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¢ Grading info for Project 2 posted today

¢ Commentary for Project 3 due Wednesday,
November 14

— programs sent out yesterday
— questions about Project 3 design?
* Project 4
— due next Wednesday, November 7
* Read Ch. 15, pages 980-989, in Eckel

— Readings web page also has additional distributed
computing and CORBA readings
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* RMI
— Stubs

— Remote objects and interfaces
— RMlregistry
« for bootstrapping (Naming.lookup(), Naming.bind())
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|'s distributing computing
different?

« What kinds of distributed computing
environments exist?

¢ Ways in which distributed computing is
different
— Addressing objects
— Latency
— Partia failure
— Concurrency
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Distributed computing
environments

¢ Usually refersto multiple CPU’s

* Interprocessor communication via shared
address space or message passing?

¢ On same chip, in same room, or across the
Internet?

— latency, failure modes
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Existing environments

¢ Seti @ Home, Entropia
« Server for search engine

« My laptop, PDA, cell phone, MP3 player,
digital camera, ...

CMSC 433, Fall 2001 - Alan Sussman




CMSC433, Spring 2001
Programming Language

Technology and Paradigms
Distributed Computing

Alan Sussman
November 1, 2001

Administrivia
* Project 4

— due Wednesday, November 7

— servers also running on hyena.cs.umd.edu and
candida.cs.umd.edu
— Issues
* Messagel istener
« Synchronization on callbacks
« Duplicate messages

» 2nd midterm date to be moved back, to either Nov.
13 or 15

— new date will be posted today, and practice exam will
be posted next week
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* RMI Chat Server example
 Distributed Computing issues
— addressing/naming objects
— latency
— partid failure
— concurrency
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Types of failure

¢ Machine sleeps

— wakes up, recovers state
* Machine crash or failure

— machine may reboot and rejoin
« Network partition

— network may heal
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Uniform view of distributed

objects

« Some objects are remote, some are local

— Doesn't really matter to user of object
— Objects might transparently migrate

Design doesn’'t have to take object distribution
into account

Failure and performance issues don't belong in the
design

The interface doesn’'t change if an object is remote
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Uniform view

« Not appropriate for
— wide area networks,
— consumer electronics,
— portable devices
« Appropriate for some local area networks

— but robust distributed applications plan for
failure

— even if al objects local
— means in interfaces, not just implementation
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¢ Can we make the fact that an object is
remote transparent?

¢ Perhaps for objects
— What about int’s ?
— What about char *’'s?

« |If you can't directly access fields and create
pointers to them
— then it’s not transparent
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Partial faillure

¢ Computers fail
¢ OS'scrash
¢ Networks fall

« PDA’sget turned off or taken out of the
room
¢ Often no warning, and each
hardware/software component can fail
independently of all others
— and no other component may be able to tell
exactly what happened
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Queue example

¢ Want to add x to remote queue q
— g.enqueue(X)

¢ Operation could fail

¢ Want to reliably enqueue x
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Queue example

while (true) {
try {
g.enqueue(x);
break;
}
catch (RemoteException €) {}
}
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Partial faillure

¢ Object was enqueued, but failure occurred
during return message

¢ Could enqueue x multiple times

¢ Solution?
— Need arequest tag so that duplicate enqueue

requests can be detected

« Real question here is how much does it cost
to make the remote call look the same asa
local call
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Concurrency

¢ Distributed computations mandate
concurrency
— objects at different locations can’t be stopped
from executing concurrently
— even less control than with multi-threading

« no single point of control (hardware, OS, thread
scheduler, etc.)
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« Making acall to an object on aremote
machine is much more expensive than a
local call
— several orders of magnitude

¢ Leading to overal system performance

problems if there are “ too many” remote
cals
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* CORBA provides language-independent remote
procedure call (RPC) capability

— e.g., client/server implemented in Java/C++
* Not alanguage feature
— anintegration technology

— software systems can be implemented to be CORBA-
compliant

« Very complex spec

— current architecture and specification document is 712
pages — see Www.omg.org
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CORBA

Fundamentals

* Object Management Architecture (OMA)
— spec for object interoperability
— Core Object Model
« what is an object, an interface, an operation, etc.
— OMA Reference Architecture

« underlying infrastructure to allow objects to
interoperate

« includes Object Request Broker (ORB), Object
Services
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ORB

¢ Communication process through which
objects request services from other objects
— provides location independence
— naming service
— everything needed to set up and then perform
an RPC
« to connect the client to the server
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Interface Definition Language

 |IDL is alanguage-independent way to
specify data types, attributes, operations
(methods), interfaces, etc.
— syntax similar to C++ or Java
— includes inheritance (with : , like C++)
— IDL compiled by language-specific compiler
into stubs and skeletons for that language
 to marshal/unmarshal arguments and return values,
and implement the remote call
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IDL (cont.)

CORBA IDL Java C++
Module Package Namespace
Interface Interface | Pure abstract class
Method Method Member function
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Naming service

Like the registry in RMI

— acomponent of the OMA

« CORBA objects accessed through references, just
asin Java

» Naming service provides a way to map a string to
an object reference (and vice versa)
— likejava.rmi.Naming.lookup()
— runs as a separate process, like RMIregistry

¢ CORBA example in Eckel
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CORBA vs. RMI

« Both support RPC

* But CORBA makes possible RPC between objects
implemented in any language
— that has an IDL compiler implemented

¢ An alternative to CORBA isto wrap a Java object
around the non-Java code, then use RMI

— requires wrapper to be able to connect to the non-Java
code, for example via JNI (Java Native Interface)

— thendon’t need ORB
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Using an IDL

* Some types are straightforward
—eg.,int
— Sizes of ints defined
¢ Others are more complicated
— Hash-table
— Union types
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Methods in IDL

¢ Each parameter can be
—in
- out
—infout
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IDL Features

modules (e.g., packages/namespaces)
interfaces

* methods

« attributes

* inheritance (i.e., subtyping?)

o arrays

¢ sequence

* gtruct, enum, union, typedef

¢ consts

* exceptions
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package SimpleStocks,

public interface StockMarket extends
javarmi.Remote {

double get_price( String symbol ) throws
java.rmi.RemoteException;
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In CORBA IDL

module SimpleStocks {

interface StockMarket {

double get_price( in string symbol );
b
b
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In DCOM IDL

[ uuid(7371a240-2€51-11d0-b4c1-444553540000),
version(1.0) ]

library SimpleStocks {
importlib("stdole32.tIb");

[uuid(BCACOABO-5A45-11d2-99C5-
00A02414C655),dudl]

interface | StockMarket : Idispatch {
HRESULT get_price([in] BSTR p1, [out, retval]
double * rtn);

}
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DCOM IDL

[uuid(BCACOAB3-5A45-11d2-99C5-
00A02414C655) ]

coclass StockMarket {
interface | StockMarket;
b

b
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¢ Javaand CORBA allow exceptions
* DCOM does not
— all functions return HRESULTS
« numeric error codes (like C/Unix style)
« All three allow dynamic introspection and
invocation
— like Javareflection
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RMI/CORBA interaction

¢ You can generate RMI stubs that use the
same protocol as CORBA (I110P)
— switch to RMI compiler (rmic -iiop)

¢ You can generate IDL from Java classes
—rmic—idl

¢ These features are only available in JDK1.3
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