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Layered Protocols: the ISO/OSI Stack

Application
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Network
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Layered Protocols: Messages

— Data link layer header
— Network layer header

— Transport layer header
Session layer header

J Presentation layer header

Application layer header
YVYY v

Message

'

Bits that actually appear on the network

A typical message as it appears on the network.
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Middleware Protocols:
An adaptation of the ISO/OSI Stack

Application Protocol

Applicaton [ J— —'— — — — — — —
Middleware Middleware Protocol _
Transport _Transport Protocol  _

Network Protocol
Network | — — — — — —/ = — —

: Data-Link Protocol
Data-link | |— — — = — — =T — —

: Physical Protocol
Physical [ |— — —— — == — —

Network
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Conventional Procedure Call

Stack pointer

Main program's Main program's
local variables local variables

bytes

buf

fd

return address
read's local
variables

(a) (b)

a) Parameter passing In a local procedure call: the stack betore the call
b) The stack while the called procedure is active
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Client and Server Stubs

Wait for result

Client e—————
A S
Call remote Return
procedure from call
Request Reply

Call local procedure Time ——»
and return results

Principle of RPC between a client and server program.
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Steps of a Remote Procedure Call

Client procedure calls client stub in normal way
Client stub builds message, calls local OS
Client's OS sends message to remote OS
Remote OS gives message to server stub
Server stub unpacks parameters, calls server
Server does work, returns result to the stub
Server stub packs it in message, calls local OS
Server's OS sends message to client's OS
Client's OS gives message to client stub

10 Stub unpacks result, returns to client

© 0N Ok WWNPRE

Andrea G. B. Tettamanzi, 2017 11



Passing Value Parameters (1)

Client machine Server machine
Client process _ Server process
1. Client call to _
procedure Implementation 6. Stub makes
of add local call to "add"
T Server stub T T
Saddi) — | Client stub \—{ = addi))
proc: "add" 4] proc: "add"
int:_ val(i) 2. Stub builds inE__val() 5. Stub unpacks
int:  val(j) message int; val()) message
A
. proc: "add" 4. Server OS
Client OS5 |nt val(i) Server OS5 hands message
\_ int: _val() ) to server stub

3. Message is sent
across the network

Steps involved in doing remote computation through RPC
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Passing Value Parameters (2)

a) Original message on the Pentium
b) The message after receipt on the SPARC

c) The message after being inverted. The little numbers in
boxes indicate the address of each byte
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Parameter Specification and Stub

Generation
foobqr's local

a) A procedure ariabees
) The corresponding message. y

5

Z[0]

Z[1]
foobar( char x; float y; int z[5] ) 22
{ Z[3]
- 2[4

(a) (b)
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Doors

Computer
Client process Server process
server_door(...) -«
{
a:oor_return(...);
}
maini) )
{ Enaln()
fd = open(door_name. ... ) Register door | fd = door_create(...):

door_call(fd, ... ); —

IS
}

fattach(fd, door_name, ... );

Operating system
N Bl -

Invoke registered door f _
at other process Return to calling process

The principle of using doors as IPC mechanism.

Andrea G. B. Tettamanzi, 2017



Asynchronous RPC (1)

Client Wait for result Client  Walit for acceptance

” v ﬂ "

Call remote Return Call remote Return
procedure from call procedure from call
Request Reply Request Accept request
Server Call local procedure Time —» Server Call local procedure Time —™
and return results
(a) (b)

a) The interconnection between client and server in a
traditional RPC

b) The interaction using asynchronous RPC
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Asynchronous RPC (2)

Whait for Interrupt client
acceptance *

Client es—
A >

Call remote Return et
d from call eturn
ProcEaHIe results Acknowledge
Accept
Request request
Server ---——----—-———--- S
Call local procedure Time —»
Call client with
ohe-way RPC

A client and server interacting through two asynchronous RPCs
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DCE

DCE = Distributed Computing Environment

Developed in the early '90 by a consortium of Apollo Computer
(later acquired by HP), IBM, DEC, and others

DCE supplies a framework for client/server applications
The framework includes :

— DCE/RPC, a remote procedure call mechanism

— A naming service

— Atime service

— An authentication service

— DCE/DFS, a distributed file system

Now OpenDCE: http://www.opengroup.org/dce/
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Writing a Client and a Server

Uuidgen

Interface
definition file

IDL compiler

Client stub Header

f

Client code

Server stub Server code

#include #include

C compiler

C compiler

C compiler

Client Client stub Server stub Server
object file object file object file object file
Runtime Runtime ¥
Linker library library L|nuer
4 A4

The steps in writing a client and a server in DCE RPC.
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Binding a Client to a Server

Directory machine

Directory
sever : :
2. Register service

Server machine

3. Look up server

Client machine

__f__igﬂc______ﬁ Server || 1. Register endpoint
Client >
\ "
4. Ask for endpoint DCE
daemon Endpoint
table

Client-to-server binding in DCE.
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Distributed Objects

Client machine Server machine

Object

Client Server e

< State
‘ Same
Client interface D D D< Method

invokes | as object

|
a method { / Skeleton A D

FE vokes ——11 [~ Interface
Proxy same method Skeleton

at object A
Client OS Server OS

- J

Network \

Marshalled invocation
is passed across network

Common organization of a remote object with client-side proxy.
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Local
reference L1 |

Client code with
RMI to server at C

(proxy)

Parameter Passing
Machine A Machine B
‘ Local object J [ Remote object
O1 Remote 02
\“ reference R1 « »
.{ .x L ’_/,f \\\
\ R E
New local ;'
reference [ Copy of O1 J /
Remote \‘f‘ /,// \
invocation with . o]
L1 and R1 as ﬂ < Copy of R1 to O2
parameters
Maching C Server code

(method implementation)

The situation when passing an object by reference or by value.
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Merci de votre attention
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