Program 2: Shared Memory Media Server (mserv2)

CS 4210 Advanced Operating Systems * Fall 99 Hutto
Groups of 3!
DUE:
design review: (in class) Tuesday 19 October 99
final turn: 3pm (classtime) Thursday 4 November 99

Questions? Office hours, email, newsgroup...

For your second programming assgnment of the semegter, you will implement a media server with
multiple clients and suppliers, each implemented as a separ ate process. The server and customer processes
are multithreaded (using Pthreads) and processes interact using System V shared memory and cross-process
synchronization variables. In this assgnment, the server will actualy manage a directory of mediafiles

(AUDIO, GRAPHICS and VIDEO) and supply these to customers on request. Customer processes launch
individua (existing) media players (audioplay, xv, mpeg_play) to consume the media. Suppliers add itemsto

the server’ s media store as the program executes.

Y ou may work in teams of 3 for this project. Y ou have four weeks to complete this non-trivid assgnment.
There will be adetailed design check on Tuesday the 19" during class. Each team will handin adetailed design
document (about 5 pages) and do a brief (10 to 15 minute) class presentation.

Wewill not go over the System V shared memory primitivesin detall in class so you need to reed the fine
documentation handed out in class!

Server

The server process manages a directory of mediafiles and maintainsan in memory “database” of thesefiles.
Mediafiles are provided by suppliers and requested (checked out) by customers. Mediafile bits are moved
around in shared memory segments. Suppliers and customers enqueue requests in a bounded buffer (the request
queue) that isimplemented as a wdl-known shared memory segment mapped by dl the processesin the system.
The synchronization variables used to implement the bounded buffer aso resde in the same shared memory
segment. Replies are placed in a per-process shared memory “reply” segment. Because of a severe limitation on
the number of segments that any one process can have “attached” a any given time (6 under Solaris), these
reply segments must be attached and detached dynamically for each server transaction.

The server is multithreaded and maintains a pool of worker threads (nworkers specified in the init file) asin the
first assgnment. Note that the server will be “throttled” by the number of shared segments that can be attached
(6). Since al processes mugt attach (map) the request queue, only 5 requests can be handled smultaneoudy.

Each process in the system will log transactions to a per-process log file in the current directory. All log files
will have type“.log’. Log file names will begin with “server”, “customer” and “supplier” as appropriate. Client
log files (customers and suppliers) will be digtinguished by adding the dlient id to the filename. For example:
customer123.log.
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The server will aso be the “man” process for your system and will spawn the number of suppliers and
customers specified in theinit file (nsuppliers, ncustomers). When the server receives a SHUTDOWN request,
it will sgnd the clients to terminate, and print the fina database.

Requests

There are basicaly only 6 requests that the server knows about. Suppliers and customers are distinguished by
unique integer ids specified in a configuration file. All requests include the client id. Requests from unknown
clients are rgjected.

Cust oner s:
*LIST( id, type )
*START( id, title )
STOP( id, title )

Suppliers:
ADD( id, title, type, ncopies )
*SUPPLY( id, title)

Anyone:
SHUTDOWN

Customers can get a LIST of managed titles of the specified type (ANY, AUDIO, GRAPHICS, VIDEO) and
START and STOP atransfer of aparticular title. Suppliers can attempt to ADD a specified title to the database.
If the ADD is successful, the media bits are provided in a separate transaction. Findly, for convenience, the
server responds to a SHUTDOWN request and gracefully terminates.

Request Details

There are some important details about the request types. System V shared memory segments aso have alength
restriction (about 1 meg on our systems) o we can't assume that replies will dways “fit” into asingle reply
segment. Therefore, requests that move bits around may involve severd “exchanges’ between the server and
client. You can think of thisas asmplified “bound buffer” problem where the buffer has only one “dot”. The
client and server pass control of the shared reply segment back and forth, exchanging “chunks’ of data until the
entire transaction is complete. The requests that may require exchanges are marked with an asterisk above. You
will need amechanism to sgnd the“end” of the reply sequence (perhaps include a* bytes remaining” fidd in
the reply segment).

The START command is asynchronous. The customer process will create a separate threaed for each trandfer.
The STOP command alows the customer to terminate a trandfer (thread) that isin progress and servesasa
“return” command. Titles are maintained as strings and must be distinct. There aretwo LIMITS that the system
must repect. Frgt there is amaximum number of mediafiles that the server can maintain (SMAX). Thisvaue
will be specified in a configuration file (mserv2.init). Attempts by suppliers to add titles after this number has
been reached will fal. Smilarly, thereis amaximum number of titles that a customer can have “checked out
a any given time (CMAX). Findly, there isa number of copies associated with each mediaitem.

Note that the request descriptions above show the “logica parameters’. Y our actua implementation of each
request will need to supply additiona implementation specific detalls such as an identifier of the shared reply
segment and the reply segment size (“chunk size”).
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Errors

There are severd possible errors and corresponding error codes and you may need to introduce additional
codes:

ENoSuchTitl e
ENot CheckedQut
EOverLim t

ENot Avai | abl e
EUnknownCl i ent| D
EUnknownType

El nval i dNCopi es
ENoMbr eSpace

O~NOOUITR WN P

Customers

Each customer process will receive itsid as acommand line argument. Recall that customer processes are
spawned by the main server process after it reads mserv2.init. Customer processes will be multithreaded.
Clientswill NOT use randomly generated delays asin the first project. Rather, clients will be driven by
commands in the file mserv2.cmds. Each customer will have a main thread that is responsible for reading
mserv.cmds and “executing” commands for that customer (distinguished by customer id). Possible commands
include: LIST, START, STOP, SHUTDOWN and PAUSE. The main thread will execute LIST, STOP,
SHUTDOWN and PAUSE commands directly. START commands will spawn athread to handle the media
transfer and “play” the resulting media. Recall that there is a per-process reply segment so concurrent threads
will contend for accessto this segment. (NOTE: Thiswill bea bit tricky... Need to talk about this some
mor e. — pwh) Here is a sample format for the mserv.emdsfile:

c123lis audio

cl23lig any

c123 pause 12

€123 start graphics “ zebrajpg’
€123 start audio “zoom.au’
c123 pause 10

c123 stop “zebrajpg’
€123 pause 5

€123 stop “zoom.au’

€123 pause 20

€123 shutdown

Note that in the actud mserv2.cmds file, commands for different clients will be interleaved. Theleading “c”
indicates customer. Supplier ids start with “s”.

Cugtomers will log transactions to a per-customer log file. If the customer id is 123 then the log file should be
customer123.log in the current directory.

As mentioned before, the main thread reads the commands file and executes commands prefixed with the
appropriate customer id. Executing a command involves creating and enqueuing a request in the server request
queue. Thiswill, of course, involve some synchronization operations. The PAUSE command is specia and does
not generate a request to the server. Rather, the client thread smply pauses for the specified amount of time.
The START command is dso abit specid. The main thread will smply spawn athread to handle the START
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request. Thisinvolves enqueuing arequest to the server, copying the media bits to atemporary file (by passng
the reply segment back and forth as many times as necessary) and then spawning a separate processto “play”
the media. When the main threaed reads the corresponding STOP command, it will issue the STOP request to the
server, terminate the worker thread, remove the temporary file and do any additional cleanup required.

Note thet this mode will have concurrent media players “popping up” on the display console.

Initialization File (mserv2.init)

gkey 3145 # wel-known “key” for request key shared memory segment (created by server)

nworkers 5 # number of server “worker” threads

ncustomers 3 # number of customer processes

clc2c3 #vdid customer ids

nsuppliers 2

sls2

smax 10 # max number of mediafiles*“managed” by server

cmax 5 # max number of filesthat can be concurrently “checked out” by a customer
main()
This space for rent.

Client-Server Communication (System V Shared Memory)

This space for rent.

Packaging

Pace your code in adirectory aong with a README file describing how to compile and run your program and
indicating any specid capabilities you have implemented. Y our directory should contain a sample mserv.init.

Y ou can package your code asasnglefile (mser v. c¢) or break it up into pieceslike (mai n. ¢ workers. ¢
clients. c). Besureyou properly extern shared dataif you break your program into separate source files!

System V Shared-Memory Resources

Severa chapters (3, 12-14) from:
W. Richard Stevens
“Unix Network Programming: Volume 2 Second Edition Interprocess Communication”
Prentice-Hall 1999

will be your bible for this assgnment. Y ou can aso access online documentation through man pages and
docs.sun.com.

Turnin/ Late Policy
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To turn in your assgnment, creste atarbal containing the project directory and email to pwh@cc.gatech.edu
with the Subject line: "C$4210 P2 SUBMISSION". Only one member of the group should submit the project.
Make sure your submission includes the names of al group members. The standard late policy applies. Projects
can be submitted up to five school dayslate. A 5% pendty will be gpplied for each day late. Projects will not be
accepted more than 5 days late.

-- Good luck!! Have fun ....
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