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CORBA - the Common Object Request Broker Architecture - is a powerful framework which allows software
components to be used together. What makes it exciting and powerful is that the different components can be located
in different processes and on different machines and can be implemented in different languages, such asJavaTM , C
andC++. The different CORBA objects can be treated identically to local objects making their use transparent.

This is a very powerful mechanism akin to the UNIX pipe framework. It allows specialized tools to be developed
and linked with other tools to perform tasks. It offers great possibilities for software in general, and definitely allows
statistical environments to share services and become less monolothic and more adaptable.

CORBA appearscomplicated but this is due to the generality it offers as well as the fact that it typically made
available in newer languages that we do not use in our daily work - namely,C++ andJavaTM . The goal of the tools
described here is to provide access to and the functionality of CORBA within the interpreted languages we use to do
data analysis and research. These includeS, R, Matlab, etc.

The functions presented here are not intended to form the final end-user API. Instead, they are the primitives that
others can build upon in the interactive language to provide high-level access to the CORBA environment. However,
they are already reasonably high-level and can be used immediately.

Future plans involve accessing other CORBA services (e.g. the property service, etc.) and implementing a version
of theFor() function which distributes and manages tasks with fault tolerance.

1 CORBA Basic: IDL

The heart of CORBA is the communication between client and server in the form of attributes and operations. In order
for this to work, both client and server must agree on what the server can do and how to call it. The server declares
its list of accessible attributes and operations as an Interface. This is specified using the Interface Definition Language
(IDL). This is not used to implement the server (or client), just describe its capabilities.

A simple example is given below to illustrate the basic nature of IDL. Here we describe the facilities available from
a Matrix object. (This is not intended to be complete. We will see how to extend this naturally later in the document.)

interface Matrix {
long nrow();
long ncol();
double data(in long i, in long j);

};

Note that each parameter has a qualifier that indicates whether the argument is eitherin, out or inout. An out
parameter is used to transmit data from the server to the client. Aninout argument is used to pass information from
the client to the server as a regular argument (in) but also is used to communicate values back to the client from the
server. Theout arguments are used much like passing pointers inC so they callee can modify the contents of the
object. It allows more than one object to returned, avoiding putting them into a container structure and making this the
return type.

An IDL description of a server’s capabilities is all that is needed to define the communication between a server
and its clients. Now we implement these. Compilation of the IDL to a suitable target language is the usual manner of
implementing either a server or client. Most CORBA implementations provide an IDL toC++ compiler. Others also
offer IDL to JavaTM . Since there are no IDL compilers for interactive languages such asS, R, etc., we have to create
another mechanism. Fortunately, CORBA provides one which is termeddynamic.

The idea for the dynamic CORBA interfaces is that we store the IDL description of a server in an Interface
Repository (IR). When a client attempts to invoke a method of a server, a generic mechanism fetches the description
of the operation from the IRand puts the local arguments into that request in some manner and sends the request to the
server. For its part, the server cannot tell how the client generated the request. It responds and puts the return value(s)
into the request and transfers it back to the client. There, the generic mechanism unwraps the return value(s).

This generic mechanism provides direct access to the CORBA facilities from within a language without the need
for compilation of client stubs from the IDL and their compilation in the native language (e.g.C++). We can use
a second generic mechanism to allow user-level objects (e.g. anS matrix) to be offered as a CORBA server that
other clients can access. Again, we wish to avoid compilation and to allow the implementation be done in the user-
level language rather than the lower-level native language. This server mechanism creates a proxy CORBA object
that contains the real user-level object. The proxy object declares that it can service requests from a particular IDL
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interface. When it receives such a request, it converts the arguments and passes the call to an the appropriate user-level
function (e.g.nrow() in our example above). when this has completed, it puts the return value back into the request
and returns it to the caller.

See adding operations and attributes dynamically.

2 Identifying CORBA Objects

In order to avail of CORBA servers, one must first obtain a “handle” or reference to an appropriate CORBA object.
Appropriate here means an object that supports the require operations and is configured or configurable to the needs
of the caller, including access to data not passed as arguments of an operation, CPU cycles, etc. However, these are
matters that are handled using different technology and management.

There are two basic ways to obtain a reference to a CORBA object. The most common mechanism is to use simple
names. A server registers iself with what is called the Naming Service. This is a CORBA object that holds references
to server objects. Clients can obtain the reference for a server using an agreed name. The agreement is between the
server and all its clients to use the same name. To avoid name conflicts, multiple servers can be used, or more typically
different sub-contexts can be created. This gives file-system like hierarchical or nested structuring. To make this more
concrete, consider the setup our statistics department might employ. Each user may have their own area in which they
can register servers for use primarily by them alone. We might construct a naming context namedduncan . Inside
this, I might place some persistent servers that I want be around for lengthy periods - e.g. datasets, plot servers, my
own IR for IDL interfaces I use. I might also organize different projects in their own naming contexts within my
own personal one. Other servers used by more than one person may be put in the top-level naming context or in a
departement area.

To refer to top-level objects, we use a simple string such as”Server” . As a general rule, to refer to nested name,
we pass the components as a character vector of the form

c("A","B",...,"Server")

An S -specific syntax is described below which allows us to perhaps more naturally specify a nested name in the form

A$B$C$..$Server

The second mechanism for referring to a CORBA object is the Interoperable Object Reference (IOR). CORBA
provides a facility for converting any server to a string which allows the reference to be obtained from it. The methods
object_to_string() andstring_to_object() perform this interchange between object and string. The
result of the former can be passed via a file, or made avaiable on a Web page. A client can then convert this to an
object and use it as if it had been obtained from the naming service. This mechanism allows servers to be obtained
when naming services are not shared. Of course, there are many security issues to deal with here.

While S does not provide a mechanism to read an IOR from an HTTP server, the functionior() is a simple function
to read a single IOR from a file. This can then be passed as the argument to most of the functions that also accept a
name to be resolved in the naming service.

If one uses Orbacus as the ORB implementation, etc. there is an additional way to specify a named object. This
uses an Orbacus-specific extension which allows names to be of the form

iiop://host:port/name

(Note that at present, the code is very strict about this format.) This is similar to a URL specification. It is a convenient
way to specify the naming service or interface repository (see below) running on a different machine or of a different
user. See chapter 6 of the Orbacus manual for more details.

Ω̂ provides a tool to examine (and edit) the contents of the Naming Service.

omega -CORBA -ix NameServerViewer

Since naming servers are themselves CORBA objects, we can refer to them via an IOR or a name within a super-
leve naming service. While this is possible for individual operations (e.g. via theserverargument tonamedCor-
baObject()), this is inconvenient for groups of calls or sessions that want to refer to a different default naming service.
Accordingly, the functionnamingService()can be used to both obtain the IOR of the current top-level naming service
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and set it to a different server. When we set the value, all subsequent calls that use the naming service will communi-
cate with the new server. The return value of the call in this case is the value of the previous setting. This allows one
to temporarily substitute the default naming server with another and swap it back at the end of a collection of tasks.

At this point, as a client, we can refer to arbitrary servers. Now, we look at how we can use the services of these
servers.

3 Identifying & Invoking Methods

Unlike Ω̂, we cannot make calls to CORBA servers completely transparent. Instead, we use an interface similar to the
.C() and it is called.Corba(). This takes the object identifier - a character vector specifying the IOR or an name in the
naming service. The second argument is the name of the operation to invoke. After these two required arguments, one
passes the arguments for the operation.

After this, other arguments are passed to the CORBA operation. Usually, the arguments are passed as simple
values and in the same order as defined in the IDL operation. However, one can also provide named arguments, using
the names of the IDL parameters.

Two other arguments can be explicilty supplied to control more precisely how the operation is invoked. These are
discussed later on in text.

Let us suppose that there is a CORBA object server that implements theMatrix defined above and that it has been
registered with the naming service under the name mat. (We will see how to do this in later sections.) Then, we can
find out the number of rows and columns it has with the calls

> .Corba("mat", "nrow")
[1] 3
> .Corba("mat", "ncol")
[1] 4

Now that we know the dimensions of the matrix, we can extract entries. Because the server was implemented to
use0-based indexing, we get the element at position(i, j), such as(2, 3) with a call

> .Corba("mat", "data", 2-1, 3-1) # or .Corba("mat", "data", 1,2)
[1] 2.34

We can implement a version of aTrace()function as

Trace <- function(m) {
r <- .Corba(m, "nrow")
c <- .Corba(m, "ncol")

total <- 0.
for(i in 1:min(r,c)) {

total <- total + .Corba(m, "data", r-1, c-1)
}

total
}

In S4, we can make the.Corba()calls reasonably transparent with a little work.

setMethod("nrow",signature("CORBAObject"), function(x){.Corba(x,"nrow")})

Then, we can invoke this method as

nrow("mat")

Unfortunately, this approach requires that we create methods for all possible operations. This can be done program-
matically by interrogating the Interface Repository for its IDL definitions and the set the methods automatically. See
the functions described below for querying the naming service.

In Ω̂, we can refer to the CORBA objects as if they were local variables and then invoke methods directly. For
example,
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x = mat.nrow()

At this point, we should discuss how the arguments to the IDL operations are handled and return values are
converted to regular objects in the mechanism underlying the.Corba()function. We present this in some detail so that
users may understand their responsibilities.

Basically, CORBA does not understand arguments in the form we specify them since they have their own represen-
tations. However, once we identify the server and the method name, we can obtain the signature of the IDL operation.
At this point we know the expected type of each parameter and we can attempt to convert the user-level argument to
the appropriate CORBA type. The basic IDL primitive types - long , string, char, double, float, boolean, etc. - are
automatically handled by explicit code provided for each system supported by this distribution. Similarly, sequence of
these primitive types are handled to convert between vectors in the system and CORBA.

The Matrix uses just these primitives as arguments and return values -long anddouble . However, clearly it
is not convenient to specify parameters only in terms of these types. This would lead to operations with enormous
numbers of parameters. Instead, we want to deal with higher level obejcts which are implemented using primitives.
For example, we may want to pass a matrix to a scatterplot server to produce all pairwise plots.

Much research and many implementations have deal with this. One approach is to require the user to convert the
data to a form understood by the remote server. For example, we might pass the matrix as an array of doubles with the
first two values containing the number of rows and columns. Alternatively, we might use more system-specific format
such as that used by thedump()andrestore()functions inS. This approach was used in a anS -JavaTM interface [?].
Another alternative is to talk in the language of the remote interpreted server. If this was anS server we might call

eval("plot(matrix(c(100,4, 1.2,..........)))")

And we would have to handle the return type in a similar manner. That is we would get a string that we evaluate to
produce a user-level object. This is very inefficient and we lose all the benefits of type checking provided by IDL. If
we were to replace this server with one implemented in another system, e.g. Matlab, we would have to change the
client implementation to produce and understand different strings.

A more useful approach is to convert non-primitives into lists of primitives and to operate recursively. In this
way, a structure containing along value and another list containing a string and a double would be mapped to the
corresponding list-type in the target system and the regular primitive converters applied to the different elements.

John Chamber’sS -JavaTM interface also distributed by thêΩ project does the conversions between the two repre-
sentations in this way. This is convenient for the user who does not want to deal with providing converters. However,
it can be quite expensive in that all data is copied just to compute the number of rows and potentially determine that
the object is not invertible, etc. Additionally, the actual reslting representation in the target system may need to be
converted again for use by functions, methods, etc.

An alternative to all of these approaches and one that requires the least amount converter code and unecessary data
transfer (at the expense of increased number of transfers) is to leave the non-primitive user data used as argument to
a CORBA operation in its own environment. Then we arrange to have methods invoked on it by the remote object
(original server) to which it is passed. For example, an object implementing theMatrix interface might be passed to
a server that will compute its trace. That function or method would then be implemented by invoking thenrow, ncol
anddata methods on that argument. TheTrace()method above is an example of this that we will return to later.

One important consequence of this is approach is that, as per the notion of IDL, the implementation and represen-
tation of a CORBA object is completely encapsulated. Other objects can only access it in terms of its IDL operations
rather than assuming a particular structure. This allows us to represent the data in interesting ways appropriate for the
resources of the machine on which it resides, etc. This in turn allows us to develop a different implementation of the
same IDL interface which may be faster or more efficient with memory use, for example. Or perhaps we may have an
optimizer with better properties but accessible as the same IDL interface. This allows us to easily substitute one ob-
ject with another implementing the same IDL interface. This modularity is important for extensible and maintainable
software.This approach is the essence of CORBA.

Note also that this approach allows a call to an operation in a server A to pass a reference to a CORBA object
residing in a third process without transferring the data twice..Corba(”plotServer”, ”pairs”,

So now we have discussed what we want to have happen - creating a CORBA object from a local object imple-
menting a specified IDL interface and then to implement the methods of that interface locally using that object’s data.
CORBA allows us to do this by
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• compiling the IDL skeletons thatmarshallthe data1,

• implementing the methods of the interface,

• linking these into the interpreted environment, and

• providing wrapper functions to interface between theC /C++ routines and the interpreted language.

Since this involves much work and a certain level of expertise, we provide a simpler solution.
The Dynamic Skeleton Interface CORBA provides allows us to embed the user-level object in a proxy or virtual

CORBA object that claims to implement a particular IDL operation. When this virtual CORBA object receives a
request it extracts the arguments and converts them to local user-level objects. In the packages these and the name of
the operation and the user-level object being represented by this virtual server and passes it to a user-level function. At
this point, the appropriate interpreted function is called. In the case of thenrow operation of theMatrix

When the.Corba()attempts to convert a non-primitive
Many operations involve justin or inout arguments. However, there are some that takeout arguments. For these,

a value NULL suffices, however it is unecessary to pass a user-leve argument as an argument. However, for those If
any of these are named, then all must be named (in the current implementation). The names must match the While
there are two other prescribed arguments,

Non-Primitive Arguments lead to CORBA Servers.

4 CORBA Servers

We have seen how we can invoke methods in servers outside of the user’s environment. We have also seen how the
.Corba()implicity creates CORBA servers when it encounters a non-primitive parameter type. A natural extension of
this is for a user to create their own CORBA servers from within their environment. We can do this in the same way
that arguments are converted to CORBA objects - via a proxy or virtual CORBA server. The requests are dispatched
to interpreted functions (which of course may call native code, other CORBA methods, etc. in their implementations).

In order to create a server implementing a particular IDL interface, one first must define the functions to handle
the requests. The simplest way to do this is to define them in the current working database with the same names and
arguments as the IDL expects. Of course, for languages likeS , R , Matlab , etc. there is no implicit default object on
which a method is invoked. In other words there is nothis or self. Thus, to obtain the user-level data contained in
the CORBA server that provides the data to parameterizes these methods (i.e.nrow) these functions must accept an
additional argument to those specified in the IDL. By convention, this will be passed as the first argument, before the
CORBA operation arguments.2

The function that explicitly creates a CORBA server is.CorbaServer(). It takes as its first argument the name of the
IDL. This is assumed to be in the Interface Repository and by default, this is checked when the server is instantiated.3

The following argument(s) is a user-level object(s) to be used as data for the server in the same way that an argument
value is embedded in the virtual CORBA object and passed to the user-level implementation functions.

.CorbaServer("StatMatrix::Matrix", matrix(rnorm(100),10,10))

Note that we can use eitherStatMatrix::Matrix or the more completeIDL:StatMatrix/Matrix:1.0 form for the IDL
type.

A server is of little value if no other application can locate it and access its operations. Thus we need a mechanism
of registering it with the naming service or obtaining its IOR. A simple way to do the former in languages likeS and
R is to use argument names as names in the top-level interface being implementednaming context to which the object
is bound. For example, the call

1Marhsalling is the communication of the arguments between process and machines. This takes care of handling failures in network connectivity,
converting data between machine representations, etc.

2The functions can also take other default arguments or other constructs that the language supports. One can also change the order that the
arguments are passed.

3This can be supressed via the argumentcheckTypesto allow a server to be created before its IDL interface is added to the repository. This
is usually a logical value indicating whether to check or not. If this value isT, if any IDL type is not located in the repository an error is raised.
However, if this is an integer value different from0 and1, warnings rather than errors are raised. This notifies the user of what IDL types must be
added with out being a fatal error.
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.CorbaServer("StatMatrix::Matrix", mat = X)

creates a CORBA server that implements theMatrix interace using the objectX and the user-level functions and makes
it accessible to other CORBA objects under the name mat.

If we want to register the object in a sub-naming context, we cannot use this mechanism.S for example does not
support the syntax

foo(c("A","B") = X)

So, instead we use thenameargument of.CorbaServer(). This is can be passed a character vector specifying the
nested name as described in section??. For example, to create the server with the name mat in the naming context
Duncan

.CorbaServer("StatMatrix::Matrix", mat = X, name=c("Duncan", "mat"))

Note that sometimes we create a server that provides functionality but that does not require any auxilary data.
Specifically, there is no equivalent ofthis. In these cases, one can pass theNULLvalue as the user-level interface being
implementedobject for the server. In this case, this will not be passed as the first argument to the functions called when
implementing the IDL operations. This allows us to avoid having to create simple wrapper functions to remove this
argument.

This example leads us to consider cases where we may want to map operation names to functions that do not have
the same name as the operation. For example, in theMatrix interface above, thedata corresponds the[() in S 4 In this
case, we may want to provide a different dispatching function that recognizes the operation namedata as a special
case. We can define this function and assign it to a name, sayMatrixServerEval().5 The newly created server can
be instructed to call this with the CORBA operation parameters and other data by specifying its name as the value of
theevalFuncargument. This allows us to map requests to arbitrary functions or expressions and basically do method
dispatching based on all the elements of the request, including the return type.

4.1 Mutable Servers

Servers, by definition, provide services to callers and these come in the form of operations or methods. Some of these
methods may change the contents of the server. For example, thesetElement operation in theBaseMatrixinterface
is designed to change the value of an element of the matrix. BothS andR are not designed to support the notion
of methods within an object that can change the value. Instead, these are functional languages that return copies of
altered data, rather than modifying the single instance of the object. This poses a problem for us in the CORBA world
where the semantics of method calls are very different. Fortunately, we can solve this difficulty and at the same time
circumvent the problems of conflicting names and the implicitthis reference in the IDL operations. Unfortunately, the
mechanisms employed inS andR to handle these problems are different. We will discuss theR structure first.

R provides the concept of a closure which comes very close to offeringJavaTM -like classes. They offer the nested
name space of methods and an almos transparentthis reference and mutablity. Just as we would inJavaTM or C++,
we collect the methods for an CORBA server into a closure and then create an instance of that closure. For example,
consider theBaseMatrixclass.

baseMatrixGenerator <- function(this) {
nrow <- function() {

return( super(nrow)(this))
}

return(list(nrow=nrow))
}

6

4This is true if we assume that the arguments are in terms of a1-based indexing system.
5We will discuss how to implement this in section??.
6Thesuper()function retrieves the specified function by ignoring the ones defined locally within this closure and looking in the search path.

super <- function(fun) fun <- substitute(fun) if(is.name(fun)) fun <-
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4.2 Multiple Servers

The .CorbaServer()as described above allows us to create a single server within the user-level environment. The
CORBA mechanism however allows us to support multiple servers within an application simultaneously. This allows
us to have just one process but many servers all available to CORBA clients. SinceS and R allow only a single
evaluator, we must ensure that requests to the dynamic servers are queued and executed one at a time. Fortunately,
most CORBA implementations help us here by offering differentconcurrencymodels. Typically, we can arrange to
have multiple servers residing in the process with just a single listener for all requests. This listener then hands the
request to the appropriate COBRA server and does not execute the next request until control is returned to it by the
CORBA server. This is exactly what is needed for these non-threaded systems. It is this that allows us to make a call
as a client with CORBA objects as argument to the operation and block waiting for the result but still allow the original
server to invoke methods in the argument objects that are executed within our local environment. These are termed
nested calls or callbacks and understanding this was the reason for the lengthy delay in the release of this software.

For more advanced systems that support threading (e.g.Ω̂ and native applications), there are other concurrency
models we can employ. We can create a thread for each request or allocate a thread from a fixed pool for each request.
These allow multiple requests to be executing simultaneously, potentially for the same server. If this is not desirable,
we can direct the central listenern to serialize requests for each server but to allow requests for different servers to be
handled concurrently.

So now that we know we can make better use of our environment and offer multiple servers simultaneously with
little cost to our programming effort, we need to know how to do this. There are two basic mechansims. The simplest
exploits the fact that the function.CorbaServer()is vectorized in several of its arguments. By this I mean that if you
specify, for example, more than one IDL type as the first argument in the form of a character vector, it will create that
many servers. In the traditionalS manner, it will cyclically replicate the other arguments and create that many servers.

The following call creates three servers

.CorbaServer(rep("StatMatrix::Matrix", 3), m1)

each implementing the IDL interfaceStatMatrix:Matrixand each parameterized by the value ofm1.
Since no names were specified, the IOR’s are displayed and the terminal and can be manually transferred to other

applications so that they can access these objects. Alternatively, we can specify names for the servers via thename
argument. This can be done as

.CorbaServer("StatMatrix::Matrix", m1,
name=list("A",c("Folder", "B"), "C")

Note that we did not replicate the IDL types but instead defined the number of servers by the number of names, the
length of the argumentname. Note also that this argument is alist rather than a character vector. This allows us to
describe nested CORBA names, as the second element does. In this case the first two arguments - IDL type and user
object - are replicated.

Similarly, we can specify multiple user-level objects. The call

.CorbaServer("StatMatrix::Matrix", A = m1, B = m2)

creates two servers from the objectsm1andm2and names them A and B.
In al of the examples above, all the servers are created and then the process enters the request listener loop. It

only returns from this when we interrupt it (with a signal - Ctrl-C) or when all of the servers have been deactivated
by external requests. This is useful if we can create all the servers in a single call. However, sometimes this is not
convenient or even possible. Instead, we may need to create one group of servers and then a second in different calls.
This may be the case for example when iterating over a structure to create servers from the different elements. A
simple call tolapply()or for() are examples of this scenario. Consider what happens in the following expression:

for(i in 1:length(dataList))
.CorbaServer(type{\Tt{}i}, dataList{\Tt{}i}, name=names(dataList)[i])

as.character(fun) fun
get(fun, env = .GlobalEnv)
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The first server is created and the call to.CorbaServer()does not return until the server is deactivated. This is not what
we intended. Instead, we wanted all the servers to be created and then to enter the request loop.

The argumentblock of the function.CorbaServer()is designed to support the need to create multiple servers in
different calls. By default its value isT and hence the call enters the request loop and does not return until it exits that
loop. However, it the valueF is specified, theC code does not enter the request loop but simply creates the server,
registers it with the naming service if appropriate and returns. These are what we termdeferredservers. They are real
CORBA objects at this point but not active. Any requests dispatched to the object will fail because there is no listener
for these requests.

Using this argument, we can reimplement the loop above now as

for(i in 1:length(dataList))
.CorbaServer(type{\Tt{}i}, dataList{\Tt{}i}, name=names(dataList)[i],

block= (i==length(dataList)))

This simply instructs the.CorbaServer()to block only when executing the last command. Of course, if we had two of
these loops, the first would passF as the value forblock for all iterations.

When the valueF is passed forblock, the return value of the call to.CorbaServer()is the CORBA object. We
should also that the user-level object used by the server is copied to an appropriate storage frame/area so that it is
available when requests are executed. This is necessary in the deferred mechanism.

5 Deferred Tasks

One of the two primary motivations for the CORBA interfaces to the different systems discussed here was to allow
distributed high performance computing. A simple and canonical example of this that we dispatch each iteration
of a loop to a different server to perform a sub-task of the overall task and that these are done concurrently. The
obvious result is that the overall time to do the complete task is approximately divided by the number of sub-tasks we
use. Again, consider a implementation of cross validation using this distributed setup. We assume that thedataList
contains suitable parameterization of the data7 so that server receiving that element can determine what to do.

n <- length(dataList)
ans <- vector("list", n)
for(i in 1:n) {

ans{\Tt{}i} <- .Corba(server{\Tt{}i}, "crossValidate", i, dataList{\Tt{}i})
}

Again, just as with the creation of multiple servers, the first of these calls will block until that server responds with the
result. 8 Then, the second sub-task is perfomed. While this may still be better than doing the computations locally
(because the other servers may be faster, etc. and there is no need for synchronization) in many cases it would be
preferrable to have them perform the sub-tasks.

What is needed in the above case is the ability to not wait for the result of an operation in a remote server but to be
able to do something else while it is executing and to return when it is completed. This is what is termed adeferredcall
in the CORBA literature. There are two basic ways to use this in our environment and while they differ conceptually,
they are specified simply by chaning arguments to the.Corba()call.

The first deferred call mechanism involves dispatching each request separately but specifying a value for the
argument.deferred9

7This is highly non-trivial as different configurations - distributed data, shared data via Network file systems, databases, etc. - will give very
different characterstics for different classes of problems.

8Alternatively, an error may be returned in the form of an exception and then that sub-task must be rescheduled.
9You may wonder why such odd names are used for the arguments in the .Corba call. It took a bizarre occurrence for me to figure out what is

subtely obvious. The arguments expected by the IDL operation are specified in the... argument of.Corba(). As explained when discussing out and
inout arguments, the user can specify the IDL parameter names in these lists to identify the arguments. However, the... mechanism inScauses all
the arguments to be matched immediately and the remaining unnamed ones to be matched in a slightly different way. So in one example, I had an
IDL parameter named ‘1’ and the second argument to.Corba()was namedmethodName. Then in the call.Corba("foo", "trace", m=m1)
the partial matching identifiedm1as the value formethodName. Thus to ensure that we avoid any conflict with arguments to this function and IDL
parameter names, we prefix the local argument names with ˙ which is not legal in IDL(?). Thus, there is possiblity of matching m to .methodName
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5.1 Specialized Converters

When an user-level object is converted to a non-primitive CORBA object, the default converter creates a proxy object
that contains the user-level object and implements the CORBA methods by invoking functions of the same names as
the operations. This is convenient but we may want to override this behaviour in at least two circumstances. The
first of these is when we want to use a different mapping between the CORBA operation names and the user-level
functions that get called. The second is when we want to avoid the entire intrepreted mechanism, implementing
operations with user-level function calls. Instead, we may want to implement the server’s operations directly in the
native language - e.gC. Both of these situations are handled by registering a new conversion rule using via the function
addCorbaConverter().

In the first case, we want to replace the default user-level function that acts as the bridge between the CORBA
operation and its evaluation via user-level functions. This is.CorbaServerEval(). We can arrange to have a different
function, sayfoo(), called for all requests for a CORBA object of typebar with the call

addCorbaConverter("HandlerForFoo", "IDL:foo:1.0", userFunction=T)

The same function can be used to register aC routine to be used to create the CORBA object. This is for more
advanced users and is primarily used for efficiency purposes. Avoiding the calls to user-level functions can lead to
huge performance gains at the expense of flexibility. How this object implements the CORBA method requests is its
repsonsibility. TheC routine must have a signature

CORBAAny_ptr (*converter)(CORBAAny_ptr target, const USER_OBJECT_ &userObject);

The second argument is the user-level object which we want to convert to a CORBA object. The first argument is the
container into which the new CORBA object is to be inserted for communication with othe routines. Generally, one
creates a new CORBA object (via one of its constructors) and then inserts it into the target container:

*any < < = newCorbaObject ;

(We do not do this automatically since some users will need to create their own Any object. In this case, this new Any
should be returned.)

The return value is almost always be the first argument. Only in very rare cases will one create a new Any into
which the newly created CORBA object is added.

To register such a function, we specify its name (as it would be named in a call to.C()) and the target IDL type.

addCorbaConverter("routine-name", "IDL:foo:1.0")

Note that we currently do not provide the resolution to specify the converter for a specific object or for a particular
user-level class.

In the future, if it is deemed useful we may provide a “method” table mapping user-level classes to particular
routines. Thus, for a given IDL type, we would be able to specify different routines or user-level functions for different

user-level types/classes. For the IDL type, this would be a table of the form
list ”CORBAfromList”
matrix ””
myClass

Note that inheritance is not used in the lookup of converters. Specifically, if we converting a user object to a
CORBA type, saybar which extendsfoo, then we only look for a converter registered forbar. We do not look for
converters for its IDL base classes, and theirs, etc.

This maps an IDL type to either a user-level function that replaces.CorbaServerEval()in providing the bridge
between the CORBA proxy server and the interpreter

While typically one would register a
This can be done by supplying
addCorbaConverter()

6 High Performance Computing - Distributing Tasks

What we have discussed above is the ability to invoke methods in remote objects in arbitrary languages and create
such remote servers using the existing high level languages only. This allows us to share functionality with other
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applications. A second usage is to be able improve the performance of existing algorithms within a language in a
simple and straightforwad manner by using more resources to in the computation of the algorithm. Given the ability
to communicate with objects in other applications, we can now decompose a computational task, say T, into sub-
tasksT1, . . . , Tk. Generally, the overall task is completed when all of the subtasks are completed. However, in
many cases the different subtasks can be done in any order. This is especially true for many statistical applications
such as bootstrapping, cross-validation, certain fitting procedures (e.g. nlme for within-subject estimation). While
a decomposition of the task into subtasks can be challenging, once a suitable one is derived, the sub-tasks can be
performed on different machines. In an ideal setup where there arek machines, 1 for each sub-task, the overall
computation time forY can be reduced by a factork. While this is rarely realized, there is usually significant gain.
There are however many issues such as configuration of the slave machines, initialization of the servers on these
machines, transmission of the data, etc. Clearly the improvement in performance is related to the complexity of the
sub-tasks. If each of these is trivial, the expense of the remote method invocation will outweigh potential gain from
distribution. However, if this is a negligible component of the overall time for taskTi, the gains can be significant.

We consider a simple example here to illustrate how one might use this high-performance cluster of servers from
a language such asS. In this case, the tasks are homogeneous and involve cross-validation on a model. The auxilary
data common to all the sub-tasks have been pre-allocated in the remote servers. This includes the previously fitted
model, the data, etc. Each sub-taskTi involves recomputing the fit with a certain sub-group of the data being removed
and then predicting the value. The result is a single real value, the prediction error for the omitted group based on
the fit from removing this group from the initial data. The inputs to the sub-task (in addition to the fixed fitted model
and data) are simply the indeces of the elements of the sub-group. Again, for simplicity, we will assume we10, 000
observations in the data and each sub-group and hence sub-task works on1, 000 of these. Hence the inputs for sub-task
i are the indices

π(j)|1000 ∗ (i− 1) + 1 < j < 1000 ∗ i

,

whereπ is a permutation of the values1, . . . , 10000.
A simple example of this The following

7 Event Channels

8 The Interface Repository

Reflectance is the facility by which an object programmatically provides information about its makeup. For example,
in JavaTM , we can interrogate a class for the different methods it supports, the fields an instance contains, and we
can even create objects of this class by calling different constructors, invoke methods and access these fields without
compiling the calls directly. This might be defined as meta-programming and it lies at the heart of theΩ̂ interpreter.S
objects also support reflectance - what is the definition of the class, its superclasses, the methods defined for it, etc.

The dynamic mechanism for CORBA described here also uses reflectance. This comes from the Interface reposi-
tory which allows us to explore an IDL module or interface and its sub-elements. Since we have been able to exploit
it to implement powerful facilities simply, it seems that we should also provide user-level/interpreted access to these
same facilities.

The functionidlType()returns a string identifying the IDL type of an object. The object is specified as a name or
IOR. A more interesting function which takes either a name/IOR or the IDL type isidlInterface(). This returns a list
describing the IDL interface associated with the argument. Generally this will have4 elements:

• a list containing the operations descriptions

• a list containing the attribute descriptions

• a character vector containing the names of the parent IDL interfaces from which this one was derived or extend-
ed.
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• the full name of the IDL interface

The third value allows us to work recursively to discover all the methods and attributes accessible within an IDL type
that are inherited from ancestor classes.

The functiongetIRContainerContents()returns a simple description of the contents of a repository object. Each
element of the resulting list contains the identifier for the IDL element and its type (e.g. attribute, interface, module,
etc.) This can be used to construct most of the information that is needed programmatically to identify the character-
istics of CORBA objects. It works not just on repositories, but arbitrary containers, including interfaces, etc. It offers
a condensed version of the output fromidlInterface()that can be used when not all the information about operations
and attributes is required but just the names. (Operations, attributes, and some other types are not containers so we
cannot examine them in this manner.)

This querying of the repository may be extended to support other IDL elements such as a module, exception, struct,
etc. This is is not vital at present sinceΩ̂ offers both a graphical and programming tool to view (and edit) the Interface
repository.

omega -CORBA -ix IRViewer

Additionally, from within Java and directly within̂Ω, one can add attributes and operations to an IDL interface and
even create new IDL elements without creating an external source file. The elements are added directly to an interface
repository.

Like the Naming server, there can be more than one interface repository and each is a CORBA server. We can
change the identity of the default repository using the functioninterfaceRepository()as well as simply obtaining a
reference to it.

One of the drawbacks of the dynamic mechanism is that we need to populate the Interface repository with the
interfaces we are interested in and before we employ elements of these interfaces. The compiled versions do not
require this. For this and efficiency reasons, it is often a good idea to compile stable IDL stubs (not necessarily
skeletons) for use with clients. Now if we make the.Corba() mechanism aware of this compiled class the loclal
system (e.g.S ) can also create appropriate .C calls to the different operations and narrow the object using the helper
classes.

8.1 Named Objects as Variables

Ω̂ allows a user to refer to objects in a CORBA naming context directly as if they were regular localΩ̂ variables.
Additionally, methods can be dispatched as if they were local as the equivalent of the.Corba()call is done implicitly
if there is no local method matching the one being invoked. For example, in the examples above, we can write

mat1.nrow()

having “attached” the toplevel naming context as an element in the evaluator’s search path.
S4 allows us almost allows us to attach naming contexts as databases in the search path. For certain reasons, a

decision was made to prohibit databases that can be modified externally to be used as elements of the search path.
Instead, objects contained within them can only be referenced explicitly viaget(). The machinery is there however to
fit this framework as long as we do not want to by-pass the internal lookup table associated with an attached object.
So, in what follows, we consider the contents of the naming service static.

The classesCORBANamingContext and supportingCORBAObject andCORBAName and their associated meth-
ods fordbobjects(), dbexists(), etc. provide the basic facilities. What we would like to be able to do is something like
the following:

> attach(CORBANamingContext())
> .Corba(Server, "nrow"

where ‘Server’ is now retrieved from the naming context and is passed to the .Corba as an object of classCORBAOb-
ject . Note that this is slightly more expensive than specifying the string to.Corba(). It becomes more useful when
we have multi-level nested names. There we can attach the sub-naming context directly to make the objects contained
within it directly available as top-level variables.
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> attach(CORBANamingContext(), name="Default Naming Service")
> objects(2)

[1] "A" "B" "BAR" "C"
[5] "D" "Duncan" "E" "ExtendedServer"
[9] "F" "FOO" "OP" "PO"

[13] "Sarea" "Server" "The" "buf0"
[17] "foo" "smat" "smat1"
> smat1
[1] "IOR:010000001d00000049444c3a6f6d672e6f72672f434f5242412f4f626a6563743a312e300000000001000000000000003c000000010100401e0000007069676c65742e72657365617263682e62656c6c2d6c6162732e636f6d000f7910000000000000003d8e39376ad60c0000000000"
>

Similarly we can attach sub-naming contexts as

> attach(CORBANamingContext("Duncan","Temple"), name="Duncan")
> objects(2)
[1] "Lang"

Alternatively, using the syntax developed below

> attach(CORBANamingContext(Duncan$Temple), name="Temple")

We can take this one step further and define a method for the $ operator for CORBA objects. We can attempt to
narrow these to naming services and lookup the sub-element within it. For example,

Sarea$matrixServer

would mean lookup the objectSareaand then invoke the method $ with the argumentmatrixServer. This would then
extract the named object matrixServer within the naming service. This now works correctly.

In the case that source object (i.e. the lhs of the $ operator) is not a naming context, then we attempt to extract
the attribute corresponding to the name on the rhs of the operation. For example, in our ExtendedTraceServer IDL
example, each server has a variablecount. So

> ExtendedServer$count
[1] 13
>

should return the current value of that object.
At present, assigning a value in this manner requires that the object be local to the default database.

> ExtendedServer$count <- 100
Problem: object "ExtendedServer" must be assigned locally before replacement
> v <- ExtendedServer
> v$count <- 100

Unlike Ω̂, the syntax ofS, R, etc. does not support hiding the method dispatching in a general and centralized
way. We can however arrange to create methods for theCORBAObject and derived classes for certain methods. For
example,

setMethod("nrow", "CORBAObject", function(x){.Corba("nrow", x)}

or

setMethod("nrow", "CORBAMatrix", function(x){.Corba("nrow", x)}

Using the facilities in the earlier section (??) we can enumerate the interfaces and their operations within the
interface repository and automatically generate these methods.

Another “hack” that we can implement to provide syntactic sugar for CORBA calls is to overload the $ operator
one more time. Here we can have
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> ExtendedServer$random(10)
[1] 0.63397012 0.05028742 0.02118261 0.57749794 0.73148933 0.06757584
[7] 0.41231109 0.63403648 0.15342002 0.14735986

invoke the IDL operationrandom of the objectExtendedServer.
How is this done? It relies on knowing the representation of anS function and also the evaluation model for an

expression of the form

a$b(x,y,z)

Such an expression is evaluated, as one might expect, as a call to the object returned from evaluatinga$b and calling
it. In the case ofa being a CORBA object andb being an attribute of the IDL, we could evaluate it call there. In the
case of a function call, we dynamically create a function to return as the value ofa$b which substitutes the values of
the CORBA objecta and the operation nameb into the function that calls.Corba().

The entire method for the $ operator then is made up of the following sub-sections.

• a is a Naming Service Context

• b is an attribute in the IDL interface ofa

• b is an operation in the IDL interface ofa
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