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O0eKkTn n Knacose

= OOeKT — nporpamMHa euHu1LLIa CbC CbCTOSIHUE U
nosegeHue

» Krnac — CbBKYMHOCT OT 0DEKTU

= OOeKTbT e MHCTaHUMSA Ha Knac

=  KnacbT e wabrnoH, OT KOUTO MOXe Aa ce cb3naae
Knac
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[Tpumep Ha Java

public class Student {
private String name;
public String getName() {
return name;
}
public void setName(String name) {
this.name = name }

}

class Test {
public static void main(String[] args) {
Student s = new Student();
s.setName(“Petar’);
System.out.printin(s.getName());

}
}
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Pa3npegeneHn obekTu

Cuctemute c pasnpegeneHn obekTn nanonaear
KIMMMEHT-CbPBLP apxutektyparta. ObekTnte ce
ynpasnsiBaT OT CbPBbPU N KINMEHTUTE N3BUKBAT TEXHUTE
metoam ype3 RMI. 3asiBka 3a nasnksaHe Ha MeTop ce
peanusnpa 4pes3 cbobLEHNE KbM CbOTBETHUA CbPBBLP.
ObekTUTE B CbPBBLPUTE MOraT ga cTtaHaT KIMEeHTU Ha
00eKTN OT APYrn CbpPBbLPU — BEPUra N3BMKBaAHUS Ha
METOOMN.
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Pa3npegeneHn obekTu

Hannuneto Ha KIMEHTCKM U CbPBbPHU OOEKTU B
pas3nuyu npouecu nogcunea kancynupaHeto. JocTbnbT
[0 CbCTOSAHMETO Ha 0DEKT € caMo Ype3 HEroBU METOAN —
He € Bb3MOXXEH HEOTOPM3NPAaH AOCTbII.

[JocTbnbT camMo 4Ype3 MeToauM BoAWM OO AOpYyro
NnpegumMcTBO — M3Nof3BaHe Ha XETEePOreHHM CUCTeMU C
pasnMyHn gaHHoBM cbopMaTi B6e3 KIMMEHTHT Aa Ce rPuxu.

Marshaling — npouec Ha KOHBepTUpaHe Ha TUMNoBeTe
OAaHHW Ha e3uKa B Noaxoasly 3a npefasaHe No MpeXaTa
dopmar.
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ApPXUTEKTYpa Ha cucrtema c
pasnpeneneHn obekTu
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Peannsauns Ha cuctemm c
pasnpegeneHn cUcCTemMm

» Java Remote Method Invocation (RMI)

= Common Object Request Broker Architecture
(CORBA)

= Distributed Component Object Model (DCOM)
» Simple Object Access Protocol (SOAP)
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RMI — pasnuku ¢ RPC

= [lporpaMncTbT MOXe Aa u3nosnsea mouwta Ha OO0
nporpamupaHe (06ekTu, Knacose, HacnNegsieMocT);

= Ha 6asaTa Ha KoHuenuuaTa Ha MOEeHTUYHOCTTa Ha
obektute B OO cuctemu, scudkm odektn B8 RMI cuctemum
nMma yHukanHa pedepeHums. Takmea obekTn MmoraT ga ce
n3npawyaT n Kato napameTpu.

= RMI nossonsaea napameTpu ga ce npawjart He camo
MO CTOMHOCT, HO 1 KaTo pedepeHuunsa Ha obekT. Ypes Hes
oTAariedeHara cTpaHa MoXe Oa U3BMKa MeToauTe Ha
0b6eKkT, BMECTO Aila ce NpexBbprs Lenmsa obekT npes
Mpexara.
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RMI — obekTeH moaen

=  OOGeKTUTE KOMYHUKMPAT NOMEXAOY CU YpPE3 N3BUKBAHE
Ha MeToau, npallavkn apryMmeHTn 1 nonyvyaBanku
pesynTar.

= B pa3snpegeneHmte cucteMmmn JaHHUTe Ha ODekT
MoraT [a ce AOCTbMNBaT €AUHCTBEHO Ype3 METOAUTE MY
(C++, Java gonyckaT AMPEKTEH AOCTbM 40 AAHHW).
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MooenbT

= PedepeHumnsa Ha 00eKT - [JocTbnbT A0 0bekTUTE €
ypes pedepeHuns. OBeKkT, Ha KOUTO ce N3BUKBa METO[ —
target unw receiver.

*  WHTepdencun — npegocraBa AePunHULMSA Ha
MHOXeCTBOTO MeToan (TUM Ha apryMeHTuTe, BpbLUaHu
pesynTtaT 1 nsknoyeHue). ObeKT e npegocTtaBd
NHTEPJdENC aKko HEroBUA Knac CbabpXa Koa,
peanu3snpall MeToauTe Ha To3n NHTepdrenc.
NHTepdencnte HAMaT KOHCTPYKTOPMW.
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MooenbT

= Actions — geuncrsusata B OO nporpama ce
NHUUMMpaT ot obeKkTa, U3BMKBaLL, METOA Ha Apyr 0OeKT.
Receiver nanbfHABa CbOTBETHUA METOA U BpbLLUA
ynpaBreHNETO Ha U3BUKBALLNSA ODEKT KaTO eBEHTYarHO
BpbLUa 1 pe3ynTar. I3BukBaHe Ha MeTO pe3ynTupa B:

1. [llpomsiHa e CbCTOAHNETO Ha receiver
2. Cb3gaBaHe Ha HOBa MHCTaAHUMA Ha ODeKT
3. [locneaBallo M3BMKBaHE Ha METOOM B APYrn OBEKTH
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MooenbT

= Exceptions — throw catch reHepupa ce n3kno4yeHue
N KOHTPOSbT Ce npeadaBa Ha apyr 6ok

= Garbage collection — ocBoboxgaBaHe Ha nameTTa.
Java nosBonsiBa aBTOMaTU4HO BpblLi@He Ha 3aeTarta
namMeT OT 00EeKT, KOMTO NoBeYye He ce AOCTbMNBA.
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Pa3npeneneH obekTeH Moaer

~ remote mﬁﬁ\ ;::D-"I_i—_: C = —
/ f- \ invocation . ’fﬁ"-]'ac:a local /
| w, | - nvocation™—. | [ [emote

- @mcatmn \F
mwcatmnH I / /

Bcekn npouec cbabpxa Konekunst ot obekTn, HAKoM moraTt ga
nosfiyyaBaT NoKanHu 1 otaanedeHn U3BMKBaHUA, Opyru camo
nokanHu. N1asnkeBaHnsa mexay o0ekTn B CbLUNSA NMPOLIEC — JIOKasTHU.
N3BuKBaHMA Mexay 06eKTU B pasfiMyHu npouecu (Ha egHa unu
PasfnyHM MaLUnHN) — omaoariedeHu.

Ob6eKkTun, nony4yasalun otaaneyvyeHn N3BMKBaHNSA — oTaarevyeHu
obektn -Bun F.

Bcuukm o6ekTn morat ga nony4vasart JioKarHn U3BUKBaHUA —
n3BMKBaLLns Tpsbea ga nma pedepeHumnst kbM T8x (C nma Ha E)
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Pa3npeneneH obekTeH Moaer

OcHoBaTta Ha mogena — ABe dyHAaMeHTanHU KOHLENUUK:

Remote object reference (ROR) — ObekTn Mmoxe aa n3suka
MEeTOo Ha oTaarnedyeH obekT camMo ako MMa OOCTbN 40 HeropaTa
ROR (ROR 3a B TpsibBa oa 6bae HannyHa 3a A)

Remote interface (RI) - Bcekn otaanedyeH obekT nma R,
Onuceall, Kon HEroBM METOAM MoraT fa ce U3BMKBaT OTAane4YeHo
(B n F TpsabBa oa umat Takuea)

remote
/ \ invocation

1|L|::|I:,."a-.IIL _D_ H_ J D E —e
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% / \
- remote
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PedepeHunsa KbMm oTaaneyeH obekT

ToBa e ngeHTndunkaTop, N3nons3BaH B pasnpenerieHa cncrema
3a yKa3BaHe Ha YHMKaneH otaanevyeH obekT.

Hanpumep:

Bpeme Ha cb3gaBaHe Ha obekTa.

HomepbT ce yBenuyaBa Npu BCAKO Cb3aaBaHe Ha OOEKT B
npotieca.

NHdopmaumnsa 33 nHTepdenca Ha otaaneyeHnss o0ekT (MMeTo
Ha NHTepdrenca)

32 bits 32 bits 32 bits 32 bits

Internet address  port number time object number interface of
remote object
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Remote Interfaces

——Temote object

-~

remote Data

interface |
m1 | L m4
- { mo implementation M5
m3 of methods —— M6

KnacbT Ha oTaane4yeHnsa obekT peannampa metogute Ha
HeroBusi Rl. ObekTn B apyru npouecu moraT ga u3BmkeBaT camo
MeToauTe, npuHagnexaiwm Ha Herous Rl. JlokanHnTe o06ekTu
MoraT 4a U3BuKBaT HOpMarnHo Te3n metogn. Rl HAMa KOHCTPYKTOP.

CORBA npegoctasa IDL 3a gpeduHupaHe Ha nHtepdencu.

B Java Rl ce gedpmHmnpa aHanornyHo Ha gpyrm nHTepgemncu,
KaTo paswmpeHmne Ha nHtepenca nmeHyesaH Remote.
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[lenctBna B CUCTEMU C pa3npenenexHun
00EeKTH

AHanorn4yHo Ha HepasnpegeneHuTe c-mu, AencTBme ce
NHULMMPA C U3BMKBAHE Ha METO/, KOETO MOXe Mocne Aa pe3yntupa
B NocrieaBaLlm N3BUKBAHNSA HA METOAM Ha ApYyrn 0bekTu.

Ho Tyka Ta3u Bepura ot 06eKkTn MOXe [a € B pasfinyHum npouecu
Ha pasnnyHu mawwmnHn. AKO 0DekT e Ha gpyra malumHa, TpsibBa ga e
Hann4yHa oTganedeHa pedepeHuns 3a nssmnkeawma (A Tpsadbea ga
3Hae ROR Ha B). TakaBa Moxe ga ce nosnyym v B pesynrar Ha
n3BmKBaHe Ha metopg (A nonyyasa 3a F ot B).
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[lenctBna B CUCTEMU C pa3npenenexHun
00EeKTH

Moxke oa ce cb3gaBaT MHCTaHUMK Ha 06ekTn Yype3 RMI. Ako L
CbAbpXXa MEeToA 3a Cb3faBaHe Ha oTaaneyYeH obekT, TO N3BMKBAHUS
ot C n K morat ga gosegat Ha nHctaHumm Ha M mn N.

ﬁ__—— —
fEthE [e m[!tEE

in S'[Elﬂ tlﬂTE Iﬂ stantiate ", k

Iﬂ"."UEEIIIﬂFI *1 | invocation '"
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Peanunsauunga Ha RMI

7 client T

remote

~ekelatan™ :
/object A proxyforB ___ ./ skeleton ™ gbject B
II..-"' .-l -, p FK}ITEI £ \ HE{]UESI -.. b |& dlspat{: her : .
| H ] | ( \for B's class/
I".,' S L __- — | -
- .~ / Reply | \
| ] S A
\ - - ___.--"}/
[ . — servant
Remote Communication Communication  Remote reference
reference module module module module
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Communication module

Peanusunpa request-reply npotokona.

dopmat Ha cbobLeHNe (MoayNNTE N3MNON3BaT NbPBUTE TPU
nonera)

message Type int (O=Request, 1= Reply)
requestld int

remoteReference RemoteRef

operationld int or Operation

arguments M array of bvtes
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Remote reference module

OTroBaps 3a TpaHCNMPAHETO MeXay NoKanHUTe 1 otaanedeHun
pedepeHUMn Ha 0DEKTU K 3a Cb3daBaHe Ha oTaanedyeHn pedepeHumnn
Ha 0DeKTn.

Ha 6asarta Ha remote object table — cbabpKa CbOTBETCTBUATA
MeXAay nokanHute pedepeHumm Ha obekTn B To3n npouec u
oTaanedyeHuTe (Te ca CUCTEMHO BUONMN):

«  3anuc 3a BCUYKKM oTaanedeHn obekTtn 3a npoueca (otaanedyeHus
00ekT B Wwe 6bae 3anncaH B TabnuuaTta Ha cbpBbpA)

«  3anuc 3a BCSKO NoKarHo npokcu (npokcu 3a B we 6bae 3anmcaHo B
TabnuuaTta Ha KnmeHTa)

cllent T server ;;;1;113
/obi /“skeleton ™, gpj
obfjeeti-\ proxy forB . Request / (& dispatcher | Ub]_EfftN
I'- ¥ W # " | -_ { Iy "

- | | ‘ \or B's class/

- \

I'.lll ), L -- ;. H | _ -~
..\\ _ ~ -\. ] ./.' ,-"f E D |-|'|| '.\._ > K -.._., \
N | ) } / \"’I\ p J

g

e L —S_——— spvant
Remote Communication Communication Remote reference

reference module module module module
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Remote reference module

« KoraTo otganedeH obeKkT ca npegane 3a NbpBu MbT KaTo
aprymeHT unu pesynrtaTt, RRM cb3gaBa pedepeHumnsa KbM oTaaneyeH
0bekKT n g 3annucea B Tabnuuara.

« Korato pedepeHuma kbM RO npucturHe B 3asiBka Ui oTroBop,
RRM ce 3anunTtBa 3a CbOTBETCTBALLATa JyioKkanHa pedepeHumns Ha
00eKT, KOATO MOXe Aa € unu kbM npokem unm kbm RO. Ako ROR He e

B Tabnuuata, RMI cb3gaBa HOBO npokcu 1 ykassa Ha RRM ga ro
nobasu B Tabnuuarta

7 dlient — _Sewer__hr;w;te
/ obi /“skeleton™,  gbj
“F’JEE“H‘ Drrij_:q{fr:}r B~ % Request / (& dispatcher | ﬂb]ecth
O T | - ‘ NorBsdass/ 1

— \

I',I.I | L _- .:- B -
L ! ! ! I' P y
./ / Reply \f; ( .:

N " I p i f A A
F— , , I.'I \Ih“““'—-h____-: R sarvant
Remote Communication Communication Remote reference

reference module module module module
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Servant

MHCcTaHUmMA Ha Knac, npegocTassilia TAN0To Ha oTAaneyYeHus
06ekT. ChbliecTByBaT B CbPBbpHUSA npouec. ObpaboTtea
oToaneyeHaTa 3asiBka npateHa OT CbOTBETCTBALLMA CKENETOH.

Cb3gaBaT ce Korato ce MHCTaHUuuupaT otganedeHn obekTn u
OCTaBaT goKaTo rnoBeye He ca Heobxoaumu (garbage collection)

“lient " server

e remod
ebjeete pre:q.f ferB ~ \ Request |& dispatcher | etlr!eeeB
' H | \forB'sclass/ | —

“-- 7/ Reply \i
\\ -:. .I "/
/ — HH"“ — servant

Remote Cemmumeetlen Communication Remete reference
reference module module module module
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RMI codpTyep

Proxy — npasu n3snkBaHeTo Ha oTaanedyeH MeTod npo3payvyHo 3a
KrMeHTa (KaTo floKkanHo n3BMKBaHe), npenpawia U3BUKBAHETO B
cbobOweHne kbM RO. CkpuBa getannnte No MapLlasivMHr Ha
aprymMeHTuTe, yHMapLuanuHra Ha pesysntara 1 npawaHeTo u
nosiydaBaHeTo Ha CbOoDLLEeHMATa 3a KIneHTa.

3a Bcekn RO 3a KOMTO nNpouechT MMa oTaanevyeHa pedepeHums
TpsibBa No €QHO NPOKCH.

KnacbT Ha npokcnTo peanusnpa metogmte Ha Rl Ha RO kouto
npeacTaBnsBa.

~olient T server
N ____ remote
7 obi /~ skeleton™, '
/ ODJeCtA proxyTor8 — '\ Request / Y (& dispatcher | Ublmh
" i | - ‘ "-Jg_r B's Cla}?’ﬁ"; }_

N ) | \

7 Fenl —
..-.__‘ _ ~ \_ A :‘_.' ED y- '_\.- J _."" N\
RN ) } / \j\ \. J

— / &h‘*-h____-: I
Remote Communication Communication Remote reference
reference module module module module

servant
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RMI codpTyep

Dispatcher — 3a Bceku knac npeactasdaul, RO no eguH
avucnevep.

[TonyyaBa cbObLLIEHMETO-3aABKa OT KOMYHUKALIMOHUS MOAYI.
N3nonaea operationalD na n3bepe nogxoaawms MeTo B CKESTETOHA.

7 client " server
o b / “skeleton™.  qbie [}R
/ object A proxy forB . A . 0DJec
I."I J- -, p K.xyi\l Sy HE{]UESI -I.’ " |.& dlspat{: her .
| | |’ \for B's class/
— p— i | . i — ) — .
- S HEDW [ \_:
AN . | y : [ A
/ m—_—0 , ?&‘“‘—;\———*‘ servant
Remote Communication Communication  Remote reference
reference module module module module
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RMI cogptyep

Skeleton — knacwT Ha RO nma ckenetoH, KOUTo peanusupa
metoaute Ha RIl. Te ca peanunanpaHu pasnnyHo OT Te3M Ha CEpPBaAHTA,
konTo BbNnblwaa RO. MeToa Ha ckeneToHa gemapLiansa
aprymeHTunTe B CbOobOLLEHNETO-3as1BKa U N3BMKBA CbOTBETCTBALLUS
MeTo[ B cepBaHTa. Haka 3aBbplLUBaHETO HA M3BUKBAHETO U
MapLuanea pesynraTa, 3aeHO C U3KIIYeHNE B CbODLLEHNE-OTIOBOP
KbM MeToda Ha u3npawlialloTo NpoKCu.

Java RMI komnunaTtopa reHepupa npokCcuTo, gucneyepa u
CKeJiIeTOH KracoseTte oT knaca Ha RO.

_ \

|III.I L * ...u H | B ) N
, . \_I ¢ S \;u"\ N J

o ! &——*‘ servant
Remote Communication Communication Remote reference

reference module module module module

7 dlient T s
/b ~skeleton™, i
“?Je‘?._“ﬁ‘ DFE/Z*_:-Q{f(}r B~ ", Request / (& dispatcher | Dm%tﬁ
{ H [ | . Ir - ‘ JGF_BS CI?-_F{S, }_
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[lpepaBaHe Ha napamMeTpu

* Object reference — No-necHo B cpaBHeHne ¢ RPC

— CbpBbPBT NPOCTO ce npucbeanHsiea (bind) kbM ykaszaHuUsa 00eKT n
N3BNKBa METO[,;

— Korarto noBeye He e HeOOXoaMM yKa3aHUs 0DEKT, CbPBbPBLT Ce
paskada (unbind);

* Object-by-value — KnneHTbT MOXe oa nanpartu usan obekT Kato CTOMHOCT
Ha NnapamMeTbp

— Ob6eKkTbT TpsibBa Oa ce maplianea
« Maplwanesa CbCTOAHMETO MY

« Mapuwansa ce metogmTte My nnun gasa pedepeHunsa Kbae Moxe
[a ce HaMepu TaxHaTa MnnemMeHTauus

— CbpBbpbT AeMapallansea obekTa (MMa Beye Konme Ha OpurnHanHus
00eKT)

— Toaun Tun npegaBaHe MOXe a Agosege O HENPUATHU pe3yntaTtiu
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[lpepaBaHe Ha napamMeTpu

Machine A
Coon [ Local object ]
ocal O1 Remote
reference L1 \-\:l reference R1
-I ..‘ } --"#"
/ ||I b n_\_‘_-\_-‘______ _'_,.-"'J
Client code with ~
RMI to server at C
(proxy) New local

Hemote
invocation with
L1 and R1 as
parameters

reference -

Machine B

-

LF’[emote object

o2

|

Machine C

Copy of R1 to O2

Server code
(method implementation)
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RMI - nanonaesaHe

import java.rmi.*;
import java.util.Vector;

public interface Shape extends Remote {
int getVersion() throws RemoteException;
GraphicalObject getAllState() throws RemoteException;

}

public interface Shapelist extends Remote {
Shape newShape(GraphicalObject g) throws RemoteException;
Vector allShapes() throws RemoteException;
int getVersion() throws RemoteException;

}
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