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M essage Passing

0 Two fundamental communication & synchronization
paradigms
» Shared memory
o Efficient, familiar
0 Not always available
0 Potentially insecure

» Message passing
0 Awkward, |ess standardized
0 Extensible to communication in distributed systems
0 Syntax:
send(process : process_id, nessage : string)
receive(process : process_id, var nessage : string)
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M essage Passing Example
Y e Olde Producer/Consumer System

process consumer

end producer

OS Kernel

(1

process producer
begin begin
| oop | oop
<produce a char “c> recei ve( producer, nesg)
send( consuner, c) <consume message “mesg”
end | oop end | oop
end consuner
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I ssues
Naming communicants

0 How do processes refer to each other?
» Does a sender explicitly name a receiver?

® ®

» Can a message be sent to a group?

S
o e

oyl

» Implementation considerations
0 Synchronization among receivers @ ®
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I ssues
Synchr onization semantics

0 When does a send/receive operation terminate?

» Blockin
9 } - ’ i Sender
0 sender waits until its message is received
O receiver waits if no message is available

Receiver

OS Kernel

O

» Non-blocking
S . . Sender
0 send operation “immediately” returns
0 receive operation returns if no message is
available

Receiver

OS Kernel

{11

» Variants
o send() /recei ve() with timeout
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Semantics of M essage Passing
send(recvr, mesg)

Synchronization

Blocking Nonblocking
Explicit Send message to recvr. Send message to recvr.
p Wait until messageis
g’ accepted.
=z
Implicit Broadcast message to all Broadcast message to all
receivers. Wait until receivers.

message is accepted by all.
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Semantics of M essage Passing
recei ve(sender, mesg)

Naming

Blocking

Synchronization

Nonblocking

Explicit

Implicit

Wait for amessage from

sender

Wait for a message from any

sender

If there is amessage from
sender then receiveit, else
continue

If there is amessage from
any sender then receiveit,
else continue
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Producer/Consumer Example
Direct naming, blocking synchronization

process consumer
begin
| oop

recei ve( producer, nesg)

process producer
begin
| oop
<produce a char “c’>

<consume message “mesg”
end | oop
end consuner

send( consuner, c)
end | oop
end producer

OS Kernel

a
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Producer/Consumer Example
Direct naming, non-blocking synchronization

process producer process consumer

begin begin
| oop recei ve( producer, nesg)
<produce a char “c> I oop

whil e (nesg °NULL)do
receive( producer, nesg)
end while

send( consuner, c)
end | oop
end producer

< consume message “mesg”
end | oop
end consuner

OS Kernel

(1
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Producer/Consumer Example
With non-blocking send, blocking receive

process consuner

process producer
begi n

begi n

| oop for i :=1to ndo
<produce a char “c’> send( producer, NULL)
h end for
recei ve( consuner, nesg)
send( consuner, c) | oop

end | oop recei ve( producer, nesg)
end producer w
<consume message “mesy

send( producer, NULL)

end | oop
end consumer

OS Kernel
o

Synchronization

Data-Flow
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Producer/Consumer Example
With blocking send/receive

process producer
begi n
1 oop
<produce a char “c*>

send( buf f er Manager, c)
end | oop
end producer

process consuner
begi n
| oop
send( buf f er Manager , r equest)
recei ve( buf fer Manager, nesg)

<consume message “mesg”
end | oop
end consuner

var buff : array [O.
next | n, nextQut :
ful | Count

begi n
| oop
if (full Count <

buf f[ next I n]

nextin

ful | Count
end if

if (full Count >

send( consuner,

end buf f er Manager

process buf f er Manager

recei ve( producer, nesg)

1= nesg
next/n+l nod n
full Count + 1

recei ve(consuner, request)

next Qut 1= nextQut+l nod n
full Count := fullCount - 1
end if
end | oop

.n-1] of char
0

0..n-1:
0..n :
n) then

0) then

buf f [ next Qut])
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Realizing Parallel Execution
Buffer ed, asynchr onous communication

process buf f er Manager
var buff :
char

array [0..n-1] of

next I n, next Qut 0..n-1:=0
ful | Count :0..n =0 .
procedure deposit()
begin begi n
| oop recei ve( producer, nesg)
case select() of buff[ nextln] := nesg
producer nextln nextln+l mod n
deposit() ful | Count := fullCount + 1
if (fullCount = n) then end deposit
en;ein?ve() procedure renove()
consuner begin
remove() recei ve(consuner, request)
if (full Count = 0) then send( consuner, buf f [ next Qut])
deposi t () next Qut 1= nextQut+l nod n

end if full Count := fullCount - 1

end case end renove

end | oop
end buf f er Manager
2
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Remote Procedure Call
Emulating shared memory via message passing

process Pl
begi n
| oop

cal | Func(args)

end | oop
end P1

procedure Func(args)

begin
<marshall parameters>
send( server St ub, par ans)
receive(serverStub, resul ts)
<unpack results>
return(resul ts)

end Func

“Client”

procedure renoteFunc(args)
begin

return(results)
end renot eFunc

process FuncServer
begi n
| oop
sender := select()
recei ve(sender, par ans)
<unpack parameters>
call renoteFunc(args)
<marshall results>
send(sender, resul ts)
end | oop
end FuncServer

“Server”
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Remote Procedure Call
| ssues

0 How does aclient locate a server?
0 What types of parameters can be passed?
0 What parameter passing paradigms are easy/hard?

0 How does one deal with errors & server failures?
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