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[1] Finding Network Resources: ARCHIE, in the Guide
to Network Resource Tools, EARN (European Aca-
demic & Research Network) Association, pp, 21-28,
1993.

{2] LISTSERV, in the Guide to Network Resource
Tools, EARN {FEuropean Academic & Research Net-
work) Association, pp. 54-63, 1993.
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awl ) Layout language for widget hierarchies (xII)
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# 'maxhits’ (type numeric) has the value *100.

# 'maxhitspm’ (type numeric) has the value *160°.

# 'maxmatch’ (type numeric) has the value "100".

# ‘ontput-format’ (type string) has the value 'verbose’.
# 'pager’ (type boolean) is not set.

# ’search’ (type string) has the value 'sub’.

# ’server’ (type string) has the value "localhost’.

# 'sortby’ (type string) has the valae ’time’.

# ’status’ (tvpe boolean) is set,

# ’term’ (type string) has the value *dump 24 80°.
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this application—collecting and maintaining Customer
Information, performing Credit Analysis, and making
loan decisions based on company Lending Policies.

We can readily imagine why each service may need
to live on a different processor. For example, Cus-
tomer Information may exist near a centralized cus-
tomer database, while Lending Policies may be on a spe-
cial server with an inference engine, and Credit Analysis
needs special communications links to various national
credit bureaus.

We’ll assume that each of these services is itself an object
application, with some number of objects it provides the
rest of the application. There may be many points of
contact between each service. Therefore, we don’t want
to make any a priori assumption about which objects
will’ need to send messages to which other objects, just
becatise they happen to reside on different machines.

What are the Implications of distributed
Object Techneology?

So, what is all this leading up to? What’s the ‘big pic-
ture’ for distributed object computing. The simple an-
swer is this:

What we really want is to be able to do is analyze, design
and implement object systems largely without regard to
how they are distributed. Actual distribution will hap-
pen later when the system is finally deployed, configured
and administered.

In other words, we don’t want to restrict in advance
any of our design or implementation flexibility just be-
cause certain components of the application might be
distributed, now or in the future.

Of course, this is an ideal we won’t always be able to
fully achieve. For example, we ray know well in ad-
vance of design or implementation that certain parts of
a systera will be distributed, and just how they will be
configured. As we discussed earlier, for instance, they
may rely on an existing database or legacy application.

However, suppose an existing database was later moved
to a new location, or was migrated to another platform,
or both. Suddeniy, our original ideas about an optimal
configuration roight have to change.

In that case, it would be very nice to find our that chang-
ing around our configuration to accommodate this new
reality would not require a complete redesign or reim-
plementation of the entire application.

What’s Missing From The ‘Big Picture?’

Unfortunately, when we go to draw the ‘big picture,’
we notice that something very important is missing.
There’s something right in the middle that is supposed

to allow us to send messages among objects on different
processes— and it’s simply not there!

Now, wait a minute! We've got lots of stuff hanging
around in our computing environment. We’ve got our
object language, we've got our network, and we’ve got
our databases. Surely, this ‘missing link’ must be in
there somewhere!

However, no matter where we look, we just can’t seem to
find that missing link. It’s just something that appears
to have been left out of the picture when everything else
was invented.

Of course, this doesn’t mean that there is absolutely no
way to get a message from some object A to some other
object B way over there on the network. The problem
is that we really don’t want to create a custom solution
for each pair of possibly remote objects. What we want
is one simple mechanism that let’s any two objects mes-
sage remotely, without a lot of special programming.

But before we go off on some wild goose chase looking
for this mysterious rmissing link, let’s root around again
inside our existing system and make absolutely sure its
not really hidden in there after all.

Not Provided By Languages

For starters, we might look for the ‘missing link’ in our
favorite object language, perhaps C++ or Smalltalk.
After all, this is where we probably got most of our
crazy ideas about objects in the first place! However,
all the object languages popular today prefity much as-
suine that all objects live in a single address space on a
single process.

This is because it is a great convenience and efficiency
for language compilers and run-time engines -alike to as-
sume a simple, closed processing world. They can then
neatly resolve an object reference to a memory address,
a parameter to a stack variable, and each method 10~
vocation to a ‘jump’ instruction. Some object systems
even go farther by implementing other clever schemes-—
such as garbage collection—which also rely on being in.
a single address and process space.

Unfortunately, when you want to send a message outside
of that process, this means you are completely on your
own. Even if vour favorite language somehow received a
reference to an object in another address space, it would
have no idea how to send a message to it. It simply
wotldn’t know where to look.
Therefore, unless and until object languages change dra-
matically, we can pretty well forget about them as 2
source for the ‘missing link’. Let’s stop wasting our iime
here continue our search elsewhere.
(To be continued ... )

e
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- it will normally manipulate the state of the receiver in
‘some way and transmit back an appropriate result to
the sender.

Some methods require additional information from the
sender in order to execute properly. The sender supplies
that information in the form of parameters. Like named
state variables, these parameters may be either primitive
data, or references to other objects.

Some sifnply methods can complete their work by simply
gathering or manlpulatmg information locally in the re-
ceiver. However, as we've already shown, more complex
methods typically require sending messages to other ob-
jects. These other objects are usually the named vari-
ables of the sender, or one of the parameters of the mes-
sage.

The notion of messaging is clearly central to the func-
tioning of any object computing environment. Without
messaging, there is no delegation, and without delega-
tion, very little reuse is possible.

What Is An ‘Object System?’

This means that sending a message is likely to result in
the sending of other messages, creating a web of active
objects and messages that we refer to as an ‘object sys-
tem.” Let’s begin by imagining such a system in its sim-
plest other terms—Iiots of objects sending and receiving
lots of messages from lots of objects.

In such a systern, each message is likely to generate one
or more other messages, each of which must complete
before the original one itself can finish. Each of these
messages will activate yet another object, which may
send more messages that activate other objects, and so
on.

Clearly, there’s lots going on here. The system must
reliably transport messages frowi senders to receivers,
activate receivers, invoke the appropriate methods, and
return the correct results to the right senders.

As complex as this appears, it is nothing more than what
happens inside of any normal object application written
in any object language available today. Fortunately, all
this complexity is handled for us by the object language
itself, either with a compiler or a run-time engine,
This allows us to build very complex object systems us-
“ing hundreds and even thousands of objects and not
worry much about how messages are processed. We just
worry about how each object sheuld behave, and how it
relates to other objects near to it in the system.

What Is A ‘Distributed Object System?’

In the simplest ierins, a distributed obiect system is
just a garden-variety object system where the objects
involved happen to be distributed across an arbitrary
number of processes and/or processors,

In one sense, nothing much has changed. We still have
the same objects sending the same messages as before.
And, just as before, sending one message to an object is

likely to generate more messages to other objeets. This
looks and feels just like a normal object system, -

However, to achieve the same results, we have a bit more
work to do. We can no longer assume that the ob_}ects
involved live in a homogenous, contiguous space and are
implemented in the same way. They may be instalied
anywheré, and may even live on different platforms, be
written in different languages, and so on.

Moreover, we no longer can assume that messages are
being sent within the same process and address space.
They may need to be sent to remote machines via a
variety of different network protocols, and we can no
longer just assume that they will be reliably delivered,
as we'can within a single process on a single machine.

In short, we would like to think about a distributed
object system in the same way as we think of ordinary
object systems, but unfortunately it’s going to take a
bit of doing to get us there.

Why Distribute Objects?

Before we go to all the trouble‘of’-creating distributed ob-
Ject systemns, we should probably first ask ourselves ‘why
we would want to distribute objects in-the first place.

For better or worse, there appear to be no end of good
reasons, which we roughly divided into two categories:

Proximity Requirements some objects need to live
near other objects or services, usually for efficiency. Ex-
amples of this include the need to be close to databases
that supply information to those objects, the need to be
close to users who frequently access those objects, and
the need fo remain near to other, closely-related objects
ot object services. place

Operational Requirements some objects need to
reside in a particular because of certain operational re-
quirements. For example, some objects need io be in.a
specially secure environment, while others may need to
run on a certain platform or require a certain configura-
tion, such as unusnal amounts of memory or disk space,
or a certain peripheral such as a printer.

In truth, most of these requirements are no different
from those used to justify distributed computing in gen-
eral. In this sense, the migration frem single-process
object systems to distributed ones is not much different
than the overall migration going on today from central-
ized ma.mframes and single-process PCs to distributed
systems. =

What’s A ‘Distributed Object
Application?’

So far, we have discussed disiributed object systems in
rather abstract terms. To make the subject more con-
crete, let’s try to imagine what a real distributed object
application might actually look like.

Our example is a Loan Initiation application, used at a

bank or credit union to set up new customer loans. Let’s
consider just a few key related service subsystems of
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DISTRIBUTED OBJECT COMPUTING

Ali Arsanjani
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Many readers have asked me to focus on what objects
are and the fundamentals of object-orientation. This
month’s column is a reply to those readers.

What Is An Object?

Now matter how we think we understand objects, we
sometimes need to take a step back and ask ourselves
again ‘what is an object’? This is particularly true for
distributed objects, which add a new wrinkle to almost
all previous object computing ideas.

Essentially, we may describe an object in terms of three
main concepts—state, behavior, and messages. Virtu-
ally all aspects of any object living on any platform and
written in any language can be completely described us-
ing one or more of these three concepts. references to

State relates to the ability of all objects to maintain
named other objects, and to more primitive informa-
tion. These references are generally known as variables
or members, and, taken as whole, they comprise an ob-
ject’s state. routines

Eehavior relates to the ability of all objects to ex-
ecute named specific to that kind of objects that may
alter or report the state of that object, or produce dif-
ferent resulis depending on that state. These routines
are generally called methods or member functions, and,
taken as whole, they comprise an object’s available be-
havicr. other

Messages relates to ability of all objects to receive
messages from objects, and to execute the appropriate
method in response o each message. This is only way
that objects can communicate and thereby manipulate
each other’s state and behavior to achieve a specific com-

puting goal.

What Is An Object’s ‘State?’

Each object maintains a private information that it
uses when it must execute one of its methods in re-
sponse to a message from another object. This private
information—known as the object’s ‘state’—is typicaily
maintained as a set of ‘named variables,” that is, vari-
ables that can cach be addressed by a unique name.
Examples for an Employee objects might be ‘Age’, ‘Pay
Grade’, and ‘Department.’

Some of thesc variables, like ‘Age’, may be stored di-
rectly with the object as simple data types, such as in-

tegers and strings. QOther variables, such as ‘Depart-
ment’, point to other first-class objects with their own
state. We should resist the temptation of assuming that
‘Department’ should refer to a number or string that
will resolve to an entry in a database table. Objects
can maintain references to other objects independent of
any external relationship system, such as a relational
database. Such relationships are often referred to as
asgociations,

What Is An Object’s ‘Behavior?’

An object can best be identified by its behavior, by what
it ‘does,’ rather than what it ‘is’ (it’s state). From cn
outside point of view, behavior is all that’s izoportant,
since an object’s state is completely private.

The initiation of behavior is always in response to a mes-
sage from another object requesting that behavior. Typ-
ically, the message refers directly o a particular ‘named
method’ that implements that behavior.

Behavior can be very simple, or very complex. Simple
behavior may include the ability to sef or retrieve as-
signed values from named variables. More interesting
and complex behavior typically invoives delegating all
or part of the requested behavior to other associated
chjects.

This is the similar to the idea of an Automobile delegat-
ing the bebavior of power generation to an associated
Engine, and delegating the behavior of halting forward
raotion to the associated Brakes. If we think of the Au-
tomobhile, Engine, and Brakes as all objects, the same
idea holds true.

This notion of delegation is very important, since it
forms the basis for the bulk of object reuse. Therefore,
object reuse is closely related to our ability to define
and preserve the relationships among objects and to al-
low them to freely send messages to one another.

What Is An Object ‘Message?’

The delegation of behavior from one object to an as-
sociated object is very important, because it explains
why objects send each other messages. The purpese of
a message is for one object-—the sender—to get another
object—the receiver—to do work on its behalf.

In most object languages today, a message refers ex-

plicitly to a named method, which the sender expects
the receiver to invoke. When the method is invoked.
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