RPC and Rendezvous
® Reading: Sections 8.1 to 8.4.
Overview
® Message Passing tools:
® Java — sockets, start each part on different nodes; they then execute connection protocol.
® MPI — copy of program on each node; use rank (id) to distinguish each copy.
® MPD — create vim’s on nodes; create resources on vm’s.
® Distributed Systems:
® Contain clients and servers.
® Servers — passive entity, often multi-threaded.
® (Clients — active entity, initiate communication with servers.

® (Clients and servers can “switch” roles — a process can be a “client” when contacting other servers, and

can also be contacted (as a “server”) by other processes.
RPC and Rendezvous:
® Remote Procedure Call: the “server” is passive until contacted by the client.
® Rendezvous: the “server” is active. Communication between client and server then causes a rendezvous between

two active entities.
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Remote Procedure Call:

® Reading: Section 8.1.

client serve
® (Client makes “call” to zap. ()
® OS (or runtime) creates a message containing arguments. D)

® Client is blocked on receive awaiting reply. call zap(args ( |
~——————proc zap(formal args
® Server handles the call.

® OS delivers the message containing the arguments. 8
® A new thread executes the procedure. reply

R ——

® Reply message containing the results is constructed.

VAW

® Reply is sent to client.
® Only one thread of control:
® Two actual threads, one each in client and server.

® (Client thread does not execute while the server thread is handling the call; client thread resumes when server
thread replies.

® Strictly speaking:
® RPC is synchronous.
® Mirrors language mechanism — client does not do anything else while the procedure is executing.
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Remote Procedure Call, continued:

® Lots of variations on this:

® Synchronous RPC — as described above. Closely matches standard procedure call semantics

® Asynchronous RPC — the client is not blocked during the call, but continues execution (client and server
both executing).

® Client does an explicit receive call when ready for the results of the procedure call.
® This is basically message passing!

® Only difference is the ability to automatically marshall/unmarshall data.
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Rendezvous:
® Reading: Section 8.2.
® Server is an active entity.
® Existing process.
® Does not create a new thread to handle each call.
® Server sequence:
® OS (or runtime) delivers message to server.
® Message not received until server “gets to” in zap().
® Reply message sent when server completes the body of zap ().
® Both server and client continue executing after reply message is sent.
® There are two threads: client and server.
® Both are executing before and after the call.

® (Client is blocked during call to in; resumes execution when in returns.
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Distributed file system, RPC Example:

® The “client”, FileCache, is located on each workstation.
® [f one Filecache for each application, then no internal synchronization is needed.
® Application is doing only one read or one write at a time.
® If one Filecache for several applications, then internal synchronization is needed.
® The “server”, FileServer, is located on the (remote) workstation that has the files.
® The process Diskbriver is running continuously to handle disk requests.
® readblk and writeblk run when called.
® A thread is created for each RPC.
® The “client”, FileCache, calls the “server” FileServer, and

® The “client” FileServer, calls the “server” biskDriver process.
® Variations:

® How to handle write’s to cache by Filecache? Can be “write-back™ or “write-through”.

® Similar options for FileServer’s cache.
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module FileCache # locate on each workstation
op read(int count; result char buffer[*]);
op write(int count; char buffer[]);
body
cache of file blocks;
variables to record file descriptor info
sems for synchronization of cache access

proc read(count, buffer) {
if (needed data is not in cache) {
select cache block to use;
if (need to write out the cache block)
FileServer.writeblk(...);
FileServer.readblk(...);
}
buffer = appropriate count bytes fm cache block;
} # read

proc write(count, buffer) {
if (appropriate block not in cache) {
select cache block to use;
if (need to write out the cache block)
FileServer.writeblk(...);
FileServer.readblk(...);
}
cache block = count bytes from buffer;
} # write
end FileCache
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# locate on (remote) file server
module FileServer
op readblk(int fileid, offset;
result char blk[1024]);
op writeblk(int fileid, offset;
char blk[1024]);
body
cache of disk blocks;
queue of pending disk access requests;
sems to synchronize access to the cache
& queue;

# Note: Synchronization code not shown

proc readblk(fileid, offset, blk) {
if (needed block not in cache) {
store read request in disk queue;
wait for read operation to be

processed;
}
blk = contents of disk block;
} # readblk
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proc writeblk(fileid, offset, blk) {
select block from cache;
if (need to write out selected block){
store write request in disk queue;
wait for block to be written
to disk;
}
cache block = blk;
} # writeblk

process DiskDriver {

while (true) {
wait for a disk access request;
start a disk operation;
wait for interrupt;
awaken process waiting for

this request;
}

} # DiskDriver

end FileServer

8 — RPC and Rendezvous

Database Server using RPC:
® (lients do read and write.
® Server module:

local data
proc read() {

}
proc write() {

}

® Concurrent read’s and write’s allowed, as above.

® Exclusive read’s and write’s:

® Implication:
® RPC is a communication mechanism ONLY.

® Internal synchronization is still necessary
for solutions to problems such as readers/
writers.

® Synchronized read and write methods within the object (Java).

® Mutex semaphores (pthreads, MPD).

® True readers and writers (multiple simultaneous readers possible)

® Need to synchronize read’s and write’s, as above.

® Need to keep track of number of readers.

® Need to decide on reader’s preference or writer’s preference or neither.
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RPC Implementations:
e RPCin MPD:
® Declare a proc. Can create on in a separate virtual machine.
® Synchronous RPC — call it.
call zap(x, y);
® (Client is blocked until (implicit) reply comes back.
® Asynchronous RPC — send to it.
send zap(x, Y);
® Creates a new thread to carry out the operation.
® Both the zap thread and the client thread continue executing.

® RPCinC:

® Need an RPC package to work with C. Sun RPC is one of the more common ones; available on most systems
today.

® Sun XDR — eXternal Data Representation — handles marshalling/unmarshalling of arguments.
® Can be used independently of Sun RPC.
® Has several semi-automated tools to help with creation of client and server applications.

® Java RMI — Remote Method Invocation: next week.
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Rendezvous:
client process server
e Reading: Section 8.2. ! vars
while (true) {
® MPD Implementation uses in: 8
in op:(formals) st B; by ei1 -> Si;

1 ...

call zap(args 8
[1 opa(formals) st Ba by en -> Si; \,m zap(args) ->

ni D)
. . body of za|
® FEach arm is a guarded operation. y P
e Example: Critical Section. - Teply ————ni C
global Cs 8 8
op CSenter(int id) {call};
op CSexit();
body Cs . A
process arbitrator { y id == orders simultaneous réquests by id.
while (true) { by -id == orders simultaneous requests by id in reverse order.

in CSenter(id) by id ->
write("allowing process", id, "into critical section");
ni;
receive CSexit(); Client executes:
} :

} # arbitrator call CSenter(myid);
end CS ... critical section of code here ...
send CSexit();
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Rendezvous, continued:

resource main()
op f(real x);
op g(real u) returns real;

process pl {

real y = 17.39;

call f(y);

write("pl has finished calling f");
} # pl

process p2 {
real w;
w = g(4.2);
write("p2 has: w =
} # p2

® When more than one pending invocation:

® Service invocation that arrived first.

process q {
int count = 0;
real z = 7.5;

while ( count < 2 ) {
=z + x;

in f(x)

ni
count++;

}

write("q has:
Y} #aq

end main

® Service according to by clause — the by schedules invocations.
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-> Z
[1 g(u) returns v -> v =

u*u-9.3;

8 — RPC and Rendezvous

Rendezvous, continued:

® Can nest in statements:

resource main()
op swap(int x);

process pl {
int y = 17;
call swap(y);

write("pl has y =", y);
} # pl
process p2 {

int z = 42;

call swap(z);

write("p2 has z =", z);
} # p2
process q {
in swap(xl) ->
in swap(x2) ->
x1 :=: x2;
ni
ni
} #a
end main
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Rendezvous, continued:

® Can have multiple instances of an op, with different “such that” clauses:

in a(x) st ¢ > 0 -> ... statements here ...;
[1 a(x) st x == 3 -> ... statements here ...;

ni
® If more than one st is true, the invocation is non-deterministic (only one is executed).

® Reader’s - Writer’s example:

in start_read() st nw == -> nr++;

[1 end_read() -> nr--;

[1 start_write() st nr == 0 and nw == -> nw+t+t;
[1 end_write() -> nw--;

ni

® Using ?£ in a such that clause will return the number of pending invocations of op £:
in £(...) => ...;
[1 g(...) st ?f == -> ...;
ni
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Rendezvous, continued:

® For a non-blocking in, use an else clause. If there are no pending invocations of £ or g below, the in will
execute the statements in the else clause:

in £(...) => ...;
[1 g(eee) => oo
[1 else -> ...;
ni

Summary for MPD: proc vs. in
® call proc  procedure call, possibly to a remote procedure.
® call in rendezvous.
® send proc dynamic process creation, possibly on a remote machine.

* send in asynchronous message passing.
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Java Remote Method Invocation:
® Reading: Section 8.5.

® Java’s version of RPC.

® What we want:

Client

TellAllServer

tellServer.tell—— "~

print ()4/

tell(..) {
| user.print(..)

® How do the messages get created?

® How do the parameters get put inside the messages?

® How does the Client know where the TellAllServer is located?

® How does the TellAllServer know where the Client is located?
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Java Remote Method Invocation, continued:

® Stubs and Skeletons:

Client

TellAllServer

print(E) ~— ]

tellServer.tell(E) —

tell_Stub 11—, jtell_Skel | —»tell(E){
user.print(E)

print_Skel |«——print_Stub

® Stub: ®  _Skel:
® Marshall’s arguments into the message- ® Unmarshall’s arguments from message.
® Sends message to _skel- ® Invokes the method (tell(), for example).
® Blocks on receive from _skel. ® Gets return value from method.
® Unmarshall’s return argumentsN‘ Marshall’s return value.
message. ® Send’s results.
® Returns.

CSc 422 — Parallel & Distributed Programming

16 8 — RPC and Rendezvous




Java Remote Method Invocation, continued:

e Tell All Example:

® C(lients:
® Connect to TellAllServer.
® Send one-line messages to the server.
® Print messages received from the server.
® Send the message “halt” to disconnect from the server.
o TellAllServer:
® Receives connection requests from Clients.
® Receives one-line messages from Clients.
® Sends a copy of each message to all current Clients.
® Receives exit message from Client and removes that Client from list of Clients.

® Use the input string “halt” to gracefully stop the TellAllServer.
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Java Remote Method Invocation, continued:

® The Client provides a method that can be invoked remotely. The print method is called by the TellAllServer to
print one-line messages from Clients.

® Declare this method in an interface:
® From RemoteClient.java

import java.rmi.*;
import java.rmi.server.*;
public interface RemoteClient extends Remote {

public int print(String name, String message) throws RemoteException;
} // RemoteClient interface

® The Client then implements the RemotecClient interface:
® From Client.java:

import java.rmi.*;

import java.rmi.server.*;
import java.net.*;

import java.io.*;

class Client extends UnicastRemoteObject | implements RemoteClient | {

public int print(String name, String message) throws RemoteException {

System.out.println(name + ": ~" + message + "'");
return 0;
} // print
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Java Remote Method Invocation, continued:

® The TellAllServer provides 3 methods, one for each method that Clients can call remotely:
® register — client uses this to connect to the server.
® tell — client sends one-line messages to the server.
® exit — client leaves the conversation.
® Declare the 3 methods in an interface:
® From RemoteTellall.java
import java.rmi.*;
import java.rmi.server.*;

import java.net.*;

public interface RemoteTellAll extends Remote {
public int register(String name)
throws RemoteException, NotBoundException, MalformedURLException;
public int tell(String from, String message) throws RemoteException;
public int exit(String from) throws RemoteException;

} // RemoteTellAll interface
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Java Remote Method Invocation, continued:

® The TellAllServer implements the RemoteTellAll interface:

® From TellAllServer.java, only the register method is shown here:

import java.rmi.*;

import java.rmi.server.*;
import java.util.*;
import java.net.*;

import java.io.*;

class TellAllServer extends UnicastRemoteObject |implements RemoteTellAll|{

private Vector NameVector = new Vector();
private Vector ClientVector = new Vector();
private static String prefix = "rmi://lectura.cs.arizona.edu:9997/";

public int register(String name)
throws RemoteException, NotBoundException, MalformedURLException {
String url = prefix + name;
RemoteClient location = (RemoteClient) Naming.lookup(url);
NameVector.add (name) ;
ClientVector.add(location);
System.out.println("Server: registered “" + name + "'");
return O;
} // register
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rmiregistry

Java Remote Method Invocation, continued: y Lookup (...)
® How does the Client find the TellAllServer? bind ('")'\
. . o unbind(..)
® Use the rmiregistry application:  Client TellAllServer
~
rmiregistry 9997 & Naming.lookuﬁf Naming.bind(
TellAllServer) TellAllServer)
® Need to do this only once tell_Stub tell_Skell ptell(..) {

tellServer.teiY(..)

prlnt(m)<-___‘___‘print_skel4447Print_stub

user.print (..

)

® Processes “talk” to the rmiregistry using the Naming class, part of java.rmi.

® Use the bind method to “register” with rmiregistry. From TellallServer.java:
String prefix = "rmi://lectura.cs.arizona.edu:9997/";
String name = prefix + "tellall";
TellAllServer server;
Naming.bind(name, server);

® Use the 1lookup method to query rmiregistry about a registered service. From client.java:
String prefix = "rmi://lectura.cs.arizona.edu:9997/";
String url = prefix + "tellall";
RemoteTellAll tellServer;
tellServer = (RemoteTellAll) Naming.lookup(url);

® Use the unbind method to destroy the binding previously established. From Tellallserver.java:
Naming.unbind(name);
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Java Remote Method Invocation, continued:

® Compilation steps:
® Files for TellAllServer and Client:
Client.java RemoteClient.java RemoteTellAll.java TellAllServer.java
® Compile with javac:
Client.class RemoteClient.class RemoteTellAll.class TellAllServer.class

Client.java RemoteClient.java RemoteTellAll.java TellAllServer.java

® Use rmic, the remote method invocation compiler:

lectura-> rmic TellAllServer

lectura-> rmic Client

lectura-> 1ls *class *java

Client.class RemoteClient.class TellAllServer.class
Client.java RemoteClient.java TellAllServer.java
Client_Skel.class | RemoteTellAll.class | TellAllServer_Skel.class
Client_Stub.class | RemoteTellAll. java TellAllServer_Stub.class
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Java Remote Method Invocation, continued:

® Execution:
® On lectura:

rmiregistry 9997 &
java TellAllServer

® On lectura and/or other machines in CS department:
java Client name

® where name is replaced with a string unique to each Client.
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Java Remote Method Invocation, continued:

® TellAllServer.java:
import java.rmi.*;
import java.rmi.server.*;
import java.util.*;
import java.net.*;
import java.io.*;

class TellAllServer extends UnicastRemoteObject implements RemoteTellAll {

private Vector NameVector = new Vector();
private Vector ClientVector = new Vector();
private static String prefix = "rmi://lectura.cs.arizona.edu:9997/";

public TellAllServer() throws RemoteException {
super();
} // Constructor
public int register(String name)
throws RemoteException, NotBoundException, MalformedURLException {
// Find how to contact the client's print method
String url = prefix + name;
RemoteClient location = (RemoteClient) Naming.lookup(url);

// Add client's name and location of print method to list of clients
NameVector.add (name) ;
ClientVector.add(location);

System.out.println("Server: registered “" + name + "'");
return O;

} // register
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Java Remote Method Invocation, continued:

public int tell(String from, String message) throws RemoteException {

RemoteClient user;

String name;

String buffer;

System.out.println("Server: recv'd message
message + "' from + from);

// Send message to each active client
for (int i 0;
i < ClientVector.size();
user
(RemoteClient) ClientVector.elementAt(i);
name
(String) NameVector.elementAt(i);
user.print(from, message);

it++) {

}

return 0;
} // tell

public int exit(String from)

throws RemoteException {

int i 0;

boolean found false;

RemoteClient user;

String name;

System.out.println(
"Server: got exit from

+ from);
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// Find client in our client list
while (i < ClientVector.size() && !found) {
user (RemoteClient)
ClientVector.elementAt(i);
name (String) NameVector.elementAt(i);
if (name.equals(from))
found = true;
else
i++;

}

// Remove the exit'ing client from our
// list of clients
if (found) {
NameVector.remove (i) ;
ClientVector.remove(i);
return O;
}
else {
System.err.println("Server: could not find
+ from + " in vector");
return -1;
}

} // exit 8 — RPC and Rendezvous

Java Remote Method Invocation, continued:

public static void main(String args[]) {
try {
String name prefix + "tellall"
TellAllServer server;
BufferedReader bufRead;
String line;

I

// Create the server
server new TellAllServer();

// Tell rmiregistry where the
// server is located
Naming.bind(name, server);
System.out.println(name +

" is running");

// Busy wait until someone types
// "halt" on standard input
bufRead = new BufferedReader (
new InputStreamReader
System.in));
line bufRead.readLine();
while (!line.equals("halt")) {
line bufRead.readLine();
}
System.out.println(name +
" is halting...");
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Naming.unbind(name) ;
System.exit (0);

}

catch (Exception e) {
System.err.println(e);
System.exit(1);

}

} // main

} // class TellAllServer
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Java Remote Method Invocation, continued:

® (lient java:
import java.rmi.*;
import java.rmi.server.*;
import java.net.*;
import java.io.*;

class Client extends UnicastRemoteObject implements RemoteClient {

public Client() throws RemoteException {
super();
} // Constructor

public int print(String name, String message) throws RemoteException {
System.out.println(name + ": " + message + "'");
return 0;

} // print

public static void main(String args[]) {
try {
int result;
Client location = new Client();
String prefix = "rmi://lectura.cs.arizona.edu:9997/";
String url = prefix + "tellall";
String name = args[0];
String host = prefix + name;
RemoteTellAll tellServer;
BufferedReader bufRead;
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Java Remote Method Invocation, continued:

// Ask rmiregistry for location of TellAllServer
tellServer = (RemoteTellAll) Naming.lookup(url);

// Tell rmiregistry where I am so my print method can be called remotely
Naming.bind(host, location);

// Let the TellAllServer know about me
result = tellServer.register(name);

// Process lines from standard input, until user enters "halt"
bufRead = new BufferedReader( new InputStreamReader (System.in));
String line = bufRead.readLine();
while (!line.equals("halt")) {

result = tellServer.tell(name, line);

line = bufRead.readLine();

}

// Let TellAllServer know that we are leaving the conversation
System.out.println("Client: " + name + halting...");

result = tellServer.exit(name);

System.out.println("Client: halting, after tellServer.exit call");
Naming.unbind(prefix + name);

System.out.println("Client: halted");

System.exit (0);
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Java Remote Method Invocation, continued:

// catch and display RMI exceptions
catch (RemoteException e) { System.err.println(e); }
catch (NotBoundException e) { System.err.println(e); }
// Ccatch all other exceptions
catch (Exception e) {

System.err.println(e);

e.printStackTrace();

System.exit(1);
}

} // main

} // Client class
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