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1. Project Overview

The goal of this project is to create a communication API to support a distributed Setgame (DSG) to be played by multiple players (clients) at the same time. A Setgame controller will be the root or server of the game, which contain all the information of the players. It will use this communication API to support interchange of communication between the GameController and the Players. The following terms: game manager, game controller or Server is used interchangeable. The same applies for player interface and client. See Setgame EERD
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Figure 1A
1.1 The Game of Set Sequence Diagram
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In this sequence diagram, we represent a normal game interaction between a player and the game controller. Notice that the player could see a set and send the message SEE_SET, which the game controller replies with SELECT_SET. Concurrently the game controller activates its timer and if it times out then the player receives a message TIME_OUT and he gets penalty (the TIME_OUT is not shown in the Sequence Diagram). 

Figure 1B
.
1.2 Player Interface State Diagram

This simple machine model represents the possible states that the Players could have at any time. When the Player Interface starts, the only possible commands that could receive from a player are ADD_PLAYER or QUIT. Then it moves to a LOCK state S1 where the game manager controls the next state. S2 is the READY TO PLAY State. In S2 a player needs to send SEE_SET so that the game manager moves him to the state S3 where he could send his selected set for validation.
Figure 1C. Player Interface State Diagram - DSG 
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	Event Type
	Description
	Notes

	ADD_PLAYER
	User sends his name to the server to be added in the Player table.
	

	PLAYER_INFO
	The server sends id information to the user after adding his name to the Player table.
	The server sends the ID that the player needs to send his messages to the server

	SEE_SET
	A player saw a set and tries to lock it by sending this message to the server.
	The player could get penalty if he failed to send the set on time or if an invalid set is sent.

	SELECT_SET
	Server’s reply to SEE_SET message
	If this is the first player who saw the set. In case this one fails, next player has an opportunity.

	TIME_OUT
	Player’s opportunity to select set expired
	Player gets penalty and next player has change to send set.

	VALIDATE_SET
	Player sends it with his selected set.
	This message must be received before time expires.

	VALID_SET
	Server sends to player if his set was valid and increment his setcount.
	Selected cards are replaced from the layout by new ones from the deck

	INVALID_SET
	Server sends to player if his set was invalid and increment his penalty.
	Layout cards are rearrange randomly.


1.3 SetEvaluator and FacetEvaluator State Models
Figure 1D.


1.4 The Communication API Use case Diagram

The following use case diagram show a simple overview of how the communication API will provide interface communication between a SetGameController server and the Player clients.
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Player Interface State Diagram - DSG

S0 - INITIAL STATE
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Figure 1F
2. Project Plan
The plan is to create a scalable communication API to support LCP applications, which need to execute in a distributed system environment. The API will use TCP connection between the entire host computers and threads to handle incoming and outgoing messages. My example is focused on the known LCP application developed through Prof. Lechner’s OOAD classes, the Setgame (Distributed Set Game). The DSG will be the user of this communication API, later could be extendable to others. See previous project documents [1].

3. Design discussion
This project crashes in the surface of distributed mutual exclusion problems. Since there is not common memory neither a global clock to synchronized the messages, it is hard to get total message order in a distributed system (the before and after). In the last decades, several algorithms have been developed to solve distributed mutual exclusion problems. Their goals are to be free of deadlock, free of starvation, support fairness (FIFO execution), and fault tolerance. Distributed systems are based in message passing so the latency of the network affects the overall performance. Reducing the number of messages is always an important goal. There are two different approaches and six base algorithms: Non-token-based (Lamport, Ricart-Agrawala, and Maekawa) and token-based algorithms (Suzuki-Kasumi, Singhal and Raymond). For more see [2, 3].
1.1 What does it mean to this project?
We can design a communication API that use the host computer’s clock to synchronized the messages, but this won’t secure fairness, which is so important for the DSG. A more scalable communication API library for the DSG will be to use a node controller in each client host to synchronized the request messages and control who put a message first in the GameController’s queue. This way we can secure fairness and concurrency access to the GameController’s queue.
The DSG use case diagram below represents actors (GameController and Players) that use the API to interchange messages. The GameController has a thread that handles the request messages sent by Players to him and put them in the request queue.  It also accepts data from the GameController and sends it to all the players. In the client site, another MessageHandle thread receives Replies from the GameController and put them in the queue. Before a client send a request to the GameController, it has to ask for permission to the NodeController. The NodeController synchronized in a FIFO order the request among all the clients. The NodeController could be seen as a super class to abstract the distributed mutual exclusion algorithms.

DSG Use Case Diagram 
Figure 3A.
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4. The Domain model for the communication API to support LCP applications.
This communication API supports the interchange of data between server and client(s). For an application like the DSG, we create a subclass from the packet super class. The SetGamePacket class knows how to pack and unpack SetGame’s data. Then we use the communication API to send or receive the packet. The packet is copied into a message class or structure with the message type and size and sends through the communication channel. In the other side, we receive the message and unwrap it. Put the data in a packet class and push it into the tail of the queue (FIFO) and signal PROCESS_DATA to the ProcessMessage thread. The ProcessMessage thread takes the packet from the queue and passes it the application.

Figure 4A (next page)
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FIgure 4A: Domain Model / Class Diagram

5. State Diagrams

These state models represent threads used in the communication API to support communication between the clients and server. The clients and server have a main thread, which initialize connections and start to listen in one or many channels for incoming messages. When it receives messages, it creates a thread for each message to process it as presented in the state diagram below.

Fig. 5A:

Fig. 5A: Message Handler Threads for Incoming messages - State Diagram 1
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Figure 5B  MessageHandler Threads to Send Messages - State Diagram 2.
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5.1 Event Type Table for the incoming and outgoing queues and threads
	EVENT TYPE
	DESCRIPTION
	NOTES

	INCOMING_MSG
	Everytime a message arrives to the channel (socket), this event is generated.
	A new thread (messageHandler) is created to put the message in the queue and then destroy.

	UNLOCK_QUEUE
	A thread finished to use the queue and signal the next thread in line.
	Two different queue systems are shown in the EERD Figure 4A. This one corresponds to Figure 4B.

	PROCESS_DATA
	There is a message in the incoming queue for the application.
	ProcessMsg thread gets wake up

	SEND_DATA
	The application put a message in the outgoing queue to be sent
	A thread gets created only to put this message in the outgoing queue and then it gets destroyed.

	OUTGOING_MSG
	There is a message to be sent in the outgoing queue.
	Wake up a thread to send the message that is in the outgoing queue.

	UNLOCK_QUEUE
	The outgoing queue is unlock
	Block threads can resume their work. Figure 4C.


6. Implementation
The communication Library was implemented taking in consideration reusability with the LCP tool. The basic APIs were implemented, but as necessary it can be expanded to fit any application needs.

	File name
	Description

	netcomm.h, netcomm.c
	Initialize communication between server and client(s). startListening(..), connectTo(…), …

	message.h, message.c
	Wrap messages before send it though the network connection.

	errhdler.h, errhdler.c
	Initialize error handlers


	Function
	Description
	Notes

	startListening(port, callbackFunc)
	The server side calls this function to start listening in a particular port.
	This function creates an endless loop thread (serverReceiving), which signal INCOMING_MSG signal when it receives a message throu the network. See Fig 4B. It also creates these two threads.

	connectTo(SERVER_ADDR, SERVER_PORT, callbackFunc)
	The client side calls this function to establish connection with the server.
	This function establishes connection and creates a thread (clientReceiving) to wait for incoming messages. Then

the same process as above, but in the client side.


Server application calls the function startListening <netcomm.h> from its main entry function and passes the port number and a callback function to receive the message type and data.

/* callback function */

void receiveMsg(int msgType, char * data)

{


/* application switch statement go here */


/* using dsg server side as example */


switch(msgType){


case: SEE_SET: /* do something */


case: VALIDATE_SET:


{



/* more code above */



VAL_MSG

vm;



unpackSet(&vm, data );



isValid = validateSet(vm.cardId1, vm.cardId2, vm.cardId3,








  vm.playerId);



/* more code below */



break;


}


default:



printf("Unknown message!");



} // end switch
} // end receiveMsg
/* Main Entry */

int main(int argc, char *argv[])

{


int port = PORT;


/* callback function pointer */


void (*f)(int, char *);


f = &receiveMsg;


/* Start Server */


startListening(port, f);


initializeGame();


/* main loop */


while (!bQuit) {

  
/* endless loop */


}


closeCommunication();


printf("Good bye!\n");


return EXIT_SUCCESS;

} // end main
Client application(s) calls the function connectTo <netcomm.h> from its main entry function and passes the server’s hostname, port number and a callback function to receive the message type and data. The callback and main entry function escalator are identical except that clients call as follow

  /* Start Client */

  connectTo(char * server_hostname,  int server_port,  f);

Implementation Discussion
Even though the Packet class is shown in the EERD, in a practical implementation in C, it won’t be needed since the Message entity could pass the bytes directly to the application packet class. The Send queue is not implemented since there is not a lot of messages to send, as there are incoming messages especially in the server side. So in my simple implementation there are neither outgoing threads nor queues, instead the application calls utilities to send the messages from <message.h>.
The incoming queue is implemented as a circular buffer with fixed size. For other application maybe it will be wise to use dynamic queue.

7. Testing
   The DSG application was implemented in two directories: dsgame, which contains the server (game manager) and the player that contains the interface for the users. Both codes were created using Kdevelop IDE in Fedora2. The project information for both programs is in dsgame and player directories. To configure the project to specific platform, just run:

./configure

It will create all the information that the makefile needs from the platform. Later CFLAGS will have to be updated manually in the ./src/Makefile.in file to include 

the -pthread flag. It probably could be automated but I could not find how since Kdevelop IDE does it automatically for me.
Run make from the absolute directory of the program, and it will generate the executable in the  . /src directory. Before it was customized to generate the object files and executable in ./debug/src, but this was using Kdevelop IDE.

I created a .sh for each application to run it from the absolute directory.


./dsgame.sh [PORT]    /* Run in background, for server */


./player.sh SERVER_HOSTNAME SERVER_PORT

When I ran it in my PC with Fedora2, It ran fine. Sometimes it gave me some invalid reading error when I sent a VALIDATE_SET message to the server. I tried in mercury.cs.uml.edu, but it didn’t let me add player information. It crashes rightly.

8. Future Plans
The initial goal of this project was to integrate the Setgame project from 03f522 using LCP and the DSG project from 04s522 using this new communication library. The goal was not meet completely due to the short time, the need of a team, and more documentation from the previous projects.

What needs to be done?

· I implemented a text-based GUI for the player interface that will be really nice if it could be implemented using graphic interface like Java or X11.

· The connection between game controller and player interface is working in the simplest phase. Connection entity must be added in the <netcomm.h> library to be able to control more than one game at the same time. NodeController Entity is not implemented; if a future application requires  synchronization, it will need this entity in the netcomm library.

· I made a code-based game manager to control the game. This must be implemented using LCP to represent it as an Active Instance subclass, which controls the SG SetEvaluator and SF FacetEvaluator.
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� The crash risk has not been established here. I expect serialization of messages by arrival time at the single-controller EventInstance que to referee (fairly or unfairly) any race conditions. Fairness may be a coarse-grained issue and clock time discrepancies may be fine-grained and ignorable. 


� RJL: Why can't the time-of-arrival of messages from users be used, in spite of clock synch errors? The delays my be too small to notice, particularly if large constant errors were detected in advance. If channel delays are too large, then the constant-corrected time-of-sending could be used instead of time-of-arrival at the controller to order the queue. [Note: Distributed BDE editing has a similar problem with time-of-arrival at the Master Database Controller of database changes that are already displayed on the originator's screen. Optimistic concurrency in DBDE is similar to the Concurrent Version Control System (CVS) protocol. In DBDE, automatic rollback is the remote GUI client responsibility]


� It is not clear whether each message is broadcast to all clients, or addressed and sent to only one  specific client. In DBDE, I expect to use a broadcast channel, so I would prefer that approach here. The listener in each client would be responsible for identifying self as the addressee and responding accordingly. That does not mean messages to other clients are ignored. In DBDE  clients other than the sender are the normal responders: they must resynchronize to the reported change.The original sender probably already carried out his own updates locally. The clients  delegate to the server the responsibility for serializing and guaranteeing (or rejecting) all incoming client updates. 


� Question: Does code show individual state and event switch cases? That would simplify refactoring this code to use LCP by extracting state actions.
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