On the Symbiotic Interplay between
Good ObjectOriented Design and
Distributed Programming

Adrian German, Indiana University School of Informatics, Computer Science Department

Abstract:

Network programming, traditionally considered an advanced tojicusually approached with
trepidation and fear by both instructors and students. But languages and tlassloped in the last
decade have completely taken the gnarl out of a topic that (as we show)aarbe easily taught early

in CS2 or even late in CTSVe describean exercise that can be used ttiscussgood object oriented
design but also to show thatt simple such design principles are followate can distribute the objects

in the programat will, with virtually no effort, obtaining a networkedevsion of the program almost as

an afterthought.The collection of examples mentioned here can successfully be used to offer a brief but
fairly complete introduction to Java, with an emphasis on networked programming using RMI.



Introduction

Brief Historical Perspective

Objectoriented programming is really about programmionger a distributed platform. A paragraph

from [1] will help usO | LJG dzZNB G KA & LINA Y2 NRALF £ | a Lk Qobfem @fLy M dc
transporting data files and procedures from oAé@ Force air traiing installation to another and
discoveredhat some unknown programmer had figured out a cleneathod of doing the job. The idea

was to send the datdundled along with its procedures, so that the prograntte new installation

could use the proceduregirectly, evenwithout knowing the format of the data files. The procedures
themselves could find the information they needed from ftil&ta files. The idea that a program could

use proceduresvithout knowing how the data was represented struck ldayagood one. It formed the

basis for his later ideas abog@to 2SOl adeé . & O2y (NI adz y2ydentddf (GKS
programming (inheritance, polymorphism, eta@¢re able to acquire an identity of their own that early.

A Note on Distributed Computing

More than 30 years latea very popular document [ NA Yy 3a F2NIK | &AGNRy3 | NHdzY
interact ina distributed system need to be dealt with in ways that iateinsically different from objects

that interact in a singleaddress space. These differences areuieml because distributedystems

require that the programmer be aware tdtency, have a different model of memory access, and take

Ayi2 | 002dzyi AaadzSa 2F O paped, dantludScgdesthelingfaductioh didaval F I
RMI by about Jears, concludes with a set of guidelines on what is requiffdoioth systemdevel and
applicationlevel programmers andesigners if one is to take distribution seriously. Thus we have

accept that local and distributed computing are intrinsicatlifferent; however, differences are

identified and discussedearly, and their nature is now completely understood.

Java RMI vs. the XIM1.-based Protocols

The appearance of Java RMI preceded -RRC anGOAP by a couple of years. Although it has spawned
technologies(see, for example, [6], [7&nd [8]) RMI has noteally captured the imagination of
developers. By contrast, theromise of connecting a large number of otherwise incompatiiégforms,
seamlessly, into one large hybrid network hasved to be a much more attractive proposition. dAn
while the promise of XMibased network protocols is not to be arguede want to focus on the
advantages that a languageentricapproach, such as Java RMI, offers.



In [3] we have demonstrated that while local and distributedmputing are essentiallglistinct
concepts, their differencesan be safely isolated and encapsulated into a design parattigiallows a
complete separation between design and developmént one hand) and deployment (on the other).
Examplespresented there described the genesid the pattern, with examples taken from the
multiplayer game design domaim [4] the pattern was simplified. A class was preserftegvorkPeer )
that isolatesthe basic functionality of a free agent.

Using this classn [9] we demonstratel a program transformatiorwhereby virtually any program
written in Java can have a ndjpossibly dedicated) network host allocated automaticallyrusttime,
one for each of the objects it creates. Of coursds ibf greater interest when the created objects are
threads in our example theywere just normal objectgPOJOsYor simplicity.

Issues of Concurrency

Of the four major differencesdentified between local and distributedomputing, three are almost
straightforward: latency, memonaccess and partial failure. The fourth one is a somewhat subtler
difference: gnchronization is not the same in a distributedd a nordistributed system. If we use
threads to model adistributed system, the local model must be realistic. It mreflect the truly
asynchronous operation in a distributed environment.

Thus the only ychronization mechanisms that wencourage are local, at the level of each thread
object: objectsare the only critical regions. A nafistributed system (evemulti-threaded) is layered on
top of a single operating systemhich can be used to determinend aid in synchronization and the
recovery of failure. A distributed system, on the otliemd, has no single point of resource allocation,
or failurerecovery, and thus is conceptually very different.

We now present the example



Interfaces

Interfaces are elements of pure design.

[ SG§Qa O2yaAiR&GMpeKaStarF 2 f 26 A y 3

puklic interface Client {
public veoid update (Update event) ;

It seems to indicate that a Client is supposed to be something that can be sent an update.

| SNBQa ¢KIG | /tASyd YAIKG FOddzrftte €221 tA1SY

public class ClientImplemsntation extends Thread implements Client
String name;
int id;
Server Server;
public ClientImplementation (String name) |
this.name = name;
'
public wvoid update (Update event) |
System.out.printlni{thi=s.name + " receiwves: ***{" 4 avent 4+ ")**F* T
}
public wvoid runi() |
while (true) [

try |
gleep((int) (Math.random{) * &000 + 10000));
server.broadcast (new Update (this.name + " =zays: Howdy! "))

} catch (Exception e) { 1}
I
1
public wvoid startasClientof (Server server) |
thig.id = server.register (this);
thi=z.=zerver = =zerver;
this.start () ;

The reader is invited to focus on the definition of thep d a t efgnétipn only, which is the only item
of real interest here, for now. The focus at this time is on the concept of interface.



An interface is just a uniform.

A uniform is just an advertisment for a set of conventions.

I SNBQa F LAOGdzNBE 2F CNI Y| { A B
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BEvery uniform comes with a set of expectations. An umpire
expected to officiate, a mailman to deliver mail,a graduating se
to graduate, a policeman to direct traffic, etc. (see below).

The use of some uniforms is restricted to certain gr@of qualified people:

BARCELONA, Spain (AFPplice in northeastern Spain have arrested a man w
dressed up as a policeman and then directed traffic for about an hour, a Sg
newspaper reported Thursday.

The 29yearold, who has a history aghental problems, entered a police station in t
town of Lleida on Wednesday, where he forced open a locker and stole a uniform

Greeting other officers as he left the station, he then went on "patrol," directing tri
in the town centre, the Catalan dwa Segre reported.

He caught the eye of police because of his dishevelled appearance, his "I
gestures" and the fact that he was not carrying a weapon or wearing a belt.

The man was charged with impersonating a policeman.

In our code exampl€lient s need to provide an implementation for the advertisguate ( €)
function, otherwiseobjects of this kind cannot (and wilbt) be recognized a€lient s.
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puklic interface Server |
pukblic int registeriClient client);

public void broadcast (Update event);

HSNBXQa || Ll2aaAroftthSinteriacgf SYSy Gl GAzy 27F

pukblic class ServerImplementation implements Server |

Client[] client= = new Client[100]:

int index = -1;

lent=s[++1t

return ind
I
o N B S L

ad public
0; 1

String name;
pukblic ServerImplementaticon(String name) |

this.name = name;
System.out.println{"Server being initialized ... ");

}

pukblic veoid startAsLocallerver () |

}

The following definition is standalone:

pubklic class Update |
Update (String message) |

thiz.message = messadge;

}
String message;

public String toStringi() |
return messadge;

}




We can put all this machinery in action with:

public class LocalSetup |

public static voild main(String[]

ServerImplementation server
server.startAsLocalSaerver () ;

args) |

new ServerImplementation("dave™);

inew ClientImplementation("larry™)).startazsClientof (server);

inew ClientImplementation("michael™)).startA=sClientof (server) ;

inew ClientImplementation(™toni”)).startasClientOf (server);

-bash-3.25 java LocalZetup
Server beilng initialized
larry receives:
michasl receives:
tonli receives:
larry receives:
michael receives:
tonli receives:
larry receives:
michael receives:
tonl recelves:
larry receives:
michasl receives:
toni receives:
—baszh-3.2%

*** (tonl says:
***% (tonl savs:
***% (tonl says:
*** (michael =zays:
%% (michael =zaye:
*** (michasl =zays:
*=** (larry s=says:
FE* (larry =ays:
FxE* (larry savs:
**%*% (tonl says:
***% (tonl savs:
%% (tonli says:

Howdy 1) *++
Howdsy L) #**
Howdsy L) *=**
Howdy L) #**
Howdy ) #+*
Howds L) #**
Howdyl) *#**
Howdy L) #**
Howdy 1) *+*
Howdyl) ***
Howds 1) #*+
Howdy ) ***

So this is a (realistic) mocip of a reatime text messaging (IM, chat) system.

LGQa

To understand how this works we probably need to start with the client and server methods invoked in
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Diagrams

It will help to draw a schematic diagram of how the prognaorks
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2. A reference to the server is passélt 1 KS Of ASyiQa YSGK2R

adlk NI as
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this reference. The client passes a references to itself during this call by way of introductions.

3. The client receives an id, which is the return value of the register call. That id is also an index in
'y FNNI& 2F Of ASyid NBFSNByOSa o00GKS aASNBSNRa

— ) int register(Client)
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Then what we described earlier can start.

At this point we have a few objects that simulate (as part of the same program, address space) a chat
system. The question is: what can or should we do if we want the clients and the servers to be not
necessarily on different machines but definitely infeliént address spaces (created in separate main

methods, classes, by different programs)?



Inheritance

Inheritance is what happens when we use the class extension mechanism: via this mechanism we are
allowed to describeany entity in stagesFor examplea unicorn is a horse with a horn. Defining a class

Unicorn that extends Horse and inherits all the attributes (variables and methods, nidtachavior) of

the class Horsto which we add thalistinguishing feature of the new concept (the horn for the @nig

is what the class extension mechanism allows and it all amounts to a simple operation of set union of
features of the two descriptions. Dynamic method lookup is what happens when the added features

have the same name with the inherited features, a2 YSy 2y G KF i Qa OFff SR 2@SNJ
very useful feature, and the special rule used in dynamic method lookup (allow the invocation if the type

of the reference is compatible, use the type of the actual object to determine the actual method) is
entirely justified because the set of features is in this case a multiset. So the ambiguity must be resolved.

So a Horse needs to be defined first:
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Then a Unicorn can be defined by extension Pegasus can be likewise defined
as a Horse with a horn as a Horse with wings:

But these are imaginary creatures. Can we find a real example in nature?

The answer is yes: the flying squirrel is a squirrel with wings.



From Wikipedia, the free encyclopedia

The flying squirrels scientifically known a:
Pteromyinior Petauristinj are a tribe of squirre
(family Sciuridae). There are 43 species in

tribe, the largest of which is the woolly flyir
squirrel Eupetaurus cinere)s The 2 species ¢
the genusGlaucomys(Glaucomyssabrinusand

Glaucomys volansare native to North Americe
and the Siberian flying squirrel is native to pa
of northern EuropeRteromys volans

The term "flying" is somewhat misleading, sin
flying squirrels are actually gliders incapable
true flight. Steering is accomplished by adjusti
tautness of the patagium, largely controlled by
small cartilaginous wrist bone. The tail acts a
stabilizer in flight, much like the tail of a kite, al
as an adjunct airfoil when "braking" prior 1
landing o a tree trunk.

southern flying squirrel,
North American flying squirrel
(Glaucomys volans) :

10 eml ] ‘
4 inchesl I I I ] ¥

© 2005 Encyclopaedia Britannica, Inc.

Though their life expectancy is only about six years in the wild, flying squirrels often live between
15 years in captivity. This difference is due to these creatures being important prey animals. Pre
mortality rates in sukadults are very hig Predators include arboreal snakeagccoons nocturnalowls,

martens fishers coyotes and the domestic house cat. In the Pacific Northwest of North America
Northern Spotted Ow(Strix occidentaljsis a welknown predator. They are also noctutn@hey have
been kept as pets since the US colonial era.



It appears that these animals have developed the extra feature during time, possibly through selection,

adaptation and so orilhe situation is probably similar to the one described below:

On 6 April 2006 the journal Nature featured
its cover the banner headline "When Fi
became Limbs."

Inside were two articles variously authored |
Neil Shubin of the University of Chicago, 1
Daeschler of the Academy of Natural Scien
in Philadelphia and Farish A. Jenkins Jr.
Harvard. These articles gave details of
exciting new fossil find thateem to offer to fill e
a missing link in the understanding of evolutic & a1,
with respect to how fish evolved towarc ?E’//zz;;;;{y'//,mtfwf/f’/’m{‘{v
becoming land animals ‘

These extremely wepreserved fossil remains were found on Ellesmere Island, a Canadian islan
within the Arctic Circle, and date from some 383 million years ago during the Devonian Era of Ge:
Time. They are of a predator that had sharp teeth, a crocodile like head and could grow to a body
of some 2.75 metres (9ft).

The fossil finds billed n some newspapers as "one of the most important fossil finds in history,"
caused excitement because Tiktaalik roseae had a skull, neck and ribs similar to early limb
animals, (known as tetrapods), but also featured several defining charaierist fish such as fin:
scales and a relatively primitive jaw.

Scientists have been on the look out for the fossil remains of animals that could provide a pr
example of the previously recognised missing link in the understanding of evolutioeroong the
GNF YATF2NXYIGAZ2Y 2F GKS 2NRIAAYLFE Fljda GAO fATFS
Shubin also said that "here is a creature that has a fin that can doypsh and that "this is clearly a
animal that is able to support itself ahe ground." Thus it is reasonable to suggest that these ft
remains may well give evolutionary biologists a new understanding of how fins turned into limbs.

The fossil remains so far discovered include one nearly complete front half of a fossiikdrskut do
not include reliable details of the hind fins and tail of the creatures body. Given this fact the sci
suggest that Tikkalik would have lived mainly in water but could have moved like a seal on land.

Tikktaalik was a meat eater so tifierces driving the species onto land can be speculated upon ¢
whether they did so to scavenge, to hunt, to breed or to escape their own predators.
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Growing Wings

Growing wings impliethat we are making structural changes to ourselves.
We are the code.

So we havehe following changes to the code

cat Client.java
import java.rmi.*;

public interface Client extends Remote  {
public void update(Update event) throws RemoteExcept  ion ;

}

cat Clientimplementation.java
import java.rmi.*;

public class Clientimplementation extends Thread implements Client {
String name;
int id;
Server server;
public Clientimplementation(String name) {
this.name = name;

}

public void update(Update event) throws RemoteException {
System.out.printin(this.name + " receives: ***(" + event + ")*** "),

}

public void run() {
while (true) {

try {
sleep((int)(Math.random() * 6000 + 10000));

server.broadcast(new Update(this.name + " says: Howdy!"));
} catch (Exception e) {

}
}
}

public void startAsClientOf(Server s erver) throws RemoteException {
this.id = server.register(this);
this.server = server;
this.start();
System.out.printin("l have started the client " + this.name);



Changes like these are not difficult to make but tipeymeate the entire code

cat Server.java
import java.rmi.*;

public interface Server extends Remote  {
public int register(Client client) throws RemoteException ;
public void broadcast(Update event) throws RemoteException ;
}

cat Serverimplementation.java
import java.rmi.*;

public class Serverlmplementation implements Server {

Client[] clients = new Client[100];

int index = -1;

synchronized public int register(Client client) throws RemoteException {
clients[++inde X] = client;
return index;

}

synchronized public void broadcast(Update event) throws RemoteException {
for (inti=0; i <=index; i++)

clients[i].update(event);

}

String name;

public Serverimplementation(String nhame) {
this.name = name;
System.out.printin("Server being initialized ... );

}

public void startAsLocalServer() {

}

hys OFyQi ale GKFG GKSAS OKFy3Sa FNB 2F adoadlyos

1 They are mostly decorative (although important).
1 ¢KSe& Refgfelinianyiwayiwith the actual code that we wrote.

The wings per se are these two classes which are new:

cat NetworkClient.java
import java.rmi.*;
import java.rmi.server.*;

public class NetworkClient extends Clientimplementation
implements Client {



public NetworkClient(String name) throws RemoteException
super(name);
UnicastRemoteObject.exportObject(this);

}

public static void main(String[] args) {
try {
Server far =
(Server)Naming.lookup(
"rmi:/[" + args[0] + ":" + args[1] + "/Dirac");

NetworkClient here = new NetworkClient(args[2]);
here.startAsClientOf(far);

} catch (Exception e) {
System.out.printin("Error in client... ™ +e);
e.printStackTrace();

}

The other class provides the wings for the server objects:

cat NetworkServer.java
import java.rmi.*;
import java.rmi.server.*,;
import java.rmi.registry.*;

public class NetworkServer ex tends Serverlmplementation
implements Server {

public NetworkServer(String name) throws RemoteException
super(name);
UnicastRemoteObject.exportObject(this);
System.out.printin("Server being initialized... *);

}

public static void main(String[] args) {
System.setSecurityManager(new RMISecurityManager());
try {
NetworkServer pam = new NetworkServer("dave");
Registry cat =
LocateRegistry.createRegistry(Integer.parselnt(args[0]));



cat.bind("Dirac", pam);
pam.startAsLocalServer();

System.out.printin("Server is ready... );
} catch (Exception e) {
System.out.printin("Server error; " +e +"... ");

}

The set up changes a little, as each object is launched separately, in a different main method:

javac *.java
rmic NetworkClient NetworkServer
cat java.policy
grant {
permission java.net.SocketPermission "*", "connect,accept";
h
java - Djava.security.policy=java.policy NetworkServer 12398
Server being initialized ...
Server being initialized...
Server is ready...

[.]

Clientsarealsotob2 i I NISR aSLJI N} G6Sfed | SNBQa K2g 4S5

java NetworkClient 127.0.0.1 12398 larry
| have started the client larry

[.]

Any other client is started in the same way:

java NetworkClient 127.0.0.1 12398 michael
| have sta  rted the client michael

[.]



Of Mice and Meh

The title only wants to indicate we plan to make a comparison. Squirrel are rodents.
We started with normal squirrels and we helped them grow wings.

This is what we have now:

These mutated, flying objects can still be run in the same address space.
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catL ocalSetup.java
import java.rmi.*;

public class LocalSetup {
public static void main(String[] args) throws RemoteException

Serverlmplementation server = new Serverimplementation("dave");
server.startAsLocalServer();

(new Clientimplementa tion("larry")).startAsClientOf(server);
(new Clientimplementation("michael")).startAsClientOf(server);

(new Clientimplementation("toni")).startAsClientOf(server);

What do we, people, do in similar circumstances?
WeO | \§rowiwings. (I mean this is not Star Trek!)
So we approacthe problem in reverse:

9 instead of starting with a normal person and adding a new feature: wings

2NRAIAYE €

1 we start with a normal set of wings and let anybody add a new feature: a person

So we have this:

t
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