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Using the Interface Definition Language compiler and the C++ class
library, the HP OODCE product provides objects and abstractions that
support the DCE model and facilitate the development of object-oriented
distributed applications.
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Utility Classes

Framework Classes

Extension Classes
(Object Kits)

Customer-Specific
or Vendor-Specific

Object Kits

idl++ Com-
piler

C++ Framework For DCE

Provide Support for the C++
Model and Default Implementa-
tions (e.g., DCEInterface, DCEInter-

faceMgr, and DCEServer)

Encapsulate DCE Data
Structures (e.g., DCEUuid and

DCEPassword)

Derived From IDL Specification
(e.g., Client and Server

Classes)

Generated Classes

���� ��� ��� ������ /1.#4"3� 2314"341$�

��!��-��#�&�(��� 
!�''�'

�'$� (#+��� ".,/(+$1� 3 *$2�  -� ���� 2/$"(%(" 3(.-� +(*$� 3'$� .-$

2'.6-� (-� �(&�� ��  -#� &$-$1 3$2� 3'$� ���� "+ 22$2� 2'.6-� (-

�(&����� �'$� (#+��� ".,/(+$1�  +2.� &$-$1 3$2� 3'$� '$ #$1� %(+$�  -#

234!2� -.1, ++8� /1.#4"$#� !8� 3'$� ���� ���� ".,/(+$1�

�'$� ".-"1$3$� "+($-3� "+ 22�� #$2"1(!$2� 3'$� "+($-3� /1.78� .!)$"3

3' 3�  ""$22$2� 1$,.3$� ���� .!)$"32� (,/+$,$-3$#� !8� 3'$� 2$15$1�

�'$� /1.78� .!)$"3� &(5$2� 3'$� "+($-3� 3'$� (,/1$22(.-� 3' 3� 3'$

(-23 -3( 3(.-� .%�  � / 13("4+ 1� 2$15$1� .!)$"3� (2� $7$"43(-&� +." ++8�

�(&�� � 2'.62�  -� $7 ,/+$� .%�  � "+($-3� /1.78� "+ 22� #$"+ 1 3(.-

%.1�  -� (-3$1% "$� 3.� 3'$� Sleep� %4-"3(.-�� 6'("'� (2� 1$2/.-2(!+$� %.1

/433(-&�  � /1."$22� 3.� 2+$$/�� �'(2� "+ 22� ".-3 (-2� ,4+3(/+$� ".-:

2314"3.12� 3' 3�� 6'$-� " ++$#�� +." 3$� 3'$� ".,/ 3(!+$� , - &$1

�2$15$1�� .!)$"32� ! 2$#� .-� +." 3(.-� (-%.1, 3(.-�  -#� 3'$� ����

�4-(5$12 +� 4-(04$� (#$-3(%($1�� 24//+($#�  2�  1&4,$-32� 3.� 3'$

".-2314"3.12�

�'$�  !231 "3� 2$15$1� "+ 22� (-� �(&�� �� /1.5(#$2� #$"+ 1 3(.-2� %.1

,$,!$1� %4-"3(.-2� #$%(-$#� (-� 3'$� ���� 2/$"(%(" 3(.-� 3' 3� ".1:

1$2/.-#� 3.� 1$,.3$� ./$1 3(.-2� 3' 3� " -� !$�  ""$22$#� !8� 3'$

"+($-3� /1.78� .!)$"3�� �'$� #$% 4+3� ".-"1$3$� 2$15$1� "+ 22� #$:

"+ 1$2� 3'$� ,$,!$1� %4-"3(.-2� 2/$"(%($#� (-� 3'$�  !231 "3� "+ 22�

�'$� %4-"3(.-2� ,423� !$� (,/+$,$-3$#� !8� 3'$�  //+(" 3(.-� #$:

5$+./$1�� �(&�� �� 2'.62� 3'$�  !231 "3�  -#� ".-"1$3$� 2$15$1� , -:

 &$1� #$"+ 1 3(.-2� %.1� 3'$� Sleep� %4-"3(.-�

�'$� $-318� /.(-3� 5$"3.1� ".-3 (-2� $-318� /.(-32� %.1� $ "'� 1$,.3$

/1."$#41$� #$%(-$#� (-� 3'$� ���� 2/$"(%(" 3(.-�

��� ���
�� ��&*�&� �#�� 
!��#(� 
!�''�'

�'$� 2$15$1� ".#$� 3' 3� (-3$1 "32� 6(3'� 3'$� ���� 24!2823$,2� (2

$,!.#($#� (-� 3'$� DCEServer� "+ 22�� �-� (-23 -"$� .%� 3'$� DCEServer
"+ 22�� " ++$#� theServer�� , - &$2� 3'$� 1$,.3$� .!)$"32� 3' 3�  1$

$7/.13$#� !8� 3'$� ���� 2$15$1�  //+(" 3(.-�� �'$2$� .!)$"32�  1$

//foo.idl
[uuid(DOFCDD70-7DCB-11CB-BDDD-08000920E4CC),
 version(1.0)]
interface sleeper
{
[idempotent] void Sleep

( [in] handle_t h
[in] long        time),

}
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* See glossary on page 60 for a brief description of the C++ terminology used in this article.
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Server Entry Point
Vector (C++ Stub)

(fooE.C)

Abstract Server
Class Declaration

(fooS.H)

Client Proxy
Declaration

(fooC.H)

Client Proxy
Implementation

(fooC.C)

Concrete Server
Class Declaration

(fooS.H)

idl++ Compiler

DCE IDL File (foo.idl in Fig. 2)

Contains the
Concrete Cli-

ent  Class

Manager
Classes

(Fig. 5a)

(Fig. 5b)
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class sleeper_1_0 : public DCEInterface {
  public:

sleeper_1_0(DCEUuid& to = NullUuid):
DCEInterface(sleeper_v1_0_c_ifspec, to) { }

sleeper_1_0(rpc_binding_handle_t bh, DCEUuid& to = NullUuid) :
DCEInterface(sleeper_v1_0_c_ifspec, bh, to) { }

sleeper_1_0(rpc_binding_vector_t* bvec) :
DCEInterface(sleeper_v1_0_c_ifspec, bvec) { }

sleeper_1_0(unsigned char* name,
unsigned32 syntax = rpc_c_ns_syntax_default,
DCEUuid& to = NullUuid) :

DCEInterface(sleeper_v1_0_c_ifspec, na,e, syntax, to) { }
sleeper_1_0(unsigned char* netaddr,

unsigned char* protseq, DCEUuid& to = NullUuid) :
DCEInterface(sleeper_v1_0_c_ifspec, netaddr, protseq, to) { }

sleeper_1_0(DCEObjRefT* ref) :
DCEInterface(sleeper_v1_0_c_ifspec, ref) { }

// Member functions for client
void Sleep(

/* [in] */ idl_long_int time
) ;

} ;
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class sleeper_1_0_ABS : public virtual DCEObj, DCEInterfaceMgr {
public:

// Class constructors must initialize virtual base classes
sleeper_1_0_ABS(uuid_t* obj, uuid* type) :

DCEObj(obj),
DCEInterfaceMgr(sleeper_v1_0_s_ifspec, (DCEObj&)*this, type,

(rpc_mgr_epv_t)(&sleeper_v1_0_mgr)) { }

sleeper_1_0_ABS(uuid_t* type) :
DCEObj(uuid_t*)(0)),
DCEInterfaceMgr(sleeper_v1_0_s_ifspec, (DCEObj&)*this, type,

(rpc_mgr_epv_t)(&sleeper_v1_0_mgr)) { }

// Pure virtual member functions corresponding to remote procedures
virtual void Sleep(

/* [in] */ idl_longint time
) = 0 ;

};

class sleeper_1_0_Mgr : public sleeper_1_0_ABS {
public:

// Class constructors pass constructor arguments to base classes
sleeper_1_0_Mgr(uuid_t* obj) :

DCEObj(obj),
sleeper_1_0_ABS(obj, (uuid_t*)(0)) { }

sleeper_1_0_Mgr( ) :
DCEObj((uuid_t*)(0)),
sleeper_1_0_ABS(uuid_t*)(0)) { }

virtual void Sleep(// This is what the developer must implement
/* [in] */ idl_long_int time
) ;

} ;
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/ / Developer simply implements one method to provide the implementation

void sleeper_v1_0_Mgr : : Sleep(long int time) {
/ / Call the (reentrant!) libc sleep function
sleep(time) ;

}

(a)

(b)

Instance of Concrete Server Class

Register Interface with the Object

Setup for Listen

1

2

3

1

2

3

void main( )
{

try { / / Handle exceptions from constructor or DCE calls
sleeper_1_0_Mgr * sleeper = new sleeper_1_0_Mgr ; / / Dynamic UUID
DCEPthread * exitThd = new DCEPthread(DCEServer : : ServerCleanup, 0) ;

/ / theServer–>SetName( ” / . ; /mysleeper”) ;
/ / Register Sleeper object with server object
theServer–>RegisterObject(sleeper) ; 

/ / Accept all other defaults and activate the server
/ / Defaults are : Use all protocols, don’t use CDS, no security
theServer–>Listen( ) ;

}
/ / Catch any DCE related errors and print out on message if any occur
catch (DCEErr& exc) {

traceobj < < ”Caught DCE DCEException \ n” < < (const char*)exec ;
}
/ / Destructors are called at this point and take care of DCE cleanup

}
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main(int, char** argv)
{

try { / /  Handle exceptions from constructor or DCE calls

/ /  Constructor takes a network address and protocol sequence
sleeper_1_0sleepClient ( ( unsigned char*)argv [1 ]

( unsigned char*)“ip”) ;

/ / The Sleep method invokes the remote procedure on the server
sleepClient.Sleep(10) ;

}

catch (DCEErr& exec) {
printf(“DCEException: %s\ n”, (const char*)exec) ;

}
exit(0) ;

} ;

Instance of a Client Proxy
Concrete Class
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Local Calls to 
Objects that Correspond to

Remote Server Objects

Security
Preferences

DCE Client Stub

RPC1, . . . RPCn
(RPC Protocol Engine)

Method 1 Method n Server
Binding

Network

1 2

Client Side

Entry Point
Vector Stub
For RPCn

Security
Preferences

DCE Server Stub

RPC Protocol Engine

Object 1 Object n

Entry Point
Vector Stub
For RPC1

DCE
Object
Mapper

Security
Object

(DCERefMon,
ACL)

3

4

5

6

7

Server Side

Sets up security preferences, which have to be compatible
with the server’s security preferences

Obtains the binding handle to the server

C++ object instances defined in the IDL Interface

C++ entry point vectors generated by idl++4

3

1

2

RPC run-time server endpoint and server stub

Checks security preferences before allowing the
request access to the selected object

Locates objects

Set up by user

7

6

5
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OODCE Client OODCE Server

• Client Proxy Object
• DCEInterface

• DCEUuid

• DCEBinding

• Exceptions
• Threads
• Name Service

Interface
• DCEPassword

• DCELoginContext

• Server Implementation
Objects

• DCEServer

• DCEInterfaceMgr

• DCEMgmtAuth

• DCEKeyRetriever

• DCERefMon
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Although the terminology associated with object-oriented programming and C++
has become reasonably standardized, some object-oriented terms may be slightly
different depending on the implementation. Therefore, brief definitions of some of
the terminology used in this paper are given below. For more information on these
terms see the references in the accompanying article.

Abstract Class. Abstract classes represent the interface to more than one imple-
mentation of a common, usually complicated concept. Because an abstract class
is a base class to more than one derived class, it must contain at least one pure
virtual function. Objects of this type can only be created through derivation in
which the pure virtual function implementation is filled in by the derived classes.

The following is an example of an abstract base class:

class polygon { 
public:

 // constructor, destructor and other member functions  
// could go here...  
virtual void rotate (int i)  =  O; //a pure virtual function  
// other functions go here... 

};

Other classes, such as square, triangle, and trapezoid, can be derived from poly-
gon, and the rotate function can be filled in and defined in any of these derived
classes.

Base Class. To reuse the member functions and member data structures of an
existing class, C++ provides a technique called class derivation in which a new
class can derive the functions and data representation from an old class. The old
class is referred to as a base class since it is a foundation (or base) for other
classes, and the new class is called a derived class. Equivalent terminology refers
to the base class as the superclass and the derived class as the subclass.

Catch Block. One (or more) catch statements follow a try block and provide excep-
tion-handling code to be executed when one or more exceptions are thrown.
Caught exceptions can be rethrown via another throw statement within the catch
block.

Class. A class is a user-defined type that specifies the type and structure of the
information needed to create an object (or instance) of the class.

Concrete Data Class. Concrete data classes are the representation of new user-
defined data types. These user-defined data types supplement the C++ built-in
data types such as integers and characters to provide new atomic building blocks
for a C++ program. All the operations (i.e., member functions) essential for the
support of a user-defined data type are provided in the concrete class definition.
For example, types such as complex, date, and character strings could all be
concrete data types which (by definition) could be used as building blocks to
create objects in the user’s application.

The following code shows portions of a concrete class called date, which is re-
sponsible for constructing the basic data structure for the object date.

typedef boolean int; 
#define TRUE 1 
#define FALSE O

class date { 
public:  

date (int month, int day, int year); //Constructor
~date(l;         //Destructor
boolean set date(int month, int day, int year);  
// Additional member functions could go here. . .

private  
int year;  
int numerical_date;

 // Additional data members could go here... 
};

Constructors. A constructor creates an object, performing initialization on both
stack-based and free-storage allocated objects. Constructors can be overloaded,
but they cannot be virtual or static. C++ constructors cannot specify a return type,
not even void.

Derived Class. A class that is derived from one (or more) base classes.

Destructors. A destructor effectively turns an object back into raw memory. A
destructor takes no arguments, and no return type can be specified (not even
void). However, destructors can be virtual.

Exception Handling. Exception handling in C++ provides language support for
synchronous event handling. The C++ exception handling mechanism is sup-
ported by the throw statement, try blocks, and catch blocks.

Member Functions. Member functions are associated with a specific object of a
class. That is, they operate on the data members of an object. Member functions
are always declared within a class declaration. Member functions are sometimes
referred to as methods.

Object. Objects are created from a particular class definition and many objects
can be associated with a particular class. The objects associated with a class are
sometimes called instances of the class. Each object is an independent object with
its own data and state. However, an object has the same data structure (but each
object has its own copy of the data) and shares the same member functions as all
other objects of the same class and exhibits similar behavior. For example, all the
objects of a class that draws circles will draw circles when requested to do so, but
because of differences in the data in each object’s data structures, the circles may
be drawn in different sizes, colors, and locations depending on the state of the
data members for that particular object.

Throw Statement. A throw statement is part of the C++ exception handling mecha-
nism. A throw statement transfers control from the point of the program anomaly to
an exception handler. The exception handler catches the exception. A throw state-
ment takes place from within a try block, or from a function in the try block.

Try Block. A try block defines a section of code in which an exception may be
thrown. A try block is always followed by one or more catch statements. Exceptions
may also be thrown by functions called within the try block.

Virtual Functions. A virtual function enables the programmer to declare member
functions in a base class that can be redefined by each derived class. Virtual
functions provide dynamic (i.e., run-time) binding depending on the type of object.


