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ABSTRACT

In distributed client/server applications, servers which handle shared resources are required to support concur-
rent execution of a lot of clients’ requests for efficiency and rapid response. However, since programming techni-
ques for controlling concurrency and synchronization between clients’ requests are somewhat complex, it is not
straightforward to develop reliable distributed applications through resolving such concurrency control and
synchronization problem with hand-written codes whencver it is required.

As an effort for systematic resolution of such problems, in this paper, we present a language called IDL/SSO,
which specifies shared objects for implementation of CORBA server objects. A shared object is an object which
supports concurrent processing of clients’ messages (requests) with appropriate synchronization between them.
The IDL/SSO is designed as an extension of CORBA IDL to the specification of shared objects. The developed
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IDL/SSO compiler generates the code to control concurrency and synchronization as a part of the implementation
of the specified shared object in association with the related CORBA environment, while generating the CORBA
IDL file for the clients of the shared object. The overall system is written in Java and has been tested under

JavalDL CORBA environment announced by Sun.
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2.1 CORBA IDL

IDL(Interface Definition Language)> CORBA 2§
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7}. module:Java package, C ++ namespace

1}, interface : Java interface, C ++ abstract class

t}. operation: Java method, C ++ member function

2}. and other built-in data types ...
— Basic Types: (unsigned) short, (unsigned) long,
float, double, char, boolean, octet, array, string ...
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— Constructed Types:const, enum, typedef, ex-
ception, struct, (discriminated) union, sequence,
any ...
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object specification Counter; protected type Counter is
operation Value(): integer; function Value() return integer;
operation Setvalue({V: integer); procedure SetValus(V: integer);
operation Decrement(); procedure Decrement;
operation AwaitValue(V: integer); entry AwaitValue;

end; end;
{ Orca's Shared-Data Object | [ Ada95's Protected Type )

(12! 1) Orca & Adad95's example
(Fig. 1) Orca vs. Ada95 Examples for interface definition
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ditiono| Y} redirection & Aol¥ + lomu, pre-
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class Counter {
void Counter();
int Value( ) with
concurrency . function;
void SetValue(int pValue) with
concurrency : procsdure;
void Decrement() with
n. precondition : NotZerof );
.. redirection : ExtCnt.Decrement( );
CONCURSNCY | procedure;
void AwaitValue(int pValue) with
y : guard(lsValue(pVaive) );

(33 2) L/ssoziz|e] YA
(Fig. 2) Interface definition of IDL/SSO
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3.IDL/SSO 3% M &8 F=
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procedure2 2@ emolde ALHA(LY
S £t RE A2H20 45 AR eR F
Agch 43 wA e AupEol g o] 43l FRE F
Qow, & et eu ol procedureste] &
A 45 wiAE s e B oo
Entry$} Exit 229 (28 3)2 Zo] A 9t} En-
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Ji.. User code will be here ...

n. Exit H. Exit
sp.signal();
} )

static semaphore sp;

void SetValue() void Value(

{ (
#. Enmry #.. Entry
sp.walt{this); sp.walt{this);

.. User code wilt be here ...

sp.signalj);

void AwaitValue()
{
f. Entry
sp.wait(this);

#I.. User code will be here ..
4. Exit

) sp.signal();

(12! 3) procedure, function, guardZt2| 24X 8t A& uixi g 8t 7
(Fig. 3) Implementation of mutual exclusion among procedure, function and guard operations

trye enj@olde QY REY FHE vehliv,
Exite A& 3¥& vepdos 7H ¥

Mul¥o] SPE RE A2d2dM 33 wiAE A
) TRE & AEE statice 2 A

$ FUAM 2E 2ol Entrye]A Holg
AupEole] wait() QAL ojn] £YHT e =¥
=71 g Afde A ALY P& AAATH,
237 god e 247 £38 ¢ e U2
WER AL Y& AL wait() Aatel A
2 AH$-EE thise WA 2 =9 WE(handle)Z A,
AelEo) o) wait() Q4 YoM o] WS & sus-
pend() $4d z2PoRH T Y= FYE
A AAIZTh olotE YEAH o2 Exit signal() 44t
& Entryol A 7] Aei9) 28 =8 A598 + %
& &) 3y, JRHOE resume() 58 AL
At

procedure® T} EE §A(Default option)2 24 24
Ao oA euolde] ek FAY F71% 3
9]7} 91294 IDL/SSOE procedure 2 7+ @c}.

3.2 Function2| X| ¥

functione.2 AHeld LM olHe] A2PA(2H
=) procedured} guard A2®28h= 5 A
ojo, function QAW A9E WYMo 2 Fadc)
48 B9 #9592 U+t proceduret} guard 2=
7} A Y A% functiong E{{ 28 2 =7} En-
tryol X B2(dh7) Jei2)dch old] s FYHR
A 2 =7} function 73-3-o = procedurelt guard
o] 23L& B85, function®] 83L& WYHOR
<48 £ Ut

(29 4)8) F¥ A function Entrys] F22H<)
sp.wait()2 function 2HE Ztelx 43 viAHe=

static int ctFunc = 0;
static Semaphore sf;

void Value()

{
.. Entry
st.walt{this);
ificntFunc==0) sp.wait(his).
cntFuncs;

of signa);

.. Usercode ..

. Exit ’
sf.wait(this);

cntFunc—;
if{entFunc==0) sp.signak);
st.signak);

(3% 4) function2] B8 S8R 8t +H. 2
(Fig. 4) Implementation for parallel execution of function
operations

FIY F JeBg £Y& €42 ¥4 ol A3
22 43 =& function 2 =N spwait()g 3
258 FANYLH, £FYHIL e 2Y=9 A
Fof gy B=2d 918 cntFuncg HAFAc}). 18
1} cntFuncol T ¥ W83 =+ function 2 =7
of yyggog £ag & 9dong PA FJA(Critical
section) 2. 24 B3 s ojof 3n, o] & T U3 3
N2ZE AvutEe] sfg =3t ot functionZte] ¥
YL AP AN FRL (2™ 5} At

(28 99 $48 FYNME ZE function 23
oA spwait()& A ¥L M & £ & fun-
ction 2F = ATt spwait()g TEHEF ¥} u
A 2 ¥ $45 & function 2H =& sp.wait()-&
ghz) o 22 function 2=#X 7he] W 8o
el At 282 $£3Y3} & procedurey} guard
282 A€ $Y5HE function 2 =oA o]
sp.wait()2 Z& PO ZA Entryo]d &€ olv)
485 3 e proceduret} guard 28 =71 &A| ¥t}
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33 Guard2| X| ¥

guardE Holg evolde] 2 =g RE EY)
o A4St 43 AR, 2rhHoE 2AY &
Y& AT AR FYAHE exFolag A
Y 270] REHWH oxYolHE FYsty 2R
god wEd W7A 7] Je = AA Bt
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dest QoW O A= £PE F UEE sp.
signal()& &3}

void SetValve() void AwaitValue(
{ {
i. Entry .. Entty
#.. User code will be here ... /.. User code will be heve ...
n. Exit . Exit
reevaluation(); reevaluation();
}

(3 6) guard2l ZAUS SUF AL £H. 2
(Fig- 6) implementation for pre-conditional execution of
guard operations [2]

static CondVar c1;

void AwaitValue1()
{
#.. Ertry
Ssp.wait(this);
i{iprecond1()) {
sp.singal();
c1.wait();
}

#l.. User code will be here ...
/1. Exit

sp.signalQ);

void reevaluation()

{
ifiprecond1()} c1.signal));
else if(precond2()) c2.signai();
else if{precond3() ¢3.signal();

;ise sp.signal();

1

)

(32 5) guarde| TS SUF 98 5. )
(Fig. 5) Implementation for pre-conditional execution of
guard operations [ 1]

guard®] AR 82 A2 317) Y3} guard 2.7
#o] ) Entryol M A8 2249 precondl()o] gt
ZH2) ¥AE o e 2H =71 P8 £ UAES sp.
signal()-8 2% &, AL AwaitValuel()2] 43
AL 99 A dFc19 di7|doA grg £ A
E8 (a9 99 78S £33 AH2Y 5). & guard
Lol AL AN 2 WEE 7HAA gt

guard®] FHA FAY H & U7 Jeh2HE A
T9L A8 = F AP} EFYoz o]
Ao} gtte Holth 2 YA 4o guard 2H =g
A3 di7] deist o o] AAALE AN YR
BNt M E Fof olF A Ao viFA ). ©
A 27] 745 @ A4ro g 2ol& procedurert guard
29| Exit A RHAALRE FYI=EE (2 F A
d }yged

A A A o =+ reevaluation(o| A 2832
SItH2 @ 7). reevaluation()ol| 4 & proceduret} guard
29 £ ol¥ vty Jej & W&l guard &
HEg M Folof o} 18]I PFd e guard &

(28 7) guard| Xi8& 213 1|0} Reevaluation()
(Fig. 7) Reevaluation() to resume guard operations

3.4 Semaphore2| X| ¥

IDL/SSOYM & &/ AA2 F73i@ 77
A Avixeoiy =4 ¥W4§ AHE-¥t}. IDL/SSO
Azt eHdEoldg £YL Y2 ZPEHBE A
alxou 27 WeyE 274 g 2deg AN
7IAY ALY + AEE AU ol A Y&
7] 98 IDL/SSO2] 23 910{¢] Java2?] suspend(),
resume()dAH& A3 9o

Hetxole] AolE (29 8)3} ZeHi4)

Semaphore s = 1;
walit(s) : while s<=0 do no-op;
s$:=8-1;
signai(s) : s=a+1;
(38 8) Minkxzo{9) Ho|

(Fig. 8) The definition of semaphore

Autxo] W4 so) dd PHA £ e d4e
wait()3} signal() ®olc}. wait(s)& s7} 0B} AHAY
299 A4 g7) dez dA b2, 29X geds
& 13 ZA2A 0. signal(s) = wait(s) g 38 &
Heolo| £YE £ AL F 19 ZF7HA N

JavarlulEolo] ¥ & oh& 3} o). wait()7) @
HAL W 7 Y=o Aupxoe] Wy sof o
busy waiting2 & 7] Bt} 28 =9) suspend() 34
& TE8AM £ AAANAY. 28 2 signal() Al
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£ 24 =29 resume() Y& 58 F9E AN
E3 Java version®] MlvlE ol 8 2H=9 3
o AA% AME 9 HrFee Y= BE
(handle) ¢ AAZ e F& X P €. MotE
o9 A olo] gt Java2 FA3A (2E 99} o).

ints=1;
ThreadQueue q;
void synchronized wait(Thread t) void synchronized signel()
{ {
if(s<=0) { Thread t = q.get();
q.pul(t); tresume();
tsuspend(};
) s+
olse 3 }
)
(28 9) Java2 TRIBE HOIEO|

(Fig. 9) Semaphore written in java

wait()3} signal()8] +3 =22 227 synchronized
E g ¥47 98 o e 29=o] P &
A% A5 A7} o] RIXNEF BFFC) Java A v}
ol 2Yce] WEL AHLE] W8 L=
FYE FH2AM T AHE7HE 3

4. IDL/SSO A|AH

IDL/SSO A% & SunAlel CORBA A€ AFAU
JavaIDL3ol A AAs1glen, IDL/SSO AA ¢ 3
HZRE & A9 AL AYste A 449
¥ =& AP} o] Fo)A & IDL/SSO2] CORBA
FREQ JavalDLo| e & dudst A48 A
v A9 7H Z=7) HE gz FH AM
242 AAsteAd g A B g 4.

4.1 JavalDL A| A&

JavalDL& SunAlold CORBAE A f3t7] $13
otE A|Fo24 IDL %Y 9 DoorORBE 74
s)o] 9ltH15). JavalDLe) IDL e & idlgeno]
gt o) YR FAH glen, IDL2 FoE
B ZRE Java Qoj 2 A ¢ Stub =9} Skeleton
=g AA4A0. 283 DoorORBE CORBA
ORBCore] 83 &te FEO2A Java WAA 2 F
Aso] lon, R Stubs} Skeleton =04 ¥
Aa a3 $9& M) A% RFEL2AM AR

223= 3

YA JavalDLo} M3 715 CORBAY FA
¥ % 778 7183 224 IDL H%d &
o] 83 Stubs} Skeleton =2} 243} ORB core®
Bof #1350 9o, CORBAY| A 2l¥ Dynamic
invocation, Interface repository, Implementation re-
pository, Interoperablity Sl ti & 7159o] $715]9
o & Ao welr,

4.2 IDL/SSO A{tH 24|

IDL/SSOAN 29 & CORBAYA gao|dEe
W e AUst7] 3k JavalDLS) M) A 7H
BEZ ZH AN Yo 2 T4 IDL/SSOA| =
92 IDL/SSOZ Fed AN HAZNYEH Ao
HE B8 T/ A Yl M) AA] TR HF3
£ I=g A&, o] =& W ¥ ol
W £ Ay A 24 =131E 4 &
HA) 7= 22 ~Implst, Y 2ol 4
A 783G 2H AN 57138 7HE 8 2=
g G 2¥= F# 2= ~ImplThread2 F4 5
et

7h 2dl=e Y43 9

~Implo] & ~ImpiThread?] A2R2g§ A4
o2 go|AEZRE SV 29 AL +Y
&7 91§ 29 =& 4480, ~ImplThread?} start()
$48 B3 2d=2A9 ¥y P AU
start()= ~ImplThread9] 4¢ 29 Java Thread
o] 9u] §42A Thread A2W 29 5£38-g A28
=& 89, ol 24 = U9 run() ¥ ddn.
Addes 29= 249 F24E 787 A8 run()
4 ol =g 4YsA €. IDL/SSO 94
run() ¥4 WA EetolAES] A} HF3e 2
Aol g s23te A=F FPPH2H 10).

gy start()r o2& ~ImpiThread2] run()ol Al
ojd eHHolAg Yl sheA ¢ F it o
2 9% IDL/SSOdME start()2 =¥ =9 Y&
Al ztst7) dol) ool dE e & de 371 3
HEE ~ImpiThread?] B9 A& T At

ouF ol Mg A¥37] 98 ~ImplThreado] HE
e e AW eMolAg o8 A€ 2



public ciass C: impl [ vant
il.. Data member
CounterimpiThread aThread;

public String SetVale(String meg) {
#.. Creste SetVaiue()'s thread and Execute
aThrsad = new CounterimpiThread("SetValue”, paramList);
aThread.start();

}
}

(28 10) 1DL/SSO HAMI RS E] MAE ~Impljava 2 [1]
(Fig. 10) The file “~Impl.java” produced from the IDL/SSO
specification [1]

232 St o g Prolc) dolg F MY o]
A9 o] §& o) Az MY HedAY, A3zt
3 28 & inout, outd] 2| HolE] WAL 3
#o} s, etujeje] ¢ 2717} 7pdFoluz o)
# NFY £ de A8 F27F st IDL/SSO
Axe 2d 3 gl & A sr] 98 Java #
g2 E P2 F 3 Vector@ AL 3t} Vector
£ Object@ AAZ 7}l A7)71 7PAHQA W Qo]
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public String SefValue(String msg) {
Vector paramList = new Veclor();

/.. Parameter fist: Oth element for retum type
paramList.sddElement(null);

#. P fst: 1h for 1th

Param p = new Param{msg);
paramListaddElement(p);

/.. Create SetVaiue()'s thread and Execute
aThread = new Counterimpi Thread{"SetValue", psramList);
aThread.start();

/.. Retum value handling ...

}

(2% 11) IDL/SSO HMIZHE WAE ~impljave 8l [2]
(Fig. 11) The file "~Impljava” produced from the IDL/SSO
specification [2]
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K¥Eo|n], ~ImplThread®] z} Ay eHFHo]HLE ~
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public class CounterimpiThread extends Thread {
#.. Data members
Vector paramList;
String service;
static S hore SP = new 0:

public CounterimpiThread{String pOpName, Vector pParamList)
service = new String(pOpName);
paramList = pParamList;
}
public void run(} {
) ifiservice.equals( )) SetV; yncO;
void SefValueSync() {
try{
#.. Prolog code for procedure’s synchronizetion
SP.Walt{this);
#l.. Extract retum type and parameters
Param p = new Param();
P = (ParamjparamList slementAt(1);
ParamString p0 = (ParamString) p.getObject();
paramList.removeElement(p);

/.. Resl implementation of SetVailue()
String r1 = SetValue(p0.getValue());

#.. Return type handling
p = new Param(r1);
paramlist.insertElementAt(p, 0);
.. Epilog code for procedure’s synchronization
Reevaluation();
} catch{Exception @) { ... }
}
String Setvalue(String msg) {
11.. Do something :
}
]

(28 12) IDL/SSO HMIRRE MAE ~implThreadjava
el

(Fig. 12) The file “~ImplThreadjava™ produced from the
IDL/SSO specification
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* Stub and Skeleton code will be generated by idigen and Server
Implementation is a form of Shared-Object generated by pSOL
Compiler

(%l 13) IDL/SSO Al AH 2N X
(Fig- 13) The IDL/SSO system architecture
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(12! 14) IDL/SSO ALY
(Fig. 14) The IDL/SSO compiler
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