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[1naH nekuunn

x O0Owume npunHumnsl RMI
= JNeMeHTbl pacnpeaeneHHon cuctemsl RMI

= [lopsgok paspaboTkn n 3anycka RMI-
NPUNOXXEeHNN

= HoBoBBeneHusa B Javab
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= OCHOBHOM nMpuUHUMUN:

ornpeaerneHuve noeeaeHnd
N pearin3alimnsa 3T1oro
nosegeHnA CHNTarTCA
Pa3HbIMN MOHATUAMN

RMI paet BO3MOXHOCTb
pasfgennuTb 1 BbIMOSHUTL Ha
pa3Hbix JVM

Kod, onpenensownn
noseaeHune, un

Ko, peanusyrowumn
nosegeHune
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Remote Method Invocation

= B RMI yoaneHHaa cnyxba onpenenaercsa npu
nomoLun nHtepdenca Java

= Peanusaumna yoaneHHou cry>bbl koanpyeTcs
B Kracce, peanmayowem nHTepgenc

= Kntoy Kk noHnmaHuo RMI:
e MHTEPMENCHI ONpeaensoT NoBeaeHne
e KIlacchbl onpeaensaiT peanmsaumio
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RMI: npyHuun aencrBus

Client Program Server Program
Interface Implementation
x f
RMI - / \- J
System

= /IHTepdencol Java He cogepxaT UCNONMHAEMOro Koga
= RMI noggepxneaet aBa Kknacca, peanusyruwmx oauH n ToT
Xe UHTepgenc:

e MNEPBLIN KIAcC ABNSETCS peanusaunen nosegeHns u
UCMOJSTHAETCH Ha cepBepe

e BTOPOW Krnacc paboTaeT Kak NPOMEXYTOUHbI UHTEpPdENC Ons
yaaneHHoM cnyX0bl 1 UCMOSTHAETCSA Ha KNWEHTCKOM MaLLUHE
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RMI: npyHuun aencrBus

<<interface>>

Service
Client Server
Service RMI “magic” Service
Proxy Implementation

\_

J

= KnuneHTtckasi nporpamMmma BbI3bIBAET METOAbLI MPOKCU-
obbekta, RMI nepenaet 3anpoc Ha yaaneHHywo JVM
N HanNpaBnseT ero B peanuna3aumio oobekta

= JlloOble BO3BpaLlaemble U3 peannsauun 3Ha4eHus

nepegarTcd Ha3ad B NPOKCU-OOBHLEKT U 3aTeM B
KIMMEHTCKYI0 NporpaMmmy
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YpoBHU apxuTeKTypbl RMI

( Client Program ) ( Server Program )
B §
Stubs & Skeletons Stubs & Skeletons
RMI
System < | Remote Reference Layer Remote Reference Layer
L Transport Layer

= YPOBEHb 3arnyLlkn N ckeneTta
= YPOBEHb yaareHHOU CCbIJKU
= [PAHCNOPTHLIN YPOBEHbL
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YpoBeHb 3arnyLiKku U cKeneTra

= HenocpeacrteeHHO ¢ HUM B3aMOOENCTBYET
pa3paboTyunK

= [lepexBaTbiBaeT BbI30BbLI METOOOB,
npounsBeaeHHble KNMUMEHTOM NMPWY NOMOLLM
CCbINTKM TUNa UHTepdgenca, n nepeagpecyet
X B yaaneHHyto cnyxoy RMI

= OcHOBaH Ha obpasue npoekTnpoBaHus Proxy
(3amecTtuTtensb)
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YpoBeHb yaarneHHOU CCbIJIKN

= YOaneHHagqa ccbinka (remote reference)

o MoxeT BkntovaTb B cebsi agpec KoMmnboTepa,
agpec NpUNoXxeHusa n agpec cobCTBEHHO
oObekKkTa

o CcblIfnka Ha ygarneHHbln 00beKT AomkHa ObITb
nosly4yeHa B Ha4yarne paboTbl C 3TUM OOBLEKTOM C
NOMOLLLIO CIYXObl UMeHOBaHUSA

= JTOT YPOBEHb NOHMMAET, KaK
MHTEPNPETUPOBATL 1 YyNpPaBnATb CCbhISIKaMU
Ha yaarneHHble 0OBbEKTHI
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TpaHCNOPTHbLIU YPOBEHbL

JRE

JRE

0]

JRE

JRE

/

Host OS

/ Network Layer

Network-Channe

= OcHoBaH Ha coeguHeHuax TCP/IP mexay ceTteBbIMU

MallUHaMIn

s ObecneymBaeT OCHOBHbIE BO3MOXKHOCTU COeaUHEHUSA U
HeKoTopble cTpaTernun 3aluTbl OT HECAHKLVMOHNUPOBAHHOIO

gocTtyna
= [logoepxwusatotcsa npotokonsl RMI-JRMP n RMI-IIOP
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Bbi3oB yoaneHHoOro meroga

{ . 3 ' L
Clier Slub Receiver Sarver
| call shub
| Il
TSR Mo o ’ send marshal led
| parmeaters call senear
' maihod kocally
return mathod resul
ol F
marshalled returm

‘ sand

| return valus

of throw exception value or excaplion
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IHencreuna npu Bbi3oBe
vAaneHHOro Meroaa

3arnyLika NonyyaTtenb

= Bbicblnaet cepsepy = Pasbupaet napameTpbl
nakeT C (unmarshaling)
MAEHTUMKATOPOM = HaxoouT oObekT
yAaneHHoro obbekTa, BbI3bIBaET HYXHbIiA
onucaHnem MEeTon
Bbl3bIBAEMOro0 METOAA U 7
yrakoBaHHbIMU = [lolyHaer 1
napameTpamu ynakoBbIBaET

= [lony4aet naket ot

cepBepa, -

pacnakoBbIBaeT
pesynbraT
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pesynsraTt (marshaling)

OTcblnaeT naket
3arnyLuke
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[lepepavya napameTpoB

AprymeHTbl METOAOB U BO3BpalLlaemMoe
3HayeHne MoryT ObITb CrieayrLWwmx TUMNoB:

s [IpocTble TUNbI
s O0ObeKTHbIe TUnbI

s YAaneHHble O0OBbeKTHbIe TUMbI

NetCracker
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[TapamMeTpbl NPOCTbLIX TUMOB

= Korga B kayecTBe napameTpa B yAasleHHbIN METOL
nepepaetca npocrton Tun aaHHbiX, RMI| nepenaet nx
No 3HAYEHUIO

= RMI gpenaet konunto 3Ha4YeHUA NPOCTOro TMna u
nepenaeT ee B yaaneHHbIN MeToq

= Ecnun meTton Bo3BpallaeT 3Ha4YeHne NpocToro Tuna,
TakXe Ucrnonb3yeTcsa nepegada rno 3aHadeHuto

= 3HaudeHunsa nepenatotca mexagy JVM B ctaHoapTHOM,
MalLlWHHO-He3aBMCMMOM popmaTe; 3TO NO3BOSISAET
JVM, paboTatowwimm Ha pasHbix nnartdoopmax,
HageXHO B3anMOOeNCTBOBaTb APYr C APYrom
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[TapameTpbl OOBLEKTHbLIX TUMNOB

= RMI nepenaet mexay JVM cam obbekT, a He
CCbIJIKY Ha HEro, T.e. OObEKT nepenaeTcd no
3HA4YEHUIO

= Korga ynaneHHbIn MeTo BO3BpaLLaeT OOBLEKT, B
BblI3bIBalOLLYO NporpamMmmMmy nepenaeTca Konus
obbekKTa

= [na nepepayn coctosaHmsa oobekta RMI ncnonb3syer
cepuanmaauunto: COCTosiHME obbekTa
npeobpasyercs B Habop 6anTos, nepecobiyiaeMbiX Mo
ceTu
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[TapameTpbl yaaneHHbIX
OO0OBLEeKTHbIX TUMNOB

= [1lpn nepenadve B Ka4ecTBe napameTpa nnu
BO3BpaLLlaeMoro 3Ha4eHus1 CCbISTIKU Ha 3arnyLuKy
yOareHHoro obbekta cepmanmsaums He
MCNONb3YyeTCs

= BMecCTO 3TOro nepenaetcsd yoaneHHas ccblfika

= [lony4yaTtenb nony4daet Ans paboTbl fToKanbHYO
CCbIJIKY Ha 3arnyLuKy ygareHHOro oobekTa

= OTO eLle oAuH cnocob rnonyvYnTb CChISIKY Ha
yOareHHbIN 0OBbEKT

NetCracker
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CuvHTaKcuc BbI3OBa

= CMHTaKcuc BbI30Ba Takom Xe, Kak 1 npu
rIoKaribHOM Bbl30Be

centralWarehouse.getQuantity ("SuperSucker 100 Vacuum Cleaner”) ;

= /lcnonb3yloTca CChINKN MHTEPMENCHBLIX TUMOB

interface Warehouse extends Remote {
int getQuantity (String description) throws RemoteException;
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OnHaMmmnyeckasa 3arpy3ka
KnaccoB

=« Knacc 3arnyuwkm gomkeH 6biTb JOCTYMNEH
KNUEHTY

x RMI-KnneHTbl MOryT cammn guHamMmmn4decku
3arpyxartb Knacchl 3arnyLiek

= TaKKe MOryT ObITb 3arpy>keHbl
ONONONMHUTESNbHbIE KlacCbl, HEObXoanMble ONS

nepenadun napamMeTpoB

» [1n9 obecnevyeHns KoOppeKTHOCTH
NpUMeEHsIeTCA MeHeaxep besonacHoCcTuH

(security manager)

NetCracker
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[Mpumep paboThbl
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MmeHoBaHMe yaaneHHbIX
O0OBLEKTOB

= Kak KnneHT HaxoauT yaaneHHbin 0obekt RMI?

» KnneHTbl HAX0AAT yAaneHHble OO bLEKTDI,
NCNOSb3yA CNYX0y UMeH UNu KaTtanoros

= RMI moxeT ncnonb3oBatb pasnunyHbie CryXobl,
Bkrtovasa Java Naming and Directory Interface (JNDI)

= RMI BkntovaeTt B cebsa npoctyto cnyxoy — peectp RMI
(rmireqistry)

= Peectp RMI paboTtaeTt Ha kaxkgon malluHe,
coaepxallien obbeKTbI yaaneHHbIX CIyX6 n
NPUHMMaIOLLIEN 3arnpockl Ha obcnyXxuBaHne (No
ymMon4aHuto ncrnonsdyetcsa nopt 1099)
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Ha cTopoHe cepBepa

= [Iporpamma cepBepa co3gaetT yaarneHHbIN
OOBbEKT, co3aaBas NoKarnbHbIN OObEKT,
peanmnayrLwmn HY>XXHYK OYHKLNOHANbHOCTb

= 3aTtemM nporpamMma 3KCrnopTUPYET 3TOT OOBLEKT B
RMI

= Kak Tonbko oobekT akcnopTtupoBaH, RMI co3naet
CIy>X0y npocnyLlinBaHnUb, oXnaatoLlyto
COE€ANHEHUSA C KITMEHTOM U1 3anpoca K 0ObLeKTy

= [locrne akcrnopTa cepBep perncTpmpyeTt oObLeKT B
peectpe RMI, ncnone3sya nybnnyHoe nmsa
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Ha cTopoOHe KnueHTa

= [octyn k peectpy RMI obecneunBaetcs yepes

cTaTu4ecKnmn Krnacc Naming

OH npepocTtaBnseT metoq lookup (), KOTOPbIN
KNMWEHT UCNOomb3yeT ANs 3arnpocoB K peecTpy

MeTtop npuHnmaeTt URL, ykasbiBalownMy Ha NMS
XOCTa U UMa Tpebyemon Cryxobl

URL npnHnmaet cneaytowimmi sua;
rmi://<host_name> [:<name_service_port>]
/[<service_name>

MeToq Bo3BpalLlaeT yganeHHYH CCbINKy Ha
OOBbEeKT

NetCracker
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OCHOBHbIE 3NTIeMeHTbI
pacnpeneneHHon RMI-cuctemsl

= /IHTEpdenc yganeHHoro obrekra

= Knacc, peanuayowmn yganeHHbin O0beKT
= Panmnbl knaccos stub'a 1 skeleton'a.

= [lporpamma cepBepHOM YacTu

= Cnyxba nvmeHosaHua RMI

= [1lpoBangep pannos knaccos (HTTP- nnu
FTP- cepBep)

= [1lporpamma-KnmeHT
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CornaweHna MMeHoOBaHUA
KIlacCcoB

be3 cyddukca YoaneHHbIn nHTepdenc
Product
Cyddumkc Impl CepBepHbIX KIacc, peannayroLwwmmn nHtepdgenc
ProductImpl
Cyddukc Server [1lporpamma Ha cepBepe, co3garoLlas u
ProductServer perncTpupyoLlast o00beKTbl
Cyddukc Client KnueHTcKaa nporpamma, Bbi3blBatoLLad
ProductClient yOoaneHHble MeToabl
Cydbdumkec _Stub Knacc 3arnywku, asToMmaTU4ECKN reHepupyeTcs
ProductImpl Stub nporpamMmMoun rmic
Cydbdukc Skel Knacc ckenera, aBToMaTU4eCKN reHepupyeTcd
ProductImpl Skel nporpamMmmon rmic; Hy>xeH ansa RMI 1.1

» S TT——
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[MopsapokK pa3padboTku
cepBepHOU 4YacTu

= OnpepenexHve nHTepdenca yaganeHHoro
obObeKTa

= HanucaHune Knacca, peanuaytoLlero aToT
MHTEPdENC

s CospgaHue nporpamMmbl cepBepHON YacTu,
KoTopasi pearbHO co3gaeT 0ObEKT U
PEMMCTPUPYET ero

= 3anyck crneunanbHOro kKomnundaropa (rmic),
aBTOMaTMYeCKN co3faroLlero Koa ang
3arnyLKu
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OnucaHue nHtepdenca
Product

import java.rmi.*;

/**

* The interface for remote product objects.
*/

public interface Product extends Remote

{

/**

* Gets the description of this product.
* @return the product description
*/
String getDescription() throws RemoteException;

}

NetCracker
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Peanusauuna uHtepdoenca
Productimpl

import java.rmi.*;
import java.rmi.server.¥*;

public class ProductImpl extends UnicastRemoteObject
implements Product ({
public ProductImpl (String n) throws RemoteException {
name = n;

}

public String getDescription() throws RemoteException {
return "I am a " + name + ". Buy me!";

}

private String name;

}

NetCracker
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CepBep
ProductServer

import java.rmi.*;
import java.rmi.server.¥*;

public class ProductServer {
public static void main(String args[]) {
try {
System.out.println("Constructing server implementations...");
ProductImpl pl = new ProductImpl ("Blackwell Toaster");
ProductImpl p2 = new ProductImpl ("ZapXpress Microwave Oven'") ;
System.out.println("Binding server implementations to registry...");

Naming.rebind ("toaster", pl);
Naming.rebind ("microwave", p2);
System.out.println ("Waiting for invocations from clients...");

}
catch (Exception e) ({
e.printStackTrace() ;
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[TopAaaok padboTbl KITMEHTCKOU
4yacTu

= 3anyck MmeHegkepa besonacHoCTU (Security
Manager)

= [lonck yoaneHHoro oobekra

= BbI30B Kakoro-nmbo metoaa yganeHHoro
obObekTa

NetCracker
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KnueHr
ProductClient

import java.rmi.*;
import java.rmi.server.¥*;

public class ProductClient ({
public static void main(String[] args) {
System.setProperty (" java.security.policy", "client.policy") ;
System. setSecurityManager (new RMISecurityManager()) ;
String url = "rmi://localhost/";
// change to "rmi://yourserver.com/"

try {

Product cl = (Product)Naming.lookup (url + "toaster");
Product c2 = (Product)Naming.lookup (url + "microwave") ;
System.out.println(cl.getDescription()) ;
System.out.println(c2.getDescription()) ;

}

catch (Exception e) ({
e.printStackTrace() ;
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dann NnoNMnMTUKnM 6e3onacHoOCTu

= OnpepnensieT npaBa Ha AOCTYN K pa3fnnyHbIM pecypcam
= Vcnonb3yetca meHemkepomM 6e30nacHoOCTY

= Heobxooumo nobomy 3arpyxaemomy Kkogy ¢ noboro mecrta
paspelunTb:

o CoeonHAaTbLCA UM NPUHMMAaTL COEAMHEHUS MO
HenpueurerMposaHHbiM noptam (> 1024) ¢ ntoboro xocTta

o [logkntoyatbea k nopty 80 (HTTP-nopT)

grant

{
permission java.net.SocketPermission
"*:1024-65535", "connect";

permission java.net.SocketPermission
"*:80", "connect";

};

NetCracker
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PasgeneHune Kkoga ans
pacnpeneneHHoOro npuroXxeHun

Server
= [lanka, roe pacnonaraetcs cepBep
= He gomkHa ObITb AOCTYMNHA KITUEHTY

O ,D,OJ'I)KHa coaepxartb, Kak MMHUMYM,
cnepyrowme pannel.
e ProductServer.class
e ProductImpl.class

e Product.class
e ProductImpl Stub.class

NetCracker
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PasgeneHune Kkoga ans
pacnpeneneHHoOro npuroXxeHun

Client

= [lanka, roe pacnonaraetcs KNMUeHT

= [lomkHa cogepxaTtb, Kak MUHUMYM,
cnegyrowine gaunei.
e ProductClient.class
e client.policy

= Ecnun nHtepdenc yoaneHHoro obbekra
M3BECTEH 3apaHee, TakkKe AOoImKHa
coaepaTtb gpaun.
e Product.class

NetCracker
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PasgeneHune Kkoga ans
pacnpeneneHHoOro npuroXxeHun

Download

L] CO,EI,Gp)KI/IT KIaCcChbl, I/ICI'IOJ'Ib3yeMbIe C AadHHOIO
cepBepa

= Knaccbl 3 Hee MOryT ObITb 3arpy>XeHbl KIMEHTOM
ONHaAMN4YeCKA

= YKas3bliBaeTcd Kak 3Ha4YeHne nepemMeHHoU
java.rmil.server.codebase

= JlonmXHa cogepxaTtb, Kak MMHUMYM, cnegytowime
doannbil:
e Product.class
e ProductImpl Stub.class
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3anycK cepBepHOU 4YacTu

= 3anyck nporpammbl RMIRegistry

UNIX: rmiregistry &

Windows: start rmiregistry

= 3arnyck nporpamMmmbl cepBepa yaaneHHoro
0OObeKTa

UNIX: java -Djava.rmi.server.codebase=file:classDir/
ProductServer &

Windows: start java -Djava.rmi.server.codebase=file:classDir/
ProductServer

NetCracker
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3anycK KIIMeHTCKON YacTwn

= Pann nonuTukn 6e3o0nacHOCTU OOMMKEH ObITh
OOCTYyrneH MeHemxepy 6e30nacHOCTU

= 3anycK NpomM3BoaNTCA KaK 3anyck 0ObIYHOro
npunoXxeHusa Java

java ProductClient
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HoBoBBeaneHus Javad

= CTana HeobsasaTtenbHOW KOMNUAALUSA
3arnyLlek ¢ NoMoOLLbI rmic

= Pacwmpumnnce BO3MOXHOCTU CIy>XObl
MMEeHOBaHNS

= HeMHoro nameHuncs nogxod K perncrpaumm
obObeKkTa Ha cepBepe

= OOWme NnpnHUMNBI U NOPAAKN pa3paboTKu U
PabOTbl NPUIMOXEHNN COXPaHUITUCH

NetCracker
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UHTepdeunc n peanusauuvs
B cTune Javad

import java.rmi.Remote;
import java.rmi.RemoteException;

public interface Hello extends Remote {
String sayHello() throws RemoteException;

}

public class HelloImpl implements Hello {
public HelloImpl () {}

public String sayHello() {
return "Hello, world!";
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CepBep B ctune Javab

import java.rmi.registry.¥*;
import java.rmi.server.¥*;

public class HelloServer ({
public static void main(String args[]) {
try {
HelloImpl obj = new HelloImpl () ;

Hello stub = (Hello) UnicastRemoteObject.exportObject (obj, 0);
LocateRegistry.getRegistry() ;

registry.bind("Hello", stub);
System.err.println ("Server ready")

}

catch (Exception e) {
System.err.println ("Server exception: " + e.toString())
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Cnacubo 3a BHUMaHue!
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