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LINQ = Language Integrate

SDK = Software Development Kit

APl = Application Programming Interface
5GL = Fifth-generation Languages
JEC = Java Foundation Classes

.NET = National Eligibility Test

IDE = Integrated Development Environment
JVM = Java Virtual Machine

CLR = Common Languages Runtime

[/0 = Input/ Output
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e AUTEUIRYITAM AN OIS GHIE U SIG IS IS UID AU TAINGIR UNA
J§1 UBUAINE [SUIGRIGNINH I IHEHSIRY SN I9 MAN (UnEUIRgInm SHAZ N
inj)smnnitivg 1950 IEUSISTEINENUIISM AN AUTEITREITEH IM AR SUIRn
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99 s}eaﬁmm&s}%:é%'ﬁ ?( Machine languages )

nestynismanaangiiachm s st urueghgRitse ainig 1950 1 Nl
S eusasIeE s TEUmiTSIUSAJS] SHIUSHHI Binary ARDALM COGUAIIASE
HSAJ] SHNWESAAT NUUIMNGYRIBAIM AN AISAMPEGBIUIMAS Mipn: “man
DS SUIR MG UM AN UAIASYW I MANUTIRYIGEE UID U
IRIIAEHGE C, G+ 84 java AMANABAZATY MANABAZAIBSIINSWIN WA
ENWHNSS Gignpinstiymigihmaniasnpaay iGwinsaSwishs Shrnsinmi
WA A EshpRpEtuonumhwihh NouRpnaEHas Bpaugh fnjéms
AN SIRM AN ST
99.M §ssmmmmw§mam§§§?(5ymbolic assembly languages )

MANGSSE 2 isman unineiGmAAMUSSHUMISIUGRIANDH TS MIBIIN:
SUH AN SHYGUOIHS (N B BN AURAIIR LT RUIR A RGNS UM G S SENWE S A i8]
WA EIUNAYE NERRsIUMEMe EHBASTE UM GMSMSENWID Assembler S
BUMIAIIASIAGIGAAJST MAN assembly (MMAN assembler MEIHH UFHOAISSSHAIM)
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B IGENSIANBEE assembly SRNHAFMAMGIFIR ASM U asm RENAM AN T
AYIRAPRIOUAMGIS N SMAGWEIMNRNEMINNSINMAN 88 ANURHY W
MANISUNEITHEPRANEINIY SHISTABAZATSMANEIRIS abstraction H§AIBHAITIE
FS] WYWHSSBHAN (MAD {MAGAN ShigrRisSuSiMA] Shueium Simgmiu
M4 tigmananargitmigupth SSpuistinm surmismnmpsigningas Shry:is
MIBIH i UNSSWHAREUUG MO SN oHSINISTIUM A S m M Sig

9.9.¢ §smmmmﬁﬁmmes§e@ ? ( Problem-oriented languages )

NS UG UIRER 1960 SR 1980 MSSNBUBASIAGIMANSNSETY HNSETIS
MANEUTETRYRRHIN SR UMABRGUMAN SN SONSARMMANAERZ BN
i1 B8 FOM AN FUIAIRYIGIHIO STIH M ANHAIP AISTIM AN AJS AETRGH{MEINS
[MEGUIURMENNIONIS: A ¢, C++,  IUHINAUIMNSEE AIIRIIR 1960 HRIF 1980 S
ITMBASRYIIMANGSEU SNSEUISM an unAIRYIGHI SIUTI UM B{EY § Ao an
SHIHIN SONGANNMANABHZUBHIET B8 EUMANUIIREIRRHINSUITRNMan
HAPAISIIMANNATS AYIRGHPM I SIDIRgUIUMMALN 1829

9.9.& 5:56&‘58‘253&51?5%%%2%%%% ? ( Non-procedural languages )

MANFUTEIAYIGOISE 4 AN BIUMADN RNDUIM Y MNSEE O 1SIHNM AN AT
AYIGRGS1SIGIGBA MBI RNFE UG HunulapRs usan:fasiEn
URDEIBEISIGUMANENSE 4 GpRAMABERNERRNWIRIUTT Gn SEannsis
BNSURURMI IE UM BIPMSINWHNBS fAunifuInyin v SHiPamiGvmalENGgituYgn
[PBAMS SUHSINHBHATSS T SIGH TN SIEN MNP RIEMIHUUIN IR HEUTIRE
ENUIISHEM SAU UNRISNBABHS A (YUY ST S S SUMIPURRIG SIAHIE UG
whgitinwipgw fanicoghmimiag) 1 enuinidniigaismanunaingiitnsysh
SQL, MYSQL 91

ig15fUityjig) 1980 SUE) 1990 MISAGSASINIINIEHUIRAMANAYIRE NS (56L)

9.9.9 gsmmmm&s%&smgégéméé'iéﬁ ? ( Fifth-generation programming

languages )
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MENATEUIRYIRE IS E{M (HAJIM 56L ) A MIURINGIHERIOMIN: [N twum
EwHaUAEE N SFUSREEMmEPRISE Ak TR WA RTITEG
mywShmPmaFMEsismanunaingih AnErmonsassgmaamaIgstiwm
ASNSNgSIURIGRIRMSRHINSI: W wHifnsiiuns)usagiigyguns
GgSWHY AYDYPUATUSAPUSIH UM SUIMILY]SEH ShnRlthBsunmSunE AN
DM AN AUTETAYIN G $19185

9 12 55 FIBRSTNES Java 8BS C#
9.1.9 fesimanjava ?

Java RENAEYUTE UTHI SURMEHINIANG James Gosling 1 MAMURARIGMIS]
{ABUIS Sun Microsystems ISINAMUEINIGLIINEE Green Project IS 96691 A
IS {RITNSITM ANYUTTE TN SYUENSAWHILAMEN € 88 Co+ 9 BURIGIIMANIS IS
oak URUTINATSIBIIE oak MBI BYGMILNGIIVLIMAFRIBUE Sun TR
ISR SYIMBRIIMIUATBRBMINIURIMMGIN Java USMUIMAREIUNUNRMIL Wity
AENSILNIS Java BAKUGITIS:

MINIURS Green Project BISMIMIMALNN NN AIGHNBRGNBNGUILOFBUTS
Sun I SUANTENWIRBUISEIS 1 MINIUAT Green Project IEJIAHINIFIUI iHATAMA
S 9E6E6M World Wide Web M SIUGIRIG MM SIGHNUHMFMASHABUIS Sun 150
IHMUNNGNANHSMATSMAD Java IHHUIRR Web Page NINSIFHNUHIENIS Sianih
m

» Version iﬁﬁ'j Java

e Java 1.0 (1996):RiNNIEHIS Java idAUtSEAURMMGIMIgIMS anminn ik ehmi
IGEENIEYRURAT AT UMIAN "fIREITEY DM SHUSNISH" (Write
Once, Run Anywhere )]
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Java 1.1 (1997):U§§Hﬂj§ﬂﬂ:ﬁiﬁjﬁjﬁuﬁm JDBC (Java Database Connectivity ), inner
classes, RMI ( Remote Method Invocation) Lﬂﬁéﬁmsmiiﬁﬂjﬁﬁjﬁ‘ﬁﬁm API S8 AWT

(Abstract Window Toolkit) 1

Java 2 (1.2 - 1.4) (1998 - 2002):Java 2 AU MNAANGURHYWIEUTRRNANG
FUTENU Java S8 I§BIURONE MIENIUISH Swing fUTHNU GUI 84 Collections

Framework*®]

Java 5 (1.5) (2004):AiANIS:NSMARUEMANSIUMIGINAIMIZATSHZURINAUIG
ﬁﬁ?ﬁ (development tools ) 1) ﬁjﬁfﬁﬁ Generics, Enums, Annotations, §ﬁi Enhanced

for-loops®]

Java 6 (2006 ) AFBNIITIGHIAGMN SUAFMICTANAIUMBIN: JVM, UFDISE
XML, Log API, i ﬁﬁﬁﬁmﬁjijﬂﬁ Web Applications®]

Java 7 (2011 ) -BNUGUISMAGEEUUISY Generics, Metadata, Enum, U Project Coin,
NIO2 ({UIS 1/0 ), 8% Try-With-Resources, SHAURYMNIGHI4

Java 1.8 (2014 ):RIANISINRITIBRMNAISHUTAN SHAIZ] Eclipse IDE 81 1G]
fiPt Lambda Expressions, Stream AP], SH Date/Time API ﬁ"l

Java 1.9 (2017):mﬁ{ﬂﬂfﬁj§']ﬁ U%§H Try-With-Resources Statement S8 Fork/Join
Framework, UfT)fU Modular System ( Project Jigsaw ) S JShell (REPL )

Java 10 (2018):MANTEASNS Lambda Expressions $3 Stream API i BRI AN
PUTARENARIBSISE S8t UISH var IO UMIIRRHIGIE SUISUIUING

Java 11 (2018):f Long-Term Support (LTS ) GR{MUIHL Uﬁgﬁéﬁmmﬁ JavaFX 1G(]]
N JDK YRUENS ENAUIMIAS Modularity 8H JShell (REPL )]

o

Java 12-15 (2019-2020 ):AIANSUR SIS N SMIRETINN MIRUHENN[AIS S8 Type

AV o ]

4 o

Inference (var) U‘IﬁﬁHSﬁﬂﬁjSQGm Switch Expressions 81 Text Blocks]
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Java 17 (2021 ):AANTESUISESIMIAMIGIFG Unicode 10 SMATBRAMNARMIEAZIAN
i Java file BRI LTS GUSIVN Java 11 TEAHUIMAS Sealed Classes SHMBF{UIAIING
184

9 9 )

Java 18 (2022):131?%%&” LTS ( Long-Term Support) UgﬁjgiﬁﬂjﬁiSHmiiﬁﬂiﬁf}ijimﬂéﬁ

o

FUBHMN MAGUGUISMNGEY UM SMIRANG UTF-8 MannSSibu

Java 19 (2022 )-AinnGRymoosmsuuigusiuamng s udinfimnn]ssh
MIUIRAALIGEID Web AURAN: DEUAIANANIMEE Threads IGAUIHNGIFMS Virtual

Threads S¥ Structured Concurrency ‘1

Java 20 (2023 ) AFEUIAIHANGADIGMN SHIFIAIMNUGAN: NRTAIANTAIN

> URAN:NIRSRIIURS Java

IH8) Java BISEURALN: Simple, Object Oriented, Statically Typed, Compiled and

Interpreted, Architecture Neutral and Portable, Multithreaded, Garbage Collected, robust,

Secure, Built-in Networking and Extensible

Simple : HAUWT Java MSUTNHIGIUSIUHN:BSOIMGESSIVRIMANUNAINY
ki NG Java QSiLG Pointers, Structures, Unions, Templates, Header file U Multiple

Inheritance fifY

Object Oriented : §GSUMAN C U C++ 151 BID Classes IHHHJUG Code BIFINAISHHS
[RIUSAUIRE Objects MUIM: Classes 9 Class UAT Java MGG GRIUHAN: Class Y
IIG]6 1 UL Class YUUIBSMEIGINIGAN:T Classes T[HSNSIG{I

Statically Typed : [ Object WHASHSIIPINNSIHNAGIRY MENBRHIUMY
NENYSEISY UFAN:ISSNGIGE Compiler IUAT Java INNTMISIEMUSHUGENIST
ing§gSuitussim

Compiled and Interpreted : Y8 SHITRHNGHIMNMINGITYWIR UAITUNE M
MEN Java SIIAISIRITY Compile NENYILY: Compiler IUATNMYSEIS 18NS
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Compile JGIENDIEN AT NSHUIRE File GHIIEHIG)HUIRSE Byte-Code 1t AITAUIIH
ENg1SH Machine-Code ITIWNMGIRIAMIGUIING Computer NS Interpreter IUAS
Java “1 Interpreter mij‘ﬁﬁ‘ﬁﬁﬁﬁ Byte-code i§IMNRJULN{UING machine-code 1 {15
IS SIES Java BISFUFAN: Compiled and Interpreted 1

e Architecture Neutral and Portable : {ENANINHIRIE EUTAITGIRIENS Java [iTS
Compile ENGTHH Byte-code {HMISUFAN:BSMFIWSHSHHSMFUIVAS Computer
UGG BALIHE U ATATG N Java MGHIAIMIIGIUASAMYWANS (53
Lﬁmilj plate form)

e Multithreaded : Java 818 threads I[N UHSINIGUAUAMBNIGSHNNUIRGWNSY

e Garbage Collected : Java SIFMIUHUSITSEUTIGING AIUIBIIN Memory TENS
9 SUBSEINBAIIIA Code IHHJRIU Object IHIUBSIPIN:IG (NSSWE Variable U
Objects ALMIE AL SHATUIGI NG SN GRS UHRORAIIRGIE

BS{NWMILANAMIZ:21E Memory ENANT Objects BSMSMIANINIG]HT) 9

e Robust : iENUIAN Interpreter IUAS Java NSHAULIANIMIGAASIANDNGONHIUAS
AYIE MIUNGIGEALIR NN Java BSUNAIENUAS Computer 1G]H549 MAIAM
NS Error ﬂéﬁﬁiﬁﬁm Exception “1

e Secure : NESINSINHHASYNAITIIMIMIGUHY Memory UIRN:ig NBEAUMS
SSEY Virus 1STINUIANRSINNIMIRYIEE)HER EM:NESHD Pointer 136 Virus BSING
GRRGIMS Memory IS Computer TSIt

e Built-in Networking : Java QNSUIREGHSMADSHAN: UMM ENWIBSSE Classes
B SUENUUIRAS NG SHENYH Internet

e Extensible : Java }ﬂﬁﬁilﬁgf native methods 1fURN Functions it} ﬂjﬁﬁﬁj‘iﬁjﬁGj‘]{ﬁQﬁ
MENIZHY SO C Y C+ Y UHAN:IS:NIGEHRTAIIRGIEAITT function
i URGIRUEMIN SIASIUMIRIIAT functions IS1EH Java Native Methods SilI
MIMUIGTSUAEIT Java BSSWHNUPURGWAREImSigRnUTnimiAgE il
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IR Java (i) Sﬁmmm”jﬁqpimﬂmsw: Native Methods [UTUENSRTHIANIG]E
197t WHRUHIS: Java MGEIMDMYWSHAYIGEIERNIG)HMS §6M Microsoft Access
84 HTML ifits

9 10 1 Sgemicamnancy ?

c# BIMMANRIINEIRATEHZM §1SU Shnpudas i suilinigiin
Microsoft 1 NI SUMGIIBHRSIMAN N S18U SMsmMsmn aiimn Saman
PR AIEUMIHRIZIAEIG SUAEIG Windows ATMUTRUSAN NET (UM GEHINSIE
FTNUUIRARYIRENIGS CYNAYIHRANSIUE IUARATRINAGIANGHAT 9 C# it SURmEH
istauieunn §) 1009 wugRUlRiassismanamaingiiig:A Anders Hejlsberg, Scott
Wiltamuth, §ﬁ Peter Golde Hﬁﬁ Microsoftl Anders Hejlsberg mSUiEﬁﬁLﬁHiﬁgjﬁiﬁﬁmﬁﬂﬁ
HISNUIIUTIB Cool TEIHAMME] "MEN C-like Object Oriented Language" {BU]S
Microsoft TN SAGWIMIRRININ: "Cool” SN HRMIISMAN Uit S auiias Sifiin:
UTENUINHR DU 4 ISINUTE R NET [N STmMamanminn:isiiugasyn
HATgISIgTE: (PpC) I8AREN §) 2000 MENFINSYRANISIEN c# IWWUYNWHA §4
REATIMI ASP.NET (it SUsigl c# 1 higimsisipmignywisminniykis Ner
Framework JBEHJ Visual Studio .NET G181 2002 1 MENIS:[iMSIBSNGTE S saif
MNUIAG SHPUENHYGRINWASWTIR MYwSANAjUESIBUMUAN B NUEAHATY]
St I?Ui’[fi C++ U Java

Anders Hejlsberg ARG HAINSIVAS c# SHDANURMSIYIMSHHBUIS Microsoft
WS NY S SHLMYISHMIGIUAT Turbo Pascal, Embarcadero Delphi (Hfifi
CodeGear Delphi, Inprise Delphi SH Borland Delphi) SH Visual J++ <1 imﬁ:ﬁﬁg fUH i Si
IRANIIGRIGRS MAEMSRINWE Av)e ISIgm ananaIRgiiAsIS IMAISS (geUun
C++, Java, Delphi S Smalltalk ) msﬁm&;m@sﬁis Common Language Runtime ( CLR)
SIS MIGS ISMAan c# 9

Y o

C# MUBS mascot iU Andy (ENAIAINIME Anders Hejlsberg )9 NHINSGUISINSISHGE 29
{2ufin §) 20044
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C# RIS I SENAGSHSHAN: RYHMI ISO/EC JTC 1 SC 22 IGH]HSH] MY ISO/IEC
23270:2003 [T SEAIGE) WAWIMIIUHAEIN SHSSM{MY ISO/EC 23270:2006°1
23270:2006 (It SEMGINIMY 23270:2018 WAWHIT SHESAMYWISHATNIS:

> MINHSIUAS C# (Version )

C# (C-Sharp ) BEM AN AURAIIREIGIE UUIRNIGIMIENLS Microsoft BN SHHME
AN IUMANMRGMENWERMIULNT MNSywRnnyemnigy Suminny is:
mEgmngigiisAinn c# RS ys

e C#10(2002)¢ [HIMNSIGQRNWIBENGLS .NET Framework 1.0 §H) 20029 NFAISI
RN TR ATENGIUE SHYMISM ANt UATEI G Al HEMHA BIAR SHGANGIH
A9 RILNIS NSENAYEN S{A: UTNUHIE (U SH MM a0 URAIIREIE S RIS
[EsEnNRNG g ANLGE

e C#2.0(2005)% iGEMENWENY .NET Framework 2.0 AifLNIS:NSIANSIUFHAN:
ﬁiﬁjﬁjﬁ}aéﬂﬁﬁm generics, partial classes, nullable types, and anonymous method,
M SUR S AUBRMNSUMNURMUSIUM NN

e C#3.0 (2007)% IGMBNWMBLS NET Framework 3.5, C# 3.0 NSNS LINQ
(Language Integrated Query ) ifUMNBSMIURIRSIHUHS MRS SAINNIG SN
AN AENWHAISIAN e 1AM ANSSIWARISNY lambda Ihanjaiuigy
SHUIASHSIBA 1G8MANM SR SIS Uit Ig)H

e C#4.0(2010)2 IBMENWENYL .NET Framework 4.0 RiANIS: N SUISEMINIHA
g MIfANmn: Sutsn Shmagwem Shmngumisigipinggiel inuige
manmsinmsmaunius SinuprusoiinmitRgikigH g

e C#5.0(2012)3 MYWSUMAGMEN NET Framework 4.5, C# 5.0 MSIANSHUY
MU SRIMIMAAS: 18U ABMITIIRYIRHABM HSMNASHRHAGS Ul
IEOIREMSInANS SUMBRUENMSHNYS IS PO YURURMIHUEM
ab
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C# 6.0 (2015)% MIAMSIRUMSIGMRPWINGU NET Framework 4.6 8% Visual
Studio 2015 IRFIUMIVIRSERMNUAHAHAIZISYT hMSIANUHNN: ST
1 auto-property initializers, expression-bodied member, null-conditional operators SH
string interpolation it} ﬂjigiaj‘ﬁuﬁmé%ﬁﬁﬁgﬁ SHINGINSMSY

C#7.0 - 7.3 (2017-2018) 2 IBENENY Visual Studio 2017 §4 .NET Core 1.0/2.0 HitfLN
QS NSINS tuples MIFHHIUS NGRS SUIMBAGNT UFAN:MIUTI
IS NSNHUMIVINMURIUIM AN SHHSIMABHRHAIgISunmIfEMSings Siion
FLNETNEUN ref returns, out variables §ﬁ‘iﬁ§8193ﬁ'1

C# 8.0 (2019) IGMBNLENGHS .NET Core 3.0 8% Visual Studio 2019, C# 8.0 NS
WIAGRAANINTESSINGMAEMS A8 async i (USEIS SUISNBLIT UGAN:
MEUATSINIS SN ST T AN Bj[Uieong U Siaginmngs Sindimi SHgmnmn s«

C# 9.0 (2020) ¢ IBENHNLIENYLS .NET 5.0, C# 9.0 MSSIBAGUAANAN ([ASIA
AEGAINUEgSwituEsIMoMRYIMS ) gAranaimsign weiigam
AIBARQIL ShmggRusiEumang mwugsnimisminuygmut)Quan:
SUMNBSIMGHAIYINS

10. C# 10.0 (2021 )% IGINBNLENYL .NET 6.0 NN URUTENWITMAANS) fAigh
EMIANIRANT IGAUPSAANGEM SHMARIUY lambdas GHIMATTANYMAUSLIAE
boilerplate SHUISMIHSIH

C# 11.0 (2022)3 IGEHNWEGH NET 7.0, C# 11.0 JBUMIIHAN: AU By
156 g UM SHRANUSHAN:GIST NI RUMIRSManmSinmsmi
UUNMNEE SHNWUTRUNUHRHATZS

c# 12.0 (iNtgRNIG 2024)s ALNFITEIGHNWINGHL NET 8.0, C# 12.0 [T SIA
NG SHINNMAGEUIGIE MBUANNATM HFRUTIRINUUY SHMBRUEMANIRH
19)8 ENWUSMMHSIVANMANTE UHGIHMAMS SHNSKGNN

milighuguUisManizusimiwngimismiHAig SHERSIS UM SMNIMN

mANg SHpMBwmMvshIsTtNRES nrifbing c# Sspvinmhigniisistygan
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oa

[AHAIZISILAT Microsoft tiRM31e HighAmmaniimsagnmisingniannRig Syl
G NIRRT

> RN RIEIUATCH

C# DISAUFAN: MRS IB ST Ui Bih DI A UMD MIHAIZ SAYIE T 2aRijmuis:
FUHAN: TIRIAIAIIS NURT CHs

HATZIIENLS Microsoft: C# it SUIRMEHIN Microsoft Wi SM{GINL
NET Framework U .NET Core]

Object-Oriented Programming (OOP): C# %mmmfﬁmigﬁm”ﬁ:gm@s OOP {iG
f Classes, Objects, Inheritance, Encapsulation, Polymorphism, S1 Abstraction
9

Automatic Memory Management ( Garbage Collection ): C# ‘B’]S’L‘Uﬁg Garbage
Collection 13 FUTRTTHAN SRUNTNHY BAGNEN AR

Type Safety: C# BRURIIRM nqﬁm:mﬁ%sﬁégém (Type Safety ) SENSAINIA
G BEISHRREN

Multithreading Support: C# B1SFURAN: AUBHM MEH]UIRE Thread i3 fIENU
MANINANS Multithreading E UG NRRUGMNALIH

LINQ (Language Integrated Query ): LINQ RBIfNTNLUMN mlﬁgmﬁﬁmiﬁgﬁgém
0 Collections, Databases, XML, ‘I_J;f?\?iﬁ\jﬁﬂ"l

Asynchronous Programming: C# gn&sﬂimmﬁg ﬁjlmiljmﬁ’[ﬁLmﬁlj async 81 await
T3 U G By MIHAT g NI G EANIMIMANIMUILS: Asynchronous I/0 TS
ENNENS{IIgMN

Cross-platform Development: mié[ijéﬁ NET Core, C# mmiﬁLm flljflj‘[ﬁ‘liljﬁ’li
HATGRYITOUN S SINNIMILGE Windows, macos, 8% Linux

Interoperability: C# HGHSIURURMYMANIRH AHUSIANIMIN .NET
Framework U COM objects®]

Rich Library Support: C# B1S{[fBU]S Libraries SH APIs Eﬂﬂljﬁ NET it} ﬂjﬁﬂljSuf
YoM A NI UAUTNWALNMNZ AT
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1.9 Data Type RS Size

Bl

Data type ({UiiGEgSty) AMUINGISESSty mmm?Lmﬁ'jgaﬁg?ﬁ Programming i5it]
AANBRNGSSWHWGSS WWANNHR FHINSIANgRUNNEGIYS SHNBIFunygMNggBim:
N9 BigSYUNSIPUAGHNS data type HINZS THUMGMPIAGEZSWMYUENS (primitive
types) U [UIRGESSUIHAINSAANGHNNT (user-defined types )l

Size NGUIHYGUD) (memory) IEMHHNSNUSINLS Data type SYWI IBHHANGH
Ay sUlRUBmainshastmaymms (bit) Ulu (byte)9

» Data type URS Java

b

[UMAN Java, data type ({UIAGEZS) MiGRULIMARNGU SAgisaigitiums
mS?{ﬁimQﬁHiﬁiqﬁjﬂ Java ‘%mmﬁﬂ%ﬁﬂjﬁﬁSmiﬁﬂﬂﬁLﬁiﬁQHS (statically typed language)
B RIC N G EJRUHIBIRIN SIM AINYDING § § SHSINARRUHRMGITIMAINY 182
MBS AERMMSUING G S SUGWMIMIRUATE N GIREIGN

> (NG ESIIHY Java
UIRG g S S LIl Java fﬁﬁiﬁmmlﬁiﬁgﬁﬁjﬁ :
+ Primitive Data Types ({UIfiG g S S ):

RIN{UIRG G g SWYIH SIHUMSHEIBNUMEN Javad Java DIS[UING §SSUIMIGSS G:

<«

e byte: HRIUS 8-bit, SHIFILN -128 HAT 1279

e short: HRIWUS 16-bit, MSLIFIYN -32,768 M 32,7674

e int: HRIUS 32-bit, SLIFIYN -2731 &5 2431-14

o long: HAWUS 64-bit, LISHIMIYN -2763 HNT 276311

e float: INTSGEUME 32-bit, I UMD AINURIYS AIMAAIFNT

SEQIRIRINGe It ENIAN S8 WH ARRHMIAG 9k innghnwanaogigws uain §8 W



anArigNRBgRHaN Shignanjanaigig

wimumERgafnsien

e double: USGAIMA 64-bit, IEIPAIINURIYS UMEIH

e char: fjﬁ‘ﬁ‘ji 16-bit Unicode*]

e boolean: mﬁf’iﬁs 2 [UIfi§ true SH “false'

MNGo. Java Primitive Data Type.

Data Type Description Size Default Value
boolean true or false 1-bit false
char Unicode Charact 16-bit \u0000
byte Signed Integer 8-bit (byte) O
Short Signed Integer 16-bit (short) O
Int Signed Integer 32-bit 0
Long Signed Integer 64-bit oL
float Real number 32-bit 0.0f
double Real number 64-bit 0.0d
NS, Java floating-point
Type Size Range Precision
name bytes bits approximate in decimal digits
float 4 32 +/-3.4* 1038 6-7
double 8 64 t/-1.8 * 10308 15
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MNUEM. Key words in Java

abstract continue For new
switch assert default goto
package synchronized boolean do

if private this break
double implements protected throw
byte else import public
throws case enum instanceof
return transient catch extends
int short try char
final interface static void
class finally long

volatile const float native
super while

+. Reference Data Types ({UifiGEgStItNG ):

AENIR (objects ) IEATHBITIRH]GUISIANIMBRIRH I NESIBUM:

- Classes (g\i’li): NG String, Scanner, g@ﬁgh I?lljc%S"l

- Interfaces (GANGUHA): {IRHAANRYSINTE UEHIHSIEN WH MM 99

- Arrays (H)1): IfEUMGEARTENUGSSIRUNSUIRS S g S ity
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- Enums ((URUANSMN): HAfiainuanmigvisiyisid

MIDUERNURSESSWARIAISHY  Java  IMMNBISHGNUITMADNMAHYGES S0
[BRUAMIANTE U BRI SIFITHIBISY I

» Data Type U C#

Data type iSIguMAN c# AMIIASESWHAMNAIAGISAEL UMEMSgATHIMSIY
w5 18158 c#, HIBPRAPMAMGINAGEFSW YSNUEAMGIHIMANT c# Aman
MISMIRANB{IINGGRATANED ( statically typed language ) ﬁuigzLﬁtﬁ9§§§mmsm::ﬁ3mé§ﬁ
MIPURRNINSISE St SHMIURUAHIBISY 94

> IAgESWHN o
C# BIS{UING G SSWTYY B RS HHIS:S
+ Primitive Data Types ({/iNG § g StUIMe):
QS AMUIAG S S SWit UM SUNABAMYWMAN c# WM SEEMMYS

e byte: HEIRYS 8-bit, MSLIFIYN 0 AT 255

e sbyte: HEIFUS 8-bit, MSLIYHN -128 £ 1279

e short: HIFYS 16-bit, ISHIHIYH -32,768 LI 32,767°1
e ushort: HEIFYS 16-bit, BYSHIHIYN O &S 65,535°1

e int: HEIYS 32-bit, NSHIMYN -2431 BT 2431-1°1

e uint: HEIYS 32-bit, ISHIHIYN O 0 4,294,967,295
e long: HAWUS 64-bit, BISHIIYN -2763 HNT 276311

e ulong: HEIUS 64-bit, ISTINTYN 0 BT 18,446,744,073,709,551,6154
o float: INTSGEUME 32-bit, {PAITNUNYS CUMBEIHIY
e double: USGFIMA 64-bit, YHFU[NUMBS UM BRI
e char: fJHAJI 16-bit Unicode®]

e bool: HYIS 2 [UING true 811 “false™
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FANUEG. C# Primitive Data Types

C# type name | .NET type name Description
bool System.Boolean | Represents a Boolean value. It can be
setto true or false
byte System.Byte Represents an 8-bit unsigned integer
char System.Char Represents a UTF-16 code unit
decimal System.Decimal | 128-bit data type suitable for
financial calculations
double System.Double | Double-precision floating-point value
float System.Single | Single precision floating-point value
int System.Int32 Represents a 32-bit integer value
long System.Inté4 Represents a 64-bit integer value
sbyte System.SByte Represents an 8-bit signed integer
short System.Intlé Represents a 16-bit signed integer
uint System.UInt32 | Represents a 32-bit unsigned integer
ulong System.UInt64 | Represents a 64-bit unsigned integer
ushort System.UIntlé | Representsa 16-bit unsigned integer
MUNNGE. Float type SH Decimal type
Type Size (in bits) precision Range
I5x 10451034 x
float 32 7 digits
1038
5.0x10-3241t0 1.7
double 64 15-16 digits
x 10308
28-29 decimal 1.0x 10-28t0 79 x
decimal 128

places

1028
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FANNED. Key words C#

params private protected public readonly
ref Return sbyte sealed short
sizeof stackalloc static string struct
switch this throw true thy
typeof uint ulong unchecked void
volatile while char checked class
const continue decimal default delegate
do double else enum event
explicit extern false finally fixed
floot for foreach goto if
implicit in In (generich int interface
modifier)
internal is lock long namespace
null new object operator out
Out (generich override abstract as base
modifier)
bool break byte case catch
unsafe oshort using Using static

+ Reference Data Types ({UWi5 g S § BTN ):

[INg G g SN IS c# MBIShNMGISHIRMANNAYL 9 NBSIBUMS

- Classes (l;ﬂi"i): e.g., String, List, custom classes.

- Interfaces (GANGIUHA): [HAIENUAMNAY SRS U{RIHSINIENWE MM I

- Arrays (H0): thigisumognmymiisitumsuine § g Sl

- Delegates: [jifig § g Stusis

AgmINAw sisysmiyts
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MIDER NG § S SIS NANE: AT SANMIHAINEURUINIBRMN SHARMNAY
M C4T

.. String Type

String ISTORAMAN Java 84 c# AMNURGESSWIRDATNUMIGH SRPURRHNIY

' 2

GYSYWISHHAET GUMANGINI String A class (§1A) iumsyginiSiiiananiy]

=3

4 9

[AUTRRHAJ I0UIS String 19169 Java 84 c# M1SgAUAMIGAZIG) AN
+String 1S1f} Java
- Class String 18114 Java [ SURRMEYWIRURAMUSHEUS Y

- String 1S4 Java & immutable I SSWI NAITES String [HINSUMMEH BSMGUI
MHNGIE AN SIS U SITHRBARUINIYN Java SHUIAR String GYtI

- String 181194 Java [T SHUENINWHYGRGIE VU String pool X AIMNATZHILN Java
[PUTAY String IEHDAINUESMS

+ String IS’ﬁjﬁ C#

- Class String 1S1A% C# AHGE Java BRIRARUGAMBSHAUSY SHISISHLSMMBS N
[PUTRRHI

- B Java, String IS1AY C# AN immutable 1514 HAPNEYMIGENWNS String SYOEHNS
UIRHIgI

- C# ANSMITRUFHRGUEIEE Java IBNBSMSMAMNALG Java“
+MNSMBHH

- Syntax: [NINGESSIY String IS AINEINMN{SASIING (lowercase ) "string” fil) C#
FUTNU keyword, SAN:INRITERNS Java BIINSAUTEISNM{SAIR (uppercase ) "String".

- String Pool: Java B8 String pool I UMMAZHNIFUAIHNHYGH O UTDIRUTEY String
UTNUBSMS Y 181 c# N SMITHDIENM §Ig1 IBNBSMSBNAANAIEE Java“l
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- Performance: mi‘[ﬁi'jtﬁﬁﬁigﬁﬁﬁﬁgg]ﬁ String pool iS1{i Java i—ﬂﬁiéajiﬂ"l Slﬁﬁajgﬁ‘mgﬁljmﬁ
C# FURINNGWGSSMANSSH String.

191:ENUNNAM, String 1% Java 84 c# ASBpMNSHymitmgmysituus)am
.00 . Struct

Struct ISIGUMAN Java S c# ArpiAsGgSwywinngim Aty aigitu

U

Qﬁgﬂ@‘gjﬁ context umﬁﬂlﬁrjigm“l Struct ﬁm‘[’U‘iﬁG qéfﬁfu FUBISFURELN G Value Types
WWANBEH Classes*]

+Struct ‘im‘ljﬁ C#
- Struct RIS 58 SWIE U GUA AENWIHMA] struct 4

- Struct N Value Type iEUINSSWR ISTNUHAGEY struct GUIGIHIGIUNG]H NHINS
BYNRTY MY

o N

- Struct (IS GIFIUNUESSWIHE SHATISMIHSINHAMNANNA (Immutable ) IHUES
Gamfilﬁiljijﬁﬁigﬁjﬁ heap memory©]

- Struct H1GY1S fields, properties, methods, constructors §ﬁ interfaces i"ﬁg'?ismﬁms

inheritance U destructors ij classes*]
+Struct IS1fH Java

- 18154 Java Struct BSHISSURANEARHMANGT C# 189 Struct HNSTSEIENS Classes

SH * *Primitive Types * **1

- Java g[ﬁ%flﬁiﬁ9§§§ﬁﬁﬁ FURN primitive types {GM int, float, SH classes IEH}ET‘T §ﬁtﬁﬁtﬁﬁ
G SWIBUMSUHAN:UASHE struct HY C41

- REIANGIAN B HAISIISION Java HRMGID Classes HAIHERANGSIGgStlin
OINGURIS:

+MNZUMBHH
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- FSMARNMAN: C# 1S Struct TNZURIAARNMANTENI Java BSHIS Java I[{J classes
Gg]ﬁ’[fqﬁg’ﬁ primitive types U wrapper classes iﬁi:ij]ﬁm MMESINILG struct 181 C#9

- Lﬁiﬁ9§§§ﬁj: Struct 181 C# & Value Type UM Swm NI SHAISIHN stack memory

"y

UlS Classes 181 Java SH C# M Reference Type it ﬂjgjﬁ‘ﬁigimi‘jﬁ heap memory*]

- Inheritance: Struct 1S1 C# %Sﬁﬁ{ﬁ inheritance I1HSSWEH Struct §Smﬁﬁi§ﬁim fiﬁ‘[fjl
base struct U class iU wﬁﬁsmrjmﬁﬁ sub-struct TSI Classes 181 Java 8§31 C# NGNS
inheritance §’£3U’I1§ﬁ classes U subclasses iﬁjﬁiG:]ﬁmS“l

i IS S S IR ﬁ'jijﬁ

J

IR UEIMISBEMMA NI

- Immutable S class : Structs LﬁfmS’ILﬁmSiG’TML G

o

MUGSS
(immutable ) UL classes M SiLUﬁijﬁggsméfgﬁ@

19.& Inherence

d

Inheritance ISIHRM V) Java SH c# ﬁm’ti8mi’ti[ﬁﬁﬁﬁﬁmit381ﬁﬁi’ﬂiﬁﬁfﬁjSﬁ i 10

HSEMABIHA ( class) t—gtﬁi—ﬂfjg%WUSJH8miﬂ§1ﬁigtﬁiﬁjﬁigjﬁ'1 NIISITURMNSiHA
HAfgISIoURARnGitunsusaMAEG IR NREUBSIGININ (parent class)
wRGUgEURMN: NS Iy GgSHiit«

+Inheritance 1§17} Java

- 15113% Java, inheritance HSEMAS] class YUHNE extends (A ) BAD class GUIIEHIG)H

- MINAMA] extends RNUMIDMUTAGIEISGUUSIARAIHIG)H

- Java PG single inheritance (MISGUIUSHABIRYWRAUIWN: ) UISMBIBUMI multiple

inheritance MBIWI: interfaces*
AHUSHVNANISE, Dog class §GUUS]H Animal class WIIHGHHIRAN|EY eat( ) IUAT Animal
+Inheritance IS’ﬁjﬁ C#

- imﬁﬁ C#, inheritance HSIEQ']ﬁaj class YUWHG inherits 0 class Tjﬁjiﬁ‘jﬁigjﬁmﬁiﬁjimﬁj
(colon )
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- C# %m‘[ﬁ single inheritance iU Java %ﬁi‘ﬁiﬁ multiple inheritance MBILU: interfaces®

ISIgRgAUINNISE, Dog class SRS Animal class RATHGIIGAN]AT Eat( ) TUAT
Animal

+MNBIMGHN
- Syntax: Java ‘i’[ﬁ'm‘ﬁj extends ‘rjﬁ‘ﬁmﬁ inheritance W1 1AEU C# ’ILG **:(colon)**4

- Multiple Inheritance: Java SH c# %saﬁg multiple inheritance iU classes 19 fﬁﬁjta‘lilj
interfaces ﬁmmijmsgﬁt&ﬁm

- Access Modifiers: C# ﬁﬂlJ'Suf access modifiers Ufﬁi:iigﬁm protected internal i3 ﬂﬁizigjﬁtfjﬁj
m ﬁjﬁfgﬁijﬁmiLﬁ{iLﬁﬁ inheritance]

191:ENUNUAM, Inheritance B} Java S1 C# MISATBRMAPUIEJE WIWHISYUNSFEEEM
[ MIHAIGIAYIN

©.&. Array

>

Array ISTHRMAN Java 88 C# REN{UING § S SWIR UHSMASHANMGSANBYWESS
U S e G SSWHETMANGAMARAAY Array B SHSIMIGINGANMIGH]HY 81

v s

pUEREgSuinumSSEHM
+Array iS1111 Java
- 18154 Java, Array AN object IE GG AMEFSIUANGS g Sty

- [UAISIOAIBIUES Array I SIUM SN IEURATIAE, GUNS Array SHESHIGEHATUINSIS
(fixed size )]

- Java HGFIT Sﬁiﬁﬁm one-dimensional U multi-dimensional arrays (iGN i—ﬂiﬁgﬁfﬁﬁj )4

- Java BIUST Array indexing YU 0 IEUATMEBARMSHINGWYIUAT Array

- 18188 C#, Array B object iUMGEANTYIBSiswrefgSwinywisig
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- Array 1S16% c# AN SSURE RN SAANAGNATANAS 56 Java*l

- C# i—ﬂﬁﬁiﬁ‘ﬁ single-dimensional, multi-dimensional, a4 jagged arrays (I-ﬂiﬁﬁ UHGENSSU
iT)4

- Array iS1 C# NS index it LA 0 G Java 1

+MNZUMBHH

- Syntax: TRANAASMIUIRA SVIDIMET Array (UENU Java §4 C# OISANBEHGE Ui syntax
ITRINESMNGRUE ENWMATENAGY ; {4 Java 83 [] 181914 Java SH c# 18255

- Initialization: Java HNGUIH SHBMIHIYMNBYS (initialize ) Array HUBUUNENWIT § 2AN:
N0 C# MBIGEBMUMGUIRE array GUMSHigSinuilnusiwmAsigim

- Multi-dimensional Array: Java ﬁ]i_f& multi-dimensional arrays fMYIW: syntax [][], 80N C# R
ﬂh’ﬁ]iﬁ"]iﬁ multi-dimensional arrays 13 [Uilﬁﬁj&n‘ﬁﬂﬂﬁ [] §hmim SI’[ﬁm G156 context.

- Array Class Methods: C# RUSHIBYSMIEGM Array.Sort( ), Array.Reverse( ) I UHGIDEN
WIN BRI UHR MUY SHE UGSt Array UiS Java {0 Arrays utility class I[ED
YeMIGHm

AREUMBN{REGE, Array 181 Java 88 C# IFMIUENEMN SHSmNIMIBaUISiio SHAIg SN

=3
1

SEURNIS syntax SH context HYHBIAUMANHNIY

1 s

183.9 Reference and Value Type

Reference Type S¥ Value Type ISIRHMAN Java 84 c# AMN{UING g8 iRUMSIHAN:
mpmanny)ugn StdinfmidgSuwa ySINUNMANIMASUEING Java S8 c#, It
iﬁmmn}ﬁésﬁqm@ SIS Reference Type S Value Type mys fUSY

+Value Type

- Value Type AN{UIAEE SR UMBIUANHIN SERISIANHYGRONNWEN 1SS
B ISTNUHARANG Value Type SjHIBIH N{HINSERMYONHIBIHNTI
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- 1SHINFUHAGEY Value Type IGTHIGIHUNG)H NHINSOCERMENNY I HTIM SHISIGI:
TN

-181 Java SH C#, Value Types iJGN primitive types (int, char, bool, etc.) SH structs (ﬁi’[j:ﬂ{i
C#) [HISNUUMUARUIRG SIS

+Reference Type

- Reference Type AEN{UIAE S SSUAHUTSHANYMUTHATS (ISHANGNSHNHYGHERE N
ITNSEAY 1 NSSWH 1SHNUHARANG Reference Type SjHIBIYH N{it SHis
HIUWINS (memory address) ijmﬁﬁﬂmmi‘ﬁﬁ%‘gimi"l

- 1SHINIUHAGEY Reference Type 1FTHIBIYIG)H NHIGERIAM AIWNSHEM 1S:NSSWH
HIBIOMHAT SRS Iy WIR UM SIHIGREIN:

-181 Java SH C#, Reference Types JBUITIfU String, classes, arrays SH objects.
+ MNSEUAMTYRINY Java 89 c#

- MI[UIMEY: 181 Java 81 C#, Value Types [N SIUMHRIMUTANYEGE, i5 c# 018
additional struct data type iEUAMUING§ S SIEUNUUMAIISIHY Value Types*]

- Memory Management: i81 Java, Reference Types i S‘[ﬁiilﬁﬁimﬁj JVM (Java Virtual
Machine ) 10 [iji’[fi garbage collection system iﬁ"tijf:ﬁ—ﬂﬁ objects S Sijﬁiif[,ﬁgpjﬁ"l isi c#,
CLR (Common Language Runtime) ﬁmﬁfmilﬁﬁlﬁﬁﬁﬁﬁﬁémﬁimi garbage collection ijU
Java ﬁfﬁmSmiﬁiﬁﬁiﬂ? stack S heap memory management i mfﬁﬂfﬁﬁﬁpﬂfﬁﬂﬂﬁﬁs Value

Types SH Reference Types‘]

- Default Values: 181 C#, Value Types AUHIWS default values (e.g., int = 0, bool = false),
JU Reference Types B1S default value of nulll Java HSHS default values ﬁjﬁﬂilj primitive
types iGN SIUMAIISTTRS context, MIRANGHIYYS (initialization ) RRING
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- Boxing and Unboxing: iS1 C#, U@ﬁﬁ{jﬁﬁéﬁiﬁ] flljiauij§§§ﬁjﬁ Value Type 1§1 Reference Type U
T, AMENSYUREUIRANIIG boxing S unboxing. Java HENS autoboxing, (IR
mﬁfﬁlgtﬁﬁ primitive types 11 Wrapper Classes ( Integer, Character, etc. )l

- Simplicity of Usage: i1 Java, String it} ﬂjm’tj[ﬁéﬁ Reference Types {fi0 S’Lﬁﬁtﬁﬁ HNRN LI
[RJFSENLS JVM. C# MGHDTN SINUSHTSMHN: A2 SANUUING G St ITRio STRTHY
‘rj;ﬁ context 15§17

NREISINS, Reference Types SH Value Types msmgm:m&gms&mémqsgw g0 Java

c{ =)

§<§3 C# msmﬁgmiimtﬁﬁ mmsmgnn:mmm Ujaﬁjij’li%im i
1.¢3. Pointer

Pointer ISTHUMAN Java 831 c# AENPMSUSTHMSMIPUHYN SHMIDIMAISAMUS
G54 TR SHAMANA pointer FUMANSNNNS: WIBTENMNMNSAImINGN

+ Pointer Imﬁﬁmﬁﬂ C#

- Pointer AEN{UIAGHIBI I UIIANGAMN AILIENSHYGUG) (memory address ) IUEIEIYE N
HS N B SHRHAIZISMEGEUSINIMAZIMS memory location ENHIEINTT

- 18154 C#, pointers [N SAUTANISIAN context U block IXIUTHNSANMIR unsafe (SIS
FIRMA ) WD MM AT pointers [iMIMIHSMNENTEAT

- Pointers FNGIGHHIT SIDANAYIRIE UINBUMIAURNHIGUCIRNBRSIU UHY context
RIS SIAIgMNZATY

+Pointer ISIHHMEV) Java
- Java BSAGEI pointer ENWEHNTGT WNHIS: NESHSMNBGHAHAIZISGUSIANIMAZIMS
memory address ENWE LG C# 15

- Y13 Java JAD]AY memory WENMIAJWTUIRMUI: Java Virtual Machine (JVM ) WAH5GES
SINNIMIENWATITESUINE memory IEIBSMSMADINES ( Garbage Collection )
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- GINAYIGE MG pointers, Java NSEAIGISIMIAUTANS: 1EH]IN] INUUINES buffer
overflow SUMSEIRMN*

- i1 Java, i;iﬁﬁﬁfg]éiii’[,mﬁh references it ﬂjmﬁ’lﬁﬁjﬁ Wsigims object i1} heap memory

UIgBSHBGSINIMIEIMS memory address ENWETINIG

+MNGEUFNBYHING Pointer 1S1GH Java 811 C#
MIM{SEL:

-C# Hﬁgnﬁajiiﬁ pointers fNYII: unsafe code block*

- Java BSM{G pointers IWMHRUAN memory ENATHUIFIEN S JVM*]
Memory Safety:

- C# GYSMITUAUBYSSHUIMNIS memory safety ISHNRUID pointers 19171 context &M
BSHISAIRMN (unsafe context) UIGETHNURYIRANANIGNHIMADIM I SIYIREHDm
HYGUE

- Java 1) EUNRUEIS N IBSHSEMEASIID pointers UM SAIRMNTENNGD garbage
collection®]

Flexibility and Control:
- C# BUSIMNURUSUIZY WNWHSMNASHRHAIZSHUHN memory TN TSMD
pointers ‘iS’iﬁﬁ context ﬁL’"tjf (unsafe code block)“]

- Java INEUMBNIGRIVIT SHABRMN ENUEMGMMIAUEHN memory ENWHNT SWD

references ﬁ%fﬂ pointers ]
1.6 Partial Classes

Partial Class RENMIGIE UHSMNHGHAHATZSHGIUKIGH class YGHFIM sections U
files 1[5 WIHN SR SUM U YAINUHR{HINSUIUR Partial Class MG
BINMWHRMABARHSIMBY2NIRH I WSniEn dass HiNm
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+ Partial Class iS’ifj'ﬁ C#

- Partial Class At} feature Hunsini c# i WHS@ﬁ%HﬁHﬁfgjémﬁfﬁﬁfﬁﬁ class U struct
IGIHRNAINGSIER INGS files YL

- {GH[UMEAJ partial class HRDNAHS: partial YSMAASS class WIS class IS
NN LGN ONHATISIHN files 135S

- Partial classes [FiSHPIMAIRNMAGARMRUGHMSENESHanBmSNwgUnkmMI
PUTEY NREISTINTE team HATGISANMGMIRHETENNITGS

+ Partial Class iS1{41 Java

- Java i‘:iSﬁaLQ concept 18 Partial Class 15 fitl Java, class LﬁufmSﬁFLﬂﬁimijﬁ file ‘Ejﬁjuim
LTINS file SUTIRISHIAINS class*]

- {UHAGHIUNIGH functionality IS1HY Java, HRFGHD classes U interfaces UISH INU[IBAATYE
MONNNIGIHN classes 13§19

+ MNSAIMBYH
MIM{GIgHmMa:
- C# M{GMIMUIMNES Partial Classes {EIURGIUNIGHA class Yig] files HSIEYjIHLIMI
HAIZ S
- Java BSANG Partial Classes 191 Class IS Java (RN SANNGISIAN file GLITIQM:
MAUNIGH Functionality:
- 15194 C#, Partial Classes MGRIFAUEUIMAURIGR function SHU{AGIANAH

- 151634 Java, HRFNGIUMIGH function NI classes U interfaces UIgBIG)H UIgBSMGNSG
MIUIRE class ISIN:EEMIBS files 169

Team Collaboration:
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- Partial Classes 1S C# BB AT SUIE0T fi¥ context (& UHRHATZSIBSIMI class
ingyt

- 181 Java, MIGIMAS classes 84 interfaces iR INGRSB G NUMIG SHSURY
v

©.8 Compiler Technology

Compiler Technology ISIHRM{V Java SH c# ‘%mﬁigjﬁ?gﬁ%ﬁ ﬂjﬁ%ﬂjﬁﬁﬁﬁjﬁﬂ (source
code ) IGINAEIEUHADNSMBGMSMS (machine-readable code ) {HGEIANIMIT STENLS
A&

+ Java Compiler Technology

- Java Compiler (java) Uik Java source code 1§18 bytecode i FUTN{UIAG intermediary code
(EMARLMES)

- Bytecode [iNSHMISIAN class files WBHRMB{RINSCHANIMIAENS Java Virtual
Machine (JVM ) iU GUINANIGIEN machine code AITNUIINSSIANIMISHII4

- JvM BAENUNSIGAE RS UHS ENHE) Java SINAMINSISTELIASSAAIMITISS Ehtwan
it JvM (i SUIRHIg M ANUS SH SIdiMitD Windows, Linux, MacOS SRISj 718)5

jumn G9. Java compiler

€& writes €» Java file say
HelloWorld. java

Is compiled B
public class Helloworld { B Y T fa]

;(_‘ 9 é % Java Compiler
_ -

avac
3 J

e
Generates
compiler

01010101010101010101010

01010101010101010101010
01010101010101010101010
01010101010101010101010

01010101010101010101010

@ Is Executed
@@ oOperating ® on @ bytes codes say
System HelloWorld.class

@ Developer
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+ C# Compiler Technology

- C# Compiler (csc) Ui0UR C# source code 191 Intermediate Language (IL) it} PUTNUIRG

intermediary code §j5 Java bytecode]

- IL i SHMISIAN .exe U .dll files IWMUHRIMIBEHIM SSIANIMIEN I Common Language

Runtime (CLR ) {ERUUEMNANIGIN machine code SN Windows SH{UASSANIMAL I
MSM{g4

- CLR BN runtime environment ﬁjﬁ:ﬂili .NET applications i ﬂjﬁSlfmmﬁa] Cc# Shm FI I
NET [t SUIREIED platform Syt

jumn . C# compiler

Assermbly lawe

h at ." coge

intermadate Language ]
static caompilation o l

Prooessor leve|

High sevel

ust i sime caompiiation / "

+ MNSEIYAGHM
WIGHIeN ShuEmOinnim:

- Java B platform-independent iE USSR bytecode [HINSUINENIEN JVM 1STFTHEMS
YU TN AR
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- C# (NI SUIRMEH AT .NET Framework ( SURRRIINT Windows ) TSt SN
ig1 \NET Core 8% .NET 5/6/7 {3 UMGEIANIMIC SISTGINSSHnMmimiBS 5o Linux 81
Mac0S*]

IMTANK{FSUENY ( Execution model ):

- Java CYNGIHINS JVM IRGEHNIMBENS Bytecode NS AIIU S8 JVM UEMA
Bytecode 1§11 machine code

- c# [IMI CLR IEG[SINNIMIVIUN IL code FHMSUTYHIMEAMAMA machine code Fil
context 11FUIRN:

[EgmnisMISinNImI:

- Java MG SUIMUSGISIUAIgMMEN AN JVM [BiMinUHRMIuMe Shumiy

Bytecode fiid runtime*]

- C# B S[PAIGMNZRIUISBINANGR JIT (Just-In-Time ) compiler i& ARFMIUAI IL
code 1§18 native code T1RUIE mﬁmﬁmsmim SHSHNEH

Tooling and Integration:
- Java MGEIAAIMISIGIASHINAMISH NN VM MSIFEREUEEMmMIHSs

- C# DNSEUGHSIMHNAIAITY NET ecosystem i0UHNS Visual Studio AN SMANIU{ND
IDE SHENS tooling AUTUMIHAIZIS
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[ o

TRHEIM

MUHNSHESIBBIMN
M.9 Object

Object ISIHRMAN Java §4 c# AMIGAMWE N SIEUURRYI ScupUmMIBRIgS
1N s:is oop ( Object-Oriented Programming ) gulﬁi_,fqﬁ“l Object mmﬁgﬁjéﬁiS Class S
M eHEgREgSw ShgudinfimngSuiianaisigh class 9

+Object i8I Java
- Object i1 Java B instance (ﬁmﬁ) T:Ll:[iﬁS Class “1
- Java Lﬁﬁ’[ﬁﬁ Object iS1{j4) heap memory

- Java HYENAGUIRA Object NI keyword new G BHARAIGIS§RGaN[aRt MG
qmétnﬁmnﬂ% attributes 8% methods JUR Class 1

- Java H18 Class GUEANAIE Object’ IHUITIMANSISIHUNNHAT, SUNWARANIMNE
Class WMHEISRINGEIYIZIMS Object 4

+Object 18'1‘[:?{1 C#

- Object iS’i‘g:ﬁ C# B instance "tj[iﬁS Class “1

- C# Lﬁﬁﬁﬁﬁ Object imﬁﬁ heap memory ij5 Java I
- C# B8 keyword new FUTBUUIRN Object

- Class *Object’ 181 C# AENBAMNAMSIVASUING HHITHN C# IWNWHIST methods B
ﬁjlmﬁﬁ’"g?ﬁ object-oriented I

+ MNGAIMGHINY Object 181 Java S c#

» . Inheritance Hierarchy:
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- Java 8% C# QWNISHINS Class Object’ MFBANNAMSIUAT Class HHHAT UigHWGS SIS
methods T AUMGHPMSAZAIM

- Java's Object class B18 methods iGN clone( ), finalize( ), notify( ), wait( ) iE0U c# 5SS
MY default, Uig C# 818 methods £GEN GetType( ), MemberwiseClone ( ) FEE]

» . Memory Management:

- Java L‘ﬁﬁ’[ﬁﬁ memory MBIt Garbage Collection 1id U.Tﬁ;ifiﬂﬁfﬁ“l Java HSFﬁLﬂﬁaﬁLﬁ
threads fi¥) JVM IEUAYRINSHEGHE Object IEAITSTSIHIG)H

- c# MBIMAY Garbage Collection ENWATITIHHAGMIES InM G SMIRANASEANNG
threading pool i_j‘imﬁffimiélmilj garbage collector Iﬁéj]ffﬁ-ﬂﬁ memory il context ﬁiﬁiﬁj‘&j
159

» . Method Overloading and Overriding:

- Java 84 C# D1SHU)USAIMZISA overriding methods, ENIFUAIISIHY handling of

exceptions ( checked exceptions 1S1 Java) SH access modifiers (protected/internal ST C# )]

- C# Y18 “virtual' 81 “override’ keywords ﬁjﬁ:ﬂ{i method overriding, 2RN:IE0 Java iﬁf'i

‘@O0verride' annotation]
» . Advanced Features:

- C# Q’[USui features iJGIN Properties ( getter/setter ) SH Delegates fﬁﬂj@ SISIEN Java,
191206 Java AOHENS features §TSIHRTEISE RN

M. Test System

Test System ISIONAEN Java 88 c# MUIGAIGN UTNUIFANAMSHMIgIHNMNTS
ﬁﬁ?ﬁ"‘l i[ﬁﬁi—ﬂﬁiﬁj frameworks SH libraries X¥] nhauiﬁgjmﬁmimqﬁj unit testing,
integration testing, éﬁggéﬁjmﬁﬁgiﬁjﬁﬂ“l

BANGRI1SIS MR
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e Processor: Intel(R) Core(TM )2 Duo CPU P7350 @ 2.00GHZ

e Memory: 3072 MB DDR2 800MHZ( PC6400 )
e Hard Disk: TOSHIBA mk3252GSX 320G
e Chipset: Intel Mobile 4 Series Chipset

e Operating System: Microsoft Windows Vista Home Premium ( SP2)

+ C# compiler version

e Microsoft (R) Visual C# 2010 Compiler version 4.0.30319.1

juman gm UN) C# compiler version

B Administrator: C\Windows\system32\cmd.exe . . =y >~ ] “

[(Version 6.9.6082]
6 Microsoft Corporation. All rights reserved.

sual CR 2018 Compiler version 4.8.38319.1
<C) Nicrosoft Corporation. All rights reserved.

fatal error CS2888: No inputs specified
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e Microsoft (R) .NET Framework version 4.0.30319 RTMRel

juman g cUINM [l Microsoft (R) .NET Framework version.

Loz W ooisk L sl D T ——— ET X ]

OO Visual Studio 2010 simase

Microsoft Visual Studio 2010
Version 100.30319.1 RTMRe

€ 2010 Microsoft Corporation.
Al nghts reserved.

Installed products

hao

Hewnlett-Packard

Microsoft NET Framework
Version 4030319 RTMRe!

€ 2010 Microsoft Corporation.
All nghts reserved.

Copy Info
System Info

Dalrag

Waming: This computer program is protected by copyright law and international treaties. Unauthosized reproduction or
distnbution of this program, or any portion of &, may result in severe civil and crimunal penaities, and will be prosecuted to —

the manmum extent possible under the law.

+ Java Version:

e Java full version "1.6.0_20-b02"

~version
28"

ine Environment <(build 1.6.8_28-h82)
» Client UM <(build 16.3-b81, nixed node.

C:\Users\haodjava —fullversion
java full version "1.6.8_28-b82"

C:\lUsers\hao?>

sharing)
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> MNZRUMGHRING Java S8 C#

e . Testing Frameworks:

- Java H1S JUnit 81 TestNG i AUINE) SIBUHH SN SMNNBIRIHNMIDITES testing

frameworks “I

- C# 1S MSTest, NUnit, S% xUnit iU SIBSUIHAN: MU SHEuSURnnanitais
context .NET

e . Tooling Integration:

- Java MID{INEL testing frameworks N SWBISIAN IDEs §6M Intelli], Eclipse, $1

NetBeans ‘I

- C# SMIMGIE U GIGMIT Y Visual Studio, IEMIHIMIBUMN testing engine SHE
AMAMIBSNSMSANUSING context FSTHNT .NET 9

e . Dependency Injection and Mocking:
- Java iLﬁLmﬁlj Mockito SH JMock ﬁjttﬂilj mocking frameworks
- C# iLfiLmﬁlj Moq S FakeltEasy SNSUFiIRN ﬁjﬁ:ﬂ{i mocking I

e . Parallel Execution:

- TestNG 181 Java t1S support ﬁijilj parallel execution, iS1if [UIE0U MSTest S3 NUnit iS1
C# M{GENWINAIST features iz

- QNI ANIS: ONHATRNRTIN M MUREEMINENTM IMNg SHS SumunmGeisryin
M.M Implementation

e Primitive Types: Java SH C# IGJRRAEGMOMARMIDINA int, double, 811 long, UigA
BRUTMIRMMMBUAS runtime (JVM ) fJ[ENT Java 88 CLR RINU C#) 9
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simuEgAGAFmSigN

e Trig Functions: ab Java 83 C# ‘I’L‘Iaj' Math library iﬁiﬂ?]ﬁﬂﬂS’]i[UB angle, iﬁg Java Uik
angle 1§16 radians mﬁ;‘i I’_ij‘[,ﬁff:ﬁm [‘IJ"T;[“E‘Fl Math.toRadians( ) I@ﬁﬁﬁjﬁﬁﬁmi

trigonometry*]

e 1/0 Operations: Java [JiMISIENITA BufferedReader ﬁjﬁﬂilj I/0 operations i

N8 c# fﬁﬂﬁ’[ﬁ Console.ReadLine( ) [‘Ilhﬁm[ijLﬁgﬂjﬂ

JUMNGDUNMN Executable Ufjava

T Wr_

Eile

echo
java

echo
java

echo
java

lecho
W Iava

echo
‘java

echo
Java

echo
Hiava

echo
f3ava

«

Edit  Format  View Help
Becho off

This is the 1st time of Java benchmark.
Java_benchmark >> Java result.TXT

This is the 2nd time of Java benchmark.
Java _benchmark >> Java result.txt

This is the 3rd time of Java benchmark.
Java_benchmark >> Java result.Ttxt

This is the 4th time of Java benchmark.
Java_benchmark >> Java resulT.TxT

This is the 5th time of Java _benchmark.
Java_benchmark >> Java result.txt

This is the 6rh time of Java _benchmark.
Java_benchmark >> Java result.TxT

This is the 7th time of Java benchmark.
Java_benchmark >> Java result.txt

This is the 8th time of Java_benchmark.
Java_benchmark >> Java result.Txt

™

> lJava_result.Txt

B

==

>

>

>

=

Java result.Tx

Java result.tx

n

Java_resulT.Tx

Java result.tx

Java_result.Tx

Java result.Ttx

Java_result.tx

Fie Edt View >
D" SR A tR2 B

Insert Format Help

In

ot

i

squareRoot: 3162.

fnis is che isc time of Java benchmark.
Start Java benchmark

arithmecic elapsed time: 8876 ms with max of 1000000000
000000000

x:-.:Res..l: 1

Double arithmetic elapsed time: 10312 ms wich min
1.1E10

: 1.1E10

oubleResulc: 1.0011632717495SSE10
arithmetic elapsed time: 27643 ms with
0000000

11000000000

longResult: 776627965

A:;ﬁ elapsed time: 67252 ms with max of 1.0E7
-0E7

: 0.9906646477361263

0.13632151600483616
770165242
956570549
775020544923

IO elapsed time: €973 ms with max of 1000000
i: 1000001

of 1.0E10, max of

min of 10000000000, max of

abcdefghiskimnopgrstuvwxyz1234567890abcdefghijkimnopgrstuvwxyz123456789 ‘

myLine:

Oabcdefgh

Total Java benchmark time: 121056 ms

End Java Tk N

(7]

For Help, press F1

Figure 16. Screenshot of output of the executable bat files for Java language.
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JUMANG VNI ExecutablelUAICH

echo This is the
Cc#_benchmark. exe

echo This is the
C#_benchmark. exe

lecho This is the
C#_benchmark. exe

echo This is the
c#_benchmark. exe

echo This is the
C#_benchmark. exe

echo This is the
i C#_benchmark. exe

echo This is the
Cc#_benchmark. exe

echo This is the
L |C#_benchmark. exe

Hecho This is the
Jc# _benchmark. exe

echo This is the
JC#¥ _benchmark. exe

|
g

1st time of C#_benchmark.
>> C# _result.txt

2nd time of C#_benchmark.
>> C#_result.Txt

3rd time of C# _benchmark.
>> C#_result.txt

4th time of C#_benchmark.
>> C#_result.Txt

Sth time of c# _benchmark.
>> C#_result.Txt

6th time of C#_benchmark.
>> C#_result.Ttxt

7th time of Cc#_benchmark.
>> C# _result.Txt

8th time of C#_ benchmark.
>> C#_result.txt

9th time of C#_benchmark.
>> C#_result.Ttxt

10th time of C#_benchmark
>> C#_result.Txt

> C#_result.Txt
>> C# _result.txt
>> C#_result.Ttxt
>» C#_result.txt
>> C#_result.Txt
>> C#_result.Txt
>> C#_result.txt
>> C#_result.txt

>> C#_result.Txt

. >> C#_result.txt

h

—

Figure 13. Screenshot of executable bat file for C# language.

= ~WordPad
Eile Edt View Inset Format Help m—
Deed &SR A ' @& B

This is the ist time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time:

i: 1000000001

inctResulc: 1

Double arithmetic elapsed Time:

of 11000000000

4: 3131000000000

doubleResulc:

Long arithmetic elapsed time:

11000000000

i: 11000000000

longResulc: 776627965

Trig elapsed time: 5288 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004249

tangent: -7.2671187701645S

logarithm: 6.999999956570S5S

squareRoot: 3162.27750205449

I0 elapsed time: 4056 ms with max

1: 1000001

myLine:

abcdefghijkimnopgrstuvwxyz12345678%90abcdefghiskimnopgrstuvwxyz123456789

Oabcdergh

Total C# benchmark Time:
__End C# benchmark -
For Help, press F1

12620 ms with max of 1000000000
17908 ms wich min of 10000000000,

10011632717.4955

37627 ms with min of 10000000000, max of

of 1000000

774959 ms

-

Figure 14. Screenshot of output of the executable bat files for C# language.
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M. Result

JUMNGGUINEND Result A Java

Table 17. Java performance in ms.

Int Double | Long Trig o Total
arithmetic | arithmetic | arithmetic elapsed
time
1* Time | 8876 10312 27643 67252 | 6973 121056
2“'i 8939 10343 27752 67205 6038 120277
Time
3"’ 8892 10281 27690 67220 6162 120245
Time
4" Time | 8908 10296 27628 67173 | 6240 120245
Sd’Time 8907 10312 27643 67158 6240 120260
6™ Time | 8908 10311 27659 67455 | 5850 120183
7""ﬁme 8970 10374 27924 67533 5444 120245
s‘hTime 8907 10312 27705 67704 5476 120104
9% Time | 8939 10343 27752 67798 | 5507 120339
10lh 8923 10343 27768 67517 7051 121602
Time
Average | 8916.9 10322.7 |27716.4 |67401.5 | 6098.1 | 120455.6
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JUMNG UMD Result IURS C#

Table 16. C# performance in ms.

Int Double Long Trig Vo Total
arithmetic | arithmetic | arithmetic elapsed
time
1* Time | 12620 17908 37627 5288 | 4056 | 77499
o™ 12589 17940 38313 5304 5382 | 79528
Time
3" Time | 12636 17971 37658 5319 | 6708 | 80292
4" Time | 12620 17955 37611 5397  |3978 | 77561
5™ Time | 12573 17908 38188 5288 | 3400 | 77357
6™ Time | 12589 17924 38188 5288 [3572 [ 77561
7" Time | 12589 17908 38188 5304 3369 | 77358
8® Time | 12589 17908 38204 5304 4789 | 78794
9® Time | 12604 17893 37596 5304 3946 | 77343
10" 12604 17893 38173 5288 3400 | 77358
Time
Average | 12601.3  [17920.8 |37974.6 |5308.4 |4260 | 78065.1
SAjiRinIN:: It Ehinn S U ARRMING do innsnwanjyoytigws uafin §8 Wi



anArigNRBgRHaN Shignanjanaigig simuEgAGAFmSigN

M.& Analysis

=

ﬁjT[ﬁ'Ii:ié‘) UMENA Int arithmetic performances in ms.

Int arithmetic performance in ms

16000

\

14000

12000

10000
# Int arithmetic performance in
— ms

—_—————

\‘

6000
4000
2000

N W —

o

C Cs+ (&) Java

ﬁijH§lU. Double arithmetic performances in ms.

Double arithmetic performance in ms

20000 -
18000 +
16000
14000
12000

10000 +~
8000 +

A

‘.

= Double arithmetic
performance in ms

2000
o -
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ﬁmm%m Long arithmetic performances in ms.

Long arithmetic performance in ms

45000 7

35000 ;
30000
25000 ™ Long arithmetic performance
20000 + inms
15000
10000
5000 1 5
C Ce+ CH Java

ﬁj‘lﬁ’ﬂﬁ§(i. Trig arithmetic performances in ms.

Trig performance in ms

70000 1

50000 +~

P ¥ Trig performance in ms
30000

20000 +

10000

= Ces CcH Java
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ﬁﬁtﬁ’lﬁﬁd . 1/0 performances testing in ms.

1/0O performance in ms

6000
S000
4000
=™ 1/O performance in ms
3000
2000
1000 -
o + .
C Ce+ s

Java

ﬁjijﬂﬁ?&). Total performances in ms.

Total performance in ms

120000
100000
80000
= Total performance in ms
60000
40000
20000 ¢
o - v v v >
C Ces Ccn

Java

> MNSEURINY Java S8 C#

o c# BIYUGAGUMAGASOS Int SPSIg SOSITMAN S 1o Shfniimiagu
miliuansighmifinagSnss 88 Vo MIKKIRIUET c# BPIETINNM ANATIAT
rgitogiglac i dhiamarnw hnsdnfimmprosasignsggem

o MIGRAUISMIHSININIS Java ABISIIUHIYANNMAST Java BISEIANIMIN
UmsigRmIGinaIsgs me mifinagsggig Sumnfneysgsin iumiiga
pRGIMBEMYwiGRsma IENRMAEN W hnsinfimEnipRoges
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iginmigRinging)mSimL MIGIHAIS)S Trig SUMIFHIRA 10 9 GNAMS
IAGAMAAGRIMUIE N HMIHSIH AU W SSUWB Java GAMWINAS
TN SIS I AT AN AT AT R UIRRIg) 6
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(ESGHRSELIN SOMITRBHTENESR
9. (RSB HRENS

UUNMSIGAIEGAN [piFhimuits: § SWBRUQUNMS AN UIE) UBHIGEiItSH
WM SIHBNAIRIM AN Java M ANTE NN SWHSHNSULMNZ I NUMIHAIZNYIR
MYUAME HSGANG SUANHUASIGHMI9

c# (I SIGSNGMAENUANAIAYIT Microsoft .NET Framework 4 C# AENMIBUIIU
MismanaIREITIIg AOHATSIgURATMNAIRR M) T MIADERIGHO)
1986HM c# BSUSMUIG)Mg MEAUYIUANBWAGHGREALGM Java 114 PAS
PUPRYINSESSWENAESH (RDBMS) §BEN Mysql, Oracle, 8% Microsoft SQL Server HIT
IFMIY c# ENSANMIBMUANGM IENETNIS)H c# BISHAMURY c# SSHMBURUS
818 c# MMIALNNGRILIRUSAN NET 4 [MS.NET c# AATAGUAIHSIHIc# MG
mSHSImgISumMIERigIRYIEWANGN c# MMaNHAIISHYIHIUI (RAD) 4 NNGMA
UGS MIBAT SAYIRNN N wbaITiiSe c# ARRaBURRAENUMINAIZSAYIG
IWNGN MM c# MSiuSaANfisumummEUNSUIRnMmYS iHumsgunEisnyitmm
NG

Java BENMONAIMAIAIGOERG RITAIG 9 MGSIRYIEYg U sITEpRtgRin
Java RENPANDAGLNY BSAgMGIHNNWSEARG Y hAmhugmunntgsutt igumann
ARG STRRYS Java 1 AIRIEUAIAIGY Java IGHROGMSENMNWIALADAS
ﬁﬂJéﬁ:jUji‘.}’iLUﬁgi:gUﬁS]ﬁﬂ]ava ANSHTUATWGSSHNIEIT Java BNMaNaITATIAYIGE U
DIMEHRGRN T Java BUMEMNDSHUNUUIZBINNUNS SHnYiEY UNUUISHA Java
Virtual Machine (JVM )4 SANIEUIGHIENUAYIE Java RAPEURIENN Java Virtual
Machine 1 UWBANFEHUNSIGMRANSNATAIH Tjava 1S SHUTIGHANE Java 2 Standard
Edition (J2SE ), Java2 Micro Edition (J2ME) S Java2 Enterprise Edition (J2EE ) it} FUBSEUT
an:oniu Stz it sistaupASAUAMI Windows §GEN Windows Vista Home Basic
Edition, Windows Vista Business Edition S8 Windows Vista Ultimate Edition Stﬁéﬁéﬁuﬁjfﬁs
Java B1SNIUAGIEATBIIUATN  J2SE W UTHIMSIMUTION CORE Java ARSBIRINUAYIER)
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§11 J2ME [inSimGyRIsighmfigSAgitumsult §omgingon Agiinme)
SUMYITH PDA 9 J2EE I Ui SIGSNE RAURLITAN M i SPGBy EUTmI
HATZSAYIRUAMMIGASI SOHMRNENIMANGRYIHGGEISH SUUNS ERP

FUTUBR IRHBAISEN ST ST MANUTEUINGIN C# 83 Java BISHANUY]R SHAAN
9 hiamhinASuNwHywamshhgRsis wywamingsthagnsis tigmeanas
IIAETENS N SHTE B DR R UINUHSIN D BSIGegumsSinfimini]s 8h
HSIEIAN N AYIRE U EUTTAIIEN M AN AUTTEUT I T ATEI

0. MRS anesS

IHEPEMISAPU) U] UISTA ANAUIASIAETG c# 81 Java SIS TG aguioH
fun SHBMISIHS AN USYWGSSHBMMYS

< BUNRITMIGANTIRUNMANNMEAN C# 81 Java LTS AIUIEDT WLEHAN
Syntax, Structure IGRUMANGINNT 84 FNUHAN: R AITURSM AN 9

2 ii:limiﬁﬂﬁﬂjjﬁ Data Types S8 Primitive Operations fljﬁﬁﬁ‘fjﬁt"iﬁ C# SH Java iﬁﬁjjiig
MIEOANIGIUNS Data Types HISMNRSINSHGN int, long, SHPAUAMIYAIEN

<> ﬁ“lﬁ’[fi’[,mﬁlj I/0 Operations iizimiﬁﬂﬁﬂj'jﬁ Si Input/Output Operations iﬁgjﬁ?ﬁﬁiﬁﬂﬁ
iuiiing]sSamainwipughmBSIgREERman g1 [FimamEitums
umAgmnisSinnimis:

& MIHSIHSMINAYEIE WwPRYIEE USRS SH{URURMI ( Operations ) G 1/0°]
i—ﬂﬁiﬁ? Tools )G Visual Studio fd[:tﬂili C# SY Eclipse {j Intelli] ﬁjtti‘lﬁ Java iﬁ%ﬁfﬁ;ﬁ
WwnEANSnAIm: Shmnuioisnuii«

< IMRIUEAN YRS ANMTURIUIMANSINNT WUMUR YIRS SHNMANY
SmaignuismMIHIm UGHaANSMAUES
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https://www.geeksforgeeks.org/what-is-machine-language/
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e Result of running C# benchmark

Start C# benchmark
Int arithmetic elapsed time: 12620 ms with max of 1000000000

i: 1000000001

intResult: 1
Double arithmetic elapsed time: 17908 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955
Long arithmetic elapsed time: 37627 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965
Trig elapsed time: 5288 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

IO elapsed time: 4056 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total C# benchmark time: 77499 ms

End C# benchmark

This is the 2nd time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12589 ms with max of 1000000000

i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17940 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955

Long arithmetic elapsed time: 38313 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 5304 ms with max of 10000000

i: 10000000



sine: 0.990664647736125

coeines -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

I0 elapsed time: 5382 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh
Total C# benchmark time: 79528 ms

End C# benchmark
This is the 3rd time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12636 ms with max of 1000000000
i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17971 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955

Long arithmetic elapsed time: 37658 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 5319 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

I0 elapsed time: 6708 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopqrstuvwxyz1234567
890abcdefgh

Total C# benchmark time: 80292 ms

End C# benchmark

This is the 4th time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12620 ms with max of 1000000000
i: 1000000001

intResult: 1



Double arithmetic elapsed time: 17955 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955
Long arithmetic elapsed time: 37611 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965
Trig elapsed time: 5397 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

IO elapsed time: 3978 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz12345678%90abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh
Total C# benchmark time: 77561 ms

End C# benchmark

This is the 5th time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12573 ms with max of 1000000000

i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17908 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955

Long arithmetic elapsed time: 38188 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 5288 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: =0.136321516004849

tangent: =7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

I0 elapsed time: 3400 ms with max of 1000000

i: 1000001



myLine:
abcdefghijklmnopgretuvwxyz1234567890abcdefghijklmnopgretuvwxy=z1234567
890abcdefgh

Total C# benchmark time: 77357 ms

End C# benchmark

This is the 6th time of C# benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12589 ms with max of 1000000000

i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17924 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955

Long arithmetic elapsed time: 38188 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 5288 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

I0 elapsed time: 3572 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total C# benchmark time: 77561 ms

End C# benchmark

This is the 7th time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12589 ms with max of 1000000000

i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17908 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955

Long arithmetic elapsed time: 38188 ms with min of 10000000000, max of
11000000000

i: 11000000000



longResult: 776627965

Trig elapsed time: 5304 mse with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

I0 elapsed time: 3369 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total C# benchmark time: 77358 ms

End C# benchmark

This is the 8th time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12589 ms with max of 1000000000
i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17908 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955

Long arithmetic elapsed time: 38204 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 5304 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

I0 elapsed time: 4789 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total C# benchmark time: 78794 ms

End C# benchmark

This is the 9th time of C#_benchmark.

Start C# benchmark



Int arithmetic elapsed time: 12604 ms with max of 1000000000

i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17893 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955
Long arithmetic elapsed time: 37596 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 5304 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055

squareRoot: 3162.27750205449

I0 elapsed time: 3946 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total C# benchmark time: 77343 ms

End C# benchmark

This is the 10th time of C#_benchmark.

Start C# benchmark

Int arithmetic elapsed time: 12604 ms with max of 1000000000

i: 1000000001

intResult: 1

Double arithmetic elapsed time: 17893 ms with min of 10000000000, max of
11000000000

i: 11000000000

doubleResult: 10011632717.4955

Long arithmetic elapsed time: 38173 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 5288 ms with max of 10000000

i: 10000000

sine: 0.990664647736125

cosine: -0.136321516004849

tangent: -7.26711877016455

logarithm: 6.99999995657055



squareRoot: 3162.27750205449

IO elapsed time: 3400 me with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total C# benchmark time: 77358 ms

End C# benchmark



e Result of running Java benchmark

Start Java benchmark

Int arithmetic elapsed time: 8876 ms with max of 1000000000

i: 1000000000

intResult: 1

Double arithmetic elapsed time: 10312 ms with min of 1.0E10, max of 1.1E10
i: 1.1E10

doubleResult: 1.00116327174955E10

Long arithmetic elapsed time: 27643 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 67252 ms with max of 1.0E7

i: 1.0E7

sine: 0.9906646477361263

cosine: -0.13632151600483616

tangent: -7.267118770165242

logarithm: 6.999999956570549

squareRoot: 3162.2775020544923

I0 elapsed time: 6973 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total Java benchmark time: 121056 ms

End Java benchmark

This is the 2nd time of Java_benchmark.

Start Java benchmark

Int arithmetic elapsed time: 8939 ms with max of 1000000000

i: 1000000000

intResult: 1

Double arithmetic elapsed time: 10343 ms with min of 1.0E10, max of 1.1E10
i: 1.1E10

doubleResult: 1.00116327174955E10

Long arithmetic elapsed time: 27752 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 67205 ms with max of 1.0E7

i: 1.0E7

sine: 0.9906646477361263

cosine: ~0.13632151600483616



tangent: -7.267118770165242

logarithm: 6.999999956570549

squareRoot: 3162.2775020544923

I0 elapsed time: 6038 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz123456789%90abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh
Total Java benchmark time: 120277 ms
End Java benchmark
This is the 3rd time of Java_benchmark.

Start Java benchmark

Int arithmetic elapsed time: 8892 ms with max of 1000000000

i: 1000000000

intResult: 1

Double arithmetic elapsed time: 10281 ms with min of 1.0E10, max of 1.1E10
i: 1.1E10

doubleResult: 1.00116327174955E10
Long arithmetic elapsed time: 27690 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 67220 ms with max of 1.0E7

i: 1.0E7

sine: 0.9906646477361263

cosine: -0.13632151600483616

tangent: -7.267118770165242

logarithm: 6.999999956570549

squareRoot: 3162.2775020544923

I0 elapsed time: 6162 ms with max of 1000000

i: 1000001

myLine:

abcdefghijklmnopgrstuvwxyz1234567890abcdefghi jklmnopgrstuvwxyz1234567
890abcdefgh

Total Java benchmark time: 120245 ms

End Java benchmark

This is the 4th time of Java benchmark.

Start Java benchmark

Int arithmetic elapsed time: 8908 ms with max of 1000000000

i: 1000000000

intResult: 1

Double arithmetic elapsed time: 10296 ms with min of 1.0E10, max of 1.1E10
iz 1.1R10

doubleResult: 1.00116327174955E10



This is the 6th time of Java_benchmark.

Start Java benchmark

Int arithmetic elapsed time: 8908 ms with max of 1000000000

i: 1000000000

intResult: 1

Double arithmetic elapsed time: 10311 ms with min of 1.0E10, max of 1.1E10
i: 1.1E10

doubleResult: 1.00116327174955E10

Long arithmetic elapsed time: 27659 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 67455 ms with max of 1.0E7

i: 1.0E7

sine: 0.9906646477361263

cosine: -0.13632151600483616

tangent: -7.267118770165242

logarithm: 6.999999956570549

squareRoot: 3162.2775020544923

I0 elapsed time: 5850 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz1234567890abcdefghijklmnopgrstuvwxyz1234567
890abcdefgh
Total Java benchmark time: 120183 ms

End Java benchmark
This is the 7th time of Java_benchmark.

Start Java benchmark

Int arithmetic elapsed time: 8970 ms with max of 1000000000

i: 1000000000

intResult: 1

Double arithmetic elapsed time: 10374 ms with min of 1.0E10, max of 1.1E10
i: 1.1E10

doubleResult: 1.00116327174955E10

Long arithmetic elapsed time: 27924 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965
Trig elapsed time: 67533 ms with max of 1.0E7

i: 1.0E7

sine: 0.9906646477361263

cosine: -0.13632151600483616

tangent: -7.267118770165242

logarithm: 6.999999956570549



i: 11000000000

longResult: 776627965
Trig elapsed time: 67798 ms with max of 1.0E7

i: 1.0E7

sine: 0.9906646477361263

cosine: -0.13632151600483616

tangent: -7.267118770165242

logarithm: 6.999999956570549

squareRoot: 3162.2775020544923

10 elapsed time: 5507 ms with max of 1000000

i: 1000001

myLine:
abedefghijklmnopgrstuvwxyz1234567890abedefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total Java benchmark time: 120339 ms

End Java benchmark

This is the 10th time of Java benchmark.

Start Java benchmark

Int arithmetic elapsed time: 8923 ms with max of 1000000000
i: 1000000000

intResult: 1

Double arithmetic elapsed time: 10343 ms with min of 1.0E10, max of 1.1E10
i: 1.1E10

doubleResult: 1.00116327174955E10

Long arithmetic elapsed time: 27768 ms with min of 10000000000, max of
11000000000

i: 11000000000

longResult: 776627965

Trig elapsed time: 67517 ms with max of 1.0E7

i: 1.0E7

sine: 0.9906646477361263

cosine: -0.13632151600483616

tangent: -7.267118770165242

logarithm: 6.999999956570549

squareRoot: 3162.2775020544923

10 elapsed time: 7051 ms with max of 1000000

i: 1000001

myLine:
abcdefghijklmnopgrstuvwxyz123456789%90abecdefghijklmnopgrstuvwxyz1234567
890abcdefgh

Total Java benchmark time: 121602 ms

End Java benchmark



