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Gia Surguladze, Sandro Dolidze

USER INTERFACE

DEVELOPMENT
(AngularJs, React]JS)

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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~F23600 bsberrgzsbo Bagbogholis s bsDeagsgor Bexrgofols
3Gm@obexs 09ofaBs® exmodols By blmgbsls (1955-2012)°

'v"‘wg 0908E EMEndy EodsEs 1955 §. 28
RAREL  >a0L Jmmdoldo. §acRobidom ©d8mazhs
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39653MHdm  ob-bl 30d9G6ytogoby @s
259mygbgdomo 85:gd3¢030L BoIM@AHIHDY
»0969x896¢0L  abam®dsgommo  Lob®gdg-
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L3ggoambdoom. 1983-1987 fergddo bfsgerm-
Bo LIEJB-39B9BdNEOL RGO M-EILI3-
@gool  B9dbogato  bogg®Lodatol
#050030L  Lsobgm®dsgom  LobBydgdol®
aL30G3bRMB0, 3339, @033 ELIMGGOS
39g6030b 393609M98ms 336nEsBnl (Ph.D.) batolboo.

1996-1999 §. oym 333035G05-bygsGM39Emb §GMdogzo Ladgeoaobea
©0s3bmbihognGo 396¢®ob ,CITO" odgjemeo. 2002-2004 Gergddo 25056
Us89360g6m > bdgAMIBMEOLm BEBEJLOL BB>gNGIB GHENBLS (oddos)
©> @ebmbdo ,boxsem LYLLBYAOL GHaRMEIOL IGMZ": 3aGZGBob
vboggPbodgghdo (BmbGmbo, BdbsRMLgYLo, 53T) ,L5BgFsedgm 969xd9bGo
%56s330L LgdBHMGEOL GaRMGANTo: doBEJL ©I)TGGds LIFNIZFOMBM ©I
5613b23m330mBM  MERdBOBIENYBOLIMZNL". ogm R3BEIE3oL LBaBoBolGhGmL
byboor Bbmgmom B3630L 3GegdBob LbsgsGmggemb  bysgrdymamgdol
EobGOENIGTR0Bogas”  sEBsltrmgdamo  @oAgjBMeo. Bobo  MBrsErm
byddmaabymmdom sxeagbomo s ad@acsMaEnde 0By 20-%g dgBo
L3535FYMBM CBOEabLS ©d GanmByddo.

0. EmE0ad) 2ol 50-Bg 9o LyAgEbogEm BsBGMANLS > Nbmzsgon®o
36930l s30mGo: xaBosggobs @ 3MYFagemdol 8369x396toL byob-
AnmdEom bobBgdgdol, a5@sPyzatogbsms dopqdol Lolhgdgdol bLgy-
6mdo. 2006 §. dobo obognstogom Bgogdbs 0bHaGby® Ladogdm Lobhgds
www.e-info.ge. ogm bLIYOMNIBmGOLE LoAIMDBOIGROL, Lydobaegdol AmBa-
foarg 583-0b. oo B3Go®sbgool, LigGsbagmol, odserool @> bba.
430460080, LEAY-L 3GMYGIVIEO  0BgobBgHooL” oMol IGmgImGO,
mdamalo  @mBob  8ggbog®-3g@saman  89BgxABBLY ©s IBHmpMaBmen
0dbn@my0gdo, obaerobyto @ Gabymo 96gdob Kbsywne d3mwE).
LBl oo dpmdito @ ©Btoandamo, Jedmvmo Jmgboab,
Bo8raMob @5 bydsGmggemnl obdhmGool oo Jmasyo.
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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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330exgBols Bolisbb:
805 Uomfmumemadg — Bgdbogob 8ggBoghndsocs @miBmGo, obgmé-
o daHovBsgoob La9OMIBMGOLM 23>@gdoob
( k. __\‘ bsdegoro §o3to (1994 fHerosb, a59Gmbosb

20Ugd o IIA), ULsagsGomggemb  BHydbogmto
mboggdbodghob 3GmagbmGo. 0bxnm@ds®ogol
BIIBoGol  .83Om3z0L  s3¢mMTdBHoBPR Mo
LolLBgdgdol (36maMi3nmo 0bgobgmoob)”
. 935.©35M BB B0L YRGMBLO. 76 Hoabolb (Tso
dmGob 16  9mbmyMagmos, 60  Lsbgemddmgsbgem), 55 gom-
bobgaddn3sbgermb s 300-8cg LsBYabog®™m BsBGIMBOL  s3¢thmeo
956m30L Ly obgm&dsgom bobtgdgdob, 3GMa®sdrmo 0bgobgGaal,
dmbsgpdos  Mgagom®o s NoSQL 35B3d0L,  ©I3GmaMedgdol
dodGoEmmn B9fbmemangdol,  o8odegomGo  dm@yEomydob,
3360l BgGao Jugmgdob, Goagdob mgmG ool @s bba. Lggemdo.

L36EAM EM@ody - ©B.mG0Eo 5.11.1993. 0bgmmdstngol BxanbtBo
(L3doGo35EML Bgdbogmmo MBoggGLoGg®oe 2019
-100% ©>g30bsbLgRd0m). MBdoEololb c1z30Les-
o Mbogg®lLotyhol ,Bogdsogols @
3MB3omHgeee 993b0gegdsms Limens" (100%-
©@>530656Lgd0m),  3MmB3omBobanl  Ba3dEmegto
(2011-2016).

5330 LYBEIIGAIGINOL @ LygsGzgEml
Bo6HAgddo 9mdsmdob 3Gagtho3mmo 3e8maEoggds 398- @ EILIG™3
LobGgdgdol  @I3gEm30baol  LygGmBn.  3gBdme, govdobo,
339035005 (03-06. 2016), Google-b Software Engineering Intern; 3s65¢0
(09. 2018) Flexdealer (Toptal), Senior Full Stack Developer; ;mdogroblo:
~Alta Software” (20117-18) o> ,Vidal“ (2012-16) - @g3gem356o.

A2f60396G0 9bs980: gbgdo: TypeScript, JavaScript, C #, Java;
0659690980: React, Node, AWS, Docker, Rx, GraphQL, Redux,
Functional Programming, Event sourcing.
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Bglsgagro
3Hma™edyo 067067000 LggGmado 3°3my9bgdomo

3GmaMadnero NbeEMBigmymaonlb (Applied Seftware) 56+ @qbgH™m3-
©> 390-53¢gr03s30ndol ©@OEO 3GmgdBgdol ©33M 390>
9609369¢rm3560 d0dsdromergdass [1]. 356bs3mmdgdeo ymGsEgds
99393 39 3GMycMsdweo Lob®gdol LEm®o IsLIGHIBOGHdOL TgGERIZAL
L33ombl [2]. ogo, Gmamd Gabo, b 33EsHyEIL ©a3GM]HgdoL
9H30L  ©>Fygosd®g, MO (330 gdd0L  AdbbmGagmgds

36HM9JBH0M3d0L EILEMEIdOL T30y 3230w gd0m 3¢ ©@AHML @
batxgdL dmombm3zL.

93L3HsB0Mgds - (Scalable) »®olL 39d-33¢ro3sgool 3GmydGol
©33b3LOYMGdgEo  m30Lgdy, GHMI DL Fggdmb  osgolo
BLAPREMBIBOL  A3xMNMYds sbaero gBJangdol Fgabsdsdobio
9m@EEmndol G3smEgbmdol asbHEom, G@mIcgdog sbMregdl 03039
30m(32690UL.

36mgdholL  BLIGHNB0MGD> oo 3GmEgLos.  >OLYdIMBdL
oLBHdOMZIOL UggdgdolLs s INoMEIBOL oo LodMsgey: [ront-
end, back-end, database [2,3].

¢ front-end: sLmEOMEIdy IMILAIGGIEOL 0bHgMegolmsb (390-

LobBgdob 3EogbGhob AbakgL), ob, LG BGIMBIMO JobrEnmdL @
B99ns  93GoBBY addmBebs o6 23mBsggds. sLgmo  Lobtgdgdo.:
HTML, CSS o»s JavaScript.

— HTML (Hyper Text Markup Language) 36yn®gcl sfizoob
23960l 993960¢mmdab, 0925¢0M5Q, LyorMo,
33633M5930,b03, 5¢mg9756%9d0 ©s 5.9.;

— CSS (Cascading Style Sheets) 36>mDgOlL 35665bm@dL vy OMmeG
SLdbmL  gegdgbhgdo 93¢s6%By.  Bspderoms,  L30M39eo
35M365830L 89377 B3O 25 3ngbgemo™ 36 ,body gemgdgbdo
doosbo  Bgdbdo oymlb wERo ©d ©Fghowo Sylfaen
amb®om™.



9mdbI>GB0L 06(%3H5390LOL EIIGMEM39d> (Angular]S, React]S)
e I S,

— JavaScript 3dgrg3l  ¥MINYBYOL  Bomomgdgdl, oy  Gmame
03mJ030mUL 256M339me 3m3egbgd®y. »30LsmzoL 0go 0ygbgdl
©336:m3M39980b LR gbsb s 3ol 93Ms6BY a33t@OlL
dopaos3Lb.

e back-end: sbmgoGEgds ULsn®ol Ly®3gEME IbadgLowb -
Uge3oLoL Labom. yzgemsgzgdo, Mg IMBsmdL LyE33GBY (> 3G
3o ByMBY) 6 3MI3oBgHvy, GmIgErog RrGovyamos ob®gcby®do
©3 35LYbmBL Lbgs AMIVBGYIBYEmS 39MLMBIEGHO JMB30wGgMgdal
dmnbmgbgdl. BackEnd - albmgol gs8moygbgds LyMzgmy »GLYdMEO
439es 0bLBAHM b0, GmIgmop MoevBageymaL 3g¢ymdobydgdol
9madLabwmgdsl. 5 smoygbgds ©a3GMyMadgdols WMBogyGLEMo
969%0: Java, JavaScript/Node, PHP, Python s ULbs.

e Database - 3dmbsggdoms dsBgdol  FGomzol  LolLBYdgdo
350moygbgds  LgMzgMol  ABGIL  I3GMAMIIGBOL  gbgdmsb s
$9J6mmma09080096 9O M. 59 IMOSBGYBS BgeErIaommo > NoSQL
9mBozndms Bd3Bgdo: MsSQL_Server, PostgreSQL, Oracle, MySQL,
MariaDB, MongoDB, Cassandra ¢os Ub3.
> front-end (> back-end BHRHOxMHRHIMIIgogbols LEGMIGHmMMs:

56UgdmdL front-end s back-end -ol MHNOYHRHIMIFYEIdOL
3996009 doGomoon sejo®gddmcs:

o UgfigatGaemo  s3enoggogdo: 0 Bg8ombagzsdo  HTTP-
dmonbmabado JoMsdnd 9ae3bgds LyGzaGweE 33En03>3nal, bmerm
L3960 3sbdmdb HTML-a39G@om.

doppdymo  dmobmgbol  Logmdgzamdy  LgHggho  gdgdL
06a3B3gosl BmBaggdms d3BB0 s Yg9gal smaglndL IsLimbols
Bdmmbdon. GmEs 339600  ByBzotommos dGambyGdo, HTML
256LsBEOZgMIL vy G vBEs oymb BsRzgbgdo (DOM - Document
Object Model), CSS — o) Gmam® MbEs 33dmoyrmgdmeql (CSSOM -
CSS Object Model) 5 ]S - yggems bbgs Jognds;

o 930060 AJAX-o00 (Asynchronous JavaScript and XML):
3By MBo RoBzomovyero JavaScript 2303360L HTTP-8mombmgbal
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(XML HTTP Request) a356@0b 3036006 ©> 0mwemmdl XML-
3subls. 3590yg633s 2bg39 JISON gmEsBn;

. Jm0gbdgd0b 9Himag965@nbn S3emagngdn:  AJAX odergzs
LadmoEgdsl  Rso®zotionmb  dmbagdngdo  339cmEoL  a3Togdab
356989. gl vIgHoLsE  33dmnygByds  olge  §cgNd3Mm® 39930,
Hmam®o@ass Angular s Ember. 3§ymdol 833@op sLgomo @baGogdo
0323690 d3M>BYMT0, bmemm JamogbBob dbadgL (dGaBIAa0) 3o
LEME@EYds  B3dobAngMo  IMAEY36m  GgbEgGabao (DOM-ab
30DGo §mImEaqbs). o9 front-end MENOYIOMBdL back-end -
056 HTTP-bya3mdanem®g JSON- 36 XML-35Lwgbgdobl 339mygbgdoo;

o 96039605 B0 / 0DMIMGRIO  33EN03330900: BMPOYHMO
d0d@ommy3d ©d GM0dzmGIo (FvadcoomaE, React ©> Ember)
LsBYaENgdaL 0dENg3s 33En03330nd BgbevyEEal Gmamey Lyd33mBY,
3U339 30gbBHPBg. sLgo EEML front-end -0l 3s3dnGobo3oL back-end
-m5b 33n3og0s 0ygbadl AJAX-Log @> LM39MBg EILITE>39d9
HTTP-b;
> front-end (s back-end -ols 336989

*  9309mbmdnwyho  front-end: 39d-33¢n03>30J00L  23dmyabgdols
9989J5HOMdIL  ghm-ghmo  BbsbosdgPRgeoy oo Jugonsb
909G;mgdol  amEoEgdEmds.  3OMaMgLlvyeo  398-33¢n035(30900
dbmmmE gBobym Rso®3z00mgds ©s 9999y 0vdomdl dmEdogs.
3> BgMBo Bg0demgds dmbaggdoms d3Bab Bgbabdgzs. 390 33em0agosls
©3L3oMEgds back-end bmenmE 3oMggmo Ry¢3o0Gm3abs @ 33093
8m63(399700L LObJOEMBABIgoNLY / EI30LIMNZOL. g Bgdmbzgzsdo
33@0o3sgool mmangol oo Bsfommo  a3b6magugdmmo  ogbgds
30gbtob dbsdgL;

o Gudrfo back-end : @GMM 3>6333cmd30 back-end bogds
b vachm LYdndo. EmINIIBEHJd0L Ld3335d0L> ©s dmbaggdos
2®583Mo 33B00l Bgdbmmmyogdo Lya®dbmda@ 330Mdg6 back-
end -006 000030l GamEgbmdal  dmbsggdms  byEdgméyE
3369300980l  80Bbom.  JwogbRHob 23mEs6rs  IBLIBMIAML oy
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Gm3gmo 3mbsandgdo LIoOEYds AL (aGexmeo 3B), 36 sdmoeml
9mbsggdms yzaoms asbLbzaggdmeno g3Msad96%0, GmImgdog oL
mbs. TgLademgdgemos back-end ULgMzoLgdol Bgddbs, GmAmgdog
09BmdL 3G gmgzgmomgol, 333 GmEd LdJoMmmd. 37 FWMTomdlL
Lgzamhem 36JodgdGhNs, HmameoEss dvaseoms, AWS Lambda
(Amazon Web Services);

o oBodpgom  byYmyhgdo: addmozmomno  33mpsbgdo
B9LadegdgEos dEIIEa0TEL front-end > back-end -b BmGOb.
33m0gogool  Labob  BgLsdsdols  ad0mogemgdo  Bgndamgds
3°6bmBgoge@al 96 LYM3aEDBY 36 JogEBBY. MGN3z9L 3d3L Mgolo
@X@PVOMo @ MyGymgzomo  Ibsdggdo. LgO3zgMo  ByEIGYdom
UHdoE@0 @ 543U g0 GaLrELYd0. BB 00 L BB oo
mbEs oyml Jugmdo. BGsgzegro AMEBAIGIBIO 0ygbgdl dmerm
39M0Lool  3GOBIARUL, AHMAMmgdog LFGIRs@ sLEWMEdgE Gore
358mogzmadLag s 3d3m MIgmoLo 0bGBRINLYdO.

> Node.js 5oL back-end o+ front-end ?

Node.js 3Gmp®Gsdgemo 3amamm®ds osgnEsb 8504obs Google
Chrom-ol  JavaScript Us3mdsm  33gdmbiongoll  LfsGogo @2
9UIHsd0MgdsEo  Jugeyio S3¢03s3ogdol GB35 LRGBI®.
9oLo V8 39LAvrergdol 39ds60Bdo, GMIAgeroy sFgmomos C++ gbsy,
WBOMB39mymab JavaScript 3mol 3m33oodgdsl 3s64sbm® 3mmdon.
Node.js 339m0ygbgds doGomss@ UYHgzgdal bségL, Gmamég back-
end. 3qLadexdgemos  Bobo  ddmygbgds dlugzg  BMIBAIGYBEOL
abaGgLag, Gmpameéy front-end, 9>3M33 036599MM3y dFBH P IHO
96930l (sadroma, Angular s Ubg.) 3m3mmsGriem obdghago-
L9B3o gL 3> My3MAgbgdmemo.

Node.js bgerl  wmfymdlL  JavaScrip-ob  dgLsdergdanmdgdol
330560MmgdL  C++ @> Lbzs 96700L M3 Bdodoomagzgdol
oLy mgdmac [4).

Femse0s, Node.js 353moynbgds doGomss LyMH3zgeGDY, 390-
LgH39Mm0L GmEdo, Ja®od >OLYBdMBL b3y TLadergdErmds dobo
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b33e@adom  EIVIG™M30L  BBXRGENmo  EBIB;gdol  Sbsggdae
(Bsgdemood, NW.js > ApplS) @ 3030mambGhOmemymgdol
©5L33BMAG39d@ (B3330mM>, tessel da esprunio) [5].

Node.js 3ems@@m®dsl LdgmdgmoE vEI3L ImzmgbgdBy-
06096406dmo  3GMa®msdnG)ds (event-driven programming) o
06JAmBaemo (36 Ggddommo) 3GmpMadomgds  (reactive
programming) [6,7]. Rggb 38 L>3ombgdL BmddzaBog gsbgoboszm
DBOM EIGITIMIE.

§06:39d3%y B20GMTAn bbomemos  msbrdgycmzgy 39d-
$936mema0ngd0l 2363000609030  LAYOM. 39d-33E033307d0L
doMomy@Eo  3Mobandgdo, Gmimgdog KIGOME  3dsdmoygbods.
©333306©70d Jugmmb 333306500 dmfjymdoemds, myddmdo,
3obago, LAsGABMBo @ 0bGhyMByBBo BgLaLzemgmo 3GMma®Gds
(internet browser).

Fo@0m@agboemo  ag35d3l adgogg ol sbadgEemgg
GobmEmzogdo, GmIEgdog o Tgbogdbgema@ 3ddmoygbgds ©d
3hree@nmod, Gmaméogss: HTML, CSS, PHP, BEM dgom@mnmmgns
[8.57]. Bmerm y3gemaBg 8033500 Gabag Rzgbo 653GMB0 dmogsgb g
25bemigon Angular > React]S LnL®B PRl 26bogrgs, HMAYdg
3BABY  L3IdM  IMIMEIGMIY  dmodmz>  370-EJITMIYMJOTo
(6sb.1). obobo g @ Isgsmo gubgoom smINGIomo
byIMaEgdYV0d, HMAMP0g 390-33nsgonls 35Jabsb bsa®AbmdIE
5GHGH0398L  ©@d  dAxMDdJLYRL  TFaGBMIPEMGMdCL  T>OEngdol
03>@bBGOLOM.

GUL < 5

Angular AngularJS React Laravel
Bsb.1. 3@ o 390-aMgodzmMgdo
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9mabB3133 0l 065G 550L0b EI3GMaM>370> (Angular]S, React]S)

036509060m3g  B9dbmemangdl  ms3zobo IEZdom ©d
wGygmgomn dbsMggdog gasRbos. JaMans Adasroms@ oL, Gmd
3MABomo  as@iLabIEIdOL IEILEOLMZOL G g3z,
35305698l 3MB3MHgB e Sa0End3o Bolgms @ G0ygd30 Eamdd,
65056 d0b0IBmo m3ghsgonl gbbmGEngEgds Bgladegdyos
G9MB0bsamgdol  Ladwomgdom 6 MBMImmE  0BGh®EyH b
Bscronvmemo dmfymdogrmdgdoo.

mehymgzomo  dbadggdos  ob, MM ov)  0brdgEc™may
33J6memaogdl bbEabsb baM37BgB0E bILNIMGIM, ©d 93M)3)
439Dy oo By3amo, Gsg Bgdbmmmangdol 338mynBydst miygs,
9L 3Gl gmgbismo  MEMogEm™Mdgdol  Ribsazmgds  Ggdbozmdo
LsBsEMYBgdom vy  bmEosEBo  Juggdom,  F0GHGYIEYODS
badysmmd  GHmdIl dmfyzods 333G0 @806, Gob  ddmg
LYBEIGYIGI 1339 3BLYdMBL 83IMBIMBOL 303EHdO LMEoIEYHO
Juogoom 33 IBYEO >E330365d0Lm30L [9].

©RIoLIM30L  3MB3omBgPvye  BmfymdomBi@  SMTXGGM
39MbmBsyho  3mA3onBgeo 6 @g3Hm3o MosBERPS, 3GI)E
LIsOGHRMEgd0E3, Gmdggdog 03y DBmaol  3M33onGgHIEo
9mfigmdogmdgdos. B9odmgds 330mzymm mGo LddoL Fmombmabso
36myM0o 33E03rand, HmIEydoa BoOmmE dmobIarcgds, gugbos
LAOHRMEJDOLMZ0L 2363 MmgEoo 33n3sangdo (Android, iOS) s
399 33¢035309%0 [10]. 36HmaMsd30Ltgdo, GMmdggdog 9GOM-gO0 36
mG03g LEIOML PBEMBg6, T EILIJIJdOL 3GMdEYI> X6 >i3m,
MHmpmeg MEbmgomdo, dBg3g Azgbl Jagysbado. Gs mgds Mbos, mMogy
Lyygdm 3608369masbos, mGNgzy LRIGMm 3OMaMT0MYBOL FMEBIL
dmoombmgl, on)dgs 3GmyMadodgdol 96gdo ©@s GHgdbmermaogdo,
Gmdgmoms 9993gmdom  bEIds UIGAHBME ©s 39d-53E03sEHodol
936> @dbLBb3aggdvyEos. Sbgzg LIIGEGBME 23eogsgngdol dgdobs
android LobGHgBobmzol Lbgs LsBaEgdgdom bEIds, ios CLmgal Bbas
(11,12].
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8mabAYGPR L 06%Ge3nLoL 3GMEIBs (Angular]S. React]S)

B3960 633GMBol Lsgzmgzo m9ds®ols, GMIgmog dmAmH3be
0539030  0dbpds  adbBbommmn,  gbgds  obidgmemzg 39d-
33@0gdaogdlL, o 33630mdMYBL, adAmMyYygBgdal, abtytggoligdols
5B3EoBL. vy MY 39d-33C03530d dMMagdvImo oym desktop Bodol
3365698%9, ©mogabge ©mob 9. responsive web design ob
bsBmdEgdom dmEgdYE0s  LbZaEslbzs Bmdol 93Ms67db). Mo

©OEO EEIJB0;O b,
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ImabAGREob 06%ORIOLOL EIGMM39B> (Angular]S, React]S)

I m330: @o®Msdeviemo dodmbommgs:
8:L3sBoMYBIO 398-33e0353030L 33980L BLGGBIEG IO
LBaEngdgbols s63emoo
1.1. 399-33960, U3GO0 ©3 33E0IdE0S

390-839@0 @d>OYdoL 9HMITOMAN, Hmdgero
356023L9demos  LgMgzge®Y,  Tobomsb  FamdobogolL  LdJodms
e Imfymdomds,  OmAgemog  RxGovyemos  ob®Bycbytdo
LAOATMBO, 3gBgH0, @3Bm0, I9HLbmBIHo 3MB30mBgc0).

390-bsodo sG0ol 398-3336@3d0L, LYESNJBOL, 3oEIMgdol s
3.0. gOOMdOMdy, GmIgEroa dGH30MoEns gMo 36 M3dpgbody
Lgd3ocDy ©  Gmdgeoa,  RzgmEgdcog, byedobifzomdos
0b®gmbydoom, Moerggmboon. HTTP/HTTPS 3OHMBmInEol
Lydmsmgdoo [13].

dbmaemomdo 3oMzgemo Lsodo 890436s 1991 §oenl, 89843690
08 39MbgMb-cro. 3LBo adBMd3LYd YT oym obgm@adsaos bagro
39dbmemmpyool Bgbabgd World Wide Web (WWW) (3bmggromb
O™ Jugero). 0bxgm@mBsEool 353393 ©e3dbgdreno oym HTTP
3OHMGHMImEBY, boem byogo 994dbogno oym 330 3GmaMa30Mmgdobl
HTML 965%9. LsodBg sbg39 asBbommern oygm 398 LyGa9MOL ©> 390
3G BYMol 3mdomdab 3G0bandgdo. Lyodo 1939 3sbs dbmaeromdo
306390 abBgmbg® 35®Hsmman, (a6 9mpa30365d00 d9MBYGL
@00 LBy ga6sma3L> LB3s Ldn®olL BobdTIGMGdO. Y3gedaO0 B3
LbsJomm oym 3oG3zgero  Ldodol sLIMBI358oE  BxMmBymL  @od
3vgomgdom >ty 1990 Faeb 99ddbs. 20 @GmL Fg04dbs 3oGgzggero
3900651 BM0 s 306390 LYM3)Ho, HMmIgeroE ESwdEydmero oym
NeXTcube-ob 3:%sy.

378-93cm0og0s  dG0L  3ogbB-LgMzaeOEo  S3E03S(30d,
Gmdgmdog  Jmogbtho  v3p3BotEgds  LYGZIOL  BdGEIMBIGOL
358mygbgdoon. 390-bg3960 35Lvbolidygdgeos L3960l
899:m35DY. g9d-33033300L M03s A3BIGomgdMEos bye3geEL> ©
3@0gbhl  Bmeol, Bmbyggdgdo  obibgds MBgtgLa  LYB3gADY.
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3mabd>GPEoL 0bMMg3goboLb E3GMaMdR> (Angular]S, React]S)

0baam®As300b a533ems bnds Jugwobl Ladwysergdom. 33 FoEamadnl
9OPD-36m0 M30M1GHJLMBS ol @3B, GBI Jmogbthgdo 6 3606
©Y9m30Egdra  3mB3MgGE  OmdbisMgdgrms  Mm3gMagove
LBOLBHYHBY, 0BMI 398 303000 IEdBHRMODMITMIOLM
LgH3oLgdOY.

399-339M©0 993a7ds Mo 0193560 Byfoabash, HmdmydLsg
9Pm@gdso: Front-End @»s Back-End. asbgobogrmon 1.1 6abo®o. b

Fom9moagbb moomgmero domgabo ?

winkorstentnfo com |

6s9.1.1. Front-End ¢@s Back-End

Front-end 60l 398-23¢035300b 0b Bs§oma, Hmdeob Esbabzs
90L MALIMYPDEgAL Jgyderaso. 338 - Bgdbmemangdal L3ygos-
@oLYo BgodEgds EmdEnl Gmameg front-end »3Mgmgg back-end
dbsgL, ondEs dgLadergdgeros bmermE ghcmo GodsGorEgdom
oymb  25830m3M0dwmenn, dspgaroma front 8badgh, sLgmo Labob
L3gnaeobdl, Bgaz0demns front-end E33gErM3gH0 gfmEmon.

0530LMGEIE 99330008 3074350, GM®I LyoGOL 30DUYIETG
absGL oo gxugJHol dmbgbs Bgmdmos JogbBh®), G odds
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9mIbArGdb 06%9M3390L0b E23GMa 350> (Angular]S, React]S)

Wby ULsoBol  UL3gaogmozsg  adusmzaeabfobgdgeros, 3GUYdIMBL
UsoBgdo, 0535m003@ mbogg®lo®gdol o@modhemboeno
J796063emgdo, GmImydog 30VMPIOGeE 9gndegds 26003
339moMRgmEE96, dsmo dms33M0 0DBIBOd LOLFGIRY, @I LB G039,
300M@H0  9R9JHJd0o EIBZOMIs Ly OGOL, ol LoLGsagdy
MIAYMBOMIE 50LdYBy, I3y o) LaJ9g 23543l Fsmaero EmbBol
9mb>390790L 3MB30vBIOMIE ©s @I LORJIGNE 06HYMbByH 6,
3b0dbmmo 3Gmdmydy BdJBoms@ JgdRbyggmos, BsaMed Mbms
3930035obfobmen ammdigrymo  ImAbIGYREGdO, @S o0
cogbzo, 50 950mbgzg3s80 xMBL LdoBo oymL LEGs@o. omogs
30DMmG by, oo 86033bgammds 543L, Gmamég a3y
20360369m, o) Lyo®ob back-end AbsGY (G@AgEoE LYM39GOL AbaGYL
§369m3c0p36L, ©> BLBY dmMma30369d00m oemsdaMms3gdo) Lavyzgoglim
©mby®yd ILOEMEgdMEo, M3 LdoBob oD dbiGy
0mdz9mgdErns, 36 oM 0L 30BMP@YIGIE TG Ero, 858006
993300@0> F935@IOmm 3360 dG3goL @> Bmbaggdgdol 836456sL,
@0l 3oBsmmo dbaMy 36 B3533M09303, 36 36337 OM3xMBIL
56 B9qladsdgds, dovbydgs@ 080Ls Bolo LIBIGMSZ0 3G bogwwo
Bsfomgdo pedrGoyEmas, B @gmdy ovy 9modgdbgds abgmo
Oyoagergdl ImeGob, 3063 dugagh  s3¢HMIMBoEBY  gaRgGYdL
3J3963L,  M3as6 dyoEzgmo doMomsEsE  ©INEGHIGILIdTMEOS
Goameg 30PmIEmmGo, Sggg 9Gagol @s Lbgs Bogps Bsfogrgdol
3OBGOMEmmdom.
bsool front-end Ib>Gob ©ITVIEHPS bEYPR> LIBMSEdIBO,

OHMamOOESS :

e HTML

e CSS

e Javascript

3(LYdmdL Angular]s, Gmdgmog JavaScript-ob 25033G:00Mgd0mMad

dopgdmo. ob 3pMg;m3) front-end ©Y39m3BHA0 BMOIBEYDS.
3060dBnmo 96980 Famdmaagbgb Lsodol 30BwWEGo dbsGol
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8mabA>GPR oL 06*Ma3gobiol E>3GMa®Ads (Angular]S, React]S)

894360l LaBmaemgdgdlL, ddomo  Fagoobzs  bEgds  0bdyMbaY
3G BYMBOL  EIbAGYPOm, GMEgLsg 0bBHgPbad  dGINBHOm
33bEbm LsoGoL a20MAsbgdsl, Fsadeoms@ 06®ByMbg® dMamByAol
URL-80 ofg6gds hupi//wwiw gtuge @mdgobo, ddbosb @sgagdody-
30Lsb, Ambgds LyMH3gABY 3GLYBEO B30ENRMSE Famas s Rggbo
dmmbmgboll  Tgbadadolo  dmbapgdgdol  330maaghs  LaGbom™
6mgembsg HTTP  3Gm@mymneo  gfmegds (Hypertext Transfer
Protocol). o0a0 sbgbl hypertext ol  Ry3m@zochogal  BzgbL
3By 0.

L3ym®eEmadmd daMgogg TypeScript - 3GMa®ad0tgdal 963,
HmIgemog Microsoft-8> 2012 §genb §o60ma@anbs s 399-33ngsgool
©33M3>3980L  0BLGHEWIBG0S, GMIgog 3AEITEIOs Java Script
Developer-ob  9gbsdergdemdgdom [15,58). TypeScript-ob 33¢hmc0s
©Boob  BHgfbognGo wmBogg®lLodothol  ImggumGo  sBopyeb
3g0@Udgmao (Anders Hejlsberg), Gmdgemdsg 9365909 99J06s> Turbo
Pascal, Delphi > C# [16].

TypeScript 3309830y JavaScript-osb @> 3m33oeroGgEds
9sL30. RdJGHMIGNF>E, 3OMaMrdob JmAdogagool Fgdwgy TypeScript-
©) o030 90d@9ds  FLAMmEgl  67d0Ldoge 096309 MM3Y
3GomByGdo o6 2ddmygbgdmyee 0d6sL  Nodejs  Lgggdob
3G am®mdst).  3MmABomitmeol  gmEo, GmdgmLsg  TypeScript
25¢33y>3L JavaScript- 9o, 3039w gds Apache gopgbbooom.

TypeScript 336Lb3339d> JavaScript-Upsb GHodgdol @baeo
UHIGHOINBO  ©EI60BBmIRdOL  FPLIdgdEmmdom, LEWIMmAILmZIEO
3Lgdol  a3dmygbgdom (Bmameg  GMsogor  Mmdnjdd-
m6096homRMmo g63830s), sLgzg ImErEgdol RsGogom, Mg
oRJdG9BL  ©ITNT3700L  3GmEgLl, 33GBHO350L  JombzaEmdIU,
69533dHmA0bal > JmEol 3Gz X M@ 230mynbgdal, S3Ggmag
B9EMIAgdoL IM3BsL ©334)353980Ls @ JMAIE0s3nol B3390%0), ©°
97L3dEMd EIRJAEML 3OMa®335d0l BgLGramgds.
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3m3BAGR_ oL 06HHRgobob 33GMM37ds (Angular]S, React]S)

330-Lsodo  09g@agds 3tgm3y Jogbtobogol  vmbowmsgzo
gobocioLpasb, GmAgemog, L3oGoL gbjaombomgdsl Sbegbl, dsaMsd
0335© JogBBobomgol mbogrsgos, dsgsroma@ 0bodbme Lyodby
030 dmzsbpgbor 8960l 3vbd® 3o LLFA3EYds" @FMIL, Mbomszo
9bacy back-end 8mibgbl R3zgbo dmobmzgbols ©s3MBs370L ©>
9009de Bg0gab 299maz03)6L Rggblu obtgmbgd 3G ByGao.
Back-end g6985@ mos®mgds:
e PHP
e .NET (C#, VB)
e Python
e Javascript (Node JS)
e Actonscript (Flash Media Server)
e C(CGI)
e Erlang
e oh, and SQL for db queries
* > Ulbg.

RYBmBIm3ZI0 3G 3Gl Baody, 800 3ddmygbgds 3mEbol ©s
U3ggonngo@sb  338m3E0bsfyg  Bgodemgds  dmazsbEobmm, oy
3Gmm30Lho 3G dGob FmreE JhHom 3GMaMadomgdol 9bxTY
©33m30©980, g 336303 08 IbGHOZ HM3 MoomgmE Lso®L obo
B0635GLOEIE  99MBENBsGY, Bgodagds Jolomgol Bgusdsdobo gbs
3939MRomm @ 3obo FaGAdE™dS v3909L0 oymb, Bsgseromse PHP b
B3303M5@ addmzoygbmor Node JS. o0mdad, Gmeglsg back-end ob
©39m3960 3Gz 963D Fadb, 333Lsg 333U 336339 Bobnbo,
08 358mbggasBo mv) Y3 9631y 03633560 @ 3 LoEGIoLgIeEo
GmEbs  3d3u, VI@GMm  MIgmgLos ol BEpmAsGgmdy, GMEILSE
6mBgmodg gbal,  Bspdoos@  PHP  doGgrmeme gemdl
3Hma®sdoLBo, @ ©BIGRIE 96g3%PgE 5J3L Bgbads ©s FaGameagbo.
UsdmermmE  99a300emos  300g3dm,  Gmd  Lo®Bo  GoMdmmpgbl
s3mogsgodb, Gmdgmog 99©ag0s  Jogb®olomgol bomvyee @
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3mdLI>9demob 0bBHgmagnbol EIGMaG993> (Angular]S, React]S)

wbognag dbaGiggds@, o) @©H3L33300 Jomb3al, GmAgero dsopysbo
MBO® IGOMEOGIGVITod ©d bdIocOms, 99330das 3ogdzsm, G
33PY 3oIBAOZ@E bbb 339> 3AUFTMA0S, MoEANE >GLYPIMBY
baotob Lmyggoxogndo, G@mAmdYgy goTBwperyco dB3A) YRAEM
3603639ammgo60s, ©@d 2MLdMBL Lon®gdo, GM@ITYdBgg LYGIHG-
3n@ob 36y back-end y39cm3TgEH0 MBG@ 9603639emmgsbos, o
U39 2335438 Bspd@oms® oLgm LdOGM6, AHMmamGOEss Lssmgdol
LaMig3emsdm @3 ®@Besob  Bdpaos, 3ob Gy oddd  obe
9608639emm3s605 BoLo EoBInBo BMALIIGYPobmgal, bom oY)
Usddg 2353J3L ULadngdm Lobtgdsbomab, dspoemocmse Google mab,
5B ©399096b3gd0m oo 3oV dbsdy 3G 3dmoMBy3s
Lbogmydhboo, owmdas 8obo  L35303030I6  2>dmAEnbaty 6@
dmombmgh HM8 30BIIEMAIE 0yml @GZOOHMTMO, H3Eysh dolo
903560  ©B0BBMEgds  adbeEragzm  LHGIRs@  dmodgdbml ol
0bam@god HMIgerlsg dMBLAGYBdgmo  gdgdl, ©d Gomydmero
B9®@939003 3H035@ 0465L Jsbryero 390 - dMIMBYOTo.

1.2. 30356-3sd0ks 86306980k 9bs - HTML

Hmameg 303603600, front-end Bsfoerol 3gLsgdbgero ghor-
0%m0o 963 HTML 836306980L 96s5. oan 894069L 1989 Ggenb [17].
993300@0s 3mdasm, HMI 0p0 FoMdmaEabl Lro®Dy odmLaGsbo
06xm@A>300b dmFalGoagdolb bLyBsErgdsl, dolo Fomol Lobsduo,
3619 H0obLaBsg 9990 3oL 9.§. BHoagdo.

AI98980 - 8mfgbEoagdmEo  LYBMEEgd  0Bxm@dsgool
350mLyBBa,  HgaoLb  Fods  bgds Jmobmgsbo  gGRbamgdol
b33gsegdom, <html>, gLss 80935610 Bgao, GBmdmoosg 0fygds html
©m3md6AolL s0fges @y vgaEgdammos 3nobo  EabrAgs SLgmo
Lsboo </html>. 36w dgaz30dmons 3odzsm, GMId sGLZdMAL Fyzoero
302900, OH@MOMgdLsg LIoMEgds a3blbs ©d @ibymgs, bmem
0bgm®do300L ©s Lbgs (H9aJd0L dmmaglinds bgds adbubs b3l
9mGob, slp3zg oLgo Bagdo, GMIAMmYPBog G oL Fyzomo Lddoo
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8mIbA>H3B oL 06HaMmigobob ©I3G™aM970s (Angular]S, React]S)

Fom0m@agboeo, 36 LInMEgds EsbMOIs, sUgoos Dspsom <img>
OI30-

O0m3oy3sbme  dgody Bdpdsomon, oy Gmam@G  Jgodergds
3%0mz0M6mo  0bgm®asgos  mbBoggLodgBholb  Tgbsabgd, oby Gmd
93980 LimGa 299mgaygbmm. 8sp0moms@ a35J3b 0bx3m®dsgos
mBoggBlo®g®hob Bggbb Bglusbgd a39M@ob, 3oMggmm Goado dmgzoy-
356mm html m3mdgbBol dmsgsdo Bafoemgdo, gb aobemsgo Head
$920- HmIgaog byodob ob Bsfogros, GmAoL obmym@dogos 336G
title-U, g3dBHMdMOZ5, MPoEdz0d JgBGOLmZOl, ov) 3G asbLBOL
U39g0semo LEAMsEgdom IMALIGYDIEO JMEL ©S 3G Babagl.

Head-80 bgds gmb®gdal, bhowgdobl, biGodBgdol 98mtysbs.
R396 899mb3z3s80 Amzsbobmm mMo 90333G0 Hgaol Bg®sbs head
39330, gl g3bems3m <meta charset="utf-8">, gl 50U a0, GMIgog
9m3bEabl  ©m3ndbddo 0ol 2BLLIBEIASL, G®  E30BSLML
Jeormo Loddmemmgdo ©d ol Loddmemgdo GmIm)dog utf-8
mbogmeb dng3903693.

97800 aobgmagoy  <titles</iitle>,  8sLBo  Bgtsbogno
obgm®asgos, 3MynBYMId3o GmymGgdoass google chrome, mozilla,
internet explorer, (33930L EsLALYE)B9BT0 ByANATOIM ObOEIMO).

9m393bm d;s33M0 Bafogo, HmAgmmog dG3mByGdo RsBL, guss
<body></body>. @sgBHmdGO35@, gb Ldya®OL oL Bsfowns, GmAgeog
Ooge Ambyagdgdl s Lao®ol 30D AbaGYL 256LsBM3MgL.
R396 890mbgg3sdo, GmEgLsg  2a3LwAL, Gmd  3sdmzodbmom
obgmmasgns Mboggbodgthob Bgbabdbgd, ©Ia330MHEIdS JOMN-gH O
00053300 930, OHMIgEmog psbemsgom heading - &oao <hl></hls. ogo
360l LBdodol JmB3atytho 339ME0L Y3gaEevy 3GomGoGyBITo
©3LabgEgdo, Hmdgebsg Lydogdm LoLGhHds 90560398L
©306M3¢gLmdsL, LB3> Lotyzgdom, Fsbdo Bgazodwos Bgzotsbmo ob
8053500 EsLsbgegds, HMBgmoa gsBLLBEZMIZL LsoBol azgMol
bbb, BsgsmmomsE »60ggMLOGIGOL CLBHMGs”, bammm 3790
&230 Gmdgebag 39dmzoygbgdm, gu asbeago IsGoaMsgo <p></p>,
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9mIbA>GFAoL 06 5350L0b E3GHMYG3093> (Angular]S, React)S)

3L30 99a30d¢m0s BaJuBHIGO 0BaMmGIsgns Bg30896mm. LxdMmEMm
Labg R3960 mINA6H 0L Bgandensm obognmo:
<html>
<head>
<meta charset="utf-8">
<title>LagsGnzgemmb $gd603G0 Mboggdlodgdo</titles
</head>
<body>
<h1l>mB0ggeLo® gy ol obBmens</hl>
<p>0bgm®dsgos MBoggGLoGg®B oL @GLYdOL Bglsbgd...</p>
</body>
</html>
239030  2OLYBIMBL b3y  AGHOMVYGGBO,  GmIEgdog
3mB3G9h I ©33¢mgdgBL sLGYYEgdL, 3Ugm0s w339 smfaPogmo meta

G930 OHmIelbyg 393focgom charset — Gmdgmmog meta (BHyaoL
3GHM0dGH0s @d dobo afgHom dmzgibnbyo meta GBgaol Godob

296Ls%BMaMs. BslsBo Fgtaboemo utf-8 3603637MdNG 30 EMIg6EHOL
Bo3mEob a36obsBmgMs.

3MLYdMBL slg3g L3S 3GgGMmO BHga0, HmAggdog 3MmE3MgEH
979mb3939030 35dmnynBgds, GmamGoass: ob®gdo (ul, ol), <br> -
Gmdmob 3780y BgtoBomo 0Bam®Bsgon sbaem bydbg 353mYsbs
3mbeogds, <a href="http://gtu.ge"></a> gl asbemsgm B0, GMBgag
3°©330LIBOINGdn 08 BIMEBY G@Imog  href  3HGOBdM BT
3°fgchomo.

R3gbl 809 Bmyzsboemo html EM3MBgbHoL  dsgscmoocmo
36G030¢0mEos, HoEysh BIom Bgdmbdzg3sdon, Rzgb 3330M@ods html -
G239%0L 35M3399@0 LYLOM EILIGOLLYBS. dIOMIE, MMEILIG
8030356, L)3gMHBG39HB0 ©1 3YoEIMMBIM bognl, Gdob B>FaGal,
3MLBgBHogsl, 3ngogbol Lsabgdl, Gdomanl, > 0gdy vbs,
43958 9M0 300L ghomsE dmmaglgds Igagzodeos ghm Rabmado 6
3008 3mBBY0obgHBo, wdgs L dBI3gmo  3GMBdEIBgd0
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390dengds dmygal, Tsas0ma@, B303) Gdow boenl 36 MIoL 6554
B909mds By IbGOEIE Ambgoagl nbgmo Bogmgdo, GHmAgdog I>m
©>B0sbgdsL  239mofggal.  sBolsogol  Bgodegds  dmgzsbobmo
396339790 B3faanl ag3abmgds LUbgsabbzs 6036om, LbzssLbgs
3m6®06ym8o, bmem T30y 9PmIE dmodgLgds 9hod  EOE
3mbAgnbg@do. 3Uggg Bga3z0dwrod 3mgzsoy, ®md himl  Boagdo,
b3530B030EIE 358mMBE0BGY, BdMocbmzl 3333w 3mBBjnbycgdl,
60l J0byE30033 IMbEIds 0bam®draonlb EIgILMYDS > FMmmIZLYdS
JmB39069M9880. 3d0Lscmznl 333moygbgds 3mbBgobyto <div></divs.
39%-239M©9d0 B9ands bsdo Baffoemnligsb, gugbo asbemagzm

e  header

e content

o footer

439> 35056L MHz30LO IGOBBYENYdS 393L.

Bpdmoms header Bsfoeo doMomsEs@ 9wagds bodol
MLy, 3960mbiash, 963d0b as33GoggEmoLysb.

Content Bsfocmo  Bgo@sgl  doGoos  Bafoenls,  Lasg
BLsdemgdgeros  oymb  dmosgugdyyero  LEnsoEgGo,  LuGmsmgdo,
Losbenggdo, goamgdo,  (BgduBhgdo,  @IdGgdomo  dgbovygdo,
gogtMH9do.

Footer Bsfoemo 3o d06Homsa@ 39005 cmmambasb, dg6onmus
> copyTtight 39JuBhobiasb.

306086nmo  Bfoydol 2s6LsBE3GALgoL asd0ygbyds div
3MB39069610, 03Es Y39 ©O30 gOHMO ELILIMIINLIS @ HMame
390M3ymo, Gm3geeos header, content, footer Bsfoergdo? s8Bolymgol
3Ab9dMBL 3¢HGOdHII0, CMAYBLE 9Fm@ods id, class. 3dbLbZIZ9ds
30 dmOOL abmsgm ob, AMI id (ol @ILILYEYdd gemydbHob,
GmAmol  g3dmygbgds 3mBIGIBHT™ 9ho  3396ETY  Bgaznderos
bommE 960 gemyBgbBdy, bom class obE@I3M  sGGOBdMGO,
Gmdmol ©GJA3s B9a309@os 0dEgb godbBdy GeBEBvIg
©333300@79s, LYMz0EobITHO6.
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Ty LBoydol 306039g3s bgds CSS gbom, GMIYEBIG
0m3)36m 33MeaMa0380 30LvIdGIdM, Rggb 330mbgggsdn Bga30demos
23%dmgz0ygbmm id 3GH®odmEgd0, LIdmemmE 03FaOmo 333M @0,
6Amgmog 93mabol MBogg®mobGhathL, d93b 8960wy header - o, s73L
m33g Omyzsboero dspsomn, BaduBo boggLodgBol Bgbadbad,
AGmdgemo3  content  3mBRHYnbgmdo  dmosjLgds, ©s copyright,
Am3genoq footer do dmmagbigds.

0300900 30®oy JMEU:
<body>

<div id="header">
<ul>

<li><a href="home.html”>3ms3300</a></li>

<li><a href="about.html”>v160396L0®% g0l Dgbabgd</a></li>

<li><a href="contact.html”>3mb6®>jHo</a></li>

</ul>
</div>
<div id="content”>
<hl>wB0396LodgGhol obGmeos</hl>
<p>06gm©d>g0s MboggdlodhgBob @ssdLIdolb glabgd...</p>
</div>
<div id="footer”>
<p>copytight © 2019</p>
</div>
</body>

Huml - gBsbag osgobo 35GL0gd0 543, dnbo 3nMzgeo 396GL0s
Gopameg  sngbodbgm 1989 fgemb aslmgos, GmBgamog
3005(J0MEs. EEIoL;ZoL 3GLYdm3L HTML 5.1 gg6bos, Gmdgeog
2016 §enb 3904d6s. TsLTo B30 VIO BYa0d IT>HYOEO.

960-36m0 3Gmdegds, Gog HTML_S 396GL0sds >6ULjdmds,
ogm  3mbAHgobgdol  Lsgombo, Gmdgmog 9339  3sdLYGyon.
659gbx Mg G503y sbaao 3mbBtgobgdhol 354dbs aaz3nMgdms
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"bs 200mpa39ygbgdobs <div>  (Bgan, 3mBoIBMEo  3GMmdEYDs
35©303G> HTML_S 336L0s3n, dspseroms@ Bgdmom dmyzsbogno
33605680  3mbYgobygdal Tgagodemm  himl-ob sbsgr  33GLOTO
>3320 Rya39G0ms:
<header id="header">
</header>
<main id="content”>
</main>
<footer id="footer">
</footer>

Hmameg 91a3omo@Ib BB, m3zg >GLYRIMBL 03633 GOMaY
html 396b0s30 header, footer H92980, HmBEgdog 0bssGLMdIGOZ>©
339 §56GmRgBL Jowog 3Lmsb 235J3u LB, bmerm main Goao
3bamagom s3Mgmgg sbagno Bgan, GmIgerdog 6@ 330H9MML LaoG oL
ob Bsfoo, GmAmol gzmomydsg bogds Lb3s @ LBIS a396EDBY
Flgeobol, dspomoodE A3z96 F8o;bzgzsdo  Bgodemnds sz
3300, Nbo3zgmLoGyG oL 3gLabgd s 3MBGSIHOL 3396 EDY header,
footer, Baffoegdo MgzErgmo oyml, bmeem dmsgzs® 339cmHEBY main
Bsfodo  3godemgds oymlb  dmosaguPRWEmo  LEmsoEo®o, B79w®oy
LGYH0YRo,  bogaMLoGgdolb  Bgbabgd  339MEBY obRMGdE0s
b0gg®LoGgBol Bgbabgd, bmeme  LdIMBAGNIHM 230G YY,
MB0ggeLOGgGME ©EILIIZTNMIPgEo 0BxMETg0s, d0GM yages
9L g3Eo Bxfjoemo 39a30d¢os main ¢80 dmzdjgomo. B> ogds
wbs 393G0  Lbgs  G9agdo> html 9630, GMIMIPBYg o6
3933000309005 yGaEmads, dsmo Babzs ©s a3dmygbgdol Fabgdo
99099 [18).

dmeml  Jgodmgds godzsom, GmB  Lyodol  a33G@gdol
bhGmghEob BgdmBsggds bgds HTML 8563069900 gbom, 933650
ob 30BpE@a@I©E DUsagRmm 046935, Y30 3G 9m3sbgbm
UBomobgdsl, Gog CSS LBoggdol 89339mdooc bmganger@nds. gb
L33ombo dmBEg3bm 35633639180 335dab sefgGomo.
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1.3. bhoemgdo CSS s SCSS

CSS 0dog@ymgds Cascading Style Sheet, 3obo 894065 0mbgs 1996
foeb, > 233moyngbgds 3sG3oMgdol  gbob  GmamGogss  himl
LAHOEgdoL  256LyBE3AOL,ZOL  {19).  233mygbgdob  3Gobioldgdo
L3FmE  BOGBOZ0s, TJudIgdgenod html  BHgagdDy Jodddongs
63376039 LYLomM, 301356 JoMomaEydos:
*  ($730L IVIBYTYdOL Bobyznm (33 Bgobzg333d0 yzgems
G939 8mbgds LGodb pFIMs);

e Id >¢G0dvyhob dodbyrzom (JbmemE ghomo gemgdgh®ob
LBogoBgdss 3gLadengdgdaro);

e Class 3¢®0dwdob bydwgsemgdoom (yzgams 0d gemgdgbBu
80856:53U, AM3gLag 393L 9GP EINTd3) ©aLIBITJdIOL
Jemabin).

26UndMBL Lbgs 90d>6m39d03, Gmameoass 6gdaldnga Lbgs
3GHG0dMB0L dobyEzoo, astEs Id, class -  obs. g3y GMBYEady
9mydg6Gob  B38gy ggdgbBL  dgaz0dcmoy  dogdsGonmo ,+”
Lboddmenmoon,  sbg3g 9733000y dogdsGmmom  gangdghhgdl,
GHeBEodLE 3 >J3L JEnabo. AdpdEroma, agLrAlL yzgms gamgdgbthol
bhomobgds  ge00nddz) BIG@, 3O 00 gagdgbBobs,
6Hmdgelag 3J3b 3MB3GgBIEmo Jemsto.

Lob®sguo, o Geame bogds gegdgb®gddy 80dsOmgs,
F90a0:

#elementIldName (} - id ol 330mbgg3530;
.elementClassName {} — 3eamabol 3990nbg93530.

##“ LoBdMEmL 999®gp 0fgMgds ob id EILIbIYENYd, GMmBgerog
huml 96580 933mygbgdmemos 3mB3Ggder Goa®sy. bmene . L ¢
Uoddmenm 33dmonygbgds class Labgerol $gagdol dmbisbodbs@, bmenm
LGHNEgd0b 3369 30 bgds RogGwemo geERbomdal Bngboo.

LGhogdo 9magso SGLYdMBL:

e g9M900
e  Dmdgdon
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e ©YIMOYdd0
e bydmahgdo
L J

gomodE, dmgoyzsbmoe dommmE  G¥d@96odg LMoo,
397350 33593 Bga0 <header id="header”> GmBgeUsg a3uEL BMBOl
8960 BogboJmeé 8369, bmemm Lodsmengdo SOpx, seboBEmEmo
LAoagdob 359> header $930bm30U 33E3335G 5@ dmbaogds:

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

}

CSS - ob dmemm ggboss CSS3 [20].

96m-96m0  Loabemy, by E®I3BEITO  PsEmBs
330335PmdL, guds CSS gbols preprocessor-gdo, Gmam®gdogss less, sass
G9domemmangdo. oo byBwmeegdom GgLadengdgcrod VIRGM
dmgboma, ©0653031M3@ ©d TGO G033 ImzIbEabmm Lhoegdol
©sfigce.

sass - GmImoL F>oEJdoL PIRIGOMYBS> .scss,  333deng3L
LGB AmzadbEobmo:

*  (33>Yd0L 3dBLIBOZGS;

e gnbjgogdol 35Jobs;

*  1bg39 JLYBOL ;v Lbgs JndBsGNggEmo LBdAMIE)dgdolL
96HmA6gmdo Bopds.

(33©00L 26LYBE3MOL W3oMatgbmdgdos ol, GmI Jsmo
b3BmoEgBoo BEYds 33GIZINW0, B3N, BdOGDY 33dmygbgdso
3960b g3ea@ol Lsbom Fg6sb3s. Aspsmmoms, 3oygbgdm Lso®dy me
doMomd@E BIOU, Fmiz3G0 §gMo 3333L BsgMobygeo, baem Igmey
Fomgeo, 39330dm0s SLgmbBr0MsE dmzrboabma dsmo sbLlrBmgG.:
$base-color: gray;
$second-base-color: red;
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3ggg CSS - 8o Bgbadergdaemos 9m3zsbEobmo dndsBaggdo
Raadmero Jemsbgdol LaBwmaemgdom, Bdaseroms, 33543L header,
Aol id aobeagor header, s 95U830 ImmazLgdvEo menu Jemsbiols
9Jmby ul ¢ogo.

3bg3g 339J3L menu Jemsbiol 84mby Boao, Hmdyerog footer- Bos
BmmsgLgdro. oy a3uyGL FodsGm3d dmzsbEobmo Fbmeem
header id-ob 84mbBy 3m6HY06gH30 dmomaglgdmee menu Jabol
39209 ©> 23LwEL, GMA doz5603mm gmbob ggMo Foomgemo, Sb93g
33LOL B30 BIGOL ROGEOEOL 360336y, SLgmbsntam Imbmgds
9oLo RGg.:

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

Mmameg RBL ddgdmomoEsb Atomol bhowao box-shadow,
MOHRIO 3339mOEd, a6 LyFoMms Jobogol -webkit- 3G3BgdOL
©FgMs Fob gdom 89000b3g3530, 080b 33dm GMI yzgems dGavBgho
396 bysgl AbmemE box-shadow 3GAsE7RL s ©IBHJdod -
webkit- U3oMEgds, bogm sass ob EIBIGOYBdom @EABEo JmEol
©3G9Ms B90@aabro®ma Bgodemgds:

G3en2800s @S Rbipool 3sblsbmzts:

$base-color: gray;

$second-base-color: red;

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

}

Lol 2oFaMd 30 38a3G© dmbEgds

#header {
.menu {
background-color: $second-base-color;
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@include box-shadow();

Gmpameg byodgor menu Jeabo 3o06Es3o6 header id-ob
Foabomss Immsglndwern, sbg3 Bmbob BIAL 3o 33603gdm,
bmerm meEbIBosbo  RGEoOEolL  3MAsBHd0oL  Bpn3Me@E 3333V
9hbYBBO Bbdnos AgdmAsboo, Gdg 030395 39wl dmagEdL,
M3Ls3 3oMz9 Mogdo FbmemE css-3o FoGobab  Fabogbooom.
"30M3Bglmdd olsy, Gm3 o Jo 9gcol Tya3es 9mpa306gds
Lso¢ By, 99333om mEmE 33eedn, sbg3g BsEsg ROEOEOL
3%9mygbgds Omy30b6gds, MBMImMmE GBSl  2sdmzadadbaRdm,
LadmEmmE 3o 3OLYdMdL LsBMITYB9d0, HMITomdE bgds sass-8o
©@3FgMoo 3mEobL css 3mE3n g3sy3s6s, dngomgdom 00395 BywoaL.
63bs3 css-do Rgobomsg ©3FM@om, 853638 sass-ol 930GaGgLmds
©939m3gHdoblogol  Lsgdol  aso@30emgds, ol 3G sbdL
3ogbthgdobogol 003 F60T63gemmzab  33EomgdsL,  Bsa™>d
d93Ma@  FMOB03z0s  preprocessor-oo  9)Bamds, 30G)  css-ob
LBoggdol bgamom a3§ges.

439mab)  00bsdyEemgg  css  byBvaemgds  gegdgbthgdol
296ma980bm30bL gdbmigo flexbox, Mmdgmog B3 3336H035dL
bhoggdols gaFaGal [21].

1.4. gMgodzm® 3o Bootstrap

©@@IoLINZOL  HOLYPMAL  sGIgBMO  viRlm @ BB Bo30
UsBmoagds, GmIgdog 339bdse58s 036:95MM3y © Lb3sEsLL3S
mfymdommdgdy Imeagdmmn obsobydol d5ddbsdo, ghm-ghmo
Bysbo 3dbsgm bootstrap [22]. oo Em3MIgBGHsgooL Babgs @
Bsdm®z30mm35 Bg0degds ddwmosk [23].

Bootstrap 3ol HTML, CSS, JS framework, G awenolbdmdl,
6m3 ob Ib> dodomogyes, GMmIgmo Fgwagds M3 dALYdENO
3bgdol,  3md3mBabtgdoll @ LBomobgdmo  §abxMgdol
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RMOIGdoLYI6, HMmIgeos 3dmygbgdolmgol Fbmeme s bmenem
oo Babzss LdIoMHM. Bspdemomd, bootstrap a3miz33DMBL T
Qod3gdol  Lhogdl, GmIgmon  0mbsygbgdei@  AdbmEmE
3@olol 6abgod LdJoMm s 870gy Coa3ol Hoado Bobo gafacs
(65b.3).

Link

f Defaut Bl o

cbutton tygz="tutton” class="btn Btn-default"aDefaultc/buttom

stian in 3 o2t of b
“Lavi Al “T0 A

- (Ee- Providas extra visusl b

ttons --)

- cbutton Type="button” class="btn btn-prinzry”Prisaryc/huttons

| ¢)e- Indicates o successful or positive action -

- cbutten type="button” class="btn bin-success®)Success¢/butteny

¢te- Contextual button for informational alert smessases --»

| cbutton type="tutten” class="btn btn-info" sInfoc/button

¢1-- Trdicztes caution should be taken with this action -

| button type="button" class="btn bta-uarning Harning¢/buttond

i$ O poteat
s U Pl

- cbutton Type="button” class="btn bta-danger*Dangarc/button

elos Nasarbaeisa & ki by sabing §¢ 1oal 1l a Yok whila satitaining kidbnn hakaud
s+ UEEnpigslze a putlen By max1ng 1t loox ike 3 link uhile 21ntarning byttea tehavisr -«

<button type="button” class="btn bta-1ink™Link¢/butzom
Bab. 3. bootstrap 3oBogromag30L BhyaBg6do
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g39msb)  sGUgdomo, Gsldy bootstrap 33me35BMAL, gL
Boogdo. AL 533l 12 Bdaosbo LobGgds, GEmAmOL  EIYMBI3
BgLademgdgeos 1, 2, 3 4 ... 12 L3gMheE ©3 oo LEZoEOLIYDG
39dmyqgbgds.

990d@9dd 30g80d6mm, G@mI Bgagzodwos Rzgb  cmzoommbag
83378650 bootstrap - ob dupsgLo framework s R3gb3g 93mgoygbmo.
9L Bs3zomi@ US> ©s LYYMZoOl BgBmbgngzado Bolio 333909853
BLAegdgeros, 0dd bootstrap pabmsgon EIbggfomo sbsbemg-
330, 3olo dmerm 3gMlLos 3.3.7-0s. 31939 3¥0mEOL 39GLOs 4, BsLBo
A>ang 893600 Lb3d TgLsdEgdEMdS © LGOS 339 3dBDIIBEO,
AHmIEmHdLIQ 23X IMIE 3G FY39bgdom

1.5. 399-00939m3396¢ 0L BEM 8g0m@menmaos

Front-end 939emm3ggdol ghm-ghoo dt30369meo bszo-
obod $9398%) ©@> o ggdnbgdvy @soLbm™YdgBOL JoGRggs,
3939 3G@dEYBsGHGHod ob, GMI yzgmd ©IZICM3gHo 3mBsmdol
356853emmd330 0d96L Ly gm0 FaMol Lhoml, GmIAgmULLG bagfsgLy
©d GEMIPog G0, s IOMBEYds 0diEYds 85306, Gmoglsg
9600 ©939@m3gMHoL 309G 333900900 3GModGol 33139090 36
3oL 30gé 3o LBowgddo BsMg3s MFo3L Lb3s EI39T™M3gML, 33
36GmdmYBol 33sfy39G0Lmgal 890vdigEs dgomemermans BEM
(8,57].

BEM (Block Element Modifier) agmsg3s®mdlL 0396393y
Labyegdols  Eadgdgzol  Gobgdl.  BadoodE, GmamGay 1.2
33653(>380 htmi-ob 9gladbgd 36sbgm, UsIE 33JME@S header - B9a0,
50 Bgdmbggzedo Bgagodwos 3og3sm, GmB header sGob denmyo,
6mAol BoaBom dmmIzLYBMEO $JIVO JIBEIZM JErgdgbtgdon:
<header class="header”>

<img class="header__logo” src="logo.svg">
</header>
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R396 T7db3g3sdn BEM a3mazsBmdl 3333500 Labgergdol
©36Gg0g30L Fabgdl, domsgzs® demmab 3367dg300 LLLYYAGgeE® Lsbaem,
boem 9ol 930mdoer gemgdgbBl 35(140j300 dgrmyzol @ MmGo
JagEo__bybom  pedmymgore gemgdgbthol EoLabgmgdsl, Mg
3056H0390L 29GRY30L 0doldl o1y AL g3Mo3bol  3MB3iGaGYeEo
993960, bam 08 950mbag3s80 00 a3LMEL 03039 gEndgbBob
393LAH 035, 0533005, 33543V 3FgMomo bhowa:

.btn__save {

background-color: red;

color: white;

padding: 10px 6px;

font-size: 1.2em; }
©d 33UVBL GMI 03037 LAoEgdOL, Doa®sd Ub3s 7IGAL oyml Lbzs
@oE3ob bhogo, sd0bsmgnl 30ygbgdo 859gy LHTsEngdIL:
.btn__save—muodifier {

background-color: green;

}

3°F9Momo LGoEob dmEonnEEMIds bEJds MG EIBOLO,m ©>
8mEoxn030Mydol Ladbyrol EsGjdgzoom.

sbg3zg BEM fgLgddo 3gob, Gmd 6 wbos 3sdmgoygbmo ID
000056m39wgd0, doBYBo abmIg;m ob, GM3 sfgMmogo Lhowmgdo
200ZEOENd  OIMIFIRIMI®  o0mynbgdaty, Mdg s JmeEl
©065303m6L bob.

9hm-ghmo oo 3dgombo BEM  dgomeammaoolt ol
2bmogm, G™I dobo 93mEbg ©I39TM37MHJd0 3EINMIE 3336339396
9603690m0L ogh EsFihoe 3mEL @ obo gamomgdsg B3GGH030
39bgds, 00 Bgdmbaggzsdog oy Lbgzol B0gh Mo JMEcb
33573L Ls43g [8.24]).

0mdEo3bm  magdo  sb3znboemizoy 390-)33em3095% 0L
0363890 m39  BMBIFBGMO  GBadbmemmaogdl,  GmIgdog
>JBHomMa@ 399moynbgds mgl 39 bysGmao.
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L.6. 3ner0a3)6Egbosbo ©s 9Hma3fEosto
33qo3sg0gdo

398-33003530930  A0MOMIEIE OYyMPBd MG Lsbgmdse [35]
(6sb.4):  FerBH0a39mMEYd06a  A3E0I30d @ NOHMR3IME0s6o
a3enngspos (SPA) .

Multiple Page Applications

@

Single Page Applications ‘ oW etz com
63b.4. 3E®0- ©3 JH0-335MEOsBO M3 3eaos

> Gmmdng396@980560 33¢ra3oans 300l BHIEOEOYITo 390
33035303, HMIgemog YdbEIbl dmosbo a39Mm©oL aEItzochmgsL
©> Bl RydmBH3060m3sb, GmEnbsg Imdbdr@gdgmo ombmal sbaen
3306 @D

4390 X9OBY, GemEILsg Jogbto sbEabl sbacro 33560l
Amobmgzbsl, bEgds  sbaero 3390 @ol  dmobmzbol  aaa®a3bs
LyE33G0E  ©> Bolo  A0MaBagboo  IsLvbol  SLBIS  39d-
dGIBYMB0. ovydes, TgLadegdgmos 339M@EOL 3G 339gven
3m33mBgBBdbg dmgdgdol BaLBnargds Ajax-oom [30).

> 9003396000560 5300, Gompameg  Lbgmosb BB,
370300 IbME@ME DO 339MEOLEE. ol sbEIBL Lsogol Jmgero
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Bsfommol  BbmmmE  gfo  a3gMEdo  RadmGBzomogal @ ¢
B53095305L Lb3aalgs 339G EIOVY.

DM@, MBIV LroG By 0L G335 G 3309MGHRSEO
Bafoegdo, Gmamdo3ss (headers, footers, logos, navigation). ®megLsg
Imdbdscgdgero  Imombmgzgl  GmIAgerndy  a330EDBY  adEsLIEML,
96009369Mdy > 533U GMIYrby, bEady LYBZIAMME JadsG;zs ©
donosbo content-ob byerobers RydmGz0mmas (headers, footers, logos,
navigation), M3 33 HYHOL AOIGHZOMMFIL 03730 > ILadITobIE
3% o) 0Ly FealisbgGbydgemos.

SPA - 560b LGSR0, 30EGY HOIPOGFOWEO 378-33¢0 3530500,
5356 0bobo sbEgbL L OGHOL Ma030L 2¥T3905L 39d-dMamBHT0
©> 2 LgMzgmby.  Jwogb@ob doge SPA  g356@olb  BHodob
330353050156 GamBobmabagzg bgds, B BMmdMmogs@. UEwEo
83000l BsdmBhzotmzgs d3Gynby®do, s ov) Jemogb®o dmombmgl
Hmdgerody  3mB3GoGee  3306©L, JmbEgds 0 3mbitgdmeo
3390@ob  Baforol RydmGHzotomgs @ 6> dmrodbo  339(EOU.
Bspaoms@ oy 3rogbBo  adazs  Lagmbdaddm  a39cby,
89033¢m0s AbmmE Ly 3MEEIJHM 2370 EOL Bsfoero.

Single Page Application 96980 Bmgao (369932, mdgs Gmyme
LByM3gOEmo gbgdo  >GLYDIMBL  GIgMcO, GMIgmms Jdzgmdom
B9LsAgdgns ggd-LsoGol LYE3aAYYo TbsGNL 23TGmM3s, g3y
front-end ©939m33963T0. SPA  Hodol ULsodob  Bgbsgddbgems
5MLYBMBL 3MIgeMO gbs, Dsdoms@, Vue, React, Angular (65b.1.5).
50608brye 96gdd0 >OLYDMBL LOBHIJUNGO 33BLLZIZIBIBO, Bmymmy
back-end 969280, Gmamemogss PHP, ASP.NET.
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63b.1.5. SPA (h0dob gbgdo: Vue, React, Angular

Vue.js 3%oU JavaScript 93(5083m630 oy LdfyoLo 3mEoom,
399m0ynb350s 8mabsGgdgmas 0b®gma3nobgdol sbsggds [50,51]. oo
>30es© 06¢5a3Mm0Ggds 3Gmgdhnddo JavaScript-oll bbgs dodgrom-
093900036 (oo, React]S). Vue.js 3gmdemos ambijzombocgds
390-039083mM 30l babom §O3960©0360 330330980l Igbagdbs-
@@ MVVM (Model-View-VievModel) 3dermboo, 6gsd@ovmmo
36306500l bhomdo.

MVVM-353¢mbob Lyxvdzgen®g Vue.js 365083me30 0dgng3s
9mBs(3999dMsb MBI™m 3333006930l (binding) FgLsdergdEredals,
Mo YBENBIImYMRL  BgBHebs-aadmBsbol  3oMEs3nt 333306
9mboggdoms Gyormbasb. 330l 33dm  d3Gss LdIodm Bmby3gdos
bymgbmMa 3abLabez®s (Bdgooms, jQuery-b gd3mygbgdoom)
HTML DOM -0sb.

36
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I osg0:
398-33¢03530000L ©J39m3dBGoL 03633)0AmaY
Gadbmarmpogdo
2.1. JavaSript 955 399-©339erm3dg6 4ol grbe¥dBdho
Gadbarmpos

JoMgge 03300 Bbo@uiemo  398-33enngeogdol  33930L
oBLEOOI6LH o LTI HdYdOLIE 2sBLbgaggdom, JavaScript 96>
305> dbmerme front-end ©)39em3TNBGHT0 odmygbgdsmo gbs, ob
3oL sbg3g Server-Side gbs (Node JS) [4.25]). 3obo 330mysgbads
0b®Me3nobaddo, front  ObsGgbsgss  Bgladergdgeeo  {27].  dolo
306390 39GLOS 1995 Gyl a23mR6>.

Front-end ©939q™3396)30, ]S - 0L 3>3myqbgds BqLodergdgemos
obgmo Gomeo 90mbgn3dol EOMU, MmEglsg byJdg 33sd3b obgo
Ls3000b3BMB, GMIgBLsE CSS oo 3960 233O M3)300 0133V,
Iaooom@E  LemdoEyaolb 39Jdbs, 03] oEsiby  ©sI MLV
b G0l godm®Babs, 6 bao Bgaob RadsHgds §odems, dugaguo
8cgdggdgd0bomgzol 330mygbgds javascript.

3BLIIMNGEFBo  LaymGdEEgdms  JavaScript-olbl  sbagro
d0deromann s, Hm3gerog React.js 56 React]S Labyeoom ©r3330@0G@>
©> 030  0mdbIeGgdgmoy  0bBHgtagobgdol  @aLIdndrzgdera@
3%0m0yabgds {26] (65b.2.1).

React

63b.2.1. React]S comam
React 390dmgds godmynbgdwmem 0dbsb gehma3gmnsbo s
ImBdoEIM0 33e03530930b sbsgagdac. oo JnBsbos HBOWMBlgEymL
0330 LoRJsMg, LodsGHogg ©s LBBHIBOMYDS.
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2.2. JavaScript-ob 830@mdoo ¢gbmenmaogdo
JavaScript - gbol a3630mstgd0m Bgdwdiggdvyem 0gbs bsero
29033 0Mgdymo  Bgdbmemangdo,  GmAmgdog  d3¢  dmdboe
L3TMIE@YBYOL  LOIZIDBMBL  E3ITM3YHYPL  39B-33E03>30gBOL
5bspgd3¢. JavaScript-mxsbol sugmo Godbmemangdons jQuery, Ajax,
Angular]S, 6m3gmmsg g399mo GG Bg39bgdom.

2.2.1. jQuery 346memma09

Native JavaScript - gbol a3dmygBgds Bgstgdom wBGH™m dgd
9GmOL Amoobmzl 359-33@03530900L 33Jd60LL, SGELHDMBL wWaG™
320560503900 LYBMIEYdS, GMBgerog aobegm jQuery [28]. oo
99Joboemos  JavaScript 965Bg, ©3 333993l YIBGM  SEIOID
91995mdob LYBMIEGBdIL, FLBo MBEM G RHN35ESS FLsdMmgdgemo 0d
59m356930b Bguevrymagds, Mg Abmenme JavaScript ol g>3mygbgdolsl
"RGm 3B OGMmIL  dmoobmglL.  jQuery dndmomogis (6
a0093MM 30) V9P omE9ds JavaScript gbab.

jQuery-ob 894360l doMomswo BoBsbo oym JavaScript gbsby
fgMogmo LEgbsgdol 03 f3Mdx6B o JMmEotgdob gddsGE039ds,
Gmamgdog 935X M@ 3ddmygbgdsl dmvyemdb  0bh®Eg®Gdo
3960133Lgd0bsNz0L  adB3gbo  @oomgddn [28]. Bsnbg, G
$360maanbl 33  dodommgzol 3md3mbByEGhgdo s M
99LAMYBEMBGBL 3307935PMBL olLoBo ? gby JavaScript-3emsgobgdo
Q©3 Ajax-sds®gdg00, GmImgdog BHMB3gmymal dm3zegbgdol
©307)3539230, 3oDII@D® 9BIIGIBL, 333y DOM-ogdsdjone
LGHEMIBHG>30 BmAGsMBdIL XPath-ob oEgMEMy0sBY ©EIYHEEMBdO®
@> bbg.

mGog0bsenod jQuery-dodmomomyzol O6H2360B980L
3mbggngos. ogo  §3M3Ma30©a9ds 3MBIsdHto MBoggMLaento
30GM30Ls @ 3¢>306930L JONMIMOMdIE, Mol ByEgas@sE bsFomm
325633 Bslido BgBsgaeo BBI3ER0L yzoas FgLsdemm BxBobzgzaY
2O3ms-mB0gbBHotgRds (M3 BBy Bl  (Fgdfocso

38



8mdbds7d0b 06(%He30LOL EIIIMAGAV> (Angular]S, React]S)

3959mvygbgdao) Jmeol  Am@ryeemdsl. 33, dqLsdemgdaemo
bgds AgLALoLIMgoL LHmGgE JavaScript-ob 03 gubjaogdol
Omd>Maagds, MmAgmog, Us35M3EmE, LdgLgdod LIIDIGOLO 04698
Jmogbhob (53 Bg0mbggzsdo ITIGMYIHdeab) Fobsdg BEasto
38mE26900bL 23@3L5§y39¢@-

jQuery 30dgnrommgjob 309 ogds g0dgngds sby:

<head>
<script type="text/javascript” src="js/jquery.js" >
</head>
058sU5Es3), jQuery d0dmom;mg3nl 3979339 BIoEL

396350m03L90m  Rggbo HTML -gsognols 9gdmdems@ 39Jdboen js
Labgefmegdob 9Jmby oMgd®mcasdo.

2.2.2, Ajax &gdbmm@mmao0d

Ajax 30693053 3oL JMABoBoORMmo  Bmameg
Asynchronous JavaScript And XML. 00 o05®56Gsjbommo 390
3303530gdal 89Jdbol Hgdbmermapod. gytebmds HTML/XHTML,
XML/JSON qo» JavaScript 965U [29.30].

Ajax-ols sbdscgdom JavaScript-bl Bgmdmos ©¥)33390GEL
L3968 XMLHtrpRequest mdngJBhob 3s3mygbgdom. 39 mdogdob
©sb>Gd0m, JavaScript 36sbengdlL 936Dy BdLaenol 393 LyMggMmsb
3M3bogsgool  gLodsT0LIE, 339G @EOL  bgEbEms  Ry®zatoagal
29M989. 5867300 MMsTo  XML-ol  238cygbgdols  dovybgosgsco,
36153403590, m36399MM3y 300 33n3sgogddo XML-ob bsgzms
JSON 238moygbgds 9olo v3atotglmdol gsdm, Gog JavaScript-osb
1390096 06%9365305L gIErolbIMBU.

Ajax 0yggbgdL  sLNBJOHMBOBGIME dAmbBoggdcms  dEHE)TL
3MoBy@US > 378 LYM39OL AmAOL s LsBMdEgdsL »demgaL 390
339MEL  LYM3zgHoEsb dmoombmgml obgm®dsgoob ddmEmE b
303700, GMIEoL dodmbognzag Ly IMbI>GHPgEU.
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30335650, Ajax  Oodbmemaos 3353330068l LyGYYHcIE,
3953033600 3303399 IMobmzgbal, gomgdo  IsLoblL, GmAgmog
3G3mBMH30s SLbMEo olg, G@M3 dOHsBIMOL A>IMILBHIOGHIDS 5O
dmgsbobmo [29].

2.2.3. Angular-ob %gJ6memmaos

Angular-ol  3o6ggemo  gg®Los gsdmgzos 2010 femob 20
cgBymddgeb (31). Emoobsmgol 56LHRMBL ™G0  gsbLbgagzgdmero
396900 Angular]S o> Angular_2 (dmerm 3996b0> - Angular_7).

Angular]S  39Jbmemmaos 3oL 0bsdgémzg  front-end
©139em3dgBMoL framework-o Mmdgmog 87Jdboos google-b dogé
JavaScript 560U LsBmsgdom [31,32).

Stack Overflow g37e™39MH5d0L 33engzom 2018 Foerl Angular
960-96m0 Y371y 3m3nmedrymo dhmgglombagro ©y3gEmm3nHy-
3oL Bnge 239mygbgdmeo frameworks/d0odeomg3gdos [33). Angular
6ol TypeScript-By ©@sgwdbgdrymo gbs, GmImol 3PEMdYHTO
Google [34,58].

TypeScript 30l ,3579xmdgLydmeo™ JavaScript, Microsoft-ob
dog® 93ddboemo 96>, BdLTo Bgladegdgmos BH039d0L gsBLsbM3GS,
Jeligdol  B9436s, owmd@s TypeScript 250moygbgds  33gogzsgool
©139m3096¢ 0L 3Gmagldo, dobo EILEWMMmgdITmO MmO JmA3o-
momgbmeo JavaScript 3m@os, Gmdgol §agombgs TgLsdergdgaos
Jem0gbBob dbaégl dMamBgmol 99835mdoom.

Angular-ob 306390 35MLos Angular]S, sbagno 396LOOLAE
256Lb3d39d0m, JavaScript-Bgs @sgmdbgdyeo [31]. dobo LAGVIGD-
s B9ands html 33960t 30639em Goado, GmAgmog 9yoEs3y
©s3sgd0m huml 3¢Godr®gdl. Angular]S LfmMge 59 ©IB3Bgdom
S3hG0dYHRL  0ygbgdl 0dolamgol, Gm3 ImsbEobml 3396y
95603nmocgds  JavaScript  g3ea@gdol  Jgdzgmdom,  HMBgrms
9603369mds Bgbsderms doboJgdvyemo oyml bgmmom 56 @obsdo-
3243 JSON gm&dsGoo.
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Hmamea 50360965m, Angular 96280 dgge oy sbaen 39Glinsdo,
LsdmEemmE JavaScript 96> sbEYBL  FsB03MEoGgdIL  Jemogb®ob
abaéL, dMIByAT0.

JavaScript-0s 259mygb6pvymo 0dobimgol Gmd dmboglb d3oBbgL-
@Mma030L gueMEYds ©d LYM3gEME 3MBMBogsgo.

9oLo LadmEmMm g9Mbogdo L3IdmE EB3gFom LEBGWIHYGIL
33005350M3L, MMIgerog 36> Fdbmerm@ TypeScript 96ab slgdMdOMmS
23°3mERgriemo 3G9 379-3396 0L Markup bsgombog 3o (Gmdgmog
AMoLbb3mdL html, css, javascript 96500l 0933)mdood 337G ENL
3Pymdal) Meadm 8mfalGoggdmEmaas 950mmagzsBYdYEN.

2.2.3.1. AngularJ$ ¢g6exmmp09

Angular]S 560U 3eogb®ob abs®ab (front-end) @>3GMy®33gd0L
G9d5memmgos. 030 339E0EAIRM@ms Lyhzgmmo ddbadob Ggdbm-
3090036  spgdvyemo  Lamygogm gbjgombscrooy 9
3°9moygbads 393-3GByGHa0 Ry®zotomvyeno HTML-m3mdgh®gdol
LEMEYMGoLIOZoL. 3333563, Angular]S *Hydbmmmans somengdl
9o@Esto LYIMILAGYPPE™m 06HIGEJOLEL 3jmby, obGHGIJBonEo
390-33@03530700L 379 B53900L 3GmEgLl. Angular]S 39d-33er03s-
309%0 98md6gds Model-View-Controller (MVC) 3Gjodgddaeae
UHIBEIOBL, GG LsBYIIBIL 0demggs F9308NTomm S303>G0Jd0,
G@Amgdog >6G0L [36]:

o 336365gmdsn  (Extendible): 36rmpM3doLhobogol  omEnd
253963300 3mA3egdumGo Angular]S 393-33@035300L @MPNIALd ©d
LGHONIGHIO30, ©THML sbawo grbjgombieno;

e GbsBsgoBscon  (Maintenance): Angular]S  33qmogsaogdo
oM@ 99398935690 Debug 3GmagLl, 3gdmfagdals s Bdeamd
G F9M;

e AIbAd0B93500 (Testable): Angular]S 33o3sgogdo dmGajdy)-
o> HoLBoMYBoL 3Gmegb®y: Unit (s End-To-End  $gbhgdob
890853905 320MmEgdN)eros. gU 30 0oL 60B6s3L, GMD 33BMAYHNG
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6970330 893000 35333500 Hlhado, 303mMzmm > SEIMm3-
abzmso  bagzgbgdn, 3633, ULsBB Ladmermm  AmIBIGYdYO
25©35§y9ds dson;

o UAsbshnVgdcro  (Standardized): Angular]S 539930
036589006HM37 390-UHB6EIGHJOOL 333133¢0LF0BYRBOM s LaGagd-
@mdL vebeglo  gdbmermyngdol gubjgombigrom (BmamGogss
HTMLS API), 3m3mems@mero byanbsfymgdoms @s s6dotaddtoon.

Hmamea 30360869m, Angular]$ s3grogsgogdo 0d3engdgbtomg-
ooy MVC s6dodgddntncmo LEGBEIGEOL sm3seolfobjdom
©> 9903993 3 doGOMIEO  MEOINGo  ©mBoLyE: dmEgero,
LYAMILAGId™M  obhodagobo  (View) @ ImbdhGomegmo. gb
3m33mbgbBgdo 3oL aermdIerMo, BmadEo bYBgbo dermagdo, Mg
9mo@3agl Angular]S ¢gdbmemaonl LB3ggnn0m®o Bsdgbo demmggdols
259mygbgdab, HmamGoEss: dmEmegdo, EocyiB03700, gowm®Mmgdo,
factory gvbdgogdo @©> ULgMzoLgdo. EIIGMEMITJB0L  3GmagLdo
304969000 50 dgoy  3mOA3mbg6MHgdL  ©@>  ;IbImsbmdom
299m333900330 M@GM 358(HsdG MVC s36dodgdvyesl.

Angular]S 33em03s30g80 593995 53d0U30gM MNs6sgEMH ™Iy 390-
dMvBgH3o. BdasmomsE, Rggb 3 asdmgzoygbndor Google Chrome
3GabgMl, (o6 0o MmIgLgdsos W3C LGBt ®HIdmB s
2958600 F12 0336maM335d0l bgmbafymos 653Mgd0. 33@sdfyzgdo
dogbo 3o 08590 BamIsMgmdl, Gmd Google-d @ssBa®d L3gaos-
@vyGo Chrome Extension-o, ®mdgwmog F12 bymLofymms Bsghaddo
29539db Angular]S (4g46memanob Lgdgosbag.

Angular]S $596memans®) ©3mmaMadgdologol Bgdolbdogmo
GoduGHDOO HIEIGME0 33BMEEIds. ERIV-ERIMBOM JI3OFIIRY-
@03 bymbsfymgdo:

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

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

™©039 B3L03605 s IMIBT>GYd9L L3> BMBY Angular]S-0sb
2573 mdgLgdrem LadvBom 33M0MUL. gdGiEs 200Ly, 33emeg GRgBS
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3m333605 Microsoft-obl bgelisfym Visual Studio (v)g3sbm ggGlbos
Express). Visual Studio 933595 dbmeme Windows 3565dmdn, 8s36d
395R605 BgL6036s30 IDE 25M50m @ 3MmEOL GYEIJHMO0 GsxG0m
Ba3mv)33G09d> Bgamo Rrdmageroe byembafymagdl.

3@0gbRob dbsGob (Front-end) @a3Gma®™sdgdol bambsfymms
wIM33almdy  3fgMoemos JavaScript g65%g s 99390 Node.js
235690m3do. Node.js §am3maaqbl Google Chrome 3gd-3(ymbg®do
R33gBgdmen JavaScript dMagl, 0wy sUg3g dMZdabfobgdmmons
33 BIAOL 3Ggom 3Bsmdab Gggodog.

Node.js vmBAw63ea3ymaL JavaScript s3qno3sgogdab bafgMaco
Dm0 ©6036wMEmgdol Framework-om.

85655030 598-UgB39m0l 358335 ©IIGMMTFdOL IGmpguo-
Lsongob Ls3dsGobo 046993, 380¢™d, LgA39MEL BgJdbols BobBom
253m30yg69d00 Node.js-0b dm@EvegdL babywms connect @©> serve-
static.

NPM >0 Node-b 3539%980L 0BbBseameo:

npm install connect
>
npm install serve-static

030 R3mMAH306053L y3gems LdIOOM Bsoerl, Hd3 connect @
serve-connect dm@MRRL JoMgdsom. sdnb 390y d93Jdbnm sbaem
20l Lobgema server.js:

<l- mabBobyo_l.1: Serve.js gsogob 3mbBgbdo -----
var connect = require('connect’);

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

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

app.listen(5000);

qu  3GMHOZ0  3gd-byMzgto  LYITGOlOs  ©IIITMITIBGOL
3GmELoLIMZoL. 030 yMeL wagdh 3mGE 5000-By 3gdmbLyem
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Imobmgbgdl s 9gdLsbyMgds  GogdL, Gemdegdog 0dymagds
angularjs ©0MdB™mMnydo. bmenm angularjs EoMHJHMGO> 0TYymRady
00339 @™bABY, (Hmdgenbg nodejs LrobBLEH>E>3OM OGYJGHMG.

Cbdom980b bolidgdol obldsarsgns: Angular]S #gdbmamayool
9G0-90m0 oo M30MsHabmdss  Unit  Testing  BgLbhotgdob
LobGgasbowb  Tsmagro  JgLadsdoLMBdNL @By, gU  UsTmsengdab
3399¢m3L  ©935m3TG6GHOL IBmnLangy ¥3GMIGHVGI®E 89329mF-
dmm 3mEol LoLFmOY. GHgbdndolb 3abad3zgdsE 3dmoygbads Karma
Test Runner MgbBoGgdol 23693m s Jasmine GHabEBoGHdOL
Framework. m60gg 903960 g3sdonm@ s60L 253039900 ©d
530> ImbdsMgdaoos. Node.js LyOBLAIWIGOOM ©OMYJHMGO-
0Q6 25373350 90 ga0 dM69ds:

npm install —g karma

NPM-o ay@dmfjg®l  y3zgers 0od  gvoebl, >3  Karma-b
qbaJommgds. dg8amdo 3MBERoymGaMmgds @M >G0bL LoJodm. Karma
BbBHocgdob >G30m Unit Test ¢gbhgdL «y839dL Node.js LyMgzgHbY,
beerm o35 BgLGo Bna30dmos 8930dv3omod Jasmine, QUnit »6
Ub3s 30deromm939d0lL 43dmynbadoom. 53 9¢hs3%g Karma-b 8dsmdol
3M0B6Endgdl 26 asbzobogrsgo.

Angular]S otaidmtool 894365 mbos B33Jobsm @oMaddm-
(05, LooEsbyg dmggdlsbrydgdoo Angular]S »3mo353098L ©937-
m3096GH0lL 3GmEgLdo. gb LsBwYseEgdIL 33333l IO MYMITBOL
36mgL303 893:0mfdma Ladwdomb 3OMaMGLOGIDS s MGIGOBHRdS
3937300M0  §oogdl.  993Jdbson  LodvmaarEy  Labyefmoadon
angularjs. sbaeno Lsgsmerg 00539 ©@mB)By Mbws 0dymogdma,
HmI9Bg3 993709600 nodejs LsoBLEHITEOM OGHIBHMG0S.

398-Ugt90U  3s&398s byds Command Prompt-8o (cmd).
©>3379 Nodejs LyoBbGsemsEom EoMYJBHMG0IBY (MBEs Y33 0TMM
cd C:\Program Files\nodejs) cos 33373350 d363d67ds:

node server.js
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gb Rodzomomsgl §obs Bafomdo angularjs  @oGgiBHMmGOsT0
B879b0em server.js 3>0eb © 3O GHBy bmdGoo 5000 RynGoggds HTTP
9mmbmzbydbyg ym®mobL 39dol H9z0d0.

Udgbdm HIML-m39896c30b Rogothorgs: 3>3bbbso Chrome
363BgMH0 ©> BoLTIGNNL 390 333G 0RMoO:

hutp://localhost:5000test.himl.

93©92>© 3G Bgado Ryod)z3ommgds bemoEdy]dboero HTML-

©m3dgb@o (65b.2.2).

S E— — S
RIS | SN ]

71" Fust Test x N\

“ C [ localhost:5000/testhtmn D )

big
@
=
o
=
G
w
]

65b.2.2. LsBu7B5m a36dmls BgBeagds

bsogrglihBsgom 8s33¢momo: >35pmm dséHogo LGETIGHYEOL
9Jmby 3GmadBho. 333333M0gemmon angularjs LsJo@o@EY ©@ ©39T>-
Mo gaogngdo: angular.js, bootstrap.css @> bootstrap-theme.css.
angularjs LydoEserEdn Es33d3BMo absermo HTML @sagro,
Labgems example.html ©s ©@333090sjBH0oOMmo doba  3mbAgbto,
Bmameg gb 2_1 emabBobados 63h396500.
<I- grolihobzo 2. 1: example.heml googrob ybhgbho -->
<!IDOCTYPE himl>
<html ng-app="exampleApp">
<head>
<title>Angular]S Demo«</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>

</div>
</body>
</html>

33000  dg03s3L  Angular]S  3dbmemaool  d0bodservy®
BaGol. 339Mm@30n 239mygbgdwmemns 9mba3gdos 330l 258MULLbYEgdS,
6Hmdgerog 8 IMIgBB30 36 3GOL sBsGaeno, s8otmad JavaScript-ob
@mMa03700 Mm3gMe¢meol 238mygbgdom ( || ) Bogmmomgm, Gmd
3°9m304h6ma day (3@a@ol 960336gemds, 0wy 0g0 sOLdMBL,
bmenm oy day g3ema@o 56 5oL 336LsBE3EHWEn, 35806 - LG odmbo
(unknown). 2.3 Babs®Yy 65R3365005 Gmam®G gsdmoymcgds Rzabo

HTML om39856¢0 398 dGHsmBgcdo.

i C L tecalkon S0y

! AngulardS App

Today is (unknown)

_S 2_/ A.oﬂ-l( hov‘n = .\._g.;'_...._‘.._.__ i s R R e A _I

S S g

6sb.2.3. E:;;nplehml g\mﬂw Wa
3902 byRBo
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2.2.3.2. Angular Framework 346manma0»

Angular]S- ©> Angular (Obsgr 3960LOZRL ImGAb), oo
399mynbadob dgovmegdo 3dbLblsgEgds, Angular]S - ol gs3myqb6yds
23303000 F>H030s, Rzgbb 3BMgd®Hdo Ls3déobos AdmemE dabo
Javascript 303@0mo1g30L  0dIMOBH0MIBs TmzsbEobmom, ovbosg
06MgMbg® eob3ob 99339mdom. Gy ;gds )b, gagoderos dobo
R3BMBHZOM0TF ©> CMISYMH0 ool 3odmyg6gds (6sb.2.4).

¢!DOCTYPE himl>
¢htal lang="en-US">
¢script sre="htips://ajax.googleapis. con/ajax/libs/angularjs/1.6.9/angular.ain. js*>¢/scripty
<body>
<div ng-app="">
<pllare @ (input type="text" ng-rodel="nare"></p)
<hDHallo {{nzez)j¢/h1>

¢/divy

</body>

¢/htnl>

6sb.2.4. Angular-ob gsoero

9L IG0bando Bygbmdos 393-©I39TM3xMBoLmZNL, M6
d¢ogomo  Plugin,  6m3gmgdLog  399-©939em3nhgdo  0ygbgdgb,
(@sp3emoms, jQuery) 333350 dgmmEoo bEgds. 0A3MGHNGIBOL
890amd R396L 3GMadBhBdo 33y 0bBHgamocgdos Angular]S ©»
B9Lademgdgeros dobo a3dmygbgds.

Angular]S - obgsb gs6bb3zsggdoom, Angular - ob sbsero ggeLos,
Goameg 339 2036036gm, 393xmdL oLgo  gBy), BmmGOEss
TypeScript, dolo §sgombgs > brgds d3Gydymal 30gM, GaEydd
LdJoGms dmbegl TypeScript - ob 3m33ogrofgdy javascript 3B,
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9madbA>G9d@ab 06(%M5350L0L EIIOMYM>370> (Angular]S, React]S)
= = — —— — ]

0dobyogol HM3 dGMBYMI> Bgderml  dolo  segds, Angular-ob
3496985 3790000 B GMBSL dmombmagL.

Angular - ob ©sygbgds BgUsdegdgEos Lb3oEILBIS Lolidgdsby
cHmame9doEss Microsoft Windows 56 Mac OSX.

R306 BgBobgggsdo sbzoboemmen Windows-bg obludamagos
(65b.2.5).

ZIN
&

SE

TECHOMORO 3
LD FEN T PP

63b.2.5. Windows-bg obudsgmsgos

30639 G003 80 LyFoMms RydmgzBzomhomo Node.js.
> Anguler CLI

Node.js > > Windows CMD -b @abds®jd0m, dnaz00eros
0m3sbobmo Angular CLI (command line interface for Angular)-ob
©34g6909, oL vy Bmam® bEYds »0boTEwero Ls3ombob BguEwegds
dga30dmos  gbsbmo 390 - 239603 GmIob  @obzos
hetps://cli.angular.io/. ob 58333G5¢ 350m0ymgds (65.2.6).

Angular CLI - ob 999839mdom 3o 8923000y Bydmz@zotomom
Angular - ol sbagro 3Gmgdho, ©s m3zsbEobmo Gnbo 358398,
sbadbmemmo  Lygombol  d3MAsExdgd0, BYImmImy3zsbogr BabadBys
3@b60d6mmo.
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npa install =g @angular/cli
ng new fy-dréam-app

cd Try-dréam-appL . &

63.2.6. Angular CLI - cosyg6g0s
RsdmBHzod oo ao0Egdob  bEHOMIHGs  99335(©
359moym©9ds (65b.2.7).

b w§ node.modules

CEddlintson:
3 "’. yarh"QCR' ‘

63b.2.7. BsBrdgaoremo gsocgdol bFradd o
030Lsn30l  ®M3  dmbEgl  ynbodbamo  IGmgdhol  39d-
3By Ba 3583985, LdJokms CMD o dmgsbeobmem dMdsbgds ng
serve-ol 253398, Gmdgog  Lsdmermme  R3gbl 399339
258483398 AoLBsGNBY localhost:4200.
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dolo 2sblbol BgoasE 36sbsgor HmA Azgbo JnMzgeo 335G o
89bademmy 5035M3@ y3sdmuym@admcgl (630.2.8).

Welcome to newapp!

Here are some links 1o help you start:

« Tour of Heroes

« CLI Documentation

« Angular blog

LA L 1R

650.2.8. 39023900l 339438339000 390930

ML FomBmdagbL B3gbo 3oM3gero 339cm@0, LYOEIG ImbEs
dobo aabubs? >Bndbrmo a39M o 83J86neros LagdmBLEG®IzomE
gbmmE, G@IgErog FoOdmowmagbl Angular - ol 3m33mbabEHUL.

> Angular 3m33mb656¢gd0
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Angular - g60L 9306G3@gLMd> BHGIEOFOMEO 390-339M©0E6
LBfmcgEo gb gobsgo, Gmd ob 31PmdL 3Gy dmerosbo 339cMENL
3IG3000030b 3M0BEndom, 3M3d9@ T9Eyds 3MI3MBY6Rd0LLE,
6mIgdoE, 399-3390@0b  LbzaEILbgs  Baffommgdos.  Toyseoma,
header, footer, 3360y, dons3560 339G EOL GogmagzLo.

oboBo  AmogLYdWEros  src Ladomsenol  doabooy  App
Lagds@ogrgdn, 830 BqLoJ6gEsE 230> 5ds Angular CLI.

3md3mbgb@olb  gbaddbgera@ LsJomms CMD 8o ao3dzsm
3¢dsBgd> ng generale component “3md3mbgbBoL  Labywmo®,
3MA3cBgbHol  Usbgeol sanwsl gfgdo Rggbozol Lbydggmo
3Ma3mbgbHol Labgaml, Bdpserod header, footer, ®obo dgdzggmdom
9mbgogds 3mA3mBgB3 ol dq3dbs.

0oLt 990> 3MB3MbBaEEHO ? asbzabommm Brgserocmac
header 3m33mbgb&on. ng generate component header 8MAds6xdal
2503700l BgEgpo@ 0300980 Ladbmoeng header - b, G@IoL
B0am13L0 30b0bIENo g350egdL BgoagL (6b.2.9).

bv‘ﬁ < m“‘:‘»“

header.compcne  header.compone  header.compcne  header.compone
nt.css nt.html nt.spec.ts nt.ts

655.2.9. header-3083mBg5hob Boaoglio

Beamea  Bobsbosb RBU, oL gpgds heml, css, ts
ROYd0LASE, beem spec.ts 3°856mMmyd0L RIOEO
GLGH0MIBALNZ0L UdFoOm Bsowb Gordmaagbl.

JM33mbyb3o header ob html, css Bafoemgdo 3oBrEm® dbadgl
Ga0m1a9696, beaagm doBBIL mmandol sFgds ts gdoEdo BEYBs
®mogenog TypeScript - ob 53693053 )M,
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3330 Losbery 3m33mBY6HTn bz ol, Gmd Fgagoderos
3M33mBgbhol, Lhnggdo CSS-gd0 mIsery)ds@ header - obognl
293F90mo bmeme (B> 0dds »bos Angular-b 3dgb Lihogdol
AWMBIEA0 gpoog, OHMIYEoE pEmdIEYMmIE@ Sbgbl oyl
©m30996330 Lhoggdob ©sBnB36L). saMamgg bBo® J8mbzggsdo,
Lyoob header, footer gojthovyGo ME3EIT0S.

303365 9ga30derod Doo 4B IOEIE RsdImEgomogs
dmbgb, bm@m bbgds 339MEgdoL  85ddbs, Gmdgmgdog LioGob
330 B0pmagLndos, Hmamdgdog dqbsdemms oymb home, contact-
3m33mbgbtgdo, 8g9330d¢mns Angular-ob routing LolihgB8ol 89839mdoo
JaPOO®, G333 ByHol  Jobsdseool  Byfoemdo  dmabgbl
900906567 333M@0b dobadrdomab oFg®sb (6sb.2.10).

o D Aspar 2 OuickStart . Sezastan

< C O locathost 3050, 1rst r © OO ¢

Angular 2 Router First Component Sacona Cormpanens Thisa Component

First Component

This ia the first component!

53b.2.10. Dol Bodwobshy 3390

Gmamea 6obYBBYS BR3Bgd0, BoLsBG B0 first FoMmdmaaobl
routing-oll  dobdAOMOL  Bofoml, GmIgmog  ©IIdZT0GHBITOS
306Mzge Jm33IMBgBH b @> sbgbl dob g33mAabab dGaby™To,
Gobo  3guAvEgdol  EAMLYE 3G 3Mob  LsJodm  a37MEoU
3°©>H30Mm3d. Angular-do, > »gds Mbes, JbmermE component-
990bL ayg698s 3¢ bgds, Lbgs Bafoemadol 894dBsss Bgbedengdgeo,
HmamO0a), 3335003, BYM30LYdO.



9mALA>OREOL 06t Me3nLoL E>IGMyGIRs (AngularS, React]S)
2.3. PHP famework Laravel

©ngobiogob 9.§. native §gds, Gmamég front-end s3G5m39
back-end g39@™30g6HT0 > >G10b AnBIEIFmbono, >3mdEnbaty
0do@a6, GMO >M(LYdMBIL w9339 TV  LETIEYdBd0, GMIEIdOQ
framework-99s@ 0fm@ads ©> doerasb 330d56HH0390L 233n3sigodal
99J3bsb.

Back-end 909330 Gmaméogss PHP  56UJdm3L  séag@oo
framework, mamegdogss: Laravel, Codelgniter, Symfony, Zend o
Ub3. [37]. y3gems Fsmysbo PHP - bogob sGob gs63mmgzboero.

Laravel s60b MVC >6Jo®gddhvyaob dmege®y dmadndagg open
source g3M0dzm@ 30, GmIgebag 3360 3™ Ho 0ygbgol gL
Bobo 28mygbadolb LhsdobGogs 2012 Gerowsb 0BOEIds, Google
8mBa3ndndBy EIyHEEMdom (63b.2.11).

Interest over time

100 Laravel
l A x""“\.‘/ ‘
75 4 S0
{‘v'
\ ‘ A u}
A o
N

50 ‘\"W\ A {‘/ Codelgniter

1 "‘ V/‘A\AMV1 K] \/,ﬁ\,‘l‘\\ »1/‘.‘5",.\/ A Vpou Luar ‘T

RN Y s Wi | Symfony
i e ')'J y | CakePHP
‘) { ; b s T
'! il 0 ,.,..-/V.—f-’",‘ g

Mar.2012 Jan.2015

63b.2.11. Back-end 957800 338mgbgdob Lihahobdogs
laravel 390836 3L 5J3b B8O KI3nMaBgbmdgdo:
*  333MmOB0Bsgool Bgdbogs
*  MB3099® mBHgbGHoMmIdmEro d0dEom™Y3900
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e Artisan (©9390™3965d0Lm30UL 356303600 Lydmsemgds,
OmIgemog 3sdmoygbgds CMD b bsdnmpegdom)
e MVC
* ©QIwed
e Database Migration
e daem0sb 396130 33339000emgdo www laracasts.com
o Blade Lobygds
9L ob 3L Loss, Mobysbs Laravel 9gp90s. ob dagrosb
dmgbomo spMgm3y EELEDIOLMBNm LEGIRIE 236300m3G B ©
036589MmM39MdBy Imcgdyero frameworkflos, GMmIgerog dsernsb
553093l 398-53¢m033(30500L B94dbsL, UsJodms dobo LobtsdLol
39033935, Omgog  ©m3ndgbdgro@sb @ 3omgm
39337000 gd0s6 T50degds nbfsgenmon [38].
Laravel  @g35cm39693L  Lonagabmdl 35336480370
LaBrmsmgdgdL 393-3G1mgdHgddy 8BomdOLMZOL, DoadEP0msE Artisan
260Lb Command Line @6 L3M3sm LsBmdEnd>, LaoEsBsg bggds

controller, model, migration 3583983, 51939 d3VYB0I6 3)Bseads > Lbg.
L3BmeEngdgdo.

Laravel 0ygbgdb MVC-UL, ogo 08og3ds Model - View -
Controller, ob 360l 9mfgbGoagdmeo LsAMIEYdS, GMAGEOE SbEIBL
3m@Eol  @mgodn®o Bsfomrol  asdmymepl dobo  La3GHBIBEHIEOoM
Baffoaobgab (view).

Model 56G0b 356 LIFMTom LaBdegds, View 3erogbtol
La3MgBIBGIEom  Abady, Controller - 3o 2dbErdgoy  FPdsz3¢n0
Bsfoero, GmIgermog @gdvyEmdl 3enngb®ol dmombm3abgdl Route-gd0l
UaBrmsangdom @s sbEbL dmmbmgbols dabgwznc dmEyeobogol
350339790 335 3d0L ©330LMEJdSL. Model @gdwEMdL d3GAEHdL,
sbEgbl Iubob METoMgdIL ©> dGMBdL Controller dbacigb,
Amdgerog 030L IBOOZ KdGMBEIOL Fomgdre Bl View Bsfoendo.
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2.4. GraphQL: 8mmbmgbgdols s dmbsggdos
935603xm0oMgdol gbs

GraphQL (Graph Query language) - 3ol ™
330b3)30L  3Md3sBool Boge (2012-2015 §5.)  eme™ 4 N
Q3813900 Imobmzbgdol @y dmbyggdoms ; - i
B36030wnmgdol gbs A3ogagogdol 3Gma@s- il 4 : GraphQL "
806930L 06Enmaqgobolbsmgol (APl - Applica- e
tion Programming Interface) (65b.2.12) [53,54]. oo

6sb.2.12

030 YdOYBZITYmnL  98dHDG. WG @s  dngboce
900gmdb 393-5303330980L  0bFgta3gabgdol (Web-API)  @abs-
813398ema@E @  390-LYE30LYBOL  3GJoBg)BIGOL  Ggrerobago-
oborgob.

30963L FgLadgngdeEmds 543U 33bLIBEIMML dobogol LyJobHm
8mbs30000 LBHEVYEHMGs ©d 28 Labom dooemb ago LYG3xMOEE. gb
30 333mGoabigl 8mbsggdon oo AMEME™dgdol  2da3gdol
3EOEdErMdIL, 33 3503363 m3ba gB3dGmOL bol dmmbmg-
6930l 8909a930b>m30L 998-2980(980b 36:m3gLL (web cache 0bgmG-
dgomo  Ggdbmemanss  39d3-mymdgbtgdol:  39d-339G:@od0U.
3°9mbobvengd9d0L, IMemBH0dgEomo Lbga@albgs 3Ho3gdol Ehmg-
3000 TgLsbsbo). gl 3o 3930MARL LYM3MOL  IAZOOMIL @
LI dgEL bENL 39d-39980 IMmSzLYRdMIE EmIMIEGH®S sbEngdol
bydgmegE  339mygbgdol  FgLodendermdslL  Lb3s  dmodbm3zbgdol
90g6. 505639, GraphQL MBOME3geymal dmbaggdms Fagnobgol,
RBafgdol  @s  (33oengdol  3GmpgEvymgdol  gsbbm®Engmgdsl
6956 @O™Jo.

GraphQL ULg®396990 298m0yg6g9s ©a3GIMacsdgd0l dGsgsemo
9Bobsogol, Gmamegdoess: JavaScript, PHP, Python, Ruby, Java, C#,
Go, R > bbg. [55].
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I os30
React]S - 06 9Mgg0Lgdol 33GmaMsdgdol
Boberomoggs
3.1. 6353 omemo E33Hmy®Hagdols 336@oads

695JHonmo ©33MmyMadgds (Reactive programming) - 3Gol
©@IITI3GgoYEo 36maM330Mgdol 3s36sods, GmBgmog mMogbdo-
Godmemos 3mbsagdms 6333098 ©d 330 IdgBoL 333G 3gTgdsTY
[6]. gb 608BsgL, GMA VB’ 3GLYBIMBEIL Bmbaggdms LHIBHNIMGO ©>
©@0b3803mBo  63350980L  2E30I@  333MLIb30L  FJUIAMYBTMBS,
333039 LG gdol Imgemoli 309 (3rogEgd7d0L s3¢HMB3G Y0
393M390> Bmbagdms Bs3dydol Lsgwmdzge®dy. 36y, Bggao
4m39mogol  bgemsbems  3s6oLy>dM3MYB  93¢MI Y GNE,  Hmgs
9mba3g909> LIFyobio B53>3Yd0 0p3Egds.

@o¢M3¢)mH80 OGO EISGMaM0Yd0L saseomaE
3°b60bomy396 36587Mm3g gbOHOMmG 3HmagLmOYdL (FsgdEnoms,
Ms Excel), Lyxdg (Odpomomd A20) vyx@sb 5J3b L®odmbuyemo
860836gcmmds gm@mInmol Lsboo: * = B5+C17". 8obo 3603369cmmds
©3dm30Egdmos B5  @s C17 wmyxMgdol 8608369wmdd®y. 0wy
Tg0a33@y  MHmIgmody @  MxRGoL  360B3bgermds,  8sBnbgg
53¢hmBe Mm@ 0g3emyds A20 Mol 360336gemdag.

M93J%H0nemn 3OmyMadn®gds 399mmszaBgdmeo aym Gmameg
3By Omdbdsdgdgmos 0bBghaygoligdol, s60dsgogdol 6 ™30
(359030 LoLGgd0L mEEroMgdolL sE30MaE 394860l doBBam,
Hmdgmog bftsgs dmsbgbms Gosgposl gaeroemgds by.

9533emomae, MVC sGdodgddhvnesdo Ggegddommo 3Gmatsdo-
6300b  EsbIGYBom  guadgngdgeos Model-o@sb  View-8o »
Jodogdom, View-@sb Model-80 33emogdgdol s3¢mBs@yyco sbabgzol
HRE@oBgds.

§obsdgdedy os3do Rzgb gsbzoboagor dmAbIsGdamS
063)90590L7d0b 33333930l 3nBBom JavaScript-ob dodomogasl,
cmdgemog React - LabyEomss goduo®Gdwyero. 030 NYBEMBIgEYmMaL
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6030, LHGImo @  LFBHB0OYPIE0  §Bd33OEosbo  ©s
3mdoryMo 33ennsangdol 533dsb [6].

3.2, React]S — 06¢36g30Lgd0l 33900l JavaScript
dodmomomg3s

React]S >0l JavaScript-ol 30dgromogls @os byfyolio 3meom,
Gmdgmog addmoygbgds dmabdsegdemal 0btymxgolgdol B9bsddbyg-
@ UL37E0dYIHIE JPMIIAENOBO 330 3sgnjdobsmgolb [6,39].
020  233moygbgds  ggBlsndols @3 AmdoBo 330330 0L
§363mEa760L (View) 30l abad~Bsggdma. React 333deagals sbggy
Ba3aengBsL 990g4abal LsAMABIOYBE™M 0bBYMBgoLol (UI) dMagsen-
XIP>3©>@ 353mygbgdao (reusable) 3m33mbgbHgdo.

React]S-ob 3qufagenabamgzols srmgommgdgemos JavaScript (sLg3g
HTMLS s CSS) 960L gmqbs. donbgosgs@ 0dols, Gmd React]S 6
0ygbgdL HTML-U, JSX 260l 8uasglo, s8o®hmd HTML gmobs 0gbgds
dom®y LabaGpagdenm. dbggzg LLLwWE3gmos MVC > Single Page
Architecture-b 3mbagnEEgdol gmEGs. LsLYYG3gmos React Native
3690336300 a>3EMdS.
>  Gmam® 3ydsmdl React ?

React-o0b 3madmbgbho - gbss 3mEob g3¢aadgbdo, Gmdgog
aLabsgl 239 @EoL  Bsfoel. ygmggmo  3md3mbgbyo  JavaScript-ob
a6J30sd, GMIgamog 38GBgdL JMEol BGAIRAIBGHL, Bag Bgglsdsdgds
390-33960b a3c3376%hL. React 04gbgdl JSX 56sb, Gmdgmog HTML-
ol dbyagbos, mombag 030 8drmdL JavaScript-ob dogboo (HTML
36).

> React Native - 3ol JavaScript-ob 96godzm63o  LsgnmsGo
dmdoto  53ann3agogdol  dglsddbgamd. ogo  0ygbgdlb  React
3moBhnMEIL @ 0dmyazs IMagem RaBg6gdvyem  3mI3mBYBAL
330o3s3gool  3Gma@dne  obdydggobls  (API - application
programming interface). React-om 0o 399-3390©B) 306306
GHMBLEoGgdal m3gogdl DOM dMsvBg®UL. React Native-bodgol mark-
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up  (3mBnB3Bs,  GMEIGHOMYPS)  HMIBLEroGERS  bmbGNy
3o am®dob  Gglsdadolisce  Android-obogols  sBsbaLiosmgdgEO
b39ggonn3dgnno. React Native gsjdmdGogs@ BwdomdlL JavaScript
@d0mgoob  Robadgbgdema  330IdEnddn @ EMIdNCVYGO
IgLememgdolsogol. React Native API - s6ob Bxdpzomo dmdogmnco
33o35g0s. React Native 36 gobol 8mdoemny® 393-33¢m035G0g00L,
63 0a0 0ysbgdl amdbdeYRd@OL 06®BgGRloLOL 00 domomsc
L>3ABgdm  Bermggdl,  GmIgmbag 0ygbgdb  RzgmErgddozo
3303530900 i0S-0b s Android-Uogol. 3 LsBBYBIdEM denem3gdols
BlsgGongdemo@ 57 a9dmoyybgds JavaScript s React, Bsggeraco Swift,
Kotlin man Java gbgdobs [41).

> DOM s VDOM mbdogd®gdo React]S-8o.

Document Object Model (DOM) 360l HTML s> XML
©m37896(3700L 3GmaMadoGgdol 0bthgAagobio. 0ao sLsbigl 339G L
oy, Gm3 3Gma™midgol dgmdemos Bgazsml oo LEGEYJHNGS,
LBomo @> BoBas®luo. DOM sbsbagh Em3NBgEGHL 335607905 o
md05JHgdoL Lsboo. s BgLadegdgeos 3GMmaMadryemo 96990l
9096m90> 3300@oB. 390-339M@0 - A0l Em®IMIFBHBHO, GMIgEog
dg0dcrgds sLBbIEo agmb dGIMBIMOL BabxsMdo 36 Gmammg HTML-
ob Fys6m. mMo39 9hmoI030395. DOM 260l 399-3306000L Mmdondd-
0563 06gdmomo Pom8moanbs, Iy teludell] (33CP0gdd
9L gdgEmos LgbsMgdols gbom, Bxgseoma JavaScript-oo.

DOM 3635 30ma®806mgdob 9B, 933613 8ol 36939 JavaScript-b 56
93698m> 3Ms3003M0 dmegemo 36 36989%0 39d-335( 0L, HTML s
XML ©m31996¢3900b s dsoo 8905p9bgemo gemgdnbtgdol Agliabgd.
©m3dgbBol  mommgmmo  gemgdgbdn, doerosbo  ©mawdnbHo,
Lamsmtigdo, gbOoggdo @m3nagb®do, $3du®Ggdo gbMogrols mxmgddo
- 3m0b  @Em3m3ghthol mdogdhmco dmEyeolb Bafoero. »3oBmd
950006 90d:Gn3s 3 Fbo3Memagngdol Ra®eMgds Bobademgdgerod
DOM-0b o> JavaScript-ob bs8waengdoon.
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Virtual Document Object Model (VDOM) - 50l JavaScript-ob
8urddo Mdogdto, Gmdgmmog MG DOM-ob »ddsem sberod.
abds 335697806 by, Los gegdgbthgdol, oo SBHGOdYGYdOL ©
B71a960@MdoLy, Gmameg Md0gdHhgdolsy @ mzgolgdgdol. React-ob
696@3M0L awbans 2398L 38 bgb. DOM-0b gamomgds ymggemogol
0§393L 90l d5Lsdsdolo VDOM-ob ggenogmgdsb.
> React Fiber ¢os React360. 3390bdv39> 2017 §. 399mdgs React Fiber -

abagno front-end >amGomndo React Framework

308@ommn3obongol. 0pn 8mdszdemdn vbes 2dbegL React-ol
0baGaLh GGl gnbicogdol ©8ma3g80L 0BLEGXABGO

{27). React 360 3793>3> 06aMEAGoMEo LdBMYIEMYdol

aGENM BIgJHEoLmzab ©> dobo 3ddmygbgds mAEYbBHOMIBd Mo

3063 H0 G7ermdol Bolbggdobaggh [43,45).

» React-0ls 3sbsbosongdemgdo [40):

o JSX — qbs> JavaScript-ob g3933G0mgdyero Lobdsgduo. React-8o
36153 d3m3oegdgeo JSX a53mynbgds, 9:3M0 G93mBgbegdreos;

¢ Components — React 560l 4353960 3ma3mBb%hgdol 9gusbgd.
Jm3mb36Ygdoo  sBOM3BmBs  3dBLIINOROM  LiyMIE©Idmd
@OEO 36G:MmYIJHgdob ©Es3m9s35d0l A™U;

e Unidirectional data flow and Flux - 9mbsggdons
960080dOOMEgdosbo  Bagso  bmegogmegds  React-do, Mg
@300l 33eogsgool s63eoBlL.  Flux s¢ob 3sdermbo (pattern),
GmAgmog  339033G9ds dmbBaggdos  geHMB0ddHorEgdasta Labom
B9Lababaco;

o License — mogybbotgds React-obs begds Facebook Inc
RO gd30. ©MIMAg6HG0nLs 3o - CC BY 4.0 -0b 9glsdsdols@.

% Reast-ols 7p303gbmbado:

v 0ygbgdl oGO DOM-b, Gmdgmog JacaScript-ob
md309dHos. gu  3DseemydL  33Eogdaoal  AF>GIMGBEEMmA,

5036 VDOM 38smdl vyaem bfesgsm, 306y DOM;
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v 390d@ngds 353mynbgdrye 0465t GemamGa 3emogbol BbaGgl
(front-end), sUg3g Ly®35MoL BbséYL (back-end). satgozg Lbgs
3 BmAIPPMs6;

v 3m83mbBg6hgdoly ©> Bmbsggdos BxdeemBydo  (pattern)
2AxmdgLadl 3mEol Jombzamdsl, M3 339b83¢5ds OO
3303sg0gdol BbsG®sJgHado.

* Reast-ol 3gbmmozgdo:

v 9bgds ddmemE  §oMdmEanbob ©mByL (View), s30¢md
Ls3oMm bgds bbgs Hydbmammangdol 3sdmygbgdsg s3wo3saool
©3349833990L 0BLEHGMIIEGYBOL ELIIMIZEY)YJdEID;

v 0ygbgdL JSX-0b Rsadme BsdembBgdl, Gag Byodmgds 56
0ymb dmbgAbgd o Bmangehmo ©I3gEM3gHolismzgob.

> Redux_(JavaScript_library) — 0ol JavaScript-ob d0deromog3s @os
Lyfgolio 3m@om, GmAgenog 8sGosgl 33engsaool BamBsGmgmdsl.
030  blnoMy@ d0moygbgds React- o6 Angular-owb gHo
dmdbdsmgdgmmd  06hyMagolgdab sbsagds [42]. BLgsglos Flux
Facebook 3&gdodhoddmmols. 8gogagh obLGGWAgEHgdL, Gmdmgdog
35BLs 3B 38361H0398L Lagsgzol BmbBgdndol asmsandsb.

3.3. React]S-obs 3m33mbBg6)gd0

390-339M@900L 539008 3GMEgLBo React]S-o0; 36La3MGY-
o 96olgbyamds 5gab 3mI3mbByBhgdol 36933L. JMB3MBYBEHIBOL
3m3daboMgdoo  GgLadggdgmos  33¢03330gdol  LyG3zoLgdob
3905 H0ggds [40].

3%630bommoe  3md3mbgbBo - ,93emo3sgos” (App). 50 3MA3m-
BgbHL aoskBos LsmsrmMo > Bobssdlo (Header and Content). gu
byodry®o @ Bob®lo Bgogdbgds @gomag ©d B39ga  oLobo
Isthngs Ragdatgds B3zgbo s3emogzsgool  3ma3mbBabdnl JSX bgdo.
IBO@ME 33er03sgool 3mddmbgbBo MBEs 0dbsb gjudmBG0GgdmEo.
d398ma BsR39bmd0s 3GimaMdob grobtobyo.
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29 3dBoboemgds Stateless Example, 36w 8sgseroomo
»0E3MIMgMBol J6sb30L 35M739".
App.jsx
import React from ‘react’;

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

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

08oba;gol, ®md Bgnan s3Lsbm (30BMIMMGIE) 339G DY,
Us3o®ms 9oL 033mGG0GAYds main.js @soedo @ reactDOM.render() -
0l 253mdabydy.
main.js
import React from 'react’;
import ReactDOM from 'react-dom';
import App from '/App.jsx’;

ReactDOM.render(<App />, document.getElementByld('app’));
d90ga0 6aRggbgdos 3.1 Baba®Bby.

" [ React 2pp X\
<& C ) localhost:7 7 7. Ay

Header

Content

Tlie content texz!!!

65b.3.1. reactDOM.render() -ob 39000

by pabgaboermoy  Stateful Example, 5Bv  Osgoeromo
»0aM32MgmdoL FgBabzom™. 5 LyFatmms dEaMA>MIMBOL 3sbLaBEO3GS
(©aygbgds) BxEMdYE0-3md3mbgBBobogol (App). Header 3maddm-
BaBho gdshgds §abs gdmbggzol dupasgla®, MoEysb Asl > JomhEgds
36530mG0 dEymIxHYmds. content-Bgaob Byazesm R396 34dboo
table > thody 593363 9db, AMAgddo3 ©ob303mMEa@ Ri3L3>0m
TableRow-U ymggmo mdagddobsmznl 8mbaggdoms dsbozoqsb.

36m3530b @ob®obaoEsb RsBL, HMI aodmoygbgds EcmaScript
2015-0 obGob LoBMdglo (=>), Bogaea JavaScript-olb  dggero

62
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LoB®sguols. gl MBENMBzgeymal  gegdsbthgdol  89Jd6sL 3m@ob
Bagamgdo LBOOJmBgdno. dBLIIMAIBdOM gb Labadagdemd EoEo
©50096md0L 9egdgbtndob 3Jmby boab Tgbagdbgems.
App.jsx
import React from ‘react’;
class App extends React.Component {
constructor() {
super();
this.state = {
data:
[
{
"1d":1,
“name”:"T'oo",
“age":"20”
L
(
"id":2,
“namce”:"Bar’,
"age":"30
L
(
id":3,
“name”:"Baz",
"age”:"40"
}
]
}

}
render() {

return (
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adiv>
<Header/>
<table:
<thody:
{this.state.data.map((person, i) => <TableRow key = (i}
data = {person} />)}

</tbody:
</table>

</div>

)

)

class Header extends React.Component {
render() {
return (
<divs>
-h1:-Header</hl:
</dive
)
}
}

class TableRow extends React. Component {
render() {
return (
<t
«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;

9mBbTM5d @b 0bBgnoLOL IIAMaEB5d (Angular]S, React]S)
L —— —— __—  ——— — —— = ——— ]

main.js

import React from "react’;

import ReactDOM from 'react-dom’;
import App from "/ App.js¥';

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

89608lg6s:  Rgab s 30ygbgdo key=[i} -b map() mmbjgonl
BogBoom. gb gbdsgds React-b aabssberml AbmermE »MEOTIYBIO
9@9336G9d0 @> 3> Bogosbo bos MgbpgMobaol byerdgm®yE
238mynbgdom, Gmgs 33y Bgoa3engds. U LIRAIBMIIE SDsEEdl
330353006 83N MEMDdIL ©oEo GamEYbmdol ©obsdngn®o
999968 9d0L LyIBOL EEMU.

89920 63839690005 3.2 Bb>BBY.

| React Aop x

&~ C [ localhost: 7777 e

Header
1 Foo 20
2 Bar 30

3Baz 40

B3b.3.2. ReactDOM.render sbsero 3330
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3.4 React-ols 8coamdstgmds s H330Do%gd0

> Gogmdstigmds (State) - qbds 300, LaoIbsg BmyEobyds
dmBs3909d0. Rggbo BoBsbos Tggddbsm Mg Tgodegds BadBogo
Bopmamgmds s ,dEaM3sMYMd0L BBabzol” Bdmbg 3mB3mbBaBHgdoL
(stateful components) 80Bo8senBo MamEibmdom. mv), Bsaseom>E,
R3nob a33ggb 10 3m33mbgbtn, GmMIwgdlag Jodpgds Bmbaggdgdo
pmstgmdowsb, R3g6 vbs Tg37ddbsn ghomo 3mBEHgoBycHrEo
3m33mbBabn, HmBgerog gobsbagh amBatgmdal yzgemaliongol.
9m8936m 3mEnl BsgsemomBo BoRggbgdos mvy Hmame mbos
89340650 stateful-s6o  3md3mBgbBo EcmaScript2016  LoB&sjuol
350mygBgdoom.
App.jsx
import React from ‘react’;

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

super(props);

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

content: "Content {rom state...

J
}
render() {
return (
<div>
<hl»{this.state. header}</hl>
«h2 :(this.state.content}<,h2>

</div>
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)
export default App;

main.js

import React from 'rcact’;

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

ReactDOM.render(-App /-, document.getElementBylId('app"));

99930 65R3969005 3.3 6obIBBY..

M React 2pp *

&« C 7 localhost 7

Header from state...

Content from state...

655.3.3. stateful-360 3mB30B96HOL FJa6s

> dotomspo  33BLb3s3gds  Bamdrdgmdsls  (state) (s
6933000 (props) ImGHOL obLss, HMI M9I30BOGJIO YFFEPITNOS.
sBodmdsy  3mBHobgdol 3mB3mBgBHI> by 3abLIbLzEML
Oamdxmgmds, GMBgmog Bgndegds 33BsbrEgL @ Bgoagzsermb.
3953OMmsE, dobds Bgomdoeds 3mI3mEg6Hgdds Tdbmermc
by 23sLagl dmbBy3gdgdo BEamBrdnmdoEIB, Mg330BoGgdol
359mygb3d000.

GoEgbyg  R3gb  a3jodEdy  gagwawe  8mbyggdgdo
3Mm03mbgb%hdo, R3gbh  Tgagodemos  mainjs  3mEdo WG M
©>359>%mo props-o reactDOM.render() g3bj3osl @ 3sdmzoygbmo
00 R3960 3Mm33mbaBHobL Boaboo.
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App.jsx
import React from 'react’;
class App extends React.Component {
render()
return (
<div>
-th1:{this.props.headerProp}</hl.
<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;
99920 BoRg9b69d05 3.4 BobsBBY.

[ Reactipgp X %

& -~ C  [Jlocalhost:?7777 <7

il

Header from props...

Content from props...

650.3.4. props-o reactDOM.render() -8o
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> Bamds™gmds @ H3330D0B R0
2630bogrmo dsgseromo mvy Hmamd 9godengds Aa™BdGIMdS

(state) > 9330VoGIdO (props) a35Mm0sbEal s3cmogsosdo. R3gh

Im35053Lgm amIstgmds JIMdge 3md3mBgbBhdo ©> dI3(3x8m

9L 430300 3mA3MBABEJINL boo  G5330V0¢Gd0L  LYBYIEYBN.

696@9m0ba0l gMbjgools Jopbom Rggb 3sygbgdo headerProp o

contentProp -L, AHmIggdog
Jm33mbybHgodo.

App.Jsx

import React from 'veact’;

class App extends React.Component {
constructor(props) {
super(props);
this.state - {
header: "lleader [rom props..”,
content: "Content from props.. ”
}
}
render() {
return (

<div>

259m0yqbnds dzommdogr

<Header headerProp - {this.state.header}; >

«Content contentProp = (this state.content}/>

</divs
):
}
}

class Header extends React.Component {

render() {

return (
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<div>
<h1>[this.props.headerProp}</h1>
<div:
)
)
]

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

}
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'));
39009250, damaxagmdols Bmbsggdgdol aababergds Tgoerm-
dogngd80g 33655bmndL dmbaigogdU.

3.5. React]S-ols 3m33mbBg6¢gd0L Lsbogmabmm
Go3o
§0638RsG)  IsMpMamdo  gobogsgm  3mA3mbgb®gdol
LsbogmEbem 3ogol 3gomEgdl.
e componentWillMount - U6GwemEgdy  M9bogmabaol  Fob
GmpmGE LyM39MAL, Y39 JE0gbBob BbsGYL;.
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¢ componentDidMount - LEWEEYDdS 3atggeo Ggbogmobynl
39993 AbMEME Jeagbdob Ibadgb. LEmGgE 39 Mbs dgbmvriemogl
Ajax-0b dmobm36gdo s DOM-0bL 36 damdstigmdol asbsbengds. gl
9900mEo a3dmoynbgds sacgomgg JavaScript-ob bbgs 3aodam©dgdmsb
06%9M3300LM30L Es Lbgs 03vb]30g3cmab;

¢ componcentWillReceiveProps -  203m0dsbgds, Gmamég 3o
6933005350 2365b@gds ImIE36m 96yl 33dmdabgdol ob;

e shouldComponentUpdate - @38(v690L true 36 false
8608367 md5U. gb 356LSBEZMIFL Ad6ILEPEIDS v 3G JMAIMBYBGO.
LEAHBEIOGMEI® ©IYgbId s true;

e componentWillUpdate - 3°9m0adabgds P [ Sy TN
969 0ba oL §ob;

s componentDidUpdate - 233m0dsbgds 69bogmobyol 350©9a;.

e componentWillUnmount ~ 333m0dsbgds 3md3mbgbol @adenal
89992 DOM-0@s6. 3m33ImBgbto ©)dmbBHomegds main.js -80.

3.6. Hooks s Hooking $g46manma0s

3330 ner e IGmym¥d0Mgd330 BHMdobo hooking (336",
nepexsar”) dmogagL bbga@abbgs dgomel, HmMAmYdog 33dmnygbyds
MmIgGagoneo  Lobggdnl, 33¢r03s3ogdolb 36 Lbgs  3GmaMdyeo
3™M33mB76%H7d0U J3930L Bgazeol 36 ©ada®gdal doBbom,

3hmpcsdnmo  oemBggmymaol  3mddmbgbdgdLb  BmGob
29339 ma  gmbiangdol  (Bgdhymdabgdgdol 36  dmzergbdab)
»©53960l" aBom. 3mEo, G@Bgmag SuENEIdL Lgoo IFIeoo

a6Jaogdob (BgBhymdobgdgdol 6
)/_\.Q Y Amzmnbadol) ©adndsggdsl, hook-

LU Bmgd96  (.oBagbn”, .3sbg")
@(QJQ *U (Sat? 3:ﬁ26047] T R0

650.3.5. ReactHooks: gfam-9Go0 ¢nerpm
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3933563, hooking - (gfbmermaonsy, Gmdgmog  E3oL
06ggmAIsgnvyemo Loltgdol 335 oy 08 JMAIMBIEGNL LIEEIOGHYE
4mB3J393sL-

Hook »60b 394560080, HmBamob @abdsgdoodg 33eo3saosl
8ymAmos ,.EINFoOMU™ obgmo dmgagbgdo, GmamAogss Jgtymdo-
6725, Bxmbob Bmddgds, T30ty agennlas [48]. gwBigos,
6mOmog ©3n3gel ebLrBEzchmo BHodob dmgzegbil, wWFmEodgb
hook-36m@gEmmsl. 3L 9gmdaros BYAMJdgEads ymzgge domgdwyem
mggbsby, 9989y 3o B9a33TmL gl Amgangbs 6 gssmddmu.

Hooks-ob 3mbggnaonb 308mygbadol dsgsmomgdns:

* TgHymdobgdsms  AmbodmMobao  3MmaMsdmmo  LobBydol
3383 m3z0b 3Gm39Lao;

*  3GmaMmadem Lobithndsdo Bs3GmLdOL RsFgMmol s Mg3GHmvd-
goob 9dGHYB3gmYMR;

e Fl-posgol (help key) dba6s3gcol vmbembagmymas;

e F>bobY 3 JE303GHOL 080G S30d;

e 3m330nBocby ddBodgaymo LEsgmgdols (CBT - computer-
based training) s3gnogsgnol HgeoBagns.

d960d365; Hook-gdo, Gmamég §obo, Byemgdl  bol®gdol
9m3>md0L  LHGI8JOgdL, GoEasbsg TdGEmBl  mommgymo
B9()ymdobgdoll ddmBsggd0L dmaenmds. LsJoGms, ®m3 Hook-o
©49600gL ABmEmmE s JoMHmgdal F90mbagzs30 s oo addmygbgdol
39993 - LILFGIGME Fs0Tsgnmb.

>6Lgdmdl Hook-gdob  Ubgssbbgs  Hodo, 6Hmdmgdog
WOAHMBzgmyYmaL Bg¢thymdobydagdvy (36 dmamgbyddy) Faemadol s
©339853900L 256Lb35398vgE SbInJHgdL. dspseoms, WH_MOUSE
3m3o  33@ozsgool  dogd  adBmoygbgds  Jombosb  FgdmLmero
B9hymdobgdarms HMegozol dmbo@m®abaobsmgol [48].

Hook-gd0l gm3ggeo ¢odolsmgol LobGgds NBOHNB3gmymal
3m3gd0L  goem3g 8F3®ogol (Hook Chains) dboG@s3g®msl. gL
sh39690nd0b Lo> (pointers list) 33¢o3sgooo  3dbLIBMIGHVI,
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LIggodTNG  AWBJ30gdBY,  GMmOgdlsg  Hook  Procedures-U
OPm©gd9b.

6mEYLsg dnbmeos  BgBymdobgds (36 OmbEs dmgzargbs),
Gmdgeog  ©39380693mos  3dbLlybagdrymo  Bodob  hook-mb
(»05bgLa6"), LoLhnds aoILEIAL  FgHymdobrdsl  ghomodgmGob
808y3e@mdom ygmzggem 3MHmE3nasl, Gmamgdog JomamgdvIerod
Hook Chains-80. 393-3Gmg)um®gdl  3gmdemos  Lbgs@abbgs
aw6Jgool JqueGvyemgds o Ho39dob BgbsdadobsE. BdgaErocsE,
By 3GmAgEYEL Bgmdeos 3gtymdabgdol dbmmmE dnbodm&ob-
30, Vel - BgHymdobgdol Bgazers 6 oo Bghghgds dF3Gnzdo obyg,
6md o gge  dosafoml  Bg0gy  3V3-3GmEgE™dm) 36
©36086vmgdob §obx M3y

GMIgmody $03olL 3m3oLamzoll M3oGmsdglimdol dolabnjgd-
M@ ©I39CM3geEL Jgmdeos IGmagEIOIe Im3L SetWindows-
HookEx ¢gmBjgono 236-Lsbmgdnl spgomo 3nm3gdol 8f3mogdo.
3 3-3GMEgEYYGL, BdgmomaE, ggbgds Sbgomo Lobdsduo:
LRESULT CALLBACK HookProc(
int nCode,
WPARAM wParam,
LPARAM |Param

)
{

// process event

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

HookProc  5G0ob  s@Ezoo  Lsbgemol  dolLsonogdens,
GHrBgabag 2o6LLBEZEIZL 33EO3ISG0d.
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nCode 3543990 360l hook-3mo, HmIgmbag 0ygbgdls hook-
3GmEYEYYINI, Hams 3ebbsbM3MmL Bybsbmremgdgemo Jogegds. Hook-
3m@ol 360d369cmds Esdm3zoEgdmens dmzoll o3y, ymzggm BHodl
333L hook -3m@gdoL L JMmIG0 gHmMBdTOMBS.

wParam s IParam  3x®399H®5d0L  8608369mdgd0
©39m300qdmmas Hook-3m@by, 0x3650, B3zgmmgdolisdgd®, olobo
9903530 0BgmEAEB>anal, 08 Fgtymdobgdol Bglsbgd, GmAgmog ofbs
33033600 56 Bomgdyero.

SetWindowsHookEx ¢316Jgos ymagmogol sygbndl  hook-
36magEmsl hook-0f36G030l ©aLsfyoldn. GmEaLsg  bogds
dmgembs, HMBgElLag M3y MOL 3¢)369dL 2oBLIBEZGYEO Bodol
dw3o0, bob®gds 3>3m0odsbygdl hook-af 303U, AdmIgerog
©33538060939@0s 38 3v)3006. ymzgmo 313-36GmagEGs 853G 03090
256L3BM3M3L - 3sLEYL oY) 3G dmaEgbs By9ny 3G MEIEYGL.
380L5030L 030 Ad>dmMmAsbgdom nygbgdl CallNextHookEx g3:mbBginab.

J399mo dm@agdmeros HookTypes:

¢ WH_CALLWNDPROC @> WH_CALLWNDPROCRET -
F9Hymdobydsms 2o3B5360L dmbodmmobyo;

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

e WH_DEBUG - #60bibeéHmb  ULol®gdobsmgol  3wn3-
36MEIEYYAOL 350mdsbydob Bydastmgs;

e WH_FOREGROUNDIDLE - @sdsgno 3Gomcodgthob 3m3-
36HmEEMA0L 330mdsbgd;

¢ WH_GETMESSAGE - 3mogosdméob o6 dormbob
Bhymd0bgdgdol BmbodmMobaon;

e WH_JOURNALPLAYBACK - d5tymdobgdsms @aygbgds
Lobi%hydn® Igtymdobgdsms MHogdo;

e WH_JOURNALRECORD - 9gds3>emo  9mgergbgdob
JMBGHOMEo @3 BsGods;
e WH_KEYBOARD_LL -~ 3magos¢vdoEsb dgdsbowo

dmagbgdob dmbo®mmobyo;
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e WH_KEYBOARD - 39¢hymdobgdasms &®og030L
dmbo®mA06a0 (3emagzosycosb 8gdsbomo);

e WH_MOUSE_LL - 8»mlosb domgdmeo Odmgergbgdol
dmbodmGobyo

e WH_MOUSE - 8lnsb dopgdamo 3d9¢ymdnbydgdol
N eryHoleg3tads:

e WH_MSGFILTER ©> WH_SYSMSGFILTER -
BHymdobgdams  35yMobgabgds 9gBoml @  EodTmmyIco
B30 M9d0lmzol;

e WH_SHELL - 356b0b 33¢m03sgools gssgddonmgds.

3.7. React Hooks: Memoization

B3960 B3IGMAOL doHOmI®O ToBabos bITgEGMZy 390-
H9d6memmangdol sBsemo®o, front-end s back-end 23¢mogsgogdol
533300 ;M35LYBGHOLOM. 355Us3NNAIBYEO YIOIEEID gsdsbgomy-
3o oym JavaScript 960L LsgmAzgmBy 893dd6oo obLGGYO6-
990y s sbaemo Bgdbmemyangdal 0bdgatsgoonts Lszombgdby.

wBs 358m3ymor Angular]S, Angular, Node]S, Ajax, React]S q»
Ubgs g3M9093mEJ9do s dodEoM™MY3gd0, MHMIgmos Lsxwdzgemby
9608369emmabo  aovdxmdgbs front-end > back-end 39d-
330335309008 GmameHa baGolbMdGOgn, Mg3g IF>GEIMPEIMGMIOL
LFH>xJ3900900U) Asbalinsmgdemgdo.

30x%9M>@, §obsdgdatg 33633G5580 ag0bcs Fomamzaaobmm
R306 Bog® TgLfagmomo, addmygamgmmo @ Ridmysmadgdmero
20m3abol 333fy390L Logombo — Gmam@ogss React Hooks: memoi-
zation 3GMAdds. 3m33bs Fog3mm3bgds Front End Development -ob
LagAml 3 BMBbAGYBYmmS  33¢mo3s3ngdol  gBjgombomgdol
LGEyYmaol doBbom bmdgogemgds, 3gMdm, 030 gbgds Lobikgdol
3563MIdNOEMBOL 3Tsmgdsl [49).

200L0B33g,  §aGOmagbomns  IGMAIEABNL  33aFygzaHnL
20930, 3M63MIGV@O LyomlthHagom Ixadmomgdo ©d H93mBgbos-
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30900 gOMbY-96Q  s3mnsgogdol  sbsggds React Hook-ob
a53myabgdoo.

30b0Bbno  LAsGool  gmodBetmbymo  39GLos  foabol
056533MM0b, LXEEOm EmMEmodol Bogh ad¥dmdgnybgdaos $33-0l,
3060m@ J3ogm®bonl bb gAIEEoLIML gemgdBGEmbme gmEEseBo
(d3emrmpn MEDIUM) (49].

Foabol 1-@sBrdmBo Gomdmeagbomos s0boBBmo Lt
0603063070 3960,

3.8. React Hooks-ols soldgéao

React Hooks-gd0, Jemslons 3maddmbgbhgdobagsb asb6Lbgsggdom,
@3¢m0 E®bob ,L>339690m dEMIgd0s”, 3303530900l SbIFIBI©
®@> Mm33odobigoobamzol  8nbodservyHo  BdermbuGo  3mEgdom
(boilerplate). gl m3363L36gmn, JMAINGHIOME®  IGHMAGITOGHHDSTO
359moygbgds @ 030 3mEoL ob Bsfogrns, GmMAgEog 3GmyMsdols dyz®
dBOEL Ma3LEYdS MRZTPITMIE. ©I3GMMITGB0L 9B9dB0, H@MOENg-
30 o;mgmgds 3Gz LOGY30Bs (verbose), ©Y39eM3gHgl b ©ds
©OE0 dmgmmadol 3mEob o Bgstgdno mabodzbymm Bmdol
abjgombaerol BgbsbHmmgdms@. ugo 3MEL MHmEgdgb Bsdem-
Bl (boilerplate) [60].

BB@mMbmBo  3mEYdol gsdmysbgdoll dmmbmgboegds 3goo-
@30 87930l dpmsemn  mBol  99JsBoBagdol  LsBsegdom,
AHmame0E3, BRIMOMIE, G9P3BmaHudngds (53 Jmadomtaeo
ogommb §geb >3BmBdGHGHd@ dEmBmG 3mes 6 ULgsdL dsb
3GHma®00b  3MmB3osgooll EOMU), Fgosbbigds gmEZogItHsgnol
Fgbsbgd (BMBgmog 3GHMAGMI© VHAHMBagmymal sy 8600-
3bgmdgdl, Goms  BP9gnGEgl  3GMaMadolsmzol  @IGIEgdolL
domamgdol ymEomIdE™mdy ymzge 3Gmgdhdo) @3 dm@acrn-
m05096¢50659873¢m0 ©33GMIF B8 (HmIgemBo 3a0maynbgds dm@aery-
30 © BmEyEo->3mE0l  3aBgGatmGado, g 3s9mGogbsgl
bgerm3abro JmEob Fodmbob svEomodemdsl).
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©363HB0_2 dmpagdnemos  33HmE0L, U, merodol 9ogé
PLEM@PME@e ©d  Pogm@bool  (383) Medium  demempy
290md394600d o LGsGos .The Iceberg of React Hooks", Lamsg
©IHITOIEIS  3dBboymo I3mbodbaro  3GMdEgdy > dolo
35©5§439¢0b 39GL0s [52].

393353, s0BoBbmm 33eggom B53GMITo, GmIgemog 12
Bafoemoliagsh B@agds. o@mLGMoMRdYEos Bmya@o IGmdIMId)do
©> Do 3oIFY39H 0L bgGbgdo.

23369m3) 8m@gdmemos React Hooks Radar @y React Hooks
Checklist 330ty Hg3mdgbosangdo dmamy 36mdsGol bsboo.

33365

Web-339mm3d96¢3ob Lagemdo ghm-gmoo 360d36gmm3zsbo
00dsMmamemgdss IsLBHadoMYdIEO 370-33m035309d0L  IANBsg9ds.
back-end > front-end &gfbmempogdo dMEdngs@  dbogENL
3965bEgdsL > LEVIEYMBSL.

§am0magbogos ol Mibadyemgy Bydbmemaongdo, GHmAy-
80@ 0o 99Lsgdabgema 22dmnygbgds s dJBHYIEIM0s, BMEMONES:
HTML, CSS, PHP, BEM 3gmm@memans. bme y3gemdyg dmsgsto
3Ldg Rggbo B>3GM3n dmopsgl gl adbedgm Angular s React]S
Lobi$g3990L g6bogngs, G@IgdIs3 BIVIGBY Ls3Tom IMIMEIOM@dS
0mo3m3zs  390-H33m3gegddo. obobo @IgMmo @ FMZaEo
ambjaoom snFnGzomo LsAYSEYdIR0s, GMAMIBdog 3PO-33ogs-
gool  3gddbsb  LopMAbMBEIE  G®BO390L >  dBxRMBLBL
9556H3MgdEHMd0L 3350gd0l M35ElsBGHoloo.

React Hooks-ol aBuh®vagbBol 3s8mynbgds 8sL8%adncgdaeoo
©> 9893HNIO0 39d-33e035309d0lL  3LaJds© dghe@ 8600336)mm-
35605, 0po 339bdegdy LLGHO  dEEOEYBOL  3BmzEghols >
BF5MIMgdEG™BNL 5330emgdol 3Hmdemgddol 3s@sfyzg®sdo.
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©36stmo_1
REACT HOOKS: MEMOIZATION
htips://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).
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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>
s

}
export default function App() {

log(‘renderApp');
const [count, setCount] = useState(0);
const [items, setItems] = useState(getInitialltemns(10));
return {
<div>
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<hl>{count)</h1>
<button onClick={() => setCount(count + 1)}>
inc

</button>
<List items=(items} />

</div>

)
}

Example 1: Live Demo
Every tume 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>

»i

»

export default funcdon App() {
log(‘renderApp');
const [count, setCount] = useState(0);
const [items, setltems] = useState(getInitialltems(10));

return
<div>
<hl>{count)</h1>
<button onClick={() => setCount(count + 1)}>
inc
</button>
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<List items={items} />
</div>
)i
}

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' }}>
<hl>{count}</h1>

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

</button>

</div>

<List

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

</div>

)

)

Example 3: Live Demg

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: uscMemo 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, setltems] = useState(getInitialltems(10));

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

return (

<div>

<div style=({ display: 'flex’ }}>
<hl>{count}</hl>

<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 => 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 uscReducer 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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sbstono_2

THE ICEBERG OF REACT HOOKS
bups:/medium.com/@sdolidze/the-iceberg-of-react-hooks-af0b58843 b
Sandro Dolidze. Mar 26, 2019

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 swart  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 Level/0l 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 Ul

@ Hooks API Reference: useEffect

+» Level 2: useEffect

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

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

useEffect(( => {
setinterval(( => {
setCount(count + 1);
}, 500);

i

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 Effecls.

¢ Level 3: run only once

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

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

useEffect(( => {
setinterval(( => {
setCount(count + 1);
}, 300);
}A 1)}

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

}

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

count will increase from 0 to I 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 effcct.

% Level 4: cleanup
useEffect (() => {
const interval = setInterval(() => {
setCount (count + 1);
}, 300);
return () => clearlnterval(interval);
Yo (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.

R/

<+ Level 5: use count as dependency
useEffect (() => {
const interval = setInterval(() => {
setCount (count + 1);
}, 500);
return () => clearlInterval (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: uscEffect, Conditionally firing
an effect.

L/

% Level 6: setTimeout
useEffect (() => {
const timeout = setTimeout( () => {
setCount (count + 1);
}, 500);
return () => clearTimeout(timeout);
}, [count]):;

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

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

problem.

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

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

Yo (1)

In previous example we ran useEffect on each countchange.
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 set/nterval during the lifecycle of a component.
clearlnterval 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;

conststart=( =>{
interval = setInterval(( => {
setCount(c=>c+1);
}, 500);
)
const stop = (0 => {
clearinterval(interval);

)5
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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?

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

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

const intervalRef = useRef(null});

conststart=() =>{
intervalRef.current = setinterval((J => {
setCount(c=>c+ 1);
}, 500);
Y

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

Y
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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 variables, React makes sure same reference is
returned during each render.

This code seems correct, but has a subtle bug. If starz 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 = setInterval(() => {
setCount(c =>c + 1);

}, 500);
%
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 clearinterval(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);
10X
const stop = useCallback(() => {
if (intervalRef.current === null) {
return;
}

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

3 0)
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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(initialvalue, 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);

3 []];
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const stop = useCallback(() => {
if (intervalRef.current === null) {
return;

}

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

} 0%

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

JAIE

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.

Prefer useReducer or functional updates for useState to

BN

prevent reading and writing same value in a hook.
5. Don’t use mutable variables inside render Function, use

useRef instead.
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6.

10.

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

Be cautions with infinite recursion and resource
starvation.

Memoize functions and objects when needed to improve
performance.

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

Use customs hooks for non-trivial use-cases.
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