CS 6378  Advanced Operating Systems  -- Project # 1

This project is to let you practice the use of threads, semaphores, and sockets. You are to write two programs, one client program and one server program. Note that the two programs may be executed on the same or different machines. 

The server program reads two integers from the command line, K and N. At the initialization time, the server creates K+1 threads, one receiver thread and K worker threads. Also, the server initializes a request buffer of size N, i.e., the buffer can holds up to N requests. The receiver thread is responsible for listening and accepting client requests and put them in a request buffer. The worker threads take the requests from the request buffer and process them and send responses to the clients. The request buffer has a limited size of N (N requests, N is read from the command line). The receiver thread should stop receiving any request from the clients when the request buffer is full. To achieve the synchronization between the receiver thread and the client, a signal message should be sent by the client and an ACK should be sent back by the server before the client sends a request. 

Receiver Thread:

Initialize the receiver port and listen to it;

loop

wait for a client signal, when one comes, accept it;

if it is OK to receive a request then send an ACK to the client;

else wait till it is OK to receive a request and then send the ACK;

receive the client’s request;

put the request in the request buffer;

till receiving the termination request;
As you can see, there are potentially 3 types of messages from the clients, the signal messages, the request messages, and the termination messages. Every client message should start with an opcode and followed by the client id. The opcode has 4 characters (4 bytes) and can be “Sgnl” for signal, “Requ” for request, and “Term” for termination. The client id is an integer value (4 bytes). Each client should have a unique id and it is your responsibility to assign a unique id to the clients. The signal and termination messages only contain 8 bytes. The request messages should have an additional word (4 bytes) which is a number x, that is used by the worker thread to do factorial computation.

The worker thread simply loops through the processing cycle. The logic for the worker thread is as follows. Note that x can be as large as 230.

Worker Thread:

loop

fetch one request data from the request buffer, assume the number is x;

compute y = x! mod 1000003;

send y back to the client;

till receiving a termination request;
The client program reads in one integer value, P, from the command line. P is the program ID for the client program. Also, the system has a configuration file “config.dat”, which specifies server host name, server port number, and M value, where M is the number of client threads in the client program. The maximum value for M is 50. There may be multiple client programs started at different platforms. P is used to help identify each one. Each client program starts M threads. Each client thread simulates a client. You need to assign a unique id for each client thread (use P to help creating unique id). Each client thread first opens an input file “client?.in”. Each client thread has its own input file and the “?” of the file name is the client id. You need to convert the client id to 3 character digits to serve as the file name (e.g., the file name for client with client id = 1 is “client001.in”). During test time, we will provide client input files client000.in to client999.in. You can assign client id between 0 to 999. The input file contains all the requests the client will be sending. Each line in the input file contains two integers, t and x, where t indicates the duration for the client to wait before sending the next request and x is the number to be sent to the server for computing. The logic for each client thread is as follows.

Client Thread:

open input file;

establish a connection with the server;

loop

read in one input line, which includes t and x;

send a signal to the server and wait for the ACK;

send request r to server and wait for server’s response and print the response;

wait for t micro-seconds;

till end of file;

close the input file;

To support graceful termination, you need to have a special client program that does not do anything else but sends a termination request to the server. You are responsible for the design of the print out. It has to be clear for seeing the flow of your program.

The configuration file “config.dat” should be read by the client programs as well as the server program. It contains three lines. The first line is the host name of the server. The second line is the port number the receiver thread listens to. The third line is the M value.
There are K+1 threads in the server program accessing the request buffer. You need to use synchronization mechanisms to ensure the correct accesses to the request buffer. Your program should guarantee that each request is processed once and only once.

You can assume that all clients behave well. In other words, the clients always follow the protocol and no client would send a request without getting an ACK.

