1Fall 1998, Lecture 07Cooperating ProcessesnProcesses can cooperate with each otherto accomplish a single task.nCooperating processes can:lImprove performance by overlappingactivities or performing work in parallellEnable an application to achieve a betterprogram structure as a set of cooperatingprocesses, where each is smaller than asingle monolithic programlEasily share informationnIssues:lHow do the processes communicate?lHow do the processes share data?

2Fall 1998, Lecture 07The Producer-Consumer ProblemnOne process is a producer of information;another is a consumer of that informationnProcesses communicate through abounded (fixed-size) circular buffervar buffer: array[0..n-1] of items;/* circular array */in = 0out = 0/* producer *//* consumer */repeat foreverrepeat forever�while (in == out)produce item nextpdo nothing�nextc = buffer[out]while (in+1 mod n == out)out = out+1 mod ndo nothing�buffer[in] = nextpconsume item nextcin = in+1 mod n�end repeatend repeat

freefreefullfullfullfreefreeoutin0123456n = 7

3Fall 1998, Lecture 07Message Passing usingSend & ReceivenBlocking send:lsend(destination-process, message)lSends a message to another process, thenblocks (i.e., gets suspended by OS) untilmessage is receivednBlocking receive:lreceive(source-process, message)lBlocks until a message is received (maybe minutes, hours, �)nProducer-Consumer problem:/* producer *//* consumer */repeat foreverrepeat forever�receive(producer,nextc)produce item nextp�consume item nextcsend(consumer, nextp)�end repeatend repeat

4Fall 1998, Lecture 07Direct vs. Indirect CommunicationnDirect communication � explicitly namethe process you�re communicating withnsend(destination-process, message)nreceive(source-process, message)lLink is associated with exactly twoprocessesnBetween any two processes, there existsat most one linknThe link may be unidirectional, but isusually bidirectionalnIndirect communication � communicateusing mailboxes (owned by receiver)nsend(mailbox, message)nreceive(mailbox, message)lLink is associated with two or moreprocesses that share a mailboxnBetween any two processes, there may bea number of linksnThe link may be either unidirectional orbidirectional

5Fall 1998, Lecture 07BufferingnLink may have some capacity thatdetermines the number of message thatcan be temporarily queued in itnZero capacity: (queue of length 0)lNo messages waitlSender must wait until receiver receivesthe message � this synchronization toexchange data is called a rendezvousnBounded capacity: (queue of length n)lIf receiver�s queue is not full, newmessage is put on queue, and sendercan continue executing immediatelylIf queue is full, sender must block untilspace is available in the queuenUnbounded capacity: (infinite queue)lSender can always continue

6Fall 1998, Lecture 07Client / Server Model usingMessage PassingnClient / server modellServer = process (or collection ofprocesses) that provides a servicenExample: name service, file servicelClient � process that uses the servicelRequest / reply protocol:nClient sends request message to server,asking it to perform some servicenServer performs service, sends replymessage containing results or error code

client request reply server kernel network

7Fall 1998, Lecture 07Remote Procedure Call (RPC)nRPC mechanism:lHides message-passing I/O from theprogrammerlLooks (almost) like a procedure call �but client invokes a procedure on a servernRPC invocation (high-level view):lCalling process (client) is suspendedlParameters of procedure are passedacross network to called process (server)lServer executes procedurelReturn parameters are sent back acrossnetworklCalling process resumesnInvented by Birrell & Nelson at XeroxPARC, described in February 1984 ACMTransactions on Computer Systems

8Fall 1998, Lecture 07Client / Server Model usingRemote Procedure Calls (RPCs)nEach RPC invocation by a client processcalls a client stub, which builds a messageand sends it to a server stubnThe server stub uses the message togenerate a local procedure call to the servernIf the local procedure call returns a value, theserver stub builds a message and sends it tothe client stub, which receives it and returnsthe result(s) to the client

client callreturn server kernel network clientstub packparameters unpackresults unpackparameters packresults serverstub

9Fall 1998, Lecture 07RPC Invocation (More Detailed)1.Client procedure calls the client stub2.Client stub packs parameters intomessage and traps to the kernel3.Kernel sends message to remote kernel4.Remote kernel gives message to serverstub5.Server stub unpacks parameters andcalls server6.Server executes procedure and returnsresults to server stub7.Server stub packs result(s) in messageand traps to kernel8.Remote kernel sends message to localkernel9.Local kernel gives message to client stub10. Client stub unpacks result(s) andreturns them to client