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Pedhnekcus ViTMO

® [/IHpopmaLua B NnepeMeHHbIX Kflacca U o06bekta — AaHHbIe.
® [/lHdbopmaLna O CTPYKTYpe Kflacca — MeTaflaHHble.

® Pechriekcusl - MeEXaHU3M pPaboTbl C MeETAAAHHbIMMU,
MO3BOJISAOLWMIA BO BPEMS BbIMO/IHEHUS MPOrpamMmbl NOSyYaTb
MHbopMaLmMo O Kfiaccax, MeToaax, NoAsaX, U ynpasnsTb UMW,

® Knacc java.lang.Class
® [lakeT java.lang.reflect.*



MpumeHeHue pedhnekcun I/iITMO

® OpelriMBOPKN 1 BUBIMOTEKN
+ Dependency Injection (Dl)
+ |Inversion of Control (IoC)
+ Object-Relationship Mapping (ORM)
® Cepuanusaunsa n gecepunanmsayma XML/JSON
® [/IHCTPYMEHTbI AN TecTpoBaHua (JUnit).
® /InHamMmunyeckne npokKcu
® OTnagka n aHanus Koga Bo BpeMs BbIMOSIHEHUS.
<,
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java.lang.Class I/iITMO

® Knacc Class<T> - knacc, npeacTtaB/igoLmMn Knaccehbl
® Kak nony4yntb 06bekT Knacca Class?
* obj.getClass() — no nmerolemycsa 06beKTY
* Class.forName(String name) — gMHamMn4yecku no MMeHwu

* T.class — no nwbomy nmerulemyca Tuny AaHHbIX
" faxke NpUMMNTUBHOMY - int.class

* Integer. TYPE
* ClassLoader::defineClass
* Java.lang.invoke.MethodHandler.Lookup::defineClass



3arpyska K/1accoB I/iTMO

public class A {
public static void main(String... args) {
B b= new B();
System.out.println(b.getName());

}
}

® java.lang.ClassLoader

A.class.getClassLoader (). loadClass("B");




3arpyskKa KsaccosB

public class A {
public static void main(String...
B b= new B();
System.out.println(b.getName());

}
}

® java.lang.ClassLoader

args) {

/ITMO
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Nepapxus 3arpy3unKoB ViTMIO

® 3arpy3uunk 6a3oBbiX knaccoB (Bootstrap ClassLoader)
+ BCTpOeH B JVM ‘

parent
+ 3arpy>aetT caMble OCHOBHbIE€ K1accChl [ ]

® 3arpys34ynk knaccoB nnartgopmsbl - getPlatformClassLoader()

. >

parent

I
® 3arpys34ymk npuknagHbix Kknaccos - getSystemClasslLoader()
® N T.A.
3
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3arpyskKa KsaccosB

® []pouecc 3arpys3ku ksiacca
+ 3arpyska 6ant-koga
+ KomnoHoBka (linking)
= Bepudomkaumsa 6ant-koaa

= BblgeneHne namsiTu, paspeLleHne 3aBUCUMOCTEN
> 3arpy3Ka CBs3aHHbIX K/1acCOB

* /IHmumanusaums (HaymHasi Co cTaTUyeckux 6/10K0B)

/ITMO



NHdopmayusa o knacce

® |sinterface()

® sArray()

® isPrimitive()

® sEnum()

® i[sRecord()

® [sAnnotation()

/ITMO

® isMemberClass()

® |sLocalClass()

® ;sAnonymousClass()
® |sSealed()

® isSynthetic()

® sHidden()



NHdopmaums o knacce I/iITMO

® Class getSuperclass()

® Class getEnclosingClass()

® Class getDeclaringClass() - null 4ns aHOHUMHBIX KnaccoB
® Class|[] getinterfaces()

® int getModifiers()

® TypeVariable[] getTypeParameters()
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nakert java.lang.reflect I/iITMO

Object <
Array
Type <] —— Class » Field > AccessibleObject
\\ A
AN
Method ‘é Member
A
/ |
Parameter Constuctor Executable
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java.lang.reflect.Field I/iITMO

® Object get(Object 0)

® nt getint(Object o) // Long, Char, Double, ...

® void set(Object o, Object value)

® void setint(Object o, int value) // Long, Char, Double, ...
® String getName()

® Class getType() / getGenericType()

® int getModifiers()

® setAccessible(true)

S,
—
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java.lang.reflect.Modifier
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® Modifier.PUBLIC ...
® boolean Modifier.isPublic() ...
® int Modifier.fieldModifiers() ...

if (field.getModifiers() &

(Modifier.PUBLIC | Modifier.STATIC | Modifier.FINAL)

S,
—

Java

/ITMO
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java.lang.reflect.Array I/iITMO

® newlnstance(class, length)

® Object get(Object array, int index)

® int getint(Object array, int index) // Long, Char, Double, ...

® void set(Object array, int index, Object value)

® void setint(Object array, int index, int value) // Long, Char, ...
® String getName()

® Class getComponentType() (meTtop knacca Class)
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Tun 35leMeHTa MaccuBa I/ZITMO

® boolean Z

® byte B

® char C

® class or interface [Lname,
® double D

® float F

®int |

® long J

® short S

s,
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java.lang.reflect.Method I/iITMO

® Object invoke(Object o, Object... args)

® String getName()

® Class getReturnType() / getGenericReturnType()

® Class[] getParameterTypes() / getGenericParameterTypes()
® Class[] getExceptionTypes() / getGenericExceptionTypes()
® int getModifiers()
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java.lang.reflect.Constuctor I/iITMO

® T newlnstance(Object... args)

® String getName()

® Class[] getParameterTypes() / getGenericParameterTypes|()
® Class[] getExceptionTypes() / getGenericExceptionTypes()
® int getModifiers()
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Field / Method / Constructor /ITVIO

® BosBpallalT Hacneayemble / He Bo3BpallalT npuBaTHble
+ getField(name) / getFields()
+ getMethod(name) / getMethods()
+ getConstructor(name) / getConstructors()

® Bo3BpallaloT npmBartHble / He Bo3BpallalT Hacneagyemblie
+ getDeclaredField(name) / getDeclaredFields()
+ getDeclaredMethod(name) / getDeclaredMethods()
+ getDeclaredConstructor(name) / getDeclaredConstructors()
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[IHaMMYEeCKMe NPOKCY I/iTMO

® knacc java.lang.reflect.Proxy
® yHTepdenc java.lang.reflect.InvocationHandler

® Co3faeT AMHaMUYECKUA NPOKCU-00BEKT, peasin3yoLinm
3a/laHHble NHTepMencsl

® BLI30Bbl METOA0B MHTEPMENCOB NepenarTcad 06paboTunky,
peannayrowemy InvocationHandler

Interface <| ‘Interface
method() method() -@etProxylnstance() — proxy
A\
|
|
p Real Handler — —  —  [> InvocationHandler
« : :
= method() = invoke() invoke()
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MpuMep Koaa I/iTMO

interface Able { public class Real implements Able {
public void (); public void () { ... }

¥ }

Real real = new Real();

InvocationHandler handler = (proxy, method, args) -> {
/] ...
Object result = method.invoke(real, args);
/] ...
return result;

}i

Able proxy = (Able) Proxy.newProxyInstance(
Able.class.getClassLoader(),
new Class<?>[] { Able.class },

handler);
S
java proxy. (); 21



MpumeHeHne pedoiekcuu

® PacLUMPAEMOCTb NPUIOXEHNN

® /loCcTyn K BHYTPEHHUM 3/1EMEHTAM K/lacca
® Cpefbl BU3yasibHON pa3paboTku

® OTNnaaynKn

® ENONNOTEKN A1 TECTOB

/ITMO
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HepocTaTku pedhnekcum ViTMO

® CHMXeHne nNpon3BoanTenbHOCTH

® [1Ipobnembl C 6e30NacHOCTLIO

® PacKpblTne NpuBaTHbIX 3/IEMEHTOB

® DjIeMeHTbl N apryMmeHTbl NpeacTaBneHdbl B Buge Object(]
® [leperpy3ka MeToaoB - 04HO NMS, pa3Hble CUrHaTypbl

® [110Xxaa nogaepxka yrnakoBku 1 pacnakoBKu
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HoBble MexaHusmbl BbinonHeHus metrogos  I/ITIVIO

® java.lang.invoke.MethodHandler
* Kfacc Ans nomcka v Bbl3oBa METOA0B
* NPOU3BOAUTENIbHOCTb BbilLE, YeM Yy 6a30BOW pedhriekcumn
* "ccblnka" Ha Ko, - abcTpakuma Bbl30oBa
* Java.lang.reflect.Method - abcTpakuna o6bABNEHUS
® Monyuntb pabpuky noncka (MethodHandles.Lookup)
® 3apatb curHatypy (MethodType)
® MonyunTtb Yepes Lookup cceinky Ha metoq (MethodHandle)
; Bbi3BaTb MeToq Yepe3 06bEKT-CChI/IKY
3,
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MethodHandle.Lookup

® [Tonydyaem habpuky Ans aanbHENLLIEro nomcka
® Ctatnyeckue metoabl B kKnacce MethodHandles

var Llookup

var lookup

MethodHandles.publicLookup();

MethodHandles. Lookup();

/ITMO
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MethodType ViTMIO

® 3agaem TUn pesynbrara U TUMbl apryMmeHToB
® Knacc MethodType

var mt

var mt

MethodType.methodType(List.class, Object[].class),

MethodType.methodType(int.class, Object.class);
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MethodHandle /ITVIO

® HaxoauMm HY>XHbI METO/A C MOMOLLbI0 Pabpukn
® Knacc MethodHandle

* findVirtual(), findStatic(), findConstructor(), unreflect()
* findGetter(Class where, String name, Class field), findSetter()

var mt = MethodType.methodType(String.class, String.class);
var mh = lookup.findVirtual(String.class, '"concat", mt);
Method prv = Hello.class.getDeclaredMethod("privateHello");
prv.setAccessible(true);

xar mh = lookup.unreflect(prv);

Q{)
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invoke /ITMO

® Bbi3biBaeM MEeTo[ KOCBEHHO Yepes CChIJIKY
® invokeExact() - jpukcmpoBaHHOE YMC/I0 U TUMN aprymMeHToB
® invoke() - KOHBepcusa TUNOB

® invokeWithArguments() - KOHBepcusa TUMNOB, NepeMeHHoe
YNC/10 apryMmeHTOB
var mt = MethodType.methodType(String.class, String.class);

var mh = lookup.findVirtual(String.class, "concat", mt);
String result = mh.invoke("hello ", "world"),

S,
—
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Mpumep ViTMO

import java.lang.invoke.*;
public class MHHello {
public void hello(String s) {
System.out.println("Hello, " + s);
b
public static void main(String... args) {
var lookup = MethodHandles.publicLookup();
var mtype = MethodType.methodType(void.class, String.class);
var mh = lookup.findVirtual(MHHello.class, "hello", mtype);

var = new MHHello();
mh. 1nvoke ( , "world");
b
}
.hello("world");
€
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Bbi3oB meToaos B JVM ao Java 7 I/ITMIO

® invokestatic
+ cTarnyeckasa gmcnetdyepusauma (No TUNy CCbI/KN)
® invokevirtual
+ ANHaMmMyeckaa aucnertyepusaums (nNo Tuny oobekrta)
® invokeinterface
+ AnHamuyeckas gucnetyepmsaumsa (MHOro MHTepdencos)
® invokespecial
+ cTarnyeckasa gamcnertdyepusauma (KOHCTPYKTOPLI, private, super.)

S,
—

Java 30



invokedynamic (indy) ViTMO

® /lnHamMmnyeckoe cBA3biBaHMe MeToaa

+ 1-e BbINnosiHeHUe invokedynamic B TOYKe BbI30Ba
= JVM HaxoguT bootstrap-meTton (BSM) B nyne KOHCTaHT K/acca
= BbizoB BSM (name, type, args, ...), KOTOpPbIA NoadGMpaeT MeTo[,
= BSM Bo3Bpalyaet CallSite ¢ MethodHandle BHyTpu
= JVM cBa3biBaeT invokedynamic ¢ CallSite n BbinosiHAET invoke

+ 2-e BbINoJsIHeHue invokedymamic
= JVM Bbi3bIiBaeT invoke ns MethodHandle cea3zaHHoro CallSite.

31



HoBble mexaHusmbl goctyna K nepemeHdsivm  I/ITIMO

® java.lang.invoke.VarHandler
* TUNobe3onacHas CCblsika Ha rnone 1an anemeHT Maccusa
+ NnopaJep)KKka aToMapHbIX onepavui 1 Moaenv namaTu
+ NPOU3BOAUTENIbHOCTb BbilLE, YeM Yy 6a30BON pedhriekcumn
® [lonyuntb padpuky noncka (MethodHandles.Lookup)

® [lonyuynTtb Yepes3 Lookup ccbinky Ha none (findvVarHandle)
nnn anemeHT maccusa (arrayElementVarHandle)

® O6paTnTbCs K NepeMeHHOon yepes 06bLEKT-CChINKY

S,
—
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Pexxumbl foctyna K namsitu ViTMO

® \JarHandle nogaep>xnBaer:
® AToMapHble onepaunmn - compareAndSet, getAndAdd, ...

® Pe)XXMbl AOCTYyMNa K NnamMsaTun
+ Plain - 6e3 rapaHTuu, cambi ObICTPbIN
+ Opaque - nopaaoK onepaumin B 04HOM MOTOKe
+ Acquire - onepaunu Ao 4YTeHUsa He ByayT BbINO/HATLCSA Noce
+ Release - onepauun nocne 3annucu He 0yayT BbINO/HATLCA A0
+ Volatile - nopaaok Bcex onepauum mexay notokamm



AHHOTaUUU ViTMIO

® AHHOTAUUM — MeTafaHHble, no6aBNseMble B UCXOAHbIN KOA,
He BNusiloLLMe ceMaHTUYECKN Ha nporpaMmmy, HO
“Cnosib3yeMble B NpoLiecce aHan3a Koga, KoMnuasaumm unm
BO BPEMSI UCMO/IHEHUS

® AHHOTaUWA — 3TO noaBua MHTepenca, Bce aHHOTaALUN —
NOTOMKUM nHTepdoenca java.lang.annotation.Annotation

® OO603HayarTCs CMMBO/IOM @

34



CTaHAapTHble aHHOTaLMK I/iTMO

® @Deprecated — oTmeyaeT ycTapeBLUUA METO/,
® @Override — oTmMevaeT nepeonpeaeneHHbIn MeToa

® @SuppressWarnings — 3anpeLiaet KOMNUIATOPY BblaaBaTh
onpeaeneHHbIe npeaynpexaeHns

® @Functionallnterface — noka3bIBaeT, YTO 0O bAB/IEHHbIN TUT
ABNAETCA PYHKUNOHAaNbLHbIM MHTEpPd)encom

® @SafeVarargs — He BbIBOAUTL npeaynpexaeHna o6
NCnosib30BaHUN HemaTtepuannlyemoro Tuna (non-reifiable) B
MeToAe UM KOHCTPYKTOpPE C NepeMeHHbIM YMC/IOM apryMeHTOB
(varargs)

¢ m(T][]...)

-
—_—

S—
—
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CtaHgapTHble MeTa-aHHOTaLun ViTMO

® @Retention(RetentionPolicy. SOURCE, CLASS, RUNTIME) —
BpemMa AeNCTBUS aHHOTaLun

® @Target(ElementType.FIELD, METHOD, TYPE, CONSTRUCTOR,
PACKAGE, LOCAL_VARIABLE, PARAMETER, ANNOTATION_TYPE)
— 3/1IEMEHT, K KOTOPOMY MOX>XHO NMPUMEHUTb aHHOTauuko

® @Inherited — aHHOTaUKA HacneayeTca NOToOMKamu

® @Documented — aHHOTUPOBAHHbIN 3N1EMEHT O0/IKEH ObITh
NOKYMEHTMpOBaH C NOMOLLbI javadoc

® @Repeatale — aHHOTaLMA MOXET NOBTOPATLCA A1 OAHOIO
1 TOIO XXe a/leMeHTa

S,
—
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Co3paaHue coGCTBEHHbIX aHHOTaLMiA I/ITMO

@Retenion(RetentionPolicy.RUNTIME)
@Target(ElementType.TYPE)
@interface DBTable {

String name();
}

@Retention(RetentionPolicy.RUNTIME)
@Target (ElementType.FIELD)
@interface PrimaryKey { }

@bBTable(name="person")

public class Human {
@PrimaryKey int id;
String name;
LocalDate birthdate;

Java 37



AHHOTaLMN BO BPeMs BbINOSIHEHUS I/ITMO

® HTepdenc java.lang.reflect. AnnotatedElement

® peasninmsyetca knaccamum Class, Field, Method, Constructor,
Parameter

® Annotation[] getAnnotations() / getDeclaredAnnotations()
® Annotation getAnnotation(Class a) / getDeclaredAnnotation
® poolean isAnnotationPresent(Class a)
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icnonb3oBaHue aHHOTALIA I/ITMO

® [1poBepka koga @Nullable, @Deprecated

® MeTtoabl Ana tectupoBaHua @ Test, @BeforeAll, @AfterAll
® XpaHeHMe naHHbIX @Table, @Column, @Id

® BHeapeHue 3aBucumocTen @Autowired

® [padnyeckme 6UbINOTEKN

39
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Buonuotekn n dopenmBopPKn

® Apache Commons
® Google Guava

® | ombok

® Jackson

® Spring

/ITMO
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Apache Commons ViTVIO

® He3zaBuCcuMble MOAY/IN 0OLLEro Ha3HaYeHNS

+ Apache Commons Lang 3
= ObjectUtils, ArrayUtils, StringUtils, NumberUltils, SystemUtils

+ Apache Commons Collections

+ Apache Commons IO
= |OQUtils, FileUtils

+ Math, CSV, Codec, Compress
® commons.apache.org

S,
—
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Google Guava

® EnnHaa nonuoteka - ynydweHue Java API

+ Konnekyum

= |ImmutableList, ImmutableSet, ...

= MultiSet, MultiMap, Table, BiMap, ...
+ KawunpoBaHue

+ ba3oBble YTUINTLI
= Splitter, Primitives, Preconditions, ...

/ITMO
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Lombok /ITMO

® [Tpoueccop aHHOTauMn Ang reHepaumn WaboHHOro Koaa
+ [MnarnH gna IDE
+ @Getter, @Setter
+ @ToString, @EqualsAndHashCode
+ @Data
+ @Builder

44



Ncnonb3oBaHue A

® [eHepauua n aBTogonosiIHeHe Koaa
® [TonCK OLUMBOK 1 CTaTUYECKUN aHa/TN3
® PeakTopuHr 1 onTuMm3aLns

® [ eHepauna AOKyMeHTauunu

® OObsACHEHME Koga

® KoHBepTayua koaa

/ITMO
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NHcTpyMeHTbI U I/iTMO

® GitHub Copilot

® [ntellij Al Assistant

® | LM ob6uero HazHavyeHua (ChatGPT, Gemini, Deepseek
® CneuunanbHble LLM (Codex, AlphaCode)
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Bo3MoOXHble npo6nembl AN

® [announHaymm

® YHuKasibHas UM CNoXKHas forvka
® He30nacHOCTb Koaa

® KoHonaeHUMasibHOCTb

® 3aBMCMMOCTb OoT I

/ITMO
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