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1
Introduction
This project is the first proof of concept for distributed development using a BDE type project using C/C++ for Linux as the development environment (for a proof of concept of BDE Development in a Java environment, please see the other 04s522 project by JMa and SMandava).  This application is designed to implement the set game take home problem posed in the 03f522 second hour exam.  Future work in this project area will have a graphical interpretation of the cards (in this project, they display as plain text). Also, the threading concepts we learn here will need to be merged with the algorithm of the JMa/SMandava project in order to make the DBDE function for C/C++.
2
DSG Server
DSG Server is multithreaded process. In other words, it can do many things at once. It resides in a Linux station connected to other computers via LAN.
DSG Server supports passive and active modes. Only one client can be in active mode at any time, and one or more clients can be in passive mode, which means that there is one and only one client making changes to the diagram at a time. The server is also responsible for handling events/requests that changes the mode of a client from passive to active and vice versa. DSG Server doesn’t support heartbeat mechanism which is used to make sure that there are still network connections. Figure 1 shows the threads of a DSG Server.
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Figure 1: DSG Server Thread Diagram
2.1 DSG Server Thread Diagram
The main thread is the process itself. It creates and initializes a full duplex TCP/IP socket, and listens on port 42028 which is the default port for DSG Server, and waits for new client connections. The user/administrator can set the port to any valid value, since DSG Server accepts one argument at startup. Upon accepting a new connection, an RcvThread gets created, and then an EventInstance of type BroadcastEvent gets called to put the state of the current game (i.e., 12 cards) into the SndQueue. This event is sent to the client via SndThread. Figure 1 display 2 client connections with their threads.
The RcvThread 1 waits for events/requests from a client 1, while RcvThread 2 waits for events/requests from client 2. All events/requests coming from the clients are stored in the RcvQueue for further processing. The role of the RcvQueue is to keep DSG Server from blocking while waiting for events/requests from the clients, and since RcvQueue is accessed by more than one thread at time then it needs to be synchronized in order to avoid data corruption. 
The worker thread wakes up when there is one or more events/requests in the RcvQueue. It takes one event/request at a time and processes it according to the state machine of the DSG Server. If the worker thread decided that it needs to forward an event/request to a client(s), it creates a packet, stores it in the SndQueue, and returns back to process more packets. All events/requests going to the client(s) are stored in the SndQueue. The role of this queue is to keep DSG Server from blocking while sending events/requests to the client(s) through socket connections. 
The SndThread wakes up when the SndQueue is not empty. It takes one event/request at a time and sends it to the right client, and it is also responsible for broadcasting events/requests to clients.
NOTE: in this version, we are going to keep on SndQueue and SndThread for all clients since the number of clients is too small. But if we need to support a larger number of clients, then we need one SndQueue and one SndThread per client in order to give all the clients equal amount of DSG Server time.

2.2
DSG Communication Protocol

Both DSG Server and Client communicate via a socket connection; therefore a protocol or a language needs to be defined that will be used to translate the sending and receiving packets. The protocol will be based on a new structure called a Header structure which contains the type and length of the message that is going through the socket connection.  There are three event types that are used in this project: the first one is called BroadCastEvent structure which contains specific information about a BroadCastEvent, the third one is called DownloadEvent structure which is used when DSG Server download all the necessary information for new client, and the fourth one is called SetChoiceRequest structure which is used to send information about a set from the client to the server. This model allows us to add more event types and becomes expandable very easily. Figure 2 shows how the Header relates to an event instance. 

[image: image2]
Figure 2: DSG Protocol

2.2.1
Header
This structure is used by all DSG events/requests. It holds the message type and the packet length excluding the header size of a specific event. Table 1 contains supported types.

	Type
	Value

	BroadCastEventType
	1

	DownloadEventType
	2

	SetChoiceRequestType
	3


Table 1: DSG Event Types
2.2.2
BroadCastEventType
This event is sent from DSG Server to all the connected clients. The first field of BroadCastEvent structure contains a reference to the header information of this event. The second field contains the DSG Server Id. The third field contains a unique player id (it is DSG Server responsibility to assign a unique id for all players, even if they have the same UML/CS userid). The fourth field keeps the score of this player. The fifth field can have 2 values, either 0 = FAIL or 1 = PASS. FAIL means the set is not valid, and PASS means the set is valid. The sixth and last field is a string and contains information about the layout of 12 cards when the third field is PASS, or a message describing the error when the third field is FAIL. Here is the format of a string when it holds information about the layout of 12 cards:
“layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;
  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;
  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;”
Each card is separated by a semicolon and each pair of information of a specific card is separated by a colon, and each name and value is separated by equal sign. Table 2 shows the values of all the fields in the string.

	Name
	Value

	Layout
	1, 2, …, or 12

	Dimension
	1, 2, or 3

	Shape
	Circle=1, rectangle=2, or diamond=3

	Color
	Red=1, yellow=2, or blue=3

	Number
	1, 2, or 3


Table 2: Card information
and here the format of a string when it holds a message describing an error:

“<messae>”

2.2.3
DownloadEvent

This event is sent from DSG Server to the new connected client, and it can be sent more than once depending on number of cards left in the game. The first field of DownloadEvent structure contains the header information of this event. The second field contains the DSG Server Id. The third field contains a unique client id which is assigned by DSG Server. Both the fourth and the fifth fields are reserved for future use.

This event will be sent to the right client using the client id. The sixth and last field is a string and contains information about the layout of 12 cards. Here is the format of a string when it holds information about the layout of 12 cards:

“layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;
  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;
  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;

  layout=<value>,dimension=<value>,shape=<value>,color=<value>,number=<value>;”
Each card is separated by a semicolon and each pair of information of a specific card is separated by a colon, and each name and value is separated by equal sign. Table 2 shows the values of all the fields in the string.

2.2.5
SetChoiceRequest

This request is sent by the client only to the DSG Server. It contains information about a set. The first field of SetChoiceRequest structure contains the header information of this request. The second field contains the DSG Server Id. The third field contains the client ID that is sending this request. This client ID is given to the client by the DSG Server and it is unique for all connected clients. Both the fourth and the fifth fields are reserved for future use. The sixth and last field is a string and contains the layout numbers of 3 cards. Here is the format of a string when it holds information about 3 cards:

“<value>,<value>,<value>”
Each layout value is separated by a colon. Table 2 shows the values of all the fields in the string.

2.3
DSG Server State Diagram

DSG Server has four states that resemble client modes. These states are called initialize socket, passive, active, and catch-up. Figure 3 displays the state diagram.

[image: image3]
Figure 3: DSG Server State Diagram

DSG Server needs to support a race between multiple clients to see who claims to see a set FIRST, and then identifies three cards out of 12 (we have 3 rows and 4 columns coordinate pairs, which is equal to 12). Multiple clients can send SetChoiceRequest to the DSG Server, which in turn put them in the RcvQueue. In this case, DSG Server needs to serve all the clients with fairness. Hence DSG Server makes its decision depending on the events/requests that are sent from the clients. Table 3 contains the list of events/requests that DSG Server supports.
	Name
	Description

	SetChoiceRequest
	Client sends this request to the DSG Server to let the server knows about the specific information about the Set that it picked.

	BroadCastEvent
	DSG Server sends it to all clients.

	DownloadEvent
	DSG Server sends it to a new connected client.


Table 3: DSG Server list of Events and Requests
2.4
DSG Server Sequence Diagram

Figure 4 shows the sequence of requests and events being sent and received by both the clients and DSG Server. Each column, represented by dotted line, is an object lifeline. It represents a single object over time. The first column represents client 1, the second column represents DSG Server and the third column represents client 2. 
 
[image: image4]
Figure 4: DSG Server Sequence Diagram

Client 1 connects to DSG Server, and then client 2 does the same. DSG Server then starts downloading information about the SetGame to client 1, at the same it starts downloading information about the SetGame to client 2. DSG Server waits to get requests from either clients. Then Client 2 sends SetChoiceRequest to DSG Server, followed by SetChoiceRequest from Client 1. Since DSG Server receives SetChoiceRequest from client 2 first, then it processes it first and sends BroadCastEvent to both clients, and then it processes SetChoiceRequest received from client 1 and sends BroadCastEvent to both clients as well. After event # 8.2 in figure 4, DSG Server and both clients 1 and 2 are in sync.
3
DSG Client
By default, DSG Client connects to port 42028 on the local hostname, but the player can set the port and the hostname to any valid value, since DSG Client accepts 2 arguments at startup. The first one is the hostname where DSG Server resides, and the second one is the port number which is the listening port of DSG Server.

When DSG client connects to a DSG server via a TCP/IP socket connection, the server then downloads the necessary information that represents a SetGame for the client.
When a user sees a set, he types it as a series of card numbers (e.g., 2,4,5).  The  DSG Client then checks the user’s selection for a valid set choice prior to sending a SetChoiceRequest to the DSG Server.  

Provided the set is valid, a client sends a SetChoiceRequest to the DSG Server.  This request contains the set information that the client selected. Then DSG Server sends a BroadCastEvent to all clients to keep them in sync and up to date. 
The DSG Client maintains the information of the 12 cards in an array that is used to print all the necessary information in a text window.  The client window will display its client ID, the DSG Server ID, its score, and information about 12 cards. Client software will automatically scroll down from old information in the terminal’s text window, then the client can manually scroll back to review prior history.
4
Compiling and Running Information
This project is implemented on Mercury system at UMASS Lowell. It is a Linux operating system. 

4.1
Compiling and Running DSG Server

I have created a Makefile to compile DSG Server.

· Type make on the command prompt and press return key, a new file gets created called “server”. It is the executable file for the DSG Server.

· Type ./server on the command prompt and press return key to run DSG Server with default listening port <42028>. You can make the DSG Server to listen on different port by supplying a port as an argument. For example: ./server 43330
4.2
Compiling and Running DSG Client
I have created a Makefile to compile DSG Client.

· Type make on the command prompt and press return key, a new file gets created called “player”. It is the executable file for the DSG Server.

· Type ./player on the command prompt and press return key to let DSG Client to connect to a DSG Server running on a localhost and listening to 42028. You can make the DSG Client to connect to any DSG Server that is listening on any port by supplying a hostname and a port as two arguments. 

For example: ./player Saturn 43330
5
Where to Get DSG Information

· The documents (including .sch and data files) about this project are available in two places:

1. /nfs/earth/misc/proj3/case/04s522/elalo

2. /nfs/earth/misc/proj3/case/04s522/rherrick
· DSG Server is available in two places:
1. /nfs/earth/misc/proj3/case/04s522/elalo/DSG_Server

2. /nfs/earth/misc/proj3/case/04s522/rherrick/DSG_Server

· DSG Client is available in two places:

1. /nfs/earth/misc/proj3/case/04s522/elalo/DSG_Client
2. /nfs/earth/misc/proj3/case/04s522/rherrick/DSG_Client
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