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__struct Person { CORBA IDL example

string name;

string place;
long year; remote interface

CORBA has a struct

} ) _ remote interface defines
~"_ methods for RMI
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interface PersonList { -
readonly attribu(t;stl/ fistname;
void addPersorwae/nm%n p;
void getPerson{in string name, out Person p);
long number(); K

parameters are in, out or inout
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Fault tolerance measures Invocau.on
semantics
Retransmit request  Duplicate Re-execute procedure
message filtering or retransmit reply
No Not applicable Not applicable Maybe
Yes No Re-execute procedure At-least-once
Yes Yes Retransmit reply At-most-once

RAAFR ARG H

server

skeleton remote
& dispatcher object B
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The architecture of remote method invocation
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Sun RPC case study

ORPC# a ¢ & Tk k42 48 A — 4 A &4
%o RPC 1 At & & F3/B S B4 Xo
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Sun RPC case study ...continued
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IS EIL LTS ES T Y. ES L
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Sun RPC case study ...continued
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Pl e A (K&k@i) #fFunmarshal (#
).

>Marshal # 4 44 & £ £ 69 338 4] — 4z
A% (LDCERPC4 4 ¥, shiss
#i # Network Data Representation
(NDR) #-R.)
>unmarshal & ANDR#%- X # 42 €. F + & 7
F#E

Sun RPC case study ...continued

UClient stub ¢ #5 £ :
L EL:NFELET & XN F N T
>4 s A domarshal &4 &, frdeil B84
Atz & 6 M %2 8 & F (network data
representation , NDR) #&-&,, A F /&R %L

7~
> 8 B B P % €538 47 o % 4 (Client runtime
system) A& shih B4 KA MRS Bk
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unmarshal, fe& RE G4 2 AL,
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Sun RPC case study ...continued

QIDL compiler & 54 4 3. & 2t % 4 45 65 1DL
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A At
>Header & — A3k x #, stk @4

ToiDLx#4 Feueh—fF4, &
BEHRZL, HEGFTERL, AA
EFHEH. BARKGIRES BN
1,4 # & 4,4 header x 14
»>Client stub8p & 7 5% ¢gstubfz 5 .

> Server stubfp AR % & 3% € stubdg 4 .

Sun RPC case study ...continued
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Sun RPC case study ...continued

U&ir# 4%
> B P ok 6 & AT 4 A B P sstub A A 6§ i
AT % ¢ 4 & bserver
> & 47 &t 4 4.9] ATCP/UDP#4 t4s, 4 of
A £ % ¥ Server
> R %% 6 5 1T 8 4 A4 T £ ADNRAA
4atgsocketsb o, H Sk K

> BB %-3% 69 & 1T % 4,18 A Server Stub, %32
HAEF G A A

O Service interface: the procedures that are available for remote
calling
O Invocation semantics choice: at-least-once or at-most-once
QO Generally implemented over request-reply protocol
Q Building blocks
» Communication module
» Client stub procedure (as proxy in RMI): marshalling, sending,
unmarshalling
» Dispatcher: select one of the server stub procedures
» Server stub procedure (as skeleton in RMI): unmarshalling,
calling, marshalling

client process server process

client stub
procedure

server stub
procedure

service
procedure

client
program

Communication Communication
module module dispatcher

Sun RPC case study

QA FNFS
» at-least-once semantics
UXDR - Interface definition language

» Interface name: Program number, version
number

» Procedure identifier: procedure number
U Rpcgen — generator of RPC components
»client stub procedure
»server main procedure
» Dispatcher
»server stub procedure
»marshalling and unmarshalling procedure

Sun RPC case study ...continued

UBinding — portmapper
»Server: register ((program number, version
number), port number)
» Client: request port number by (program number,
version number)
UAuthentication
»Each request contains the credentials of the user,
e.g. uid and gid of the user
» Access control according to the credential
information

//RPC i A4E & & 47 Kb T2

struct call_body {
unsigned int rpcvers;
unsigned int prog;

unsigned int vers;
Sun Microsystems’ Open

unsigned int proc;  Network Computing. The ONC
opaque_auth cred; US€s XDR as the external data

representation standard
opaque_auth verf;

parameter 1

parameter 2. ..

Sun RPC case study ... 4+ &

URPCldifz ok A 4A A, F|~

Stub, # A AR ERARL KA
#AA.

ODCERPC3|~TIDLi# & AT #4544
o, &% 258Fstub, RiETHoH
— M Ho

ORPC 4 %t 4e. £ # Fo & @ 14 4% 5 2%, A £ 44 ¥ 9
# X, % MAk4XDR

URPCHE ¥ £ A £ & & 13 1604 S 8 38
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Uremote method invocation (RMI)
Q¢ A F)dk1.1(1997.02), #Jdk1.2¢ z i#
U4z

»Access to Remote Objects

» Client-Server Protocol

Java N7 L

O AARPC# RMI
O 4t

>R (BE) dDGastg (24)
>R &kl Dt £ el Gk E

O

>if kel AR ol &2 M4 stEL A do TR

»High-level API H863 A2
>Java-to-Java only i
» Transparent end() [}
> Lightweight

Java T 3 ) B Java T 52 ) 3% 5

ORMI 4 % & 32 T JuAN3F 448 A D‘;M"%*% N .
PEFRERS GRS B >$§—‘59'T-£§1‘¥«§a6§ a\J/aa’{,s;?‘
>EELRIB LGRS MRS % B # ok £ A A 69 )avak 5

> i% 42 Ik % 64 4 o = L (Remote Interface)
> i% 4% AR % 9 32 . (Remote Service)
> Stub #a Skeleton xx #4

PRMI4-8 %, £F 5P HRTREAR
LY

>4 ARMICA £ 9 % # 4 StubdeSkeleton £
&y

> B & iz A B S

> 4% B & A2 B % £ du(host) %2 4 ¢g)avak,
B, Eit2

> #F ARMI % & %42 4 ¢glavai 5, & it

Java BT 3 ¥\ 2% %

ORMIE A& ¥ & & 3 948 &,: server,
client
PR EAEH: AlARERE, &2k Bt
S A, $HRABAHGAA
>R PR TR RAE 2 R 6k
A, ARAR‘FT&.
URMI#R 4 T serverfeclient{s £ 4% &% & fu 4]
ORMI & iz A & Ak #k 4 2% Xzt & & A

Hava TN W ME---EI B2

L% X
import java.rmi.*;

public interface compute
extends Remote {

public int add(int x, int y)
throws RemoteException;
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JavaRMI £ ##ME--- A REN &

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

public class Adderlmpl extends UnicastRemoteObject
implements Compute {

public Adderlmpl() throws RemoteException {
}
public int add(int x, int y)
throws RemoteException {
return X +vy;

}

Java ) ML -- -k R AR

Computelmpl_Skel.class
(skeleton classfile)

Compute java Javac | compute.class
(interface) (interface classfile)

Computelmpl.class
(classfile)

Computelmpl.java avac
(remote class)

Computelmpl_Stub.class
(stub classfile)

Java RUNT 5 W) B8 K - - - & W otubea cheleton

UStubsfeskeletons A1 A rmicih & & #* 4

QStubfeskeleton £ R A & Tt &, # 4
s # 6

Remote Interface

J

implements implements

Remote Objec
(Server)

Hava TN imﬁﬁ'i"’#\ﬁﬁiﬁ

QA4 %3
> Al 4% %
mEX: B3
>3 A
O#zfists
> 46
> st & 4 7| 4. (Object Serialization)
Sl R EAFF AT
B A i#&( Stream)
CAEZS—HER
REZAECE &2 SRS R

Hava TN B W) B - - - AR

Oé-Lfeddtfstd
ORSBTRzMEMNGtER

O ABTREAR S S A L FREAE
3 A

Ot &R & 54 4t 6gutfe

Hava TN B W) B - - - A

URMI@ & TN L6 a 2RE5, #A
RMI Registry, &
CERLENEABBR SR G 2L
B EBSEAkK, Ao R

1099.(object servers will be
dynamically assigned ports by the
RMI runtime)

> & HhstubK B e A T &
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Java T 3 #) AR - - - vE AR

QServer-side
IE LV F-L ¥ EX PR3
> & & % 2t £ 4 RMI (4] 22 — Nh 7 AR
%, ¥HEAHGER).
> BTGB AR, &kt & it F
RMI Registry ¢

Java T 3 #) B - - - vE AR

UClient-side
> i itjava.rmi.Naming #§ & £ 4% [ RMI
Registry
>4 A # iklookup() & iz Mt &, A &R
URL:

rmi://<host_name>[:<name_service_port>]/<service_na
me>

VA DA N ST XOEL A

Java TINT] W BRE --- 242

Server Virtual Machine

Client Virtual Machine

Remote

ey

A

Registry Virtual Machine

Java TNT] WML --- 242

1. Server Creates Remote Object

: . Server Virtual Machine
2. Server Registers Remote Object

Client Remote
L) Object
| _

-~

£

Registry Virtual Machine

Java TINT] W BRE --- 242

Client Virtual Machine

I Server Virtual Machine I

3. Client requests object from Registry
4. Registry returns remote reference
(and stub gets created

)

/

Registry Virtual Machine

Java TN WL --- 242

Client Virtual Machine Server Virtual Machine

[l

5. Client invokes stub method

6. Stub talks to skeleton

7. Skeleton invokes remote object
method

Registry Virtual Machine |

14



—“ARMI& 4 A X %2 R & 54

—AoFRARI K RAAA KL, BAAE

tRESRRAINEAR, RARGESECH

HESR, AR/ AALERES.

Client Remote

object

™~
E&——
7 engin
Client
Server

Client

“ARMI& 4 H X% R & 54

O ARMIG% B~ Mo XNE A, AT ZNkaigi:
O ziaziEsdg
1. —~AEATRA ARMIG B % % 2 & a5

°

2. TugGhLtEdg A4 LA R~ NEHASR
@3l A.
O baafsgilfmd.
> REGEMEHRMIER, o F 44FLAR RN,
%4248 A fodz & t9)avas k8 R E A 2 E 5.
O A 2486132 REG2YS
> RMIt#idlt@zfia gk —~Natg, Bt
RMIR 4 % A % & 24 & 69 404 o

—ARMI® 4 X & R & %4
O 2 1 44

»Engingk 2 7 £, # i& 47 task & & 3. Henginat F =t

AT 2 ESEETREAASTRREEZHG.

O 42 -4

> R AE St £, B A RAE S RS IR, B8 NE
$-f5 % 48 % dhengin & H#, 474 Mserver L ¢ CPU %
&

O# KZ#:RMIegan 4% &2 4.
Tmiregistry

host(server)

~ARMI& %A X% R & %4

Qigt—MNR5 &

> AR a8l X E S S iTE S Ra g R

> g A AR Xz engin  task

>ARBEM GIE S, A b1 ERT Taskk
3t T % fiengin b i& 47,

> RAENG o £, TRLEAETE S
A2 GRBEARETESHEE R
9 F ik

~ARMI# 4 F X % R & % 4

Q Compute engint 8.t & £ & A T i A

1. compute engine® — A~ % ComputeEngine , ¢ £ 3
T Computedt o, 2 28 Fl ik £ 45k
executeTask, 4 4-st #5 4 X L £.

2. #im44Client A AR 425 RAKTH
Flengin k #4769 . B shclienth = L £ 5 #A R &
F 54T R B dhserversk 69 K, 55,

3. AMAMRHAR WRERALALY, BFERAA
g et ¥ £

4. AN RAE St T H0 AT R DI Bexecutes ik.

~ARMI& %A X% R & %4
D iiii‘g éi- ot compute

package compute; engine
import java.rmi.Remote;
import java.rmi.RemoteException;
public interface Compute extends Remote
{ Object executeTask(Task t)

throws RemoteException;}

[execiteTask

package compute; % = AnH oz —/Ntask £
import java.io.Serializable; A A A B B 4E hexecuteTask
public interface Task extends | | - o ,

Serializable N . . .
#E Tengink v 945 4 2

{ Object execute(); } X R
A 6 H o A B A AT B B0 @
E45 eRR—NEEEH o
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“ARMI& 5 A X% R & %4

O —#iALEA-NEEHOGLAEIHAAL
T % %:

EFH Ao

. AREL R RS SR

. BARAEF ok

. enginf 4l #at &6 TAETIRA AL
Ho L¢maine &K ¥ L2 A:

I EE EY EF 3 F 3

> gl NRB SRR G EH
> 2daMm—NaiExg

AWN =

package engine;
import java.rmi.*; import java.rmi.server.*; import compute.*;

public class ComputeEngine extends UnicastRemoteObject
implements Compute
{ public ComputeEngine() throws RemoteException
{ super(); }
public Object executeTask(Task t)
{ return t.execute(); }
public static void main(String[] args)
{if (System.getSecurityManager() == null)
{ System.setSecurityManager(new RMISecurityManager()); }
String name = "//host/Compute";
try { Compute engine = new ComputeEngine();
Naming.rebind(name, engine);
System.out.printIn("ComputeEngine bound");

} catch (Exception e) { System.err.printin("ComputeEngine
exception: " + e.getMessage()); e.printStackTrace(); }}

“ARMI&45F X2 R & 5%

Qi 4 ¥ & #& P, o super(), a UnicastRemoteObject
B4 2,00 0T A4 & 3% R 6ok Ko~

QR —ANtEFk AKR L AR AEEAZINT &
a5 R 945 5 X ME SR T K Flengin, &2 ik 6§
ARKABAR A RES G Flod R e iXdin
A% RHRLANERABLBRAGESGOFT R THRA

.

~ARMI& %A X% R & %4

Q Agssan:

1. A2t $ 8§l it 7| A4k — Nk ALzt
%643 AR —Astub, 2 & & 7 5% K 2.
CEAREAEPHRABELACHAR

2. At B EFAAENI A 6. SRR

compute bl 2t & 6 AT AR AR AR A N
client Call executeTask(task)
[executeTask]
—~ARMI® 4 H X2 R & 5% —~ARMI® 4 H X2 R & 5%
WE3 RV S8 9

U—=2442AaRMlizA T, maing i
RAEALT, REZ—ANPPEBR T4
PREBGIERE, AEA-A
computer enging 3| A& % — /& #du,
computer enginst & 4 £ i

package compute;
public interface Task extends

Oate: 4ld—/NMES, #5248 ITEE
java. io.Serializable {

%‘o
client
)
Object execute(); l

} [executeTask | [execute]

Otaskr R & f2 b o, 2R 5 &4 &7 KRS
%, AHALFF
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“ARMI& 5 A X% R & %4

O computePi# 4% A
1. WAz & LFEINTEGIA
2. £ M~/ MES
3. &K 5B HIiT

ackage client;
Import java.rmi.*; import java.math.*; import compute.*;
ublic class ComputePi {
public static void main(String args[]) {
if (System.getSecurityManager() == null)
{ System.setSecurityManager (new RMISecurityManager()); }
try { String name = "//" + args[0] + "/Compute";
Compute comp = (Compute) Naming.lookup(name);
Pi task = new Pi(Integer.parselnt(args[1]));
BigDecimal pi = (BigDecimal) (comp.executeTask (task));
System.out.println(pi);
} catch (Exception e) {
System.err.printIn("ComputePi exception: " + e.getMessage());
e.printStackTrace();
}
}

~ARMI& %A X% R & %4

Cpmiregistry

computepi

Compute
engin

package client;
import compute.*; import java.math.*;
public class Pi implements Task {
private static final BigDecimal ZERO =
BigDecimal.valueOf(0);
private static final BigDecimal ONE =
BigDecimal.valueOf(1);
private static final BigDecimal FOUR =
BigDecimal.valueOf(4);
private static final int roundingMode =
BigDecimal. ROUND_HALF_EVEN;
public Pi(int digits)
{ this.digits = digits; }

public Object execute()
{ return computePi(digits); }

dedededededededlede fedledle e et e de e e e et

rctan(1/5) - arctan(1/239)

public static BigDecimal computePi(int digits) {
int scale = digits + 5;
BigDecimal arctan1_5 = arctan(5, scale);
BigDecimal arctan1_239 = arctan(239, scale);
BigDecimal pi
arctan1_5.multiply (FOUR).subtract(arctan1_239).multiply
(FOUR);
return pi.setScale(digits,
BigDecimal. ROUND_ HALF_UP); }

* Compute the value, in radians, of the arctangent of
* the inverse of the supplied integer to the speficied

* number of digits after the decimal point. The value
* is computed using the power series expansion for the
* arctangent:

*arctan(x) =x- (x"~3)/3+ (x"5)/5-(x"7)/7+

* o (x79)/9 ...

*/
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public static BigDecimal arctan(int inverseX, int scale)
{ BigDecimal result, numer, term;
BigDecimal invX = BigDecimal.valueOf(inverseX);
BigDecimal invX2 =
BigDecimal.valueOf(inverseX * inverseX);
numer = ONE.divide(invX, scale, roundingMode);
result = numer; inti =1;
do { numer =numer.divide(invX2, scale, roundingMode);
intdenom =2*i+1;
term = numer.divide(BigDecimal.valueOf(denom),
scale, roundingMode);
if ((i % 2) !=0){ result = result.subtract(term); }
else { result = result.add(term); }
i++;
} while (term.compareTo(ZERO) != 0);
return result;

“ARMI& %A X% R & 54

Qengin—s#F & $ 442t AGiESG
£ 4T 4 42 o

QO 4 FRmMiGAL, %4 TREF:

TRAHRBRLFRBABETEGHE

BB GH NG~ Nt bk b—NEAEF ik

T ih 4k — Nt & 5| % sb— ANk L& 4T

A4 R THRER

55 5

—ARMIH) 7347 2N A I SE 451

Q #&a, diExdg, 2ARDLHZAN
A

1. compute ( Compute and Task interfaces)

2. engine ( ComputeEngine
implementation class and its stub)

3. client ( ComputePi client code and Pi
task implementation)

~ARMI& %A X% R & %4

Host: ford Host: mphod
rrniregstry
Cornpitefi
- o .

ComputeEngine | + oo

web servery " {web server

PO S AXN G AHAAR

WE

Qod Xzt %@ @ilifE

Q% 42 3¢ 42 48 A Remote procedure call
Q% # 5 i# 4 Events and notifications
QJava RMI &2 #{ a1

Q4

&7

Q42 o4 Kot % 9 4 A
rixfifho, AEFEI A, AEAM

O A o Kot 4 Kt 77 & it g LA S ok
»RMI
»Sun RPC

QEF$HfEstehd 2T NERGH S
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projectl

QAL AL %

Q&K

O AN SABA%AETHESRILHH
HET LT NES I ESTEEV-TNEIN
#HHEF AR HHIEMAEGRIESK
FlembES AL, AHERES, #iES5
HRNGERBHA-~NERRI T B %
ZMEQLREGESKRE, AHLEATHL
%O

Ok Mat—least-oncefi LA & £ P 4% 91 78 R, <
A % £ Mat—least-oncesd Lo
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