgbol 3mbd@Hdo ,Lfogargds” eFghol, Mbowsgo
dbotg back-end dmobgbl Bzgbo dmmbmgbols ©odMdsggdsl o
900gd9e dggal 399Mma3039bL B39l 0bEIMbgE dGMsmBg®To.
Back-end 96905 3tm0sbMgds:
e PHP
e .NET (C#, VB)
¢ Python
e Javascript (Node]S)
e Actionscript (Flash Media Server)
e C(CGI)
e FErlang
e oh, and SQL for db queries
* o5 lbg.

Bo0MbomZo0 56 560l I3069, o000 458myYgbgds 3m©bol o
1393093030056  2o0mIEOoboty  dgodergds  dmgsbobmm, 0w
3MMAMm5doLAH0 o6 56Ol TBMEXwMmE gHm  3MMYMFoMmYdOL 965y
©59M3000g00, gl 35005 08 dbGOOZ HMI oMMy bso@l dolo
90655MOL0L  2odmI0bsmyg, Tgodergds dobomgol dqlsdsdobo gbs
393990B0mm s dobo FoMdoMmds ©939malo 0ymb, dsgswomse PHP
0520305 godmgoygbmom Node JS. owdgs, Gmogbsg back-end ol
9393960 IMo35¢ 9babg P, s3sLo3 9d3L goMm339ero dobmlo,
00 990mbgg3580 099 yzgms 9bsbg msbsdsMo s sMd LowMdobgwwo
3MEbs  od3l, M@GMm  v3gmgbos ol BEAMToMYMBS,  OMEILIEG
Omdgeodg  gbol,  dogoeoomo PHP  doMgmwo  germdl
3603M590LGH0, S DML 9690Dg3 9d3L dgbgds s FoMmBmeagbs.
LodmmmE  993300wos  3md3zom, MHmI  booGo  FoMTmoagbl
33035305, MmMIgerog 89a90s  3¢09b@obm3zoL  bowrme o
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303bds6mgdol 06O RBgoLOL I3MHMYMsTGds (Angular]S, React]S)

mbowog IboMggds, 0¥y ©o3L3azm Jombgsl, MMIgwo Jomysbo
MBOM 3O0MOOGYGHM0s ©d LsFoMms, F9a300wos 300d350, O™
5059 39IHOOZ5 35LYboL A53gds SMLHMMO0S, MIYPL SOLYOMBL
LsoGob  LygE0803900, O®IWIRBY3 30BMswGo Tbsdg MBOM
0608639035605, @5 9MLYOIMBIL  Loo@qdo, GMIwgdbys Lydzgm-
3ol 56w back-end ©939™3996EH0 MBOG™ I6086390M35605, vy
Loddg 23943l FooomoE 0LYD LEOGHMB, OMPMMOES BsomYIdOL
LoMg3eodm  @o  Mbwsob  Towobos, 8sdob Mo 0dds  mbo
3600639¢ 35605 dobo EOBsobo FmIHIsMYGdOLbM30L, Bmwm vy
Loddg 339343l Lodogdm  LolbEgdobmsb, dsgswoms Google ®ob,
3B sdgmMabbdgdom dobo gobmsemMo TboMmg o6 4sdmoMbg3s
Logsdsbom, mndgs  dobo  B3gE30n0300s0  5dmBoboty o6
dmombmgl HMI 30D 0gmlb ©sGHZ0MMMWO, MoEysb dobo
000035600  ©ob0dbmgds  gobwsgm  LHMexgs  9modgdbml ol
0683m®0s300  OHMIgbsg  FmdbIoMmGdgwo  9dgdl, s FJowgdMEo
3900939003 95030350 0g65L sLabEo 390 - dGObyMTo.

1.2. 30396-¢9duBgdol dsMzo6Mgdol gbs - HTML

Omameg 50360d6gm, front-end bsffoerol dqladdbgwo geMo-
gomo gbss HTML 8s63069d0L 9bs. ogo d94dbgls 1989 gl [17].
3923000005 3mdzom, MM 00 oMo qbl LooGbg Asdmbo@sbo
0b6gm®ds3ool InfalMoggdol Lsdwswgdsl, dobo Hgdol Lob@sduo,
9699 HoLASBsE F9aqds 90l 9.§. BH9agdo.

AI98960 - 0fgbeoggdeo  bsdMegdss  0bgm®mTsEool
2300mbsBobo©,  Ggaolb  Fgms  bogds  3Mombmgzsbo  g®Bbowgdol
Lodwgogdom, <html>, qbss 303500 By, MMIoms3 0fygds html
©M32999630L  o0fgho s 9vY30wgdgwos dolo IbYIMZs  Sbgmo
Lboboor </html>. 5649 Ggagoderos 3mdzem, MM SGLYdMIL fFyzowo
392900, ™I LFoMEads oblbs s  IbMMZs, bmenm
0bgxzm®ds300L s Bb3s BHgygdol dmmsgligds begds 4oblbs abm@mgzals
dmeob, sbg3g olgm BHYRgdo, MMIWGdoE 5O MOl fyzowo Lsboom
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fom3maqbowo, s LFoMYdS sb¥MZs, SBYX0s FoddowoME <img>
OJR0-

0m30Yy35bmm 9306y  ogowomo, vy OHMME  dgodwgds
23990m303)96mm  0bgm®mdozos  MbogqaloGg@oL  dglobgd, obg Gmd
392900 LHmOo 300m3099bmm. 9og90ms® 339J3L  06gM®Ts00
1b6039MLoGgGHOL A39bl Tglobgd a39MG@OL, 30639 Mogdo dmgzoy-
396mm html ©M3499630L dmogz5M0 boffoengdo, gl gobersgo Head
3920. MMIgEog LooGob ob bsfoos, HMIEol 0bxm®mTsEgos oMo
title-b, gogBHMOM0350, MHOELZ0s JWOIBEBHOLMZOL, v 56 AobLbOL
139309090 LMD BMTHTMGOIO 3MPL S 56 Bobogls.

Head-do bgds gmb@qdol, bowmgdol, b3mod@gdol 9gdm@ebs.
B396 990mbgqzsdo dmzgobobmom mMo dmsgsdo Ggyol dg@sbs head
39200, gb gobrsgo <meta charset="utf-8”>, g oMol &Hga0, HMIgEos
9mobgbl  ©M3mBgb@do 000l  goblsHmzMol, MmE  s0bsbml
JoGMo  boddMW™gdo ©s ol LoddmEmgdo GMIwgdois utf-8
mbo3ml dogzmgbgde.

99000930  aobmogm  <titles</title>,  @sbdo  Fg@EHoboero
0683mM05305, dGMBYMGdTo OHMymMgdoEss google chrome, mozilla,
internet explorer, ¢s0900l ©olobgErgd9ddo 89a0dw050 OboEw M.

90936m 8053500 bofioo, HmIgarog dGemBgMdo Bsbl, glss
<body></body>. Bod@mdM0350, gb LsoGHOL ob bsfowos, GmIgwos
dmge dmbs3gdgol s LsoEOL 30D H TGl FoblabrzMIgL.
B3gb 890ombggzsdo, GmEabsg  a3LIOL,  G™I  499m30EHbMmom
0bgm®ds30s  Mbogqalo@gdol dglobgd, ©9a330MmYds  JOM-9OMO
00053500 390, MMIgEog gobwsgo heading - Bgao <hl></hl>. opo
5oL Loo@ob 3mb63MBMEo 339MHEOL yzgemsby 3MHOMMHOEIGHYIE0
sbabgagdo, M0Igbos bodogdm Lol gds 90560390l
3065@guemdsl, bbgs Lo@yzgdom, dsldo Gga30dwos 99303 bmm ol
000035600 ©obobgEgds, MHMIgEog 3obLaBOzmEgL LsoGOL 239MEOL
Lobgeol, Fogoome© ,b039MGLOGHIGHOL OLEHMMO0s”, bewm 990©ga0
3930 OMIGELsE 399Mm3094gbgdm, gl 2obrsgm 35M0aMexR0 <p></p>,

22



303bds6mgdol 06O RBgoLOL I3MHMYMsTGds (Angular]S, React]S)

3s1do dga30dwos GgdudMo 0bxm®Isgos 8930@0Mmm. Lodmemm
Lobg B3960 ©™3w9dgbEHOL Fga0dosm obowmon:
<html>
<head>
<meta charset="utf-8">
<title>Lodo®mzgerml &qdbozm®o »bogg®Lodg@o</title>
</head>
<body>
<h1>mBogg®bo@g@ob obGm®os</hl>
<p>0b8306H 35305 ¥96039MHLOEJEHOL osMLYdOL Tglobgd...</p>
</body>
</html>
3939080  sOLYdIMOL  SLgzy SGH®OdMEId0,  MHMIWIdO3

3M6309¢ M@ ©935¢gdgdL SLEMEgdL, SBgm0s 339 sOfgMOWO meta

920 O©mIgbsg  3o93MPgMgo charset — GmIgrog meta  Ggaob
3GHM0dYGH0s ©s dobo aofgMom dImgobobgm meta GHgaol Godol

206LsBEZMS. obido FgEobogro utf-8 3609639 mdom 30 M 3MIGHEOL
bo3m©ol 356obsBgM..

5MLYIMBL s1g39 Lb3s 55900 G0, Mmdwgdog 3mb3MgdEwe
3900bgg39080 49800Yggbgds, MMYMMmOEss: wob@gdo (ul, ol), <br> -
MHmIol 9999y 9gEHobowo 0bxgm®mTszoo sboewr bsbBHg godm@obs
0mbqgds, <a href="http://gtu.ge”></a> gl gobogm GHgao, MHmIgeos
2390530L53sMMGB® 00 BdIMwbBg GMIgwwoi href  sGHOOdMBHT0S
a9hgboero.

B3gblb  dog® Odmygzsboewo html ©@®3M3gbEHoL  dsyowomo
36030GH00s, M6 bdot dgdmbggzsdo, b3gb 94330Mm@gds html -
392900L 25633990 Lobom EsbaMOLHYDS. FoROWOMOE, MMEILSS
003000350m 1396356 393H B0 S 3Y0IEMdo bogl, Mol bofocmal,
3LIgBH0Zol, 3030960l  Logbgdl, GH3dowgwl, s mdgds Mboo,
9439@ox9MH0 530l MmO FMmmogLgds 89a30dwos gMo Bsbmsdo b6
65009  3mbBH0bg®To, md3s 9Bl Q9M339wIo  3MMIEYIgd0
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3900¢gds 9myzqL, FoQ9e0me, Mo0dg MBOE bols sb Mdob 6ol
d90d@wgds Bgs IbMH0sb dmbgzgl oligmo bogzmgdo, Gmdwgdos dsm
©5B0s6gdL  2odmofjzgaL.  sobsmzgol  dgodergds  dmgzsbobmo
23963390 B5fom3ol ogalimgds bbgoolbgs bodbom, bbgoolbgs
3Mb®90bgM8o, bmwm d9dgy 9O  Fmmoglgds 9O O
30b®9obgM8o. sbgzg Tga300wo0s 3mgzsm, M®md html FGgaqdo,
1393030300056 259MBEOBsMY, IoMbM3L 496 339Mw 3mbEJobgMHgdL,
6ol dobg30ms3 8mbEgds 0bxmMTs300L IRsLMYdS s BMMogLgds
3Mb6390bgMgddo. 53oLsmM30L A5TM0Ygbgds 3mbEHgobgmo <div></divs.
390-3396 900 9903905 Lsdo Bafooligsh, gigbo gobasgm

e header

e content

e footer

9439005 3509bL MH30L0 6OTBMEgds 593L.

0opoomo header Bsffocro doMomo@o dgpaqds Loo@ob
@mbsb, 3960vligsb, §bgdol gosdMm3zgEoliysb.

Content  bsfogwo  dgo3ogl  doomo  Bofoel,  Loogs
d9Lodegdgeos  0gml  ImmgLYdMWo  LEsogMo,  LMIMYdO,
Looberggdo,  30009mgd0o,  GHJuBHPo0,  ©sdsGHgdomo  dgbormqgdo,
RFOWGHMYOO.

Footer bs{joero 30 do®Homss@ 89905 mymbash, dgbowmls
Qs copyright 3gduEobgsb.

00b08bmo  65fowgdol  goblobmgmolimgol asdoygbgds div
3Mb39gobgMo, 0935 Y39es O30 JOHMO ILIHYLGOOLSS S MHMYME
2359m3gmm, Gmdgeos header, content, footer bsffoengdo? sdobsmzol
sMLYIMBL 5BHEM0dYBHIB0, MMIWOLoE gfimgds id, class. goblbgoggds
oo MOl gobrsgm ob, M id 560l sbobgwgds gwgdgb@ol,
O0Iol  200mygbgds  3mb3MGHME  ghom  2390©by  Fgagodeos
dbmwmE gMo  gegdgbGbg, bmem class gobwogom  oGH®OdWEO,
MH0Iol  sMJdgzs 99a30dwos 08@gb gargdab@by Msdgbbys
9333060903, LIMZ0OLTGOM.
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0By LAHoEYdOL JoboFgds bgds CSS gbom, HMIgEBYs
00000936M 356M53M5x390 30LodMIIM, B39b Fgdmbzgzsdo Fga30dwos
24990m3094gbmm id sGH®0dMEJO0, LEdMEWMME SOZFIOM®D 439N ©O,
H0Igeog 93003606 MboggmobBydL, 9J3b 9gbov header - do, 54gb
™330 dmygsbowo dogoomo, Ggdu@o MbogzgdlLodgBol dgbobgd,
MOmdgwoi  content  3mbGobg®do  Immogligds, s copyright,
Hm3gwog footer do FmmogLigds.
9030090 8999 3M©:
<body>
<div id="header”>
<ul>
<li><a href="home.html”>0msgsGo</a></li>
<li><a href="about.html”>"b0g96GLoEgEob dglobgd</a></li>
<li><a href="contact.html”>3mb@sdHo</a></li>
</ul>
</div>
<div id="content”>
<h1>9960390boEgEob oLbGmMos</hl>
<p>0b6x3mMH 5305 MB03gMLOGIGHOL IsMLYGdOL Tlobgd...</p>
</div>
<div id="footer”>
<p>copytight © 2019</p>
</div>
</body>
Html - gbsbsg omogobo 39Mbogdo sgdal, dobo 306H3gwo 39MLos
Omameg  50360d6g0 1989 figab  9odmgos, GMIgEros
300050HEIOMES. EOIOLMZOL sMLYdMdLY HTML 5.1 396Los, Gmdgaros
2016 §geb 8g0gdbs. dsbdo 19300 sboeo BHY0s oG JOO.
9m0-gMm0 30HMdgds, oz HTML_5 396L0sdg sOLYdMdS,
oym  3063g0bgMol  Lsgombo,  GmIgwog 339  39bLgbgom.
50009b% 953 000y sbowo 3mbEgobgMol 994dbs ©sy3F0M©adM©
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wbs  3o0mp399gbgdobs  <div>  Bgyo, swbodbyro  3HMdYIs
3505030s HTML_5 ggMbosdo, dsgsmoms@ Hgdmom  dmygzsboeo
3960036GH0  3mbEHYobgmgdol  dgagoderm  html-ol  sbogr  3gMLosdo
5005933505 Boagghgco:
<header id="header”>
</header>
<main id="content”>
</main>
<footer id="footer”>
</footer>

MmO 3 8535000000 sb BbL, 9339 sOBYOMOL MsbsdgMM3Y
html g96bosdo header, footer &gaqd0, HMIWGd0E FobssOLMdIMOZs©
339 DoMmBabL 30093 BLmIb 93543L boddg, bmerm main @gao
39530 53MHgM39 sboero Gayo, GMIgedoi Mbs A50HgMmL Lso@ol
ol bsfowo, MdMIwolb 33eowadsg bwgds bbgs s Lbgs 3390y
d9L3aobol, dopowomo B396 9gdmbggzedo  dgodegds 06356
33960 by, MB039MOLOGHIEOL dqLobgd s 3MbEsdEH0L 3390 DY header,
footer, Boffoengdo ME3wgEo 0ymb, bomm d0ogz56 a39MHEDHY main
Bofogdo  Ggodegds  ogmlb  Immogligdmeo  LeErsogMo, 9999y
LGB0,  MbozxMLOGHYGHOL  Tgbobgd  439MEDBY  0bRMOIs30s
MboggMLo@gBHOL  Tgbobgd,  bmwm  Logmbdoddm  a39MbY,
MB039MLOEIBHD ©ILS39300MGdgo 0bFMMTo30s, SF0FGHMI Y39
9L 330 bsfoero dgyzoderos main Ggado 8mgzsdzomom. G mdds
mbs  dg3M0  bbgs  BHgagdos html gbsdo, O@Iwgdbgg 9O
23933005530009305 4mMeEgds, 3500 babgs s 4s9mygbgdols Halgdo
d900¢mgds [18].

oMb 990dgds  godgom, Mmd  Loo@olb  439MHIdOL
LEHOWJGHWOOL F9dmdoggds begds HTML 9s63060900L gboom, dog™sd
ol 30D MMs©  MLOMYJPW®  0dbgds, w30 oFH dmzgsbEybm
LAHOWODBYIL, o3 CSS LGHoWdOL TgdzgmMdom bmgzogerEgds. gb
L530bo IMIEY36M 35M98M9x300 943543l SOFgMowo.
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1.3. bEoggdo CSS s SCSS

CSS 0dog®mgds Cascading Style Sheet, dolo d94dbs dmbgs 1996
Powbl, ©o 308moygbgds  Bo0306MHgd0L  gbol  Gmym®oEss  html
LEBHOWGOOL  FoBLIBLIGMOLMZOL  {19].  293mygbgdol  3G0b303900
bogdom@  B5M@H030s, Tgbodegdgeros  html  Fgagdbg  dodsGmgs
58096009 Lobom, Bomsb doMHOMsEGdOo.:

* 3930l abobgwgdol dobgzom (58 dgmbggzsdo ygzgws
393%g dmbgds LEHOEIGdOL ASHM);
o Id 5@®0dvEHoL dobgz00 (GbmEm 9OHmo gegdgb@ol
LEBHOWOBGdss BgLodEgdgdE0);
o Class 5¢®00m@E0b Lsdmowgdoom (439w 00 gargdgb@b
9005(053L, MrgeLs3 993 9HMNo00939 LY gdOL
3Wabo).
5®MLYIMBL Lbbgs 0ToMmmM39003, OHMYMMOEss bgdolidogmo bbgs
3GHM0dEHOL dobgzom oM Id, class -  obs. sbggzg GM@Igeody
9wq99b@ol 9909y  9gagdgbdHl  dgazoderos  dogdsmmo .+
LoddmErmmo,  s19g39  99a30deos  Fogdsmmmm  gugdgb@Hgol,
H@IEgOLE 90 593L Jslo. 85509, J3LOL yz9es 9egdgb@ol
LEHOEODHYdS  JOMNOH0T53g  BIMSE, AIMEs 00  gEgdgbBEHobs,
H™Igbsg 593L 3mb3M9gGHWwo 3wsbo.

LobESJLO, Mg MMAME bEgds 9gugdgbEgdbg dodoMm3s,
d9009p00:
#elementldName {} - id ob 9900mbgq3590;

»

.elementClassName {} — 3¢»5bob 9dmbggzsdo.
»# LOGdME@b 9999y 0fgMgds ob id sbbgwgds, GMIgEros
html g6sdo 9o9mygbgdnmos 3mb3MgdHe Ggaby, bmwm , .
LoddMEEM 259m0ygbgds class Lobgarol Fgaqdol Imbsbodbs, bmerm
LEGHOWYGOOL gofgMs 30 bgds oMo gMRbowgdol dogboom.
LE0EO0 FOSZOE0 SOLYOMDOL:

«

e 39M9d0
e bmdgdo
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o ©3IMMH5d9d0
o LsBmzdgdo
- .

09505©, dm3z0943s6mm  dbmermE  Medpgbodg  LGowo,
3009350, 2359436 g0 <header id="header’> HMIgELog 3LMOL Gmbol
ggmo  dogbodme 0(3s69, bmm Lodswwgdo 50px, s©bodbmwo
LEHOWYOOUL gofgMs header Fgaobmzol 533505 dmbgds:

#header {
background-color: green;
height: 50px;

}

CSS - ol dmem 3gMboss CSS3 [20].

JOM-90mo  Losbeng,  Molyg  ©EY3BIo  BYOEMds
230035Ddl, glss CSS gbols preprocessor-gdo, HMymMJd0Ess less, sass
39dbmermaogdo.  dsmo  bydmeergdom  Igbodwrgdguos  MBOHM
dmngdbowo®, ©0bs803MMe© s JoMEH0350 IM35bobmom LGHowgdol
afgeo.

sass - IOl B50WGIOL  QoBIOMYdSS .scss,  3350¢g3L
L53495¢gdL ImgzobEobmm:

o (330500900 4obLaHOZMY;

o 9650900l 89906s;

e 5939 Jsligdol vy Lbgs 8038390 1585 gd9d0L
9003569 do hods.

33W5gd0L  gobloBLZMHOL M30MsBHILMOGO0s 0L, HMI Jomo
L5FMogdom bgds oM 339990, 399w, LyoEDY Fodmygbgds
39M0L (33¢050L Loboo Ggbobgs. Fogow0ms, 30496900 LsoGbg MG
doMOMo© BJML, 003500 FgM0 335J3Lb bogM®obggMo, bogrm dgmy
§omgeo, 99330000 sbgmbsoMa dm3z5bE0bMm Tomo Joblabrmg®s:

$base-color: gray;

$second-base-color: red;
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abggg CSS - Fo dgbadegdgros 9m3gobobmo d0dstrm3gdo
Bodweo  3¢sligdol Ledwomgdom, Fogooms®, 935J3L header,
MH0Ieol id gobersgo header, s 35180 Fmmogligdwyeo menu ersbiol
0Jmbg ul Bggo.

21939 239943L menu Jgrsbiol ddmby @90, MmIgerog footer- doo
dnmogLgdMo. mv) 3Ol FJodoMmgs dmzabobmm Tbmewme
header id-ol dgmbg 3mbEHJObIHTo TMogLYdEr menu JsLoL
392%9 @ 33LOL, G J0z35603Mmm RMbOL BgMo Fomgwo, g3y
33bMEL og30 BgHol OOl sb0dgbs, Sbgmbsots Tmbgds
dobo Bsfgdo:

#header .menu {
background-color: red;
-webkit-box-shadow: 0 0 5px black;
box-shadow: 0 0 5px black; }

H0amM3 BBl Fogo0000s6 AHowol LEowo box-shadow,
MmOXRIO 358900, M6 LoFoMOms Jobmgol -webkit- dHIs6gdOL
sfigco ob 9P 89dmbgzgz080, 0dol 4sdm MMI yzgws dMoHymO
396 bgosgl dbmerm box-shadow 363dobgdoll s ©sTsBHgdom -
webkit- bLFoMHEYds, b sass oL EsbTsMYO0m 50b0TbMEO 3oL
fi96o 99009abs0Mms 8godegds:
83¢P3@980bs 5 Rw1bdpool 3sbbs bmzms:

$base-color: gray;

$second-base-color: red;

@mixin box-shadow() {
-webkit-box-shadow: 0 0 5px black;
box-shadow: 0 0 5px black;

}

LEBHOWGOOL FofigMo 30 53YZ9Mo© TmMbYds

#header {
.menu {

background-color: $second-base-color;
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@include box-shadow();

OHmame3 bgsgem menu  3wobo  3oMs3o6 header id-ol
doabomss mmagligdmero, sg3g Bmbol B9IOL (33wsEom 356039dm,
bowe  mObsbosbo  BOHowol  d0Mdsbgdol  Topozmo©  335J3L
9ObsB0sbo Bbdi30s Bgdm@Esboo, Mg 03039 9909aL Ima339dl,
Mol 30639 Mogdo dbmmmE css-do  geobsl  3sbgbwoo.
©3065Fgumds  0bss, MMd v 3o gghol dgs3ws dmy30bwgds
LsoB by, 89333wom FbmwmE (33wsdo, 1939 Lswsg BPOOOL
399mygbgds  dmy30bgds, MPGMm©  BbJ30l  290mgz0dsbgdm,
LodMEMME 30 5OLBYIMBL Lo gdgd0, HMIoms bEgds sass-do
hgM0wo 3mEOob css 3mdo ooYy3s6s, 30300980 03039 99IAL,
bog css-00 Bzgbomai 3hgM©Om, FogMsd sass-ob M30MmEJLMdDsS
©9390m39M900Lm30L  boddob  gos3zowrgds, oL 9O  sbggbl
30963 9dobmz0l  ®s0dg  d603b3gem3zsb  330Egdsl,  doa®™sd
093Ms© FoM@BH0305  preprocessor-oo  dvdomds, 3006  css-0b
LG bgwom asHgmo.

94390y mobsdg®mmgagg css  Lodwomgds  9engdgb@gdol
2396og9d0Lm30L gobwsgom flexbox, MMIgEoE 893Mo@ 5d56EH0390L
LEBHOWYOOL Qofgsl [21].

1.4. gMgodgmezo Bootstrap

©OgoLsmMz0L  9MLYIMBL  9MOIOHMO MR s BoMBH0Z0
L5395 gds, HMIYdOE 339bdoMgds MobsdgMmgg s Lbgoolbgs
9mfigmdomdqdbHg dmMaq0mwo obHsobgdols d9ddbsdo, gom-gM oo
Jomgobo asbawsgom bootstrap [22]. dobo ©™3wIgb@EoEool babgs o
Bodm@300Hm35 990dagds d3vwoqsb [23].

Bootstrap s6®olb HTML, CSS, JS framework, ®53 3eolbdmdl,
M3 ol dBS BOBWOMMYIPS, BMIJeroz F9agds 9339 SOBYdIMO
3wslgdol,  3m33mbabEgdol s  LEHOWOBYIMWwo  Fobxmgdol
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3mOIGO0oLYD, HMIgwms s8mygbgdobmgol dbmemmo s dbmem
Jomo  Bobgss LogoMm. Gogsomo@, bootstrap 230035BmdL s
O3990l LAHOEGRL,  GMIgEms  4dmboygbgdws  dbmEme
3wsbob bobgss LoFoMm s 899y ©ows3zol Ggado dobo gofgms

(65b.3).
- EEnEE -

¢!-- Standarg button --

<button type="hutton" class="btn btn-default”Default¢/button)
- Provides extra visual weight and identifies the primary action in & set of buttons -->

<button type="button" class="btn btn-prinary”>Prinary¢/button)

[ or positive action --)

"

s="btn btn-success")Success</button

-~ Contextual button for informational alert messages --»

“btn btn-info"YInfoc/button

—

<button type="button" class=

¢|-- Indicates caution should be taken with this action --

<button type="hutton" class="btn btn-warning"sWarnings/button)

| 11 ' \
--ANC1CITES @ Dangerous or potentielly negacive action -->

<button type="button" class="btn btn-danger"sDanger</button>

¢!-- Deemphasize @ button by making it lock like & link while maintaining button behavior --

<button type="button" class="btn btn-link"SLink/button

Bab. 3. bootstrap dodogrommgzol BMsdgbEo
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g439obg  OLYGOMO, MsLoE  bootstrap  43m035HMBL,  gLss
05009900. sl 543l 12 Bdds0sbo  LoLEgds, MOl  IYMBSE3
d9bsdengdgaros 1, 2, 3 ,4 ... 12 139@EHs© ©s Fsmo bIMHZ0olsdgdM
2459mygqbgda.

3900gds  3030dOHMmm, GMI  9gy30dwo0s B396  mz00mbog
99390650 bootstrap - ol Abgogbo framework o B39639 4odm30ygbmo.
b Bodgzoo@ sbgs o LyyMzoeol dgdmbggzedo dobo 4539mgds3
d9Lodegdgeos, mwdEs bootstrap gobrsgm sbggfowo gobsbeng-
05000, doLo dMEM 39ML0YS 3.3.7-05. 51939 A59mEOL 39MLos 4, dslido
doenbg 09360 bbgs glsdaegdmmds s BEGOW0S 9339 358D IdMO,
HMIgOL3 99X IMOE 96 Tg39bgdom

1.5. 39%-©939w3396& 0ol BEM dgomm@memmaos

Front-end 939390900l ghm-ghmo 8@303bg9wo Lsgo-
obos (H9agdbg s oo 9ugdghBHgoby sLbYEgdgdol Fgmbg3s,
31939 3OHMBEGIoGMMO0s oL, MHMI gzgws ©IY39LM3gMo  Fdomdol
296853@mdsd0 0dgbl LogzMMsMo oMol LG, MMIgELsg bagfogl
©5 MMII0oE 3oMP0s, MmMIi3e 3OHMIMITs 0050 ds T580b, MmEgLsg
96000 ©9390m396H0L JogH 3939090 3MMYJGHOL Fws3)0gds 56
9ol doge ofig®ow LGowgddo BsMgzs MHoal Lb3s ©Y39EM3gML, 53
36MHmdEqdol  450509Y39GH0LmMZoL  dqddsgs dgomEmeErmaos BEM
[8,57].

BEM (Block Element Modifier) 930035%mdl 9wgd9b&gdby
Lobgergdol  sMgdgzol  Pglgdl.  Togocroms, Mmamez 1.2
3oMoaMsg3do html-ob dgbobgd 3bobgm, Loos 33dmbs header - $gg0,
50 990mbggzsdo dgaz0dos 3mgd3zo0m, GMmI header oMol derm3o,
3ol 0600 Immsgligdmeo $Hgagd0 obsgzm 9ungdnb@gdo:
<header class="header”>

<img class="header__logo” src="logo.svg”>
</header>
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B396 dgdmbggzsdo BEM 93m035Dmdl 59335600 Lobgargdol
©5MJdg30L Falgdl, mogs® dErm3zl 356Mddg300 LobivyMzger Lobgel,
boem 9ol dgomdow gegdgbBl 35MJdgzm dermzol ©s ™GO
J39so__bobom  odmgmgzor  gagdgb@ol  olobgugdsl, o
205MF0390L  25MBg30L 0oLl vy Mol g3ozbol  3mbB3MyEHMEo
9999630, bmwm 08 9gdmbggzsdo vy a3LweOL 0039 gaegdgb@ol
2393LEEH035, FoRO005©, 33593L dohaMowo LGowo:

.btn__save {

background-color: red;

color: white;

padding: 10px 6px;

font-size: 1.2em; }
5 A3LwEOL O™ 03039 LEGOWGdOL, TogMsd Lbgzs BgHol ogmlb bbgs
©0530L LEGOWO, 580LsMZ30L 309gbgdom T9dgy LodwomgdsL:
.btn__save—modifier {

background-color: green;

}

23909000 LEowol ImEoxoEoMmgds bEgds OO EIBOLOM ©s
9050300900l bobgEol sMIdgzom.

abg39 BEM {gbgddo 9gool, GHmA o6 mbs godmgoygbmod ID
000056039 gd0, dobgbBo goberogm ob, MM ashgMowo LEHowgdo
A90ZWO0s I35 XRIM©  godmyqbgdeby, Moz  css  3mL
©0b6530316ML beoo.

9M0-gMmo oo  3onbo BEM  dgom@memaools ol
3obwsgm, ®mA dolo d3mby ©Y39EM3IMIOO 5EIOWS® Y156 339390
9003obgmol doghH ©sfgMow 3mb s dobo (33e0EwgdsE FoMEGH030
239bgds, 00 dgdmbggzsdos o) Lbgolb dogh sfigMow 3mEosb
335943 Loddg [8,24].

0m0@93bm  ms3do  gobzobomosgzo  398-0939™3996¢ 0L
006599000037 3bsdgbGHmem  BH9dbmarmaogdl,  GMIWwgdos
39305 25900Yygbgds gL 53 LgggMmdo.
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1.6. 3302390980560 S gMmY39MHosbo
33003530930

390-5303530900 doMOMOIPI® 0YmBs ™G  Lobgmdo [35]

(Bsb.4):  IMEGH039MHIO000 53035305 @S JEMRZIMPODO
03035305 (SPA) .

Multiple Page Applications

Hm

©

Single Page Applications W techicz con
Bsb.4. Be®o- ©5 9HM-3306H@0360 53¢m035305

> 09909083900 IB0560 5301035305 S0L BHMOOOEOIXO 39O-
33035309, MMIgeog BBl dme0sbo 339MEOL A5IGZOMMZL
5 obEobl BsdmGH300m35L, HMEILsi INIbIsMmgdgEo ombmgl sboe
3300QU.

939> XJObY, HGOEILyE 3wogbHo bEIBL sbawo 3396@OL
0mobmgbsl, bgds sboo  239MH©OL  Fmmbmzbol  goa®Hagbs
L9396 s  Tolo  godmabogbomo  Zslmbols  slobgs  39d-
0MoMBgHdo.  mwdEs,  dgLedgdgwos  939MHEOL  ASM3ZgMen
303mb9b3H9dbyg dmgdggdol dgbtmvyengds Ajax-oo [30].

> gO03RIOa@0sb0 53035605, Geaymbz  Lobgwwosb BB,
39009905 FbmemE ghHmo 339MoLH. ol sbgbl LsoEol dmgwo
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Bofools  dbmmmn  ghm  9390©do  BsINGHI00mM3L @ oM
Bo3095305L Bbgoaligs 339Mgd%by.

DMyoo©, 1dgBHoLl Loo@bg 560l IMe35wxRIH 4589MEOHGBO
Bofowgdo, GmymMoiss (headers, footers, logos, navigation). Mmgbss
dmdbdomgdgeo  dmombmgl  MMmIgEodg  339MODBY  FoILZEL,
36003690 mds o6 5gd3l HMIgEBY, bgds LgM3zgHMsb BodsGMZs o
do0osbo content-ob bgaobers Bsdm@zommgs (headers, footers, logos,
navigation), Moz 051 HIOOL 2oOEHZ0MMZoL 0fj393L s FgLodsdobo
M3 0¥ 0y IMLabgMbgdgEos.

SPA - 560L L6530, 3000607 GO0 39d-53¢035:30900,
5096 0lobo sHEIbL LsoGHOL MA030L 45039058 390-dGs M BgMmTo
@5 965 LgM39MBY.  Jogbdol  doge  SPA 93960l Bodol
330353056096 §30molmsbsgy bwgds, BodBmdM03zs, LOMEO
3390@0bL Bsdm@GHz00Mm3s dMIbBYHTo, s M) 3ogbBHo dmombmgl
O®Igerody  3Mb3OIHYX  339OEL, dmbEgds 0d  3MEINIGYwo
339600L  6sfogol Bsdm@G30MHm3s s 9GS domosbo  39Mob.
050omo©  0¥)  30g6Go  3vszs  Lo3mbGIH™  a39MbY,
39033¢9d5 dbmem bo3MbEIJEH™ 33900l Bofoero.

Single Page Application 96900 Dm0 36900, 03930 MMM 3
bYM39MMwo  969d0 sOLIIMBL  MVgMMO, GMIJWwms  IJIZYMOOM
d9L5degdgaos 390-bsoGol LYM3zgHIeo TboMol QoTsMmmM3zs, 1939
front-end ©939™3396&HTo. SPA  BHodol Lso@ol  dgbsddbgars
9MLJOIMOL 5MSgMMO gbs, Boaowoms, Vue, React, Angular (bob.1.5).
506086 gbgddo s®LGdMdL LobEIJuwGmo AsBLL3s390900, MHMYMO3
back-end gbgd80, Hmameogss PHP, ASP.NET.
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\

bsb.1.5. SPA Bo3ol gbgdo: Vue, React, Angular

Vue.js 560l JavaScript g6M90d3mM30 ©os Lsfiyolbo 3mom,
25900ygbgds dmdbIocmgdgemms 06¢gMzgolgdol sLaggds [50,51]. ogo
5Q30s© 0b6GYMHoMEIds 30MmgdGHgddo JavaScript-ols bbgs dodgrom-
093900006 (Bogoomsq, React]S). Vue.js d999deos 8w9bdz0mbomgds
300-039003m6M30L Lobom JOHY39M0560 5303530900l Tgloddby-
s MVVM (Model-View-VievModel) 8sdgmboom, 6gsd@omeo
36059060 9d0b bGowdo.

MVVM-8s3q@mbol Logmdzgambg Vue.js 30q0d3m630 0denggs
96539990006 MFreemm ©535380609d0L (binding) dgLodegdEMdsls,
53 MDBOMB3gygmxnl  G9@sbo-godm@obol  30MadoM 393806l
0mboi3gdms  [gommbmsb. 80l 450m sy LoFo®mm  dmbsizgdms
bawmgbmMo  goblabwg®s (3sgowomo, jQuery-U 498mygbgdom)
HTML DOM -0@0b.
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II msg0:
300-53e03530900L ©939em3396¢0b sbsdgmmgy
G0dbmeomyogdo
2.1. JavaSript 965 3g0-00939™3396@& 0l 3vybsdgbdmo
G0dbmenempos

306039 5300  gobboo  390-5303530900L 53900l
0bLEH®MAEEME0 bdMsEgdYBOLIYE 2oblbgsggdom, JavaScript 9bs
o5 dbmerm front-end ©g39e™3dg6ETo odmygbgdoo 9bs, ol
oMol sbggg Server-Side gbs (Node JS) [4,25]. dobo sdmygbgdes
0b6Ggmxgolgddo, front  dbotglsgss  Tgbodwrgdgero  [27].  dobo
306390 39ML0s 1995 gl 3s0mBbs.

Front-end 9393996330, JS - ol godmygbgds dgbodwgdgeros
obgmo oo d9dmbzg3zqdol EOHML, GmEgbsg bogdg a3sd3L olgom
L53000bgdsb,  OMIGILs3 CSS o, 39O  go35MMIJ300 O3,
00350mo©  LbEroog®mol  dgddbs, 000y O3By  sF MOLSL
3obx Mol 999m@Esbs, 96 sboeo Ggaol Bsds@gds §odws, dbgogLo
90g890909d0Lm30L gsdmygbgds javascript.

39BLogMmGadom  LogmEoegdms  JavaScript-oll  sboero
00dOMmMY39, Mmdgero React.js b React]S Lobgeroom ©s9330060©s
©5 030 dmdbIomgdgwms  0bGHIORIOLYdOL LT Ds3gdS©
299m0y9bgds [26] (Bob.2.1).

React

65b.2.1. React]S gompm
React 8990dengds 998myggbgdogen 0dbsl ghmaggmosbo o
9MBOWNHO 53x03530900L sL53gds. Jobo BoBbsbos MBOHMb3zgarymls
050500 bobdsMg, LosME0Zg S FolidFHSOOMYDS.
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2.2. JavaScript-ob 930®d0ogo &gdbmemaogdo

JavaScript - gbol 5630069000 89985390 0dbs sbswro
2989OOMYPdMwo  BHgdbmemaogdo,  OGmIwgdoi  Ig@  dmdbogn
L5895 gdgdL  LEOZOBMBL  IY3YEM3IMHJOL  39d-53¢03530900L
aboggdoc. JavaScript-mxsbol sbgomo $gdbmermaogdos jQuery, Ajax,
Angular]S, HmIgosg J3gdmo ©g@swIMa d939bgdom.

2.2.1. jQuery ¢&ggbmenmaos

Native JavaScript - gbol 08myggbgds 9goMgdom MBGM 9@
36H@IL Iombm3al 39d-5303530900L d9ggdbolisls, sOGLYDdMAL gG@
2995030390990 Bsdwogds, Mmdgeos gobwsgo jQuery [28]. oqo
394dboeos  JavaScript gbsbg, @5 33993l MFOM  SOIOES©
dm85mdobL Lodw)oegdsls, dsldo MBM™M oM GH035@ss Fglisdwgdgero 0d
59m39b6gd0ol Ggltrmemads, Mog dbmerme JavaScript ol gs9mygbgdolsls
WROM  99¢  IOMIL  dmombmgl.  jQuery  dodwrommgzs  (ob
06Mg0d3m630) MM DS JavaScript gbob.

jQuery-ob 899dbol doMomso doBsbo oym JavaScript gbsbyg
sfigdowo bgbsmgdol 0d gMmsdgbBms 3mEOMIdIOL FodstmE0zgds,
MMIwgd03 IM535WXRIMO®  35dmyghgdal  3memdl  0bEHgmbgEdo
2396003bgd0bsmzol  qob3Mmzboen  gsowgddo [28]. 3s0bg,  GSL
PomBmoygbl 58 Bdodwommglol  3m33mbgbBgdo s Mo
9L gdPMIOL A300535DMBL olobo ? glivs JavaScript-3esgobgdo
©5  Ajax-s95390900, MH®Iwgdog YOOHMb3gymul dImgergbgdols
508539056, 30DMo® 9539dBHIOL, sgMgmzg DOM-ogMs®doren
LEAHOMIEGHIOST0 INIOMdL XPath-ol 0EIMEMy0sHg IYHOBMdOm
s bbg.

06020065005 jQuery-d0dommg3ol Os60Dgdol
3mb3gBE0s. 030 FoMBma30ag0s 3md3sdGHvmo  Mbogadlowv&mo
006305 S 3og0bgdol GOHMNMBEOMBSE, Mol FgEIRsE LdFoMHM
30655 dslsdo 9g8535¢0 53196930900L ygqers Fglsderm F9dmbgggza®g
B3OMZWo-M0gbBHoMGds  (Gog  dogwby  bOolb  (AgBHows
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20009999gbgdo©0) 3oL FMEMEMdLl.  899yo©, dgLadwgdgwo
bgds  OabyOLbobsmgol  LHmMgo JavaScript-obl 08  gwbdiogdol
905653905, MMIGE03, LogsMmsm, Loglgdom bs3dsMolo ogbgds
3wogb@ob (50 Fg0mbgzgzsdo sd3MHMYIBHYOwol) ffobsdg doysmo
20m356900L 450sLsFY39E .

jQuery d0dwommg30L JogMmgds 8godwgds sby:

<head>
<script type="text/javascript" src="js/jquery.js" >
</head>
0505b000, jQuery 000@oMmmy30L  d99339¢  GFsoEl

3963500390 Bgzgbo HTML -g3soqrol 89Bmds d9ddboe s
Lobgefmgdol 3Jmbg omMgd@m®mosdo.

2.2.2. Ajax $9dbmermaos

Ajax 90693053 MS M0l 3m3doboMmPIMmo  BrymO3
Asynchronous JavaScript And XML. ogo 0b@ghod@omwo 390
3303530900L  894dbol  Bgdbmanmaoss. 9ymbmds HTML/XHTML,
XML/JSON o JavaScript 9bgodb [29.30].

Ajax-ol ©sbToMgdoom JavaScript-bl dgwyderos ©o393d06MH YL
LgH396L XMLHttpRequest md0gd@olb 50mygbgdom. 53 mdogddol
©obdaMgdom, JavaScript sbsbargdls 93056%g dslognols 390 bgMHz9Mm ™D
3M39b03s300L  Tglodsdolo, 939M@oL  bgamsbars  Bo@zoMmmgzol
390989, 90693053 Msdo  XML-ob  0dmyabgdols  dombgwszsc,
365d303500, msbs8gmmgzg 390 93w03s309dd0 XML-0ol bsggwrs
JSON 958m0ygbgds dobo ©93065EHlmdol godm, o3 JavaScript-0s6
1390096 063 gaM9305L gErolbImdL.

Ajax  0ygbgdl  sbobdMmmbobgdmer  Imbsggdms  gos3gdsl
0MoHgls s 390 LyMZgOL JmOOL s LodwyoErgdsl 5dwg3l 390
339606 LBYMH39Mm0E6  Imombmgml  0bgm®mdsgool dbmemo ol
003900, HMIols Jodmbogzsa byl ImIbIsGYdgEl.

39



303bds6mgdol 06O RBgoLOL I3MHMYMsTGds (Angular]S, React]S)

5023505, Ajax  Ggdbmemaos  2393530060HgdL  bgM3zgMHmb,
393b3b0m  2o6339M  Immbmzbsl, 30mgde  3sbvbl, GMIgwos
065MBHgMH 05 LMo 0lg, MMT dMIMHBIOOL 25IMJLEIMEGHIOS 56
dmgzsbobmom [29].

2.2.3. Angular-ols ¢9gbmemyos

Angular-ob 306390 396MLbos  odmgos 2010 ferols 20
md@mddgmlL {31} ©©IoLEM30L  SOLYDMBL ™Mo  goblbbgegzgdmwo
396mqLos: Angular]S s Angular_2 (dmerm 399@bos - Angular_7).

Angular]S  @gdbmeomyos  sMob  0sbsdgotmgg  front-end
©9390™3996@ 0L framework-o Mmdgwog 99Jdbogros google-b doge
JavaScript 9bol bodwgoergdoom [31,32].

Stack Overflow ©939™396gd0L 33egz0m 2018 gl Angular
9M0-gM00 439e5Dg 3Mm3EaMo 3OHMBgLoMbIEo ©I39W™M3gHg-
00l 9096 09my9bgdero frameworks/dodwomgzgdos [33]. Angular
ool TypeScript-bg ©oxmdbgdwmwo gbs, MH®IWolL  IBE™mdgEos
Google [34,58].

TypeScript 560U ,,999xMdglgdEo® JavaScript, Microsoft-ols
dogt dgddboero gbs, dsLdo Fqlodewrgdgeros GH03gdol oblsbEgm.,
3wolgdol  dggdbs, owmdgs TypeScript godmoyggbgds  s3wo3szool
093939963 0L 3MmEgbido, dolo EILEOHWWYIMEO BMMTs JMI30-
@oMgdMo JavaScript 3m@oos, IOl Fozombgs Tgbodergdgeos
3w096@0b dbstgl dGsByMol d9dzgmdoom.

Angular-ob 3o63g9wo 39Mbos Angular]S, sboeo 39MGLOOLASH
296Lbgeg9d0m, JavaScript-Bgs ©s53dbgdmeo [31]. dobo bG®wddvwy-
Mo 9900905 html 239MG:0LAE JoMzge Moado, MMmIgewog 89033l
©5353qd0m html 5@©0dGHIRL. Angular]S LimMgo 53 ©s3s@Hgdom
3GHM0dMBHIOL  04gbgdl  0dobomzgol, MmI  dmobobmlb  439MbY
0560319oMgds  JavaScript (33050 q00L  39039Mmdom,  MHMIGES
3600369 mds dglsdenms doboFgdmmo oyml bgwoom b ©obsdo-
399650 JSON 530060353 00.
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MmO 50360069m, Angular gbsdo dggar 0349 sbogn 396L0ST0,
Lodmanmmq  JavaScript 965 9bgbl  dsbodweomgdsl  3erogb@ol
dbsygl, dMsbg™do.

JavaScript-0s g59mygqbgdmeo 0dobsmzols Hmd dmbogl d0bbgl-
@©M030L JgbeHegds s bYIMZaMML 3mImbosizos.

dobo LsdmEmm 39MLOYdO bo3domE obggfow LEHMMIGHMEL
330035DMdlL, HMIgeog oMo dbmem TypeScript gbol sGLGdMdOMSS
299mMBgMo 5MsdgE 390-3390©ol Markup Lsgombog 30 (HMmIgwos
239obbdmdl  html, css, javascript 9bgdol 99d39mdom  239M@OL
3fymdsls) Y3 InfglicmoygdvIesss 99000035HgdE00.

2.2.3.1. Angular]S @gdbmenmyos

Angular]S 56ob 300096&0b Fbotol (front-end) s3GIMY5Id0L
39d6mma00. 030 2590EMGOME0s LgMz9gMvo TboMol EHgdbm-
@M0900@6  sgdmo  Lovyzgmgbm  Bbdzombseroo o
29900ygb9ds 390-dM0MBYMHTo BsEzomowo HTML-m 32996300
LEOMEYMROLIMZOL. 5333500, Angular]S @Egdbmmyos somegdl
9000oM0  LodmIbToMmgderm 0bEgMggolol ddmbyg, 0b@gMod®orwo
390-5303530900L 993353900l 3Mm3gLL. Angular]S 39d-s3c0g3s-
309%0 9®wdbgds Model-View-Controller (MVC) s6do@gd@meme
UEO6IOEL, Mog LsdoEgdsl 0deggzs 893009935 9303930900,
6H0Imgdog 9oL [36]:

o gsbatpmdso  (Extendible):  3Gmpy0s9ob@Gologol om0
393963390 3m33¢gdl@o Angular]S 399-53¢0035300L MAOISLS ©o
LGOI BH90580, 5FGHML B0 Bbd30Mmboeno;

o FbstsFgmso  (Maintenance): Angular]S 5303530900
0Md© 99399906 gds Debug 3Gm3qLl, d90mfdgdsls s 99dymd
b5 FgMob;

o BgbBotgdso (Testable): Angular]S 53¢003530900 dmEyqdw-
wos  GglBoc@gdol 3GmEgbby: Unit s End-To-End  @gb@gdol
990853905 390Mm@gde0s. gb 30 0dsl 60dbsgl, OHMI 53EMBoEH®
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69570030 99330005 253035  BHILGHJO0, 303M3MM O SMIM3-
3bzms0  boMzgbgdo, 095650, Lobsd  Lodmeomm  dmdbdsmgdgwo
390055(9gd5 dom;

o UAsbstrHoYgdremo  (Standardized): Angular]S 539009000
56599000039 390-UEGHBIOEHIOOL Jomgzoeobiobgdom s boatygo-
@MmdL  obealo  Fgdbmemaogdol 8Mbdzombooom  (BMmAMEmOEss
HTML5 API), 303990069100 bganbsfymgdoms s s0Jo@gd@mdoo.

OHmamO3 5036036qm, Angular]S 303530900 003¢gdgbEotg-
0os MVC s04o3gd@nOrgemo bEebs®@EHol asmgscolfjobgdom
©5 0gpqds 3 doM0MOEO  WMY03MMo  Mbobash:  dmgwro,
LodmAbIsOPO™M  0bFghggolo  (View) ©s  JmbGHOmegMo. gb
3003mb9gb3H9d0 5MHOL FEIMOIWMEO, BMPsO LsFgbo dermzgdo, o3
0m0o@3o3b Angular]S Ggdbmamyool b3gzoxn0mMo Lsdgbo dewmzgdol
3990ggbgdsl, HMYMEOHOES: 8tMmEEgdo, 0MYJEH03900, BowEGHMIOO,
factory @bgd3ogdo ©s ULghzoLgdo. s3MMMsdgdol  3MmEglbdo
3049bgdm 50  dgo6g  3MmI3MbYbBHPPL s  MBPIMBMdOm
2000333900030 R3O 85930016H MVC s0do@gdwesb.

Angular]S 53¢03530900 993905 bgdoldog® msbsdgtmazg 39d-
065 HgMdo. Fogowomo©, bBggbh o o8m3z0ygbgdm Google Chrome
0651 HgML, o6 00 MgLgdsos W3C LEBIMEJOMB o
2309Bb0s F12 s360ma®58900L bgambofigmos 653609d0. 45050(939¢0
dobgbo 30 00500 TpMIsMgmdL, GHMI Google-0 ©s935¢)s L3YEos-
@u®o Chrome Extension-o, ®mdgwog F12 bgwbsfygmms bs3Hgddo
905¢90b Angular]S ¢gdbmemgyool Lggaosbsg.

Angular]S #9dbmamyos%g ©s3MmyMsdgdologol 6gdobdogho

GFLAOO0 OJEIJHMOO 3dMEEYO. ELIL-ERINBON FIZOGIWYO-
@05 bgabsfiymgdo:

e WebStorm (http://www.jetbrains.com/webstorm/) s

e Sublime Text (http://www.sublimetext.com).

06039 BoLOB0S s IMTBTsH GGl LMOgsBMdL Angular]S-0sb
239990%MdgLYdINY  Lodwdom goMgdmb. 4oMs sdobs, 3gwsg MBgdS
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30035605 Microsoft-ob  bgwbofigm Visual Studio (mg3sbm  3gMLos
Express). Visual Studio gdggds dbmermeo Windows go0gdmdo, dsgMsd
2958605 GgLlobodbogo IDE gotgdm o 30l H9sd@™mOmo sMoxmom
Bo0tm3500ds Bgdmm Rsdmmgzguoe bguliafymgdl.

3wo0gb@Gob dbseol (Front-end) s3MMaMsdgdol bgwbsfymms
MAMo3wgbmds  sfgMowos  JavaScript gbs®y s 99390 Node.js
230099mdo. Node.js §oMmdmoyqbl Google Chrome 390-d6o/HgHdo
Bo89bgdmer JavaScript d6ogl, mwgdEs obg3g Fom3z5¢obobgdME0s
065MHgMHOL Q509 Fw9Fomdol M9gx000.

Node.js mB6OHMB39wa39mal JavaScript 53¢003530900L LsfgMo
DYoo ©sbodbmwgdol Framework-oo.

5639030 398-b9(39(0L 35056035 ©3MMAM5TJOOL 3HM3gLO-
Lsogol  Ls3daobo 0dbgds. s8oGma, LyMzgeol d9Jdbol dobboom
24990m309gbgdm Node.js-ob dm@EgdlL Lsbgwrs connect s serve-
static.

NPM 560b Node-U 35393 900U 0bbEows@m®o:

npm install connect
Qo
npm install serve-static

090 B33mE300Hmo3L 439es LoFoMmm io0el, o3 connect o
serve-connect dmwgdl FoMmgdsm. 3oL d90gy d93Jdboom sboen
B0l bobgao server.js:

<I- aobBobyo_1.1: Serve.js gsool 3mb@EgbEo -----
var connect = require('connect');

var serveStatic = require('serve-static');

var app = connect();
app.use(serveStatic("../angularjs"));

app.listen(5000);

gb  FoOHGHo30  390-LgM39m0  bo3dsMOLos Y39 ™3d96EOL
36m39L0LOM30L.  0go  gMOL MAgdL 3mG@E 5000-Bg gdmlvme
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dmbmgbgdl o  gdlobMgds  Boowrgdl, MMIWgdoE  0dYmeBgds
angularjs oM@ mO0sdo. bmeom angularjs @oMgJGHMM0s 0dymz3gds
00539 ©Mbyby, HMIganbgs nodejs LoobLESEISE30M OMIJEHMMOS.

AIbEo®980L bobdgdol oblBsenszos: Angular]S &gdbmemaools
9O®-gOHM0 OO  30MsEgumdss  Unit  Testing  GHglGocgdol
LoLEGILSD  Fomowro  Tgbodsdolmdol  mby. gl Lsdmoegdsls
339993l 939 ™3d96GH0L 3MMm3gldogg 93GHMToB WG Fgz50mf-
dmom 3mol bobm®g. GgbBgdol obodzgde godmoygbgds Karma
Test Runner @GgbGomgdol aoMgdm o Jasmine GgLGoMgdol
Framework. m®03g 9502560 xoGoOM@© 5GOL 4930EIWIOMO
29Q30Wo@  ImbBoMgds@os. Node.js LsobLEIWE00M  ©OMGIGHMOO-
005D 993999350 J90ga0 dGMISbgds:

npm install —g karma

NPM-o 9o@dmfjghl  yzgws 08 goobl, 63 Karma-b
9L FoMmgds. 898amdo 3mbxzoaOHO0MIds 506 s®OL byFoMm. Karma
ALGHOOPOL 4o6gdm Unit Test GHgbEgdl «98390L Node.js bLgHgzgHDg,
bowm 0350 GgbGo 99agodwos 99309domo Jasmine, QUnit b
bbgs d0dOM™MY3900L godmyqbadom. 53 93o3%g Karma-li d43scmdol
300630390L o6 gobgoboogo.

AngularjS ©ot995@®o0l 8g406s: bos 8937J9bsn ©otgd@m-
605, L50EsbsE TmzggdlobMgdoo Angular]S 9303530906 ©939-
@m3996@0L 3GmiEglido. gl LsdMoEgdals 335¢g3l a3MHMYEmSTJOOL
363988039 89359mfidcmm BsdMFoml 3OMAMIBOMYdS s MERYbobYds

393993900Mm®  Bo0gdl.  993dabsm  Lodomserg  Labgwfimogdom
angularjs. obsgo bogomw®g 00539 ©Mbybg Mbs 0dymg3gdmEL,
H0IgBY3 993J9gboo nodejs LsobLEIWSEOM OMYJEHMMOS.

396-b96390%0b 3503985 bgds Command Prompt-do (cmd).
05309900 Nodejs LooblEows0m @oMgddm®mosby (mbws s3300x8Mmm
cd C:\Program Files\nodejs) @5 35333500 d63569d5:

node server.js
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9 Bo@300m03L  Fobs boffoewdo angularjs ©oMgdEHmM0sdo
999b0qn server.js o0l s 30MEGbg bead@om 5000 BsoGmnzggds HTTP
dmmnbmgzgbgdbg gmemob agdol Ggg0do.

Ubsdgbdm HIML-m329896090b BsB30(50335: 453bLbbsm Chrome
0M59HgMH0 5 JobsdsMmOL 39wdo 5330 0BMO:

http://localhost:5000/test.html.

39009350 365D gMTdo Bso@3060HmMgds sbwsdgddboeo HTML-
037999630 (6sb.2.2).

[ First Test

& - C [ localhost:5000/test html

AngularJS Bootstrap

65b.2.2. 15539850 56190l 80mfjdgds

UsogrglidGsgom Gs85¢mooo: 5353mm 9sOGH030 LAGWIEHMGOL
dJmbg 3Mm9gdBHo. 3935390M09wmo angularjs Lodowow g s ©oZgTo-
Mo Boorgdo: angular.js, bootstrap.css s bootstrap-theme.css.

angularjs Lodowoqdo ©o3sd5@mo sbogwo HTML gsoeo,
Lobgwo example.html ©@s ©935M9©odBH0OM®m dobo  3mbEgbdo,
MHmamO3 gb 2_1 cobGobgydos bsbzgbgdo.
<I- obhobgo 2.1: example. html @sogrols 300699690 -->
<IDOCTYPE html>
<html ng-app="exampleApp">
<head>

<title>Angular]S Demox</title>

<link href="bootstrap.css" rel="stylesheet" />

<link href="bootstrap-theme.css" rel="stylesheet" />
<script src="angular.js"></script>

<script>
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var myApp = angular.module("exampleApp", []);
myApp.controller("dayCtrl", function ($scope) {
// controller statements will go here
D;
</script>
</head>
<body>
<div class="panel" ng-controller="dayCtrl">
<div class="page-header">
<h3>Angular]S App</h3>
</div>
<h4>Today is {{day || "(unknown)"}}</h4>
</div>
</body>
</html>
339600  dgo3ogb  Angular]S  @gdbmeomyool  dobodsr®
Bofowl. 339080 godmygbgdveos dmbszgdoms ddol qodmbobmegds,
H0Igeog 59 ImdgbGHao 56 sMOL godsMowo, s8oGmad JavaScript-ob
WOP03MO0 M3gHIGHMMOL 3sdmygbgdom ( || ) dogmmomgm, G™I
2390m30¢9b6mm day 3gwool 96033bgcmds, mvg 00 SMLYdMBL,
boee o) day 33000 560 5oL gobloBrg®Hvwo, 3sdob - LGHmodmbo
(unknown). 2.3 BoboHbg boBggbgdos Gegm® asdmoyyemgds Bgzgbo
HTML ©™399996¢&0 390 069Bg6Hdo.
. .‘I_l'l'r ;a._,.u..r~-r.r..1 . Ll I"‘L‘ = H —

Lol Qe e a4t | =

AngulardS App

TDHD}' I8 [urknoanTm )

6sb.2.3. Example.html gom3mdgb@ol Bs@zomogs
300-065BgM30
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2.2.3.2. Angular Framework ¢ggbmenmgos

Angular]S- o5 Angular (sbogr 3g®bogdl dmGol), dsmo
2980yg9bgdols dgormegdo 4oblbgeggds, Angular]S - ol gs8myggbgds
39309000 Bo0BH030s, B396L 3HMgdEdo Lo3domolos dbmerme dolo
Javascript  d0d@0Mm™MY30L  0d3MOEGOMYds IM3obEobmm, ™mwbosg
063¢9MbgE @obzol 99dzgmdoom. o mdds bos, dgy30dwos dobo
Bo0mGH3000035 5 WMISWMMO Boool d5dmyggbgds (bsb.2.4).

<IDOCTYPE html>

<himl lang="en-US"»

¢script src="https://ajax. googleapis. com/ajax/libs/angularjs/1.6.9/angular.min.js">¢/scripty

<body>

<0iv ng-app=""»
{prllame ; <input type="text" ng-model="name"»</p¥
<hixHello {{name}}</h1>

¢[divy

¢/body>
¢/htnl>

6sb.2.4. Angular-ol gsoo

9B 3M0b3o3o bsabmdos 390-0939wM39HJOOLMZOL, Mo
0Mogocwo  Plugin, ®mIwmadlsg  390-009390m3gMgdo  0ygbgdab,
(Bsg9omo, jQuery) 5933500 dgom©om bgds. 033mME0MIOOL
9900gmd B39bL 3MmgdBdo 339 06GIAM0MmYdIMos Angular]S o
d9Lodgdge0s Jobo godmygbgds.

Angular]S - obgob a56lbgogqdom, Angular - ol sboro 39MLOS,
O0amME3 339 50360d6gm, TMdomdlL olgm gbsby, MMYMOOESS
TypeScript, dobo fogombgs 50 bgds dGsmbgmol Jogh, Gosb
LbosFodOms dmbql TypeScript - ol 3md3ogroMgds javascript gbso,
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090bsm30L  MMI  dMIbBYMTs> dgderml  dobo  s©dds, Angular-ob
05496995 89969800 9@ IHMASL dmombmgl.

Angular - ob 59496905 Fgbodwgdgeros bbgoabbgs LobEgdaty
HMaMMHqd03ss Microsoft Windows 56 Mac OSX.

B396 990mbggzsdo gobgobowmo Windows-bg obbEowosos
(65b.2.5).

INSTALLATION
&
SETUP

TECHOMORO
LD WITH THE TREND

65b.2.5. Windows-bg 0blismsgos

30639 (0do LoFoMms BsdmgEzommma Node.js.
> Angular CLI

Node.js bs o Windows CMD -l @ob3stgdom, dgagodeos
dmg3sbobmo Angular CLI (command line interface for Angular)-ol
59496905, ol M) OHMAMM B s0bodbo Lszombols dgliBregds
49230005 gbsbmo 390 - 2390bBy OMmIol  obzos
https://cli.angular.io/. ol 5933505 35dm0yyMgds (bsb.2.6).

Angular CLI - ob 99339m000 30 893300¢005 BsdmgzE30OHmmm
Angular - ol sbsgwo 3MGMmgd@o, s Im3zsbEobmom dolo sd39ds,
50b0dbmo  Logombol dMdsbgdgdo, bgdmmdmyzsbow babsbbgs
5©0b0odbmro.
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gNGULAR CLlI  DOCUMENTATION  GITHUB RELEASES  GETSTARTED

Angular CLI

A command Iine interface for Angular

GET STARTED

65b.2.6. Angular CLI - osggbg0s

BoOMBZ00mWWO  Boogdol  LEAOWIBHOS  5035M5©
20900ym@9ds (65b.2.7).

> il ele

> @ node_modules
3

&- .editorconfig

yvarn.lock

65b.2.7. Bs3m@GH306000¢eo 350¢gdol bG®ydéns

0dobomzol M3  dmbEgl  s0bodbmwo  3Mmgd@ol 390
0657 HgMdo 58390, LoFoMms CMD do dmgsobobmo d6dsbgds ng
serve-oll 2583905, OMIgwoi  Lsdmmwmm  Bzgbl 3902390 ©L
95899853900 dobsds®mnbyg localhost:4200.
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dolio goblibol dggyo 3b6sbsgo ®ma Bggbo 30639w0 g39M©o0
F9LodeEms 53935650 4500y MgdmEL (Bob.2.8).

© ey XN ¥ - . - v 77 = B - Sla0 &

€ CO O kb %

Welcome to newapp!

Here are some links to help you start:
« Tour of Heroes
« CLI Documentation

« Angular blog

65b.2.8. 39033960 553353900l Fg0920

3L HomImoyqbl Bggbo 306390 239600, BoosH dmbgs
dobo gobLbs? s0bodbmeo a39M®o dgddboos bogdmblE®mogome
dbmermE, H™mIgeoa Fomdmowygbl Angular - ob 3003mbgbEL.
> Angular 3m93mb696¢g00
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Angular - gbols ©306M5EHqLMdS BHMIOGEOEO 390-339MHPOWSD
LHmego gl 3obwogm, MmA ol 9MGomdl oMo Bdoeosbo g39Mob
39053300030l 300630300, 5539 99PJ0s 3MI3MbgbEJOOLYH,
MH0Imgdog, 399-339MoL  bbgoolbgs  bsfowgdos.  Bopswoms,
header, footer, 39609, 30053560 239MOL Fogmogbo.

obobo  Fmmglgdwos  src bodomowol  dogbood  App
Lodomaer9do, dsm dgboddbgars g39bdscgds Angular CLI.

3003mbgbBHol  dqloddbgwo Lsgodms CMD Go  as3w9dzsm
0Mdsbgds ng generate component “3md3mbgbEHoL  Lobgaro®,
3003mbgbBHOoL  Lobgwol syowsl 3fgmo Bggbmgol LobvyMzgeo
303306963 0L Lobgl, dsgsms header, footer, Moo 39dzgmdoom
9bgds 30003mbgbE ol 89Jdbo.

6Holgsb gagds 3m33mbgbEo ? gobzobowmm Fogswoms
header 3md3mbgb&o. ng generate component header ¥®dsbgdol
2903900l 99gas 80300900 bodsmoeg header - U, Gmdwol
30003L0 50b0dbo BsoEgdl dgoEgL (bsb.2.9).

® = =
® - -

r= n’
header.compone  header.compone  header.compone  header.compone
nt.css nt.htrml nt.spec.ts nt.ts

65b.2.9. header-3m33mb96@ol dogmsglio

OmamemE  Boboboob  hsbl, ol Fgggds  html, css, ts
3350¢900L0b, bowm spec.ts 23985MMNMYdoL s Neluglel
A9LGH0MOOLMZ0L LoFoMM Bool FoMmdmowy9bU.

3003mbgbBo header ol html, css Bsfoegdo 3oBwsEme dbatgls
960m9b96, bmerm doBbgL wmyo30L gofigds ts gsodo bggds
Hm3gwos TypeScript - ol 50693093 MEss.
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3960 Losbmg 3m33mbgbBdo obwsgm ol, GMd dga30dwos
3033m696¢30L, LEHowgdo CSS-gdo @m3sw®s header - obomzol
293090mo dbmwmo (Gs ogds vbos Angular-l 5943l bEHowgdob
AWMBSWNMO BSOWOE, OMIJGOE JEWMBMS© sbgbl dmgenl
0399996330 LEGHOWYdOL sBb0TZ6sL). saMgmzg bdom dqdmbggzsdo,
Loo@ob header, footer god&HomMo@ vE3EWHE0s.

5023565 09330005 35000 MR IM©s©  BsdMmEHZ0OMIo
dmbEgl, bmwm  bbgs 239M@gdool  d9ddbs, ®mIwgdoi  Lsodob
(33090 Joam3Lgd0s, HMAMMGd0E Tgbodgrms oyml home, contact-
3003mbgbBH9gd0, 99a30deos Angular-ob routing Lol gdol 99dzgmdoom
3(3350Mm, 53 MM HgMol  FobsBsMmol  bshoedo  Imobegbl
3080bsMg 43960l FoLsdsMmmOL AsHgMal (bob.2.10).

L L [ Anceder T QuickSuart " Bebastan
G @ localhost3000 lirst * B P& € i
Angular 2 Rouwter First Component

First Component

This &5 tha first componsn!

65b.2.10. d61579BgMols 30d0bstg 23960

O™ 3 bobsbbgs boB3969d0, Jolsdsmmdo first Fomdmowygbl
routing-ol  doLvdoGMOL  boffoel, MmIgEog  ©H39300MGOWOs
30039 3m33mbgbGHMb s sbgbl Tob godm@sbsls dMovbgemdo,
MHobo  JLBMEgdol EOMLYE M sMoLb  LsFoMOm  a39Mol
239053300m3s. Angular-do, s mdds Mbs, IbmErmE component-
go0obL g4gbgds 56 Bgds, bbgs bsfowgdol F9gddbszss glsdwgdgaro,
OHMYMOO(359, F5ASX0MO, LYMZ0LYDO.
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2.3. PHP famework Laravel

Ogobomzgol 9.§. native {ig®s, GmameE front-end syMgm3g
back-end ©9390™3996¢30 56 5MOL J0BEI[bogro, godmBobaty
0Josb, OHMI  sOLYIMOL 9339 Tbs  LodMoEwgdgdo, OHMIWGdO3
framework-90s 0fjm@9ds ©s doe0b 33005MEH0390L 53035:390d0L
d9dabob.

Back-end g6g0do Mmam@mogss PHP  s®Lgdmdl  sMsg@omo
framework, Hmam®gdo@gss: Laravel, Codelgniter, Symfony, Zend o
Lbg. [37]. yggens domgsbo PHP - borgol sGob 4o63mmgboeno.

Laravel s6ol MVC s6do@gd@wy6olb dmogebg dmdmdsgg open
source ¥M70d3MM 30, MMIGELsE 893600 Y39 ™M3gHo 0Ygbgdl L.
dobo  2o9mygbgdol LBs@obE0gs 2012 Farosd obGEIds, Google
9b5(39990Dg oy bmdoom (bob.2.11).

Interest over time Gocgle Trends
100 Laravel

75

50

25

Mar.2012 Jan.2015

Worldwide. Past 5 years
6ob.2.11. Back-end 6980l 358mgbgdol bGsGolGogs
laravel g3god3m® 3L 593l 8900980 MB30MsEJumdIdO:
*  533MM0Ds300L Bgdbogzs
*  009J@¢ ™M0gbGH0M9dIWOo dBOdDLPOMMY3JOO
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e Artisan (©9390™39M530LmM30L 45632903600 Lodwoegds,
H0Igeog 3980m0ygbgds CMD b bsdmoegdoom)

e MVC

* QEIYW@dS

e Database Migration

o do0sb 3500 39339000 gd0 www.laracasts.com

¢ Blade bobGgds

b ob sMLOWO Loss, MobAsBs Laravel 990gqds. ol doerosb

dmgdboero s3M9m39 EOgLELIOLMBO® LEMORI® FIb30MIMGOIO
056599000M39mdsbg ImGygdmeo frameworkBBos, MmIgEroE doeosb

5530090l 399-53¢03530900L d9dabsls, LoFo®mms dolo Lob@sguol
3903393%  OmdPwog  ©m3IPPGHIE00EHd  ©> 3oy
3933990090056 Ggodwgds obfsgwmon [38].

Laravel  ©939@m396gdLb  LoogsDmdl 4905030390
L53995¢g0g0L 390-360Mmgd@gdbg IMTomdolm3ol, Jodoeoms Artisan
ool Command Line @b Ubodomdom bodwogds, Lsosbsg bogds
controller, model, migration 533995, 51939 dobgd0ob IMTomds s bbg.
L5FMogd9d0.

Laravel o0ygbgol MVC-L, ogo odogMgds Model - View -
Controller, ol 50l dmfjaleoggdwEo LEdMowgds, MMIJEos sbEIbL
300L  W®y03MM0  bsffowol  gsdmymmpsl dobo  Ladmgbgbdogom
Bofogolpsb (view).

Model 560l 35%sLmsb Lodmdom LodwyoEgds, View 3wogb@ol
Ls3MgBgbGsGom  Tbscg, Controller - 30 goboge  8w)sdsg0¢00
Bsfoero, H™Igaros ©gdmdlL 3erogb@ol dmmbmgbgdls Route-gdol
153995530 s SHEYBL FmmbMzbolis dobgwzom ImEgErobmgol
239633900 35 gdoL ©30LMYOSL. Model gdvgEmdL dGMIsbgdL,
obgbl 3sLMbol BMEToMmYOL s MBSl Controller dbsergl,
H0IgeoE m530L IbOOZ s36MYbgdl Jomgdyer dggal View boffoerdo.
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2.4. GraphQL: 3mobmgbgdols s dmbsggdms
05603wgamoMgdol gbs

GraphQL (Graph Query language) - s®ob
39oLdY30L  3m33s60o0l dog® (2012-2015 §F.)
50998539000 ImbM3bqdol s dmbsigdms

05603woMgdol gbs 5303530900l 3MHMAGS- GraphQL

doMgd0oL 0bEgMggolbobsmgol (API — Applica-

tion Programming Interface) (65b.2.12) [53,54]. ..
6sb.2.12

030 9vOY639ymgL  989JHVO,  dwszd @ dmgboew
0003M3sL  390-5303530900L  0bFBHIMHBgoLgdol (Web-API)  obo-
00539005 5  390-bgM30LgdoL  sOJoBHIIGHMMOL  MgoeoDs30-
obm3zob.

3w0963L 9bodergdMds 5J3L 2oblob@3z®™L Jolmgzgol LsFoMm
dmboggdms LEGHO®MIGHMGS s 50 Lobom JooEml ogo bYMH3gMH0L. s
30 290mMH0obogl  dmboggdms oo FMEIEMdgdIOL 45300l
3OO MBSL, o3 9609369cm3zbs 9x39JGHMOL bEol dnmbmg-
5900l 890093900LoM30L 398-29006980L 3Gm39LL (Web cache 0bgmM-
Bsg0wo  Hggbmmyoss  3gd-m3dghGgdol:  3gd-339M©IBL,
399mbsbmgdgdol, 3w GHodgo®o bbgosolbgs $Ho3dgdol Mmg-
0000 dgbobobo). gl 30 SI30MJRL  LyM39MOL  OGZMMZIL  ©S
d9L5dgdgel beob 398-39800 3mm3Lgdve M3bE M SLiEgdol
bgwdgmMgo  398mygqbgdol  Fglsdergdenmdsl  bbgs  dmmbmgbgdols
d0g6. 535bm0bogg, GraphQL MBGHMB39eygmals dmbszgdoms fogombgol,
BoPgol s  (33€0wgdol  3MMm(390MHgooL  4obbmM0gwgdsl
6956 M™Io.

GraphQL Ubg6396900 259m094gbgds ©a3MHma®msdgdol IMsgswo
9bolsmgzol, Gmymemgdoss: JavaScript, PHP, Python, Ruby, Java, C#,
Go, R o Ubg. [55].
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III o530
React]S - 06@96:890Lgd0L ©s3MmyMsdgdols
090deoMmMY35
3.1. ®75330I0 E3MMYMsTgdOL 35M0E0yds

695JBH0MWo  3OHMAM39ds (Reactive programming) - oMol
093055300 3OMYMB0MIOIOL 35650, MMIgEoE mMogbEo-
M90wos 9mbsagdoms 65350g0BYg s (33E0WYdJOOL A93MEILYOSDY
[6]. gb B0dBgL, O™ MBS sOLYdMdPIYL BMbs3gdms LEHGH03MNMO s
0065903900  653500900L 5300  45dmlobgol  dglodegdErmds,
03M9m39 dgLEOHYEgdOL ImEIEol Joge 33E0EgdIdOL 53EHMToEvGHO
2393039 gds  dmbsigdms  b53500900L  Lygymdzguby. 9bvy, Fgwgao
gmgzgemzol  bgmsbs  asbolobg®gds  93BMIsBHMMs©,  MM3S
9mbsgdoms bafigobio Bo3zogdo oggwgds.

oGIMGHMOMST0  M95dGHOMWO  ©E3OMYMSTJOOL FoIW0MOE
2960bo396 10bsdgM™m3y 3HGOWME 3MM3gLMOL (BodoE0MS,
Ms Excel), Loog (0spowoms A20) wx6sl od3l LG®odmbmwo
9600d369wmds 3m®IMwolb Loboor: “ = B5+C17”. dobo 3603369 mds
©53m3090Mwos B5 s C17 ox6gdol 96033690mdgdby. 0
dgoazos  GMIgwodg o8  oxcolb  360d36gcmds,  d5dobgg
33GMB5GHIM5© 033905 A20 /Mol 86033bgcmdss.

95JH0Mo 305806090 FgaMmmz35HIOMWO 0ym HMYMM3
abo  9mIbToMgdgmms  0bGHIMRg0LgdoL, 9b0Ts309d0L b Mo
(3390905000 LobEGgdgdol ImEYE0MgdOL s30wsE dgJdbol doBbom,
G0Igos bPmsgs dmsbogbos Hgs7p0sb 33¢r0en985By.

0550mo, MVC s0do@gd@«ydodo Mgod@omwo 3MmyMsdo-
M9d0L  sbIsmgdom  Fgladergdgeros  Model-oob  View-8o o
306H0gom, View-ob Model-80 (33¢00¢0g0900L 53GM3o@GHMEm0 slobgol
M9oe0oHds.

§obsdgdomg mogdo B396 @obgzobowrsgm  dmdbdoMgdgwms
0639M35390L9d0L ©s3dsgzgdol dobboo JavaScript-ol dodEommg3sl,
MHmdgois React - bobgaomss godlomgdmeo. 0go MOOMblgwymals
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0omBH030, LiMego @s  3sL9F00M9ds©0  ghmy39MEosbo  ©o
9BOEIMHO 5303530900 53900l [6].

3.2. React]S — 06&9m3390b900L 59930L JavaScript
00dE0M:Y3d

React]S ool JavaScript-ol d0dommg3zs 0os Lafgolo 3moom,
O0Igog 2o0moygbgds ImdbdoMgderol 0b@EgMagolgdol dqLsgdbg-
W@ 139305 M  JOHMY39MH060 33103530900 LsM30L  [6,39].
030 359m0yggbgds  390Ls0EHOLS @5 IMBOWMEO 5303530900l
Ho6dmpqbol (View) 300l @sbodwgdsggdems. React g3sdangal obggg
L53995¢0gds 890gdbsls LodmabIsMmgdwm 0bGgMagolols (UI) dmagswn-
X IO 459mYyxbgds0 (reusable) 3m3mbgbEgdo.

ReactJS-ob dqlfogerobomgols svowgdgeros JavaScript (51939
HTML5 s CSS) 9bob 30000bs. dovbgosgo 0dols, Gmd React]S o6
0ygbgdl HTML-U, JSX sG>0l dbasgbo, sdo@md HTML 3mbs 0dbgds
doenbg  LoboMgdM. b3z LobyMggwos MVC o Slngle Page
Architecture-b  3mb398330900L  3mbs. LabyMzgeos React Native
50Mg0d30mM30L Fo36Mdo.
> Gogym 0mdsmdl React ?

React-ob 3m33mb36@0 - glvs 3mol gMmogdgbEo, MMmigwos
sbobogl 33960l bofforl.  ymggwo  3md3mbgbdo  JavaScript-ol
BMbI3059, HMIG0E 0MHMBIIL 3oL BMSAIBAL, Gog Tgglisdsdgds
300-239600L gMsadab@L. React 0ygbgdl JSX gbsl, MmIgerog HTML-
ol dbyogLos, MEMbEsE 0g0 dmTsmdl JavaScript-ob dogboo (HTML
569).
> React Native - o6ob JavaScript-olb ©M9003m6MH30 L3MMNGMO
0mdOMO 830035309008 dgloddbgws. 0o  04gbgdl  React
3WoGHBRMGMToL s 0dgrg3zs IMogsen  Bsdgbgdmee  3mA3mbBlbGHL s
33¢0035300L  3OmaMedme  0bFgdxgoll  (API - application
programming interface). React-oo® 0o 399-3306000bg 30H©306
GMBLEOoMmGOL 13900908 DOM 36 Hg®ls. React Native-bodgol mark-
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up (0mb0odgbo, BO0OHIGH0MIOS) GOBLEoMmgds  bmbEob
3WoGBRMm™mIol  Iglodsdols  Android-olbmzgol  ©sdsbsliosmgdgano
1393083035300m. React Native god@md®mogzs 3w9domdl JavaScript
3o0gdol  Bolvdgbgdro® 9303530530 O MISMGIO
9O Egdobsm30L. React Native API - s6Hob 633000 3mdowv®Ho
03(035305. React Native o6 Jdbol 9mdowwy® 390-53¢00353090U,
65300653 080 094gbgdL FMIBTsMGdOL 0bEIMBgoLOL 0d doMoms©
Loddgbgdm  BdEM3gdL,  OHMIglsg  0ygbgdl  B3gMeErgdmog0
8303530900 i0S-0b s Android-Lmgol. 59 bsddgbgdwm derm3gdol
d9LogOH MO 5 299m0ygbgds JavaScript o React, boggwow Swift,
Kotlin nu Java gbgdols [41].

> DOM s VDOM mdogddgdo React]S-8o.

Document Object Model (DOM) ool HTML s XML
03219963 gd0L 3MMmM5d0Mmgd0L 0bEHIMORIOLO. 0go sLobsgl 339MHPL
olg, Gmd 3MMm™ms99dL Jgmdwos Fg33owml dsmo  LEGHOMIGMGS,
LEHowo s Fobso®bo. DOM sbobsgl ©@m3Mdgb@L 3356d900Ls o
™309JAHool  Lobom. o Tglodegdgeros  3MmMyMsdeo 96900L
d0ghmgds 33906, 390-239M©O0 - MOl ©M3IgbEHo, MHMIgEwos
3900¢ 905 sLsbvaEro 0gmb dMoHIHOL Robx sMsdo sb Mmame s HTML-
ol §gomm. mM039 90030395 DOM 560l 39d-93960©0L md09]d-
®™609gbE0Mgd0e0 o6dmga9bo, MH0Iol (33X0gds
d9L5dgdgos b3gbstgdol gbom, Bsaseromo JavaScript-oom.

DOM 56155 3600615906900l 9bs, Bog®s8 dob gotgdg JavaScript-U o6
99690m©s 5M9g30msMm0 dmgwro 6 (3690900 390-239M0l, HTML o
XML ©™399896@900L @ dsmo 89950099bgero 9ergdgb@gdols dglabgd.
©M379996G0L  mommgmo  gwgdgb@o, dmwosbo  Mm3MIgbEo,
Lomor™Mgdo, 3BMHOE9do M3MII6ET0, BJuBgoo bOowOl YxMIddo
- 560 ©M3dgbGHol  ™mdogd@GmMo dmgwol bsfowo. sdo@ma
0500056 300sOHM35 s F9603Eo30gdol Po@BoMgds Tglodwrgdgumos
DOM-0b s JavaScript-ob bodwgsergdoom.
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Virtual Document Object Model (VDOM) — s6obL JavaScript-ob
dbmdydo mdogd@o, MmIgeog Mgeemmo DOM-ob 1dGswm sbieros.
qbos  33956d9d0L by, Loo gwgdgbh@gdol, om0  sGHMm0dGHIOOL @
390093960@mdoLS, HMYMOE Mmd0gIBJools s ™M30Lgdgdol. React-ol
M960gM0L BMBJ30s 53gdL 53 bgl. DOM-0b 33wowgds ymgzgum3zol
0f393L dobo gLedsdolo VDOM-0b (3300gdsb.
> React Fiber s React360. 3300Ldv)30s 2017 §5. 459m¢)d3s React Fiber -

sboeo front-end SEAMOOMI0 React Framework

000@0M™MY30LM30L. 00 IMIsgzoedo Mbs gobgl React-ob
0683MLEHOWIGHOOL B9bd30900L ©sTdsgzgdol 0bLEHG™MAgbEo

{27}.  React 360 8991353005 0b6BMMTo30vo  Lobmasmgdols

BoODM 139dGHOoLMZ0L s Fobo godmygbgds MmM0gbEoMgdmE0s

300G MO0 MJoercmdol Lobdgdgdolsggb [43,45].
> React-ols dobsliosmgdengdo [40]:

e JSX — gbos JavaScript-ob go@3sHmMmadvyo bob@sduo. React-do
3055 59309090 JSX 259mygbgds, FogMod 0930096 gd90s;

e Components — React 560l y39eox3960 3nd3mbgbEgool dgbabgd.
3M33mbgbBHd0m  sHOHMZbgds 296L53MMMHGB0m  LogYMHOEEIOMS
000 36MM9JEHJooL 349353900l EMMUL;

e Unidirectional data flow and Flux -  9mbsggdoms
JOMN0BoODMgdosbo  bsgoo  bmMEogargds  React-8o,  ®o3
9500300l 53¢035300L sBogrobL.  Flux sGob Jsdermbo (pattern),
MHmIgwoi 339b0sMgds dmbsggdoms  gMHMTodsMmngdosbo Lsbom
d9qLsbobogo;

e License - @o@3gbboMmgds React-obs begds Facebook Inc
RO g08d0. ©MIMIgbEHE00Ls 30 - CC BY 4.0 -0l 9gbsdsdolo.

% Reast-ob #3306599b8960:

v 0y4gbgdL 306G mG DOM-U, Gmdgerog JacaScript-ob
®009dBos.  gu 9350 dL 53035300l AFoMTGOXIOMDI,
65306 VDOM 9998500l 95360 biesg3s0, 3000609 DOM;

59



303bds6mgdol 06O RBgoLOL I3MHMYMsTGds (Angular]S, React]S)

v 890d@gds 359mygbgdenem 0d65L H@am®E 3eogb@ol dbsmagl
(front-end), sbiggzg LgMzgMol Tbstgl (back-end). sp™gomgg bbgo
3WOGBMMHI006;

v 3083mBgb@gdols s  dmbsggdoms  Bsdermbgdo  (pattern)
03X MdLYOL  3MEOL  30ombgoMdsL, Mol §39bdoMmgds OO
3303530900L FboMsFgMado.

% Reast-ol 99bo0g3900:

v gbgds dbmemmo  §o0dmoygbol ©mbgl (View), s0o¢md
LoFotMem bgds Bb3s 3gdbmammangdol as9mygbadss s3¢wrozsool
050v9353900L 0bLEHEMTG6EHJOOL LS 3MB3WIEJOWS;

V' 099690L JSX-0b Boydnee odembadl, o3 8g00mads 56
0yml Imbgdbgdmeo BmaogHmo ©g39Mm3g@HoLsm30L.

> Redux_(JavaScript_library) — 560l JavaScript-ols d0dgommg3s 0o
Lofiyobo 3m©om, GMIgeoE o038 53w035300L daMBoMgmdsL.
0go  bdoMs  addmoygbgds React- 96 Angular-osb  goomo
dmdbBoMgdgeoms  06GgMxgolgdol  sboggds [42]. dbgogLbos Flux
Facebook s6do@gd@m@obls. 890336 0bL@®Magb@gdl, OmIwwgdos
2396539 MIBOm 550 EH0390L boEogol Imb3gdgdol gowsgdsl.

3.3. React]S-ob 3m33mbgb&gdo

390-33960©900L 53900l 3Mm3gldo React]S-o0m goblogmmeg-
0o 3boligbgarmds 593l 3md3mbBEHBOL (369dsL. 3033mbaBEdOL
303d0boMmadom  FgLadErgdgEros  53¢035(30900L  Lym30LYdOL
24505630390 [40].

39630bowmm  3m33mbgbEo - 931035305 (App). 93 3003M-
B3bAL go5BbBos LsmomMo s Fobss®lo (Header and Content). gl
LsMOYMO s Fobssdbo Fgoddbgds (3939 s 9999y  oLobo
9o BH0350 BogdsBgds Bggbo 93wozo300L  3mA3mbgbEol JSX bgdo.
dbMEME 93@w035300L 3nd3MmbgbEHo Mbos 0dbsl gdudm®EHoMmgdMwo.
d390m0 6583969005 3OMyMsdol ¢rolBobyo.
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90xgMo  obobogds  Stateless Example,

»00M3oMgmdoL dgbobgols qotgdg”.
App.jsx

import React from 'react’;

class App extends React.Component {
render() {
return (
<div>
<Header/>
<Content/>
</div>
);
}
}

class Header extends React.Component {
render() {
return (
<div>
<hl>Header</h1>
</div>
);
}
}

class Content extends React. Component {
render() {
return (
<div>
<h2>Content</h2>
<p>The content text!!!</p>

</div>
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);
}

}
export default App;

080bsm30L, MMI FgEI0 953LEbM® (30D MML©) 3390 DY,
LoFoMems oo 033m6MEGH0Mds main.js goowdo s reactDOM.render() -
oL go0mdobgdo.
main.js
import React from 'react’;
import ReactDOM from 'react-dom';

import App from './App.jsx';

ReactDOM.render(<App />, document.getElementByld('app"));
390920 b563969005 3.1 Bobsbby.

B [ React App " -
<« C [ localhost:7777 T2 =
Header
Content
The content text!!!

65b.3.1. reactDOM.render() -obs 990930

sbos  gobgoboemon  Stateful Example, o6 3dsgoomo
»00M3oMgMdOL gbobgzom®. s LsFoMHms FEAMIsMIMOOL FbLSBOZMS
(©594gbgds) IR mdgE0-3m33mbybEobmgol (App). Header 3md3m-
B9b@0 9dsBHgds Hobs 890mbggzols AbasgLog, Mosb ol 96 FoMmgds
50530560  dMToegmds. content-Bgaol boggzwmow 396 3Jdbom
table o tbody 9w9d96@gdl, GMIwgddosg ©obsdozmtse Bogligsdo
TableRow-Ub ymg9wo md09dEobomgzgol dmbagdoms dsbog0sb.

36MMa®5d0L obE0byosb BB, ™I yodmoygbgds EcmaScript
2015-0b obMol  Lob@odbo (=>), bosggwow JavaScript-ob dggero
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|

LobBogbobs. gl MBOMB3gEYmal 9wgdgbdgool 899Jdbsl  3mol
603900 LEHModmbgdoom. obLs3MMmBom gl LELMPIOWMS EOEO
65mbMdOL gergdgbEgdol ddmbyg ool dgbsgdbgarsco.
App.jsx
import React from 'react’;
class App extends React.Component {
constructor() {
super();
this.state = {
data:
[
{
"id":1,
"name":"Foo",
"age":"20"
3
{
"id":2,
"name":"Bar",
"age":"30"
2
{
"id":3,
"name":"Baz",
"age":"40"

]
}

}
render() {

return (
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<div>
<Header/>
<table>
<tbody>

{this.state.data.map((person, i) => <TableRow key = {i}
data = {person} />)}

</tbody>
</table>

</div>

);
}
}

class Header extends React.Component {
render() {
return (
<div>
<hl>Header</h1>
</div>
)
}
}

class TableRow extends React.Component {
render() {
return (
<tr>
<td>{this.props.data.id}</td>
<td>{this.props.data.name}</td>
<td>{this.props.data.age}</td>
</tr>
)
}
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}
export default App;

main.js

import React from 'react’;

import ReactDOM from 'react-dom';
import App from './App.jsx';

ReactDOM.render(<App/>, document.getElementByld(‘app'));

996008L3bs:  B39b o 30y4gbgdm key=[i} -U map() BwbJso0L
dogboom. gl gbBstgds React-b obssberml dbmewm 30w gdgero
999963900 s 96 dmerosbo Los Ggbamobyol bgwdgmego
3959mygbgdom, MHmEs Ms8g 89033 gds. gl LogMAbMdSE TGOl
330353006 G gdmEOHMdl 0O Mom©gbmdol obsdozm®o
9w9996@ 900U gdbols oMH™U.

390090 bsb39698005 3.2 65bsBDY.

[ ReactApp X\
0 ;

= C [ locathost:7777 A li=

Header

1Foo 20
2 Bar 30
3Baz 40

65b.3.2. ReactDOM.render sbseno 8990
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3.4 React-ols dogmdstgmds s Gg330bodEgdo

> g mdsmgmbs (State) - qbss 500, bLE0IBsE Fmgobgds
9mbo3999d0. B3zgbo Fobsbos T93ddbsocy G dgodengds BoMGHogz0
000M356M9MdS s ,8YMIsMgMBIOL Fgbsbzol“ dJmbg 3m33mbgbEgdols
(stateful components) 306035 BHO HOMOIBMBOM. 019, FoYIWOMS®,
B396 239936 10 3m33mbgbE0, ®MIgdLss FoMgds dmbsigdgdo
000356 gmdosb, b3gb bs Tg3ddbsod ghmo 3mbEgobyH o
303mb9b3H0, HMIgeo d90bsbogl IgmTscgmdsly 4y39ewsliogol.

90936m 3molL dogowomdo 6sB3969d0s M) Gmym® mbo
093Jdbson  stateful-sbo  3m33mbgbEHo  EcmaScript2016  Lob@oduob
359mygbgdoom.
App.jsx

import React from 'react’;

class App extends React.Component {
constructor(props) {

super(props);

this.state = {
header: "Header from state...",

content: "Content from state..."

}

}
render() {

return (
<div>
<h1>{this.state.header}</h1>
<h2>{this.state.content}</h2>
</div>
);
}
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}
export default App;

main.js
import React from 'react’;
import ReactDOM from 'react-dom';

import App from './App.jsx';

ReactDOM.render(<App />, document.getElementByld('app"));

3900920 6563960005 3.3 BsbsHBy..

[ React App X\

L C (] localhost:777

Header from state...

Content from state...

65b.3.3. stateful-s60 3m33mbBgbEHOL BgJobs

> doMOomOo  Aoblibgoggds  Jamdstmgmdsbs  (state) o
69330D03HJoL (props) dmMol obos, H™I H9330D0GJO0 33WIEV0d.
sdo@mdog  3mbGJobgeol  3mI3mbgbBHTs  Mbs  goblobrzmml
000MBoMgmds, MHMIgeroi 890degds Asbsberall s 9oz mb.
50530MHMM s, dobds dgommdowds  30m330mbgbGHgdds  TbmeErmE
MBS 4osbgl  Gmbs3gdgdo  FEaMdsMgmdoEID, ©®9330P0EHdOL
259mygbgdoom.

OmELsg  B3gb  833oMEIds  YE3wIwo  dmbsggdgdo
3M33mbgbBHdo, Bz9b  dga30deros  mainjs  3mEo  MPIGIME
©53505¢™m props-o reactDOM.render() 536400l s godmz0gygbmo
090 B3960 303306968 0L dogboo.
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App.jsx
import React from 'react’;
class App extends React.Component {
render() {
return (
<div>
<h1>{this.props.headerProp}</h1>
<h2>{this.props.contentProp}</h2>
</div>
)
}

}
export default App;

main.js

import React from 'react’;

import ReactDOM from 'react-dom';

import App from './App.jsx’;

ReactDOM.render(<App headerProp = "Header from props..."
contentProp = "Content from props..."/>,

document.getElementByld(‘app'));

export default App;
390920 b5639690005 3.4 BobsBBy.

"] React App x

N

€« C ] localhost: 7777 Syire

Header from props...

Content from props...

Bob.3.4. props-o reactDOM.render() -80
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> 300 mdstmgmds s 9330B0Gd0

239630bomm 8545000 0399 MMAME dgodegds IEyMToMYMds
(state) s ©9330D0GJd0 (props) 259MH@M0sbEIL 93w03s305d0. B396
003000053900 IyMToMgmds Fdmdgen 3m33mbgbEHdo s o390,
0ol g3g300 3MI3mbgbEJdol bom ©9330D0EHIOOL  Lsd IsEgdO.
696gM0baol 3mbJsool dogboom Bz9b 35949bgd0> headerProp o
contentProp -U, HmIwgdog 2459m094qbgds 930@Mdogn
3M33mbgbEHqddo.
App.jsx

import React from 'react’;

class App extends React.Component {
constructor(props) {
super(props);
this.state = {
header: "Header from props...",
content: "Content from props..."
}

}
render() {

return (
<div>
<Header headerProp = {this.state.header}/>
<Content contentProp = {this.state.content}/>
</div>
)
}
}

class Header extends React.Component {
render() {

return (
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<div>
<h1>{this.props.headerPropj</h1>
</div>
);
}
}

class Content extends React. Component {
render() {
return (
<div>
<h2>{this.props.contentProp}</h2>
</div>
);
}

}
export default App;

main.js

import React from 'react’;

import ReactDOM from 'react-dom';

import App from './App.jsx’;

ReactDOM.render(<App/>, document.getElementByld(‘app'));
39009390, 8@MToMgmdoL Fmbo3g0gdol obsbargds d30em-

000303 39625 gdL ImMbo39dgdL.

3.5. React]S-ol 3m3d3mbgb@gdol Lsbogmaberm
GO30o
§0bsdgdomg  35Mop®oxdo  gobowsgm  3m33mbybEgdol
Labogmaberm 3030l dgmmogdl.
¢ componentWillMount - U&wogds ©gbogmobgaol  ffob
MO0 byM39MOU, s1g39 JE0gbEHOL FboMgl;.
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¢ componentDidMount — bLOHMEEGds 306390 MHgbEIMHObyOL
399099 IbMwmE 3eogb@ol dbsmgl. bimMaw 59 Mbos dgbyegl
Ajax-ol dmmbmgzbgdo s DOM-ob 56 dymdstgmdol gebsbengds. gb
090M©O 35dmoyggbgds spgmag JavaScript-ob bbgs 3ao@Bm®mdgdmsb
0639365300bm30L s bbgs 1396309000565

e componentWillReceiveProps — 900m0dobgds, GmamMs 3o
9330D03H 00 2565begds Imdg3bm MH9bYMOL godmdsbgdol fob;

¢ shouldComponentUpdate — ood6Mvbgdls true o6 false
360036900 mdsl. gl 4obLEBOZM3L A9bsbEEgds vy 565 3nI3MbgbGo.
LEoboMEGHWWO© ©oYgbgdvIEos true;

¢ componentWillUpdate - 299m0dobgds U)o M
H9bgMobaol ob;

¢ componentDidUpdate — 353m0dsbgds 69bwgMobyol 899wy

¢ componentWillUnmount — 353m0dsbgds 3083mbgb@ol @sderols
999009y DOM-005b. 3008369630 ©0gdmbEHoMmgds main.js -do.

3.6. Hooks qos Hooking &gdbmemgos

3033039OM 3OMYMT06Mgdsd0 GHgMdobo hooking (,oFms,
»IepexBat”) dmoEogl bbgoaslibgs 99ommeb, HmIwwgdos godmoygbgds
39653070 LoLGHIIOL, 9303530900l 9B bbgs  3HMMTMwO
303306963 9d0b J3930L B933e0l 96 ©sdsEHgdol dobbom,

36OHMaM50Mwo  BOHMB3gymaol  3md3mbgbBHadl  dm®ob
239005339090 gbdEogdol  (AgBYymdobgdgdol o6 dmgargbgdols)
»Q0FJMOL" aBom. 30, HMIgeog sLOHMEIGIL SbgMO OFIMOWO

6) 3996930900L (8gBHYymdobgdgdol 56
[ 9mgmabgdol) sdmdsggdsl, hook-

: b Mfmgdgb  (,9639L0% ,d0bg%)
(65b.3.5) [46,47].
Nt

e

65b.3.5. ReactHooks: g&om-ghmo gomyem
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503565, hooking - Fgdbmemaoss, MMIgwos  33woL
0683m6H3s30v90 LoliBgdob sds 0w 08 333mbI6EHOL bEBHBIHEGHMw

g™ BoJ303L-

Hook 560l 99do60bd0, GmIol sbds®mgoomss 53¢03s3osl
39005 ,3030MHML obgmo dmzwgbgdo, HMAMMOEss dgEymdo-
B0, dombol mgddngds, 3¢93053EHMMOBY 30335 [48]. BMbIE0s,
HMIgoE ©0FIOL goblboBrgmwo GHodolb dmgzwgbsl, Mimogdgb
hook-36Hm3gw®sl. ol dgmdeos Bgdmddggds ymgge domgdwyen

93 gbaby, 89809 30 9339wl gl Imgegbhs 96 gosvgddmb.
Hooks-ol 306399833000 godmygbgdol sgowomgdos:

*  99gBymdobgdoms  dmbo@mEmobyo  3MMyMsdMmo  LolEgdol
39056m30L 3MMm3qld0;
e 36MHMaG53mw LobBYdsdo d530mlgdol BsfgMol s M3Mm©rd-
300b YOONBIIwYNB;
¢ Fl-0oozol (help key) dbs®rqsFg®ol »bemmbaganymgs;
o 3ombobs O 3E9305EWIMHOL 0TOES(309;
o 3m33099BHOHBY doboMmgPdMo Lfjogwrgdol (CBT - computer-
based training) 53035:300L Mgoe0BoG0s.
d9bodzbs: Hook-gdo, GmamMs  §abo, sbgegdl  Lob@gdol
0mdomdoL  LHMox3ddggdol, ©oobsg  FoGHMEMBL  MOMMYNIEO
393Hymdobgdol ©sdwdsggdol ImEmEmds. LsFotMms, Gm3d Hook-o
059969l Ibmemm LoFoMmgdol d98mbggzsdo s dobo 2sdmygbgdol
3900092, - LaLMOBME FoodsEmb.
o®Mlgdmdl  Hook-gdol  bbgssbbgs  @odo,  GmIwgdog
MBOMB39wymzl d9¢Ymdobgdgdby (b dmzwgbgdby) faomdol s
05099353900l 2obLb3390Me sb39gd@gdL. dogowoms, WH_MOUSE
3730 530353006  J0gh  250moygbgds  Fombosh  dgdmbimero
39HYmdobgdoms BHMsxgozol dmbo@mMobyolsmgols [48].
Hook-gdol gmggmo GHodobomzol LobEgds mbOHmbagaymals
39939008 3owgg 9930ogolb  (Hook Chains) dbs®sdgmolb. gboo
05h39690qdoll boos  (pointers list) 93¢03530000  gobLsBLIOME,
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139300 E  gbd3090DY,  OMIgdLsy  Hook  Procedures-U
Ofrg09b.

OmEbs3  Imbryeos  dg@ymdobgds (56 dmbs dmgzwgbs),
M0Igog  ©939300609090s  3oblsBL3Gmo  Bodolb hook-0b
(»05bgb0b%),  LoLGgds  oALEIAL  FgBYMdOBIdSL  gMmOdgMMOL
00009360™d0m gmz9ge 3OHMEJEOL, MMIWIdoE Jomom IS
Hook  Chains-do.  3993-3Gm39Mgdl  89.dwos  bbgoolbgs
a3mbgdool GglereEgds Bomo $Ho3gdol gbodsdolo. Todsw0ma,
Dmy 303906 9mdwos 9EYmdobgdol dbmeme Inbo@mmob-
30, Dmgl - d9EHYmdobgdol dg3ges b dsmo dghgemgds dH3Mogzdo oly,
6Hmd v 396 dospfoml 8909y 3M3-30m3gMMsdg b

©5608bv9agdol BsbxMody.
6HMmIgeodg GHodob 3m30Lsm30L  M306MsEHLMdOL  dolobo Fgd-

WO ©I39M39OL  Fgdeos 3Om3gEMOYe 336 SetWindows-
HookEx g37bJ30000 9obmlsbug®ml syowo 33900l 95360300.
3993-360M(39019ML, Fodde0mo, 93bgds sbgmo Lob@sduo:

LRESULT CALLBACK HookProc(

int nCode,

WPARAM wParam,

LPARAM IParam

)
{

// process event

return CallNextHookEx(NULL, nCode, wParam, IParam);
}

HookProc  s6ob  s@aomo  Lsbgwol  9oLosmomgds,
9o Foblsbzmogl 53e035300.

73



303bds6mgdol 06O RBgoLOL I3MHMYMsTGds (Angular]S, React]S)

nCode 35659930 560L hook-3m©0, MHMIgELsg 049690l hook-
3MMEIOO, B0 FoblobOzmml dglslBvmgdgwo Jdgwgds. Hook-
300l 3603369mds ©sdm30dwm0s 330l GHo3DY. ymzga GHodlb
293U hook -3m@gdobl b5399M M0 GHMNMIXOMDS.
wParam s [Param = 35Gs093Mgdolb  3608369amdgd0
©59m300090Mwos Hook-3m@by, 953650, B3999emgdolisdgdm, olbobo
3903936 06x3MMTo305, 08 FgBYmd0bgdol dgbobgd, MHmIgwoa ogdbs
2393bsgbowo 96 dowgdmeo.
SetWindowsHookEx gu9bd300 ymgqgemgol s94gbqdL hook-
36Mm390MOMsLb  hook-0(30030L  sLsfyolido.  GmEglsg  bgds

9m3mabs, HMIGlsE M35mYMOL 593670l 2oBLLBMIGMWO GHodol
3v30, LbobEgds 2459m0dsbgdl hook-3{ 36030, MMIgeogs

535380690905 53 33,56, gmzgmo 3m3-3OmEgmes 8(3Mogdo
39bLsBEOZMH3L - FoALEIL MY sG> IM3ggbs g0y 3HM(E39EOL.
590Lsm30l 080 25dMmdsbgdoom 0ygbgdl CallNextHookEx gumbgiosl.
J399m0o dm3gdmeros HookTypes:

e WH_CALLWNDPROC s WH_CALLWNDPROCRET -
3939md0bgdoms 253Bo360L dmbo@m®obyo;

e WH_CBT - computer-based training (CBT) applications;

e WH_DEBUG - gobolobodmnl bobEgdobsomgol — 3w3-
36(390009M0L godmdabgdol bdotmgo;

e WH_FOREGROUNDIDLE — @50 36G0m60GH)Gob 3m3-
3639000l 250mdobgdos;

e WH_GETMESSAGE -  3w5305¢Molb 6 dormlol
39¢49md0bgd900L dmbo@EHm®mobyo;

e WH_JOURNALPLAYBACK - d93¢ygmdobgdoms ©oggbgds
LolLE MO F9BYmdObIdomS M0yd0;

e WH_JOURNALRECORD -  @g0sgogmo  8mgzwgbgdol
3MbGOM0o s Bsfgdo;
e WH_KEYBOARD_LL - 3ws305¢96M0©sb  dg@sbowo

0m396900L dmbo@mMobyo;
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e WH_KEYBOARD - 39¢ymdobgdoms &6533030L
dmbo@m®m0byo (3600300¢MH0Eb dg@sboo);

e WH_MOUSE_LL - 8ombo@sb domgdmwo 8mgwgbgdol
9mboGm®mobyo

e WH_MOUSE - 9ombogsb domgdmo dg@ymdobgdgdol
03oY)HoLERJ3690;

e WH_MSGFILTER Qo WH_SYSMSGFILTER -
393Ymdobgdoms  M35yMMoligzbgds dgboml s  osMYMEO
3BxM9doLmM30L;

o WH_SHELL - g56b0ob 53¢0035300L 255d@0weMqgds.

3.7. React Hooks: Memoization

B39b0 658GM™T0L  doMomso B0Bsbos ™sbsdgdmgg  390-
39J5mmy09d0l  sboerobo, front-end s back-end 53035309000
53300L MZ35¢LBOHOLOM. Foblid3M0MHYIMEO YMEOEMYDds Fodsbgzowg-
0o oym JavaScript gbol Logwmdzganbg d9ddboero 0blEMwmadgh-
39005 - oo FHYJbMEMa0gd0L 0b6EYHMEO0L bo30mbydbY.

"bs godmgymon Angular]S, Angular, Node]JS, Ajax, React]S oo
bbgo 5369003063900 @S d0dLPOMMY3900, MMIgEwms Losxwdzge by
3600369mgbs  aodxmdgbs front-end o back-end ggd-
33035(30900L OMAMME bo®olbbmd®mogo, g3y IHsMmIMGdIMHMBOL
(LHMo3999009d0L) dobsliosmgdergdo.

00X 9650, §0bsdgdsMy 3sMoaMsx3d0 a30b6s FoMmdmgzsyobmo
P3ab dogH dgbfiogeroro, godm3zegeo s Rsdmysrodgdyeo
00m3560L 400sfyzgol bogombo — HmamMogss React Hooks: memoi-
zation 36Mdgds. 53mEsbs 809371036905 Front End Development -ols
LRIOML s  FMIbBsMYPdY®s 93103530900 BMb0mboMgdols
LEOHYgmxzol JoBbom bmMEogegds, 39MHdm, 0go gbgds LoliEgdol
PoHIMGOMOH™BIOL 5Towengdsls [49].

005056539, Fo0ImEygbowos 3Mmdegdol 3owsfiyzgdob 3bgdo,

3M63609¢¢M@0 LHOWNLEHMIGOM FoQOOMNJOO S M93MIgbs-
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30990  gOMbGH-9b  93w03530900L  sboggds  React Hook-ob
259mygbgdoom.

50b0dbmo  LEHsGHool  gwgdBHdmbawo  396MLos  foabol
565533H™MOL, LobMm ©MmErodol dogh a59md3qybgderos 583-ob,
3960Mm© 35¢0nmMbool bob BEMIBEOLIML gugdEHOMbME FmEOBsedo
(deomyo MEDIUM) [49].

§oabol 1-sbo®mdo Fomdmygbowos s0bodbymo LEsGool
mM00bs¢00 39OLOoS.

3.8. React Hooks-ols s0lidgtgao

React Hooks-qd0, 3awsboms 3033mbg6@3q00Logab aoblbgsggdom,
Q5050 EMbOL ,L6ddgbgdEm BEPM3FB0s", 53¢03530gd0L SBORJdS©
©5  m33030BsEoolomzgol  dobodowMo  Fodmbmmo  3mEgdom
(boilerplate). gl 939653690, 3ZMIZ0MEHIOME  3OIMAMSTOMYdSTO
29900996905 ©s 030 3oL 0b Boffoos, HMIEoi 3MMmyMsdol 3936
5ROl 53 YdS M(33¢JIO. I3MMYMSTgdOL 9690T0, rmdg-
003 00031905 IM935¢L0GY305b5 (verbose), 939w ™m3gMgl »bgds
0O IMEMEMdolL 3ol FgMs dgsmgdom dbodzbgum Bmdol
3bJ30Mmbserols GglslHergdws. sbgm 3mEL Mfmgdgb doderm-
B&L (boilerplate) [60].

3dmbmmo  3m©Ydol  259mygbgdol  Immbmgbowgds dgod-
@gds 89930MHEaL  Foowo ©mbol  39dobobdgdol  Lydwgswgdom,
OZMO0E, 3RO,  FYHs3PDmgHsdoMgBs (o 3830v)GHIMO
030006 {gdl  93BMI>GHMMo©  FodMmbYGH  3m@s o6 bgodl ol
360yMo00L  3mI305300L  OML),  §g0sbbdgbs 3026508 )Bsgo0lL
Gobsbgd (HMBgeoi 93GMIsGMMe©  BOMBlgwymal 356y 9b0d-
369comdqdL,  Goms  gd30MEal  3OHMYMmIToLomM3ol  IGHIYdOL
J000mgdoL  sMEOWdMMdS  Ym3zgwr 36MHmgd@do) s JmEeree-
26096909820 OS3HMIHHIDS (g doE 3o9tm0ygbgds dmegwng-
00 ©5 9MmEIWo->3m0L  49bgMeBMMgdo, M3 3odMEmOEbIgL
bgm369960 3oL FodEMmbol 59930 qdEMdsL).
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©bshmdo_2 Bmagdnmos  03GMMOL, L. ©@modol dogH
AguOHMEgdMmo o Jowoxgm®bool  (58d) Medium  dgrmaby
299093996900 LEs@os ,The Iceberg of React Hooks®, ULoosg
IG5  ddbbommwo  s0bodbmwo  3GMdmgds s dobo
3°03fg309G0L 3g®Los [52].

5023505, 50bodbme 33gz0m BsdMMIo, GmIgwoi 12
Bofoobogeb 890909, 0LEHMmOMIdMEos BMYso 3MHMIWIIGO0
5 3500 2505(939@0L bgMbgdo.

Mgy dmEgdmeos React Hooks Radar s React Hooks
Checklist 93069 0930396530900 dm3zeng bmdsGOL bobooo.

53365

Web-©9390m399630L bygg@mdo ghom-gmoo 3609369¢mgsbo
0005000 gdss  BolIGNVOMGOSO  390-93¢003530900L  ©sTw)dsg9ds.
back-end o front-end @&gdbmeomaogdo dmdogs sbogwol
2965bagdsl s LOYEyMa3sbs.

960m@b0w0s ol 0sb659900MM3g Ggdbmermyogdo, MHMIEg-
003 9o0 dgbogdbgro 259m0yYgbgds s 5dGHMOSWMEmO0S, BHMYMOO3:
HTML, CSS, PHP, BEM 8900m@©@Mmmyos. bowm yzgmsbyg 0mogs6mH0
obog B3gbo 658MMTo dmo@Esgl gl dobansgom Angular s React]S
LolLEgdgdolL gobbogs, MHMIGdTs3 dsboMbY Lo3dom 3M3MESGMMDS

0m03m35  390-009390m3gMgddo. obobo sgMwo ©s  IMegseo
296d30000 s0FMNOZ00  L53sgdYO0s, MMIWIOOE 3JO-9303S-
3ool  9dabsl  LogMdbmdo  535MFGH0390L s M MdgLYOL
30500 gdOHMIOL 5350 gd0l MZ5elsBOOLOm.

React Hooks-ol 0bb@®«gdgb@ol 998mygqgbgds dslidEedotMgdswo
©5 9839dGHO0  390-53¢003530900L  sboggds IgBo 960dzbgrm-
3960s. 030 239bdoGgds  LbBHo 5ROl AsdmzEgboly o
90omMg0HMBOL 5350¢gd0l 3GIMBGIGOOL 3505)Y39G900.
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3bstono_1
REACT HOOKS: MEMOIZATION
https://medium.com/@sdolidze/react-hooks-memoization-99a9a91c8853
Sandro Dolidze. Mar 5, 2019

React Hooks make our life so much better in almost every way. But the
minute performance becomes an issue, things get slightly tricky. You can
write blazing fast applications using Hooks, but before you do that, there

are a thing or two that you should be aware of.
Should you memoize?

React is plenty fast for most use cases. If your application is fast enough
and you don’t have any performance problems, this article is not for you.
Solving imaginary performance problems is a real thing, so before you

start optimizing, make sure you are familiar with React Profiler (Figure

1).

(000 DevToos - locahost 3000/
Elements  Profiler
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Fig.1. React Profiler: Flame Chart
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If you've identi ed scenarios where rendering is slow, memoization is

probably the best bet.

React.memo is a performance optimization tool, a higher order
component. It’s similar to React.PureComponent but for function
components instead of classes. If your function component renders the
same result given the same props, React will memoize, skip rendering

the component, and reuse the last rendered result.

By default it will only shallowly compare complex objects in the props
object. If you want control over the comparison, you can also provide a

custom comparison function as the second argument.

» No memoization

Let’s consider an example where we don’t use memoization and why

that might cause performance problems.

function List({ items }) {
log('renderList’);
return items.map((item, key) => (
<div key={key}>item: {item.text}</div>
);

}
export default function App() {

log('renderApp");

const [count, setCount] = useState(0);

const [items, setltems] = useState(getInitialltems(10));
return (

<div>
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<h1>{count}</h1>
<button onClick={() => setCount(count + 1)}>
inc
</button>
<List items={items} />
</div>
)
}
Example 1: Live Demo
Every time inc is clicked, both renderApp and renderList are
logged, even though nothing has changed for List. If the tree is big
enough, it can easily become performance bottleneck. We need to

reduce number of renders.

»  Simple memoization
const List = React.memo(({ items }) => {
log('renderList');
return items.map((item, key) => (
<div key={key}>item: {item.text}</div>
);
D
export default function App() {
log('renderApp');
const [count, setCount] = useState(0);
const [items, setItems] = useState(getInitialltems(10));
return (
<div>
<h1>{count}</h1>
<button onClick={() => setCount(count + 1)}>
inc
</button>
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<List items={items} />
</div>
);
}

Example 2: Live Demo

In this example memoization works properly and reduces number of
renders. During mount renderApp and renderList are logged, but when

inc is clicked, only renderApp is logged.

» Memoization & callback
Let’s make a small modification and add inc button to all List items.

Beware, passing callback to memoized component can cause subtle bugs.

function App() {
log('renderApp');

const [count, setCount] = useState(0);

const [items, setltems] = useState(getInitialltems(10));

return (

<div>

<div style={{ display: 'flex' }}>
<h1>{count}</h1>

<button onClick={() => setCount(count + 1)}>
inc

</button>

</div>

<List

items={items}
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inc={() => setCount(count + 1)}
/>

</div>

);

}

Example 3: Live Demo

In this example, our memoization fails. Since we are using inline lambda,
new reference is created for each render, making React.memo useless.
We need a way to memoize the function itself, before we can memoize

the component.

> useCallback
Luckily, React has two built-in hooks for that purpose: useMemo and
useCallback. useMemo is useful for expensive calculations, useCallback is

useful for passing callbacks needed for optimized child components.

function App() {
log('renderApp');

const [count, setCount] = useState(0);

const [items, setItems] = useState(getInitialltems(10));
const inc = useCallback(() => setCount(count + 1));

return (

<div>

<div style={{ display: 'flex' }}>
<h1>{count}</h1>

<button onClick={inc}>inc</button>
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</div>

<List items={items} inc={inc} />
</div>

);

}

Example 4: Live Demo

In this example, our memoization fails again.renderList is called every
time inc is pressed. Default behavior of useCallback is to compute new
value whenever new function instance is passed. Since inline lambdas
create new instance during every render, useCallback with default config
is useless here.

> useCallback with input

const inc = useCallback(() => setCount(count + 1), [count]);

Example 5: Live Demo

useCallback takes second argument, an array of inputs and only if those
inputs change will useCallback return new value. In this example,
useCallback will return new reference every time count changes. Since
count changes during each render, useCallback will return new value
during each render. This code does not memoize as well.

> useCallback with input of empty array

const inc = useCallback(() => setCount(count + 1), []);
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Example 6: Live Demo

useCallback can take an empty array as input, which will call inner
lambda only once and memoize the reference for future calls. This code
does memoize, one renderApp will be called when clicking any button,
main inc button will work correctly, but inner inc buttons will stop

working correctly.

Counter will increment from 0 to 1 and it will stop after that. Lambda is
created once, but called multiple times. Since count is 0 when lambda is

created, it behaves exactly as the code below:
const inc = useCallback(() => setCount(1), []);

The root cause of our problem is that we are trying to read and write
from and to the state at the same time. We need API designed for that
purpose. Fortunately for us, React provides two ways for solving the

problem:

> useState with functional updates

const inc = useCallback(() => setCount(c => ¢ + 1), []);

Example 7: Live Demo

Setters returned by useState can take function as an argument, where
you can read previous value of a given state. In this example,
memoization works correctly, without any bugs.

> useReducer

const [count, dispatch] = useReducer(c => ¢ + 1, 0);
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Example 8: Live Demo

useReducer memoization works exactly as useState in this case. Since
dispatch is guaranteed to have same reference across renders,
useCallback is not needed, which makes code less error-prone to
memoization related bugs.

> useReducer vs useState

useReducer is more suited for managing state objects that contain
multiple sub-values or when the next state depends on the previous one.

Common pattern of using useReducer is with useContext to avoid

explicitly passing callbacks in a large component tree.

The rule of thumb I recommend is to mostly use useState for data that
does not leave the component, but if non-trivial two-way data exchange

is needed between parent and descendants, useReducer is a better choice.

Summary

To sum things up, React.memo and useReducer are best friends,

React.memo and useState are siblings that sometimes fight and cause

problems, useCallback is the next-door neighbor you should always be

cautious about.
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@sb56G00_2
THE ICEBERG OF REACT HOOKS

https://medium.com/@sdolidze/the-iceberg-of-react-hooks-af0b588f43fb
Sandro Dolidze. Mar 26, 2019

.7_. g

, —

React Hooks, unlike Class Components, provide low-level
building blocks for optimizing and composing applications with
minimal boilerplate.

Without in-depth knowledge, performance problems can
arise and code complexity can increase due to subtle bugs and
leaky abstractions.

I've created 12 part case study to demonstrate common
problems and ways to x them. I've also compiled React Hooks
Radar and React Hooks Checklist for small recommendations and

quick reference.
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> Case Study: Implementing Interval
The goal is to implement counter that starts from 0 and
increases every 500ms . Three control buttons should be provided:

start, stop and clear .

React Hooks: Interval

Level: 12 |

count => 0 start ‘stop reset

< Level 0: Hello World

export default function Level00() {

console.log('renderLevel00);

const [count, setCount] = useState(0);

return (

<div>

count => {count}

<button onClick={() => setCount(count + 1)}>+</button>

<button onClick={() => setCount(count - 1)}>-</button>
</div>
);
}

This is a simple, correctly implemented counter, which

increments or decrements on user click.

% Level 1: setInterval

export default function Level01() {
console.log('renderLevel01");

const [count, setCount] = useState(0);
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setInterval(() => {
setCount(count + 1);
} 500);
return <div>count => {count}</div>;

}

Intention of this code is to increase counter every 500ms.
This code has a huge resource leak and is implemented incorrectly.
It will easily crash browser tab. Since Level0I function is called
every time render happens, this component creates new interval
every time render is triggered.

Mutations, subscriptions, timers, logging, and other side
effects are not allowed inside the main body of a function
component (referred to as React’s render phase). Doing so will

lead to confusing bugs and inconsistencies in the UI.

& Hooks API Reference: useEffect

+ Level 2: useEffect

export default function Level02() {
console.log('renderLevel02');

const [count, setCount] = useState(0);

useEffect(() => {
setlnterval(() => {
setCount(count + 1);
3, 500);
N;

return <div>Level 2: count => {count}</div>;

}
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Most side-effects happen inside useEffect. This code also has
a huge resource leak and is implemented incorrectly. Default
behavior of useEffect is to run after every render, so new interval

will be created every time count changes.

& Hooks API Reference: useEffect, Timing of Effects.

% Level 3: run only once

export default function Level03() {
console.log('renderLevel03");

const [count, setCount] = useState(0);

useEffect(() =>{
setInterval(() => {
setCount(count + 1);
},300);
b D;

return <div>count => {count}</div>;

}

Giving //as second argument to useEffect will call function
once, after mount. Even though set/nterval is called only once,
this code is implemented incorrectly.

count will increase from 0 to / and stay that way. Arrow
function will be created once and when that happens, count will
be 0.

This code has subtle resource leak. Even after component

unmounts, setCount will still be called.
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& Hooks API Reference: useEffect, Conditionally firing
an effect.

R/

% Level 4: cleanup

usekEffect (() => {
const interval = setInterval (() => {
setCount (count + 1);
}, 300);

return () => clearInterval(interval);
boo 1)

To prevent resource leaks, everything must be disposed
when lifecycle of a hook ends. In this case returned function will
be called after component unmounts.

This code does not have resource leaks, but is implemented

incorrectly, just like previous one.

& Hooks API Reference: Cleaning up an effect.

K/

% Level 5: use count as dependency
useEffect (() => {

const interval = setInterval (() => {
setCount (count + 1);
}, 500);
return () => clearInterval (interval);
}, [count]) ;

Giving array of dependencies to useEffect will change its

lifecycle. In this example useEffect will be called once after mount
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and every time count changes. Cleanup function will be called
every time count changes to dispose previous resource.

This code works correctly, without any bugs, but it’s slightly
misleading. set/nterval is created and disposed every 500ms. Each

setInterval is always called once.

@ Hooks API Reference: useEffect, Conditionally firing
an effect.

R/

% Level 6: setTimeout
useEffect (() => {

const timeout = setTimeout( () => {
setCount (count + 1);

}, 500);

return () => clearTimeout(timeout);

(
) ;

4

}, [count]

This code and the code above work correctly. Since
useEffect is called every time count changes, using set7imeout has
same effect as calling set/nterval.

This example is inefficient, new set7imeout is created every
time render happens. React has a better way for fixing the
problem.

K/

% Level 7: functional updates for useState
useEffect (() => {

const interval = setlInterval (() => {
setCount (c=>c+1);
}, 500);
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return () => clearInterval (interval):;

Yoo 01D

In previous example we ran useEffect on each count change.
The was necessary because we needed to have always up-to-date
current value.

useState provides API to update previous state without
capturing the current value. To do that, all we need to do is
provide lambda to setState.

This code works correctly and more efficiently. We are
using a single setlnterval during the lifecycle of a component.
clearInterval will only be called once after component is

unmounted.

& Hooks API Reference: useState, Functional updates.

+» Level 8: local variable

export default function Level08() {
console.log('renderLevel08');
const [count, setCount] = useState(0);
let interval = null;

const start = () => {
interval = setInterval(() => {
setCount(c =>c + 1);
}, 500);
b
const stop = () =>{
clearInterval(interval);

%
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return (
<div>
count => {count}
<button onClick={start}>start</button>
<button onClick={stop}>stop</button>
</div>
);
}

We've added starr and stop buttons. This code is
implemented incorrectly, stop button does not work. New
reference is created during each render, so stop will have

reference to null

@ Hooks API Reference: Is there something like
instance variables?

s Level 9: useRef
export default function Level09() {

console.log('renderLevel09');
const [count, setCount] = useState(0);

const intervalRef = useRef(null);

const start = () => {
intervalRef.current = setInterval(() => {
setCount(c=>c + 1);
1,500);
7

const stop = () =>{
clearInterval(intervalRef.current);

%
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return (
<div>
count => {count}
<button onClick={start}>start</button>
<button onClick={stop}>stop</button>
</div>
);
}

useRef is the go-to hook if mutable variable is needed.
Unlike local wvariables, React makes sure same reference is
returned during each render.

This code seems correct, but has a subtle bug. If szarr is
called multiple times, set/nterval will be called multiple times

triggering resource leak.

& Hooks API Reference: useRef

% Level 10: useCallback

export default function Level10() {
console.log('renderLevel10');

const [count, setCount] = useState(0);
const intervalRef = useRef(null);
const start = () =>{

if (intervalRef.current !== null) {
return;

}
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intervalRef.current = setlnterval(() => {
setCount(c=>c+ 1);

}, 500);
b
conststop=()=>{

if (intervalRef.current === null) {
return;

}

clearInterval(intervalRef.current);
intervalRef.current = null;

5

return (
<div>
count => {count}
<button onClick={start}>start</button>
<button onClick={stop}>stop</button>
</div>
);
}

To avoid resource leak, we simply ignore calls if interval is
already started. Although calling clear/nterval(null) does not
trigger any errors, it’s still good practice to dispose resource only
once.

This code has no resource leaks, is implemented correctly,
but might have a performance problem.

memoization is main performance optimization tool in
React. React. memo does shallow comparison and if references are

same, render is skipped.
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If start and stop were passed to a memoized component, the
whole optimization would fail, because new reference is returned

after each render.

&@ React Hooks: Memoization

+ Level 11: useCallback

export default function Level11() {
console.log(‘renderLevel11");

const [count, setCount] = useState(0);
const intervalRef = useRef(null);

const start = useCallback(() => {
if (intervalRef.current == null) {
return;

}

intervalRef.current = setinterval(() => {
setCount(c =>c + 1);

}, 500);
PRIME
const stop = useCallback(() => {
if (intervalRef.current === null) {
return;
}

clearInterval(intervalRef.current);
intervalRef.current = null;

b s
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return (
<div>
count => {count}
<button onClick={start}>start</button>
<button onClick={stop}>stop</button>
</div>
);
}

To enable React.memo to do its job properly, all we need to
do it to memoize functions, using useCallback hook. This way,
same reference will be provided after each render.

This code has no resource leaks, is implemented correctly,
has no performance problem, but code is quite complex, even for a

simple counter.

& Hooks API Reference: useCallback

«» Level 12: custom hook

function useCounter(initialvValue, ms) {
const [count, setCount] = useState(initialValue);
const intervalRef = useRef(null);

const start = useCallback(() =>{
if (intervalRef.current !==null) {
return;
}
intervalRef.current = setInterval(() => {
setCount(c =>c + 1);
}, ms);

b D;
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const stop = useCallback(() => {
if (intervalRef.current === null) {
return;

}

clearInterval(intervalRef.current);
intervalRef.current = null;

L

const reset = useCallback(() => {
setCount(0);

H s

return { count, start, stop, reset };

To simplify code, we need to encapsulate all complexity
inside useCounter custom hook and expose clean api: { count,

start, stop, reset } .

export default function Level12() {
console.log('renderLevel12');

const { count, start, stop, reset } = useCounter(0, 500);

return (
<div>
count => {count}
<button onClick={start}>start</button>
<button onClick={stop}>stop</button>
<button onClick={reset}>reset</button>
</div>
);
}
& Hooks API Reference: Using a Custom Hook
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» React Hooks Radar

All React Hooks are equal, but some hooks are more equal

than others.

Green

Green hooks are main building blocks of modern React
applications. They are safe to use almost everywhere without
much thinking.

1. useReducer

2. useState

3. useContext

& Yellow
Yellow hooks provide useful performance optimizations by
using memoization. Managing lifecycle and inputs should be done
with caution.
1. useCallback
2. useMemo
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@ Red

Red hooks interact with mutable world using side effects.
They are most powerful and should be used with extreme caution.
Customs hooks are recommended for all non-trivial use-cases.

1. useRef

2. useEffect

3. useLayoutEffect

»React Hooks Checklist

Obey Rules of Hooks.
Don’t do any side-effects in main render function.

Unsubscribe/dispose/destroy all used resources.

Ll

Prefer useReducer or functional updates for useState to
prevent reading and writing same value in a hook.
5. Don’t use mutable variables inside render function, use

useRef instead.

104



303bds6mgdol 06O RBgoLOL I3MHMYMsTGds (Angular]S, React]S)

6. If what you save in useRef has smaller lifecycle than the
component itself, don’t forget to unset the value when
disposing the resource.

7. Be cautions with infinite recursion and resource
starvation.

8. Memoize functions and objects when needed to improve
performance.

9. Correctly capture input dependencies (undefined => every
render, [a, b] => when a or b change, [] => only once).

10. Use customs hooks for non-trivial use-cases.
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