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1. Introduction

The project on reliable multicasting has been designed jointly by all of us. After the design we split up the protocol implementation as follows:

DRP-RAP
: Gokul

DNP-GMP
: Nitin

RMTP

: Tevfik

We first describe the various data types that will common to many protocols and then go on to define the protocol specific details.

1.1 Addressing Format

Address Type
Address

1
15
Number of Bits

Address Type:
0 : Unicast



1 : Multicast

1.2 Structure for storing Configuration File entries

struct node

{

 
char node_name[16];

        /* name of machine */     



unsigned short node_address;       /* node address as per out format */   


struct hostent *node_IPaddress;    /* this can be determined from node_name */


unsigned short port_number;         /* for communication between nodes */

}

1.3
Array of known Multicast Groups

unsigned short *multicast_address;  /* set of known multicast group addresses */


/* read in the number of multicast groups statically and then malloc accordingly */

1.4 Structure for storing RAP announcements

struct announcements

{


char *data;


struct announcements *next;

}

/* for optimization we could have each node of the link-list storing x announcements. */

/* to minimize number of insertions and deletions in the link-list  */

1.5
Format of Routing Tables

· Unicast Routing Table

Destination Add.
Next Hop
Valid Flag
Link State Seq.no.

16
16
8
16
Number of Bits

The Valid Flag indicates whether an entry is valid is not. This helps in case when a node goes down and comes up. Since the number of nodes in the network is not very large, we can implement this scheme.

The Link State sequence number indicates the sequence number of the last link state packet sent by that destination.

· Group Routing Table

Multicast Add.
No. of Destinations
Linked List of Next hops
TTL for each destination
Host Membership

16
16
16*X
8*X
8
No. of Bits

X = Number of destinations

Host Membership specifies whether the host itself is part of that multicast group or not. 

1.6
Structure for storing MABs

Node address
MAB

16
16
Number of Bits

1.7 Current MAB Structure

struct MAB

{


unsigned short MAB_value;


unsigned short node_address;

}

1.8 Registered Services of each node

Service_id
Multicast Address
Used Bit

16
16
8
Number of Bits

/* The used bit indicates whether a table entry is in use or not. Whenever a new */ /*service is to be registered, we look for the first unused table entry. Whenever a node */ /* leaves a multicast group the used bit is reset. */

1.9 Structure for NACK aggregation purposes

struct NACK

{


unsigned short dest_address;


unsigned short pkt_seq_no;


unsigned short recd_from_add[ ];

}

/* the array size is statically allocated to some high value */

/* optimization : a) malloc the array size to the number of children of the host */

/*  when  the first Nack arrives





     */

/*

  b) use some sort of linked list with x addresses per node 
     */

1.10 Structure of Service Access Point ( SAP )

Struct SAP_640

{


unsigned short address;


unsigned short service_id;

}

General Interface Diagram

IN our model only the network layer is present in intermediate nodes. Transport layer protocols still maintain end to end communication only.


 2. Datagram Network Protocol ( DNP )

2.1 Packet Header


Length ( 12 )
Type ( 4 )

Source Address ( 16 )

Destination Address ( 16 )

Checksum ( 16 )

All the fields above are in Bits.

RMTP_DIRECT field is used for sending data packets from RMTP to RMTP.

RMTP_2_GMP type is used for MAB, NACK and Retransmit packets sent by RMTP client, which need to be pruned by GMP.

2.2 Data Structures used by DNP only

2.2.1 Host Node Information

unsigned int HOST_IPADDRESS;     
/* IP address of host */

char HOST_NAME[20];
          

/* name of host */

2.2.2 Some Definitions

#define MAX_DNP_PKT_SIZE
1024   

/* max. size of a DNP packet 
   */

#define MAX_DNP_DATA_SIZE
1017        
/* max data size in DNP packet */

#define DNP_HEADER_LENGTH
7 
  
/* header length in bytes      
   */

#define DNP_TYPE_OFFSET
12

#define U_SHORT_SIZE

16

2.2.3 Structure used by DNP for buffering Packets

Struct DNP_BUFFER 

{


char data[MAX_DNP_PKT_SIZE];


unsigned short length;


struct DNP_BUFFER *next;

}

2.3 Error Codes used by DNP

#define OK




0

#define SOCKET_OPEN_ERROR

1

#define SOCKET_BIND_ERROR

2

#define SOCKET_CLOSE_ERROR

3

#define DATA_SEND_ERROR

4

#define DATA_RECIEVE_ERROR

5

#define MEMORY_ALLOCATE_ERROR
6

#define UNAME_ERROR


7

#define SERVER_NOT_FOUND

8

#define THREAD_CREATE_ERROR
9

#define NO_LOCK_ERROR


10

#define NO_COND_WAIT


11

#define NO_UNLOCK_ERROR

12

#define MUTEX_INIT_ERROR

13

#define COND_INIT_ERROR

14

#define SIGNAL_HANDLER


15

#define INCORRECT_CKSUM

16

#define SIGNAL_DRP_ERROR

17

#define SIGNAL_GMP_ERROR

18

#define SIGNAL_RAP_ERROR

19

#define SIGNAL_RMTP_ERROR

20

#define CONFIG_READ_ERROR

21

#define GETHOSTBYNAME_ERROR
22

#define UNKNOWN_HOST


23

#define COND_SIGNAL_ERROR

24

2.4 Shared data structures between threads, local to DNP only

#define MAX_THREAD_HIGH
28    /* maximum threads running at a time  */

#define MAX_THREAD_LOW
24    /*  limit till which thread_no must drop to until a 

new thread can be created */


int cond_var = 0;


 /* indicates that no more threads can be created */

pthread_cond_t full, available; 
/*  condition variables for signaling buffer full and     

      available */

pthread_mutex_t mutex;

 /* mutual exclusion for condition variables */

int thread_no;



 /* current number of active threads */

int position;  



 /* number of packets in DNP buffer */

2.5 Forwarding Mechansim

DNP maintains a table containing mapping of node addresses (directly connected only ) to their corresponding IP addresses and it used this table for actually sending data using UDP.

· Unicast Packets:
Shortest Path First Algorithm

When a unicast packet comes, the DNP looks up the destination address in the packet. If it is for the host, then the packet is forwarded to appropriate protocol. Else the DNP looks up the next hop enroute to the destination in the Unicast routing table and forwards the packet accordingly.

· Multicast Packets:
Reverse Path Forwarding

When a multicast packet comes, the DNP looks up the multicast routing table and forwards the packet to each of the nodes listed in the corresponding entry in the table. It then checks if the host itself is part of the multicast group. If so, then it demultiplexes the packet based on Type and sends it to the correct host protocol.

2.6 Checksum Computation

A Checksum is computed for the whole packet so that reliability for all packets (including Link-State, Hello, NACK, MAB) is maintained. We use the checksum algorithm used by IP.

Checksum = 1’s complement of 1’s complement sum of whole packet

2.7 Interactions with other protocols

Whenever a packet for some other protocol comes to DNP, it passes it to that protocol by doing a procedure call. The called procedure does all the protocol specific processing. For every incoming DNP packet, a new thread is created which does all the packet related processing. All these threads are independent of each other. 

2.8 Thread Operation and Interaction




New packet 

  



 New packet


If thread can be



     
 No threads can be created


created, create thread

Increment thread count, if

Thread_no==UPPER_LIMIT

Signal buffering to start




       DNP thread exits, 






     Decrement thread_no,    if 




     Thread_no==LOWER_LIMIT signal so that




        Some buffered packets can now be serviced


All DNP threads execute to completion. There is no sleep state associated with any DNP thread.

2.9 DNP State Machine
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Make packet and forward



         Link-state packets







To DRP
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Forward to destination
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Multicast packet
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      multicast
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 GMP
    



     for
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       restransmit
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    Forward 

RMTP_2_GMP packets are of the types:

· NACK

· Retransmit

· MAB

2.10 DNP Functions

int start_dnp():


Function to read Configuration File entries and do name to IP Address mapping.


parameters
: none

int startup():


Funtion to perform socket initialization


parameters
: none

int host2net(u_short data1, u_short data2, u_char offset, char *p):


Function to pack 2 data into 2 chars in Network byte order


parameters
: data1 and data2 : the 2 data to be packed




  offset : the bit position where data2 should be placed




  p : an array of 2 chars in which the packed data is placed in 

  network byte order

int dnp_process(void *p):


Function that processes the data received by DNP from Link Layer


parameters
: DNP packet

int buffer(void *p):


Function that creates new DNP threads when number of current threads falls 


below the LOW_LIMIT.


parameters
: p : not used

int pkt_from_host(RMTP_packet pack, Address destn_addr, int type, u_short len):


Interface between RMTP and DNP.


parameters
: RMTP_packet pack: the RMTP packet received



  Address destn: The destination the packet is intended for



  Type: Whether a RMTP or RMTP_2_GMP type


              Len: Length of packet

return value
: 0 if success



 -1 if error

int strcopy(char *destn, char *source, u_short len):


Function that copies len bytes from source to destn


parameters
: source and destn : source and destination char arrays




  Len : number of bytes to be copied.

u_short cksum(u_char *buf):


Function that computes checksum on the whole DNP packet


parameters
: buf: the DNP packet


return value
: the checksum

int insert(char *buf, u_short length):


Function to insert a DNP packet into DNP buffer


parameters
: buf : the DNP packet




  Length: length of the DNP packet

char *delete():


Function that deletes a packet from the DNP buffer and returns it


parameters
: none


return value
: DNP packet

int empty():


Function that determines if DNP buffer is empty or not


parameters
: none


return value
: 1 : buffer empty




  0 : buffer not empty

2.11 Performance Enhancements under consideration

· Use of hash table for fast Routing Table lookup

· Mechanism for fast mapping between node addresses in Routing Table and corresponding IP addresses (for directly connected links only)

· Caching of data

· Handling of destination unknown packets

· Determination of maximum threads possible so that DNP can be run with minimum buffering.

3. Dynamic Routing Protocol (DRP)

3.1
Packet Definition:

Age (TTL)(16)

Packet type (8)

Data (Length – Hlen)

Packet Types:

1- Hello Packets : These packets are sent periodically to neighbouring nodes to check whether they are up or not.No data part for this packet.

2- Link State Packets : These packets contain routing information about the neighbouring links and they are sent when the host is booted and when the host times out on a “hello” message which implies there is a change in the routing information.These packets are then flooded on to the network.

Data part:

Seq_num (16)

No of Entries (16)

Node addr(16)
Weight(8)

.....
......















The format of the data part is according to the needs of the flooding algorithm. The seq_num and age fields are required to control the life of a packet in the network so that it does not get flooded back and forth and congest the network. Then the packet consists of a list of entries which has the node address and corresponding weight. In our case the weight is either  1 or 0.

3.2 Unicast Routing Algorithm :  Shortest Path first algorithm.

3.3 Multicast Routing Algorithm :  The multicast routing algorithm is explained as a part  of GMP.

DRP STATE MACHINE

Timer 1: timer for sending hello


Timer 2 : timer for receiving hello
































Timer 1 expires /send “hello”

























































receive a link state  packet/




flood only if seq > seq_num

update routing table; signal GMP














    receive “hello”/reset timer2

3.4
Mechanism for detecting topology changes : The “hello” packets  detect any change in the status of neighbouring nodes. This changes the configuration entries of the neighbouring nodes . This information is passed on to all other nodes by flooding the link state packets.

3.5
Mechanism for dealing routing loops: The TTL field in the header is decremented after every hop and hence can be used to decrease the congestion caused by the formation of routing loops.

3.6
Mechanism for dealing with lost routing packet: When flooding is done it is done repeatedly N times irrespective of whether the packets reach their destination or not. Duplicate packets are discarded based on their sequence number.

3.7
Interaction with GMP and DNP : 

With DNP: All packet forwarding is done by DNP. For Linkstate packets the  address 0x11111111 is passed to DNP which signifies flooding. So DNP  uses its protocol field and destination address for the purpose of flooding.

With GMP: The entire multicast group information is stored in GMP. DRP signals GMP to update its multicast routing table as and when any changes occurs in the unicast routing table.

3.8
Some Data Structures Used:

1. Other than the routing table , DRP uses a table that contains the  addresses of  the immediate neighbours and their current status for generating link state packets.

Implementation Strategy:

The DRP part of the process contains a main thread that performs all initialization and sets 2 periodic timers. One is used for generating hello messages (T hello) while the other is used for checking on the hello messages that have been received  (Tcheck). When Tcheck expires and the check fails it means the link state has changed and hence flooding and updating of routing tables follow. There is also a timer Tinitial which is used initially when there is a flurry of link state packets. Instead of updating routing table every time DRP waits for some time before starting to update. Note this is done only initially.

3.9. Timers and  their values

Tcheck  ~  5 * T hello.
Tinitial – yet to be experimented.

4
Group Management Protocol

4.1
Packet Definition :
Source address (16)

Destination address (16)

Packet type(8)

Multicast group address (16)

Packet Types : 

1- Join group.

2- Leave group.

3- Refresh group membership.

4.2 Timers

1. Timer_check_refresh : this is the timer that is used to check whether refresh messages have been received from all downstream receivers and update Group_Routing_Table accordingly.

2. Timer_refresh : used to periodically send  refresh messages.

3. Timer_MAB : used to send MAB messages at regular intervals.

The timers are implemented using signals. 

Timer_check_refresh will have a timeout about 4 times that of timer_refresh to account for delays in the network and garbling of packets.

Timer_MAB will be about 2 times that of Timer_check_refresh since MAB packets need to be sent only after some time.

4.3 Mechanism for generating /pruning /aggregating the GMP packets:

1. Join
: These are generated when a receiver joins a multicast group or when it finds that its link to the current upstream node is broken. These are unicast messages directed towards the sender.  

2. Refresh
: These are  periodically generated by a node towards its upstream nodes.

3. Leave
: This message is generated when a receiver wants to terminate the connection immediately.

Since all the above messages are hop by hop, pruning is done at intermediate nodes and Join/Refresh messages are sent upwards only if a new group entry is created in the host or a group entry is being deleted. No aggregation is required for refresh messages.

4.4 RMTP_2_GMP message ( NACK, Retransmit and MAB ) pruning:

Every NACK and MAB packet arriving at an intermediate node is processed by GMP (these are RMTP_2_GMP messages).  A  NACK_Queue is maintained which records for every group the links along which NACKs have come for a particular packet_id.  When a duplicate NACK request from another node, the node is added to the list of receivers for the retransmitted of that packet. When the retransmitted packet is received by GMP, it removes the NACK entry from the NACK queue and sends the packe tto the receivers who had sent that NACK request.

A MAB _TABLE is maintained for every link, which contains its corresponding MAB. The current MAB that finally reaches the sender is the minimum of MAB of all receivers.

4.5 Shared Data Structures

All GMP data structures are shared among all GMP procedures. A condition variable and mutex will be used for protecting the Group_Routing_Table

4.6 Interactions with DRP and DNP :

GMP calls a procedure of DNP when it wants to send a packet.  When DRP wants to inform GMP of a change in routing table or node up/down information, it calls a procedure of GMP. Thus all communication is through procedure calls. ALL packet forwarding is done through DNP.

4.6
Types when sending packet to DNP and vice versa 

#define GMP


1

#define RMTP_2_GMP
4

4.7
Error Codes used by GMP

#define SUCCESS



0

#define INCORRECT_TYPE


1

#define MEMORY_ALLOCATE_ERROR
2

#define TOPOLOGY_FILE_ERROR

3

#define MULTICAST_FILE_ERROR

4

4.8 Other Definitions

#define GMP_PKT_SIZE

56
/* this is fixed  for all kinds of packets */

#define GMP_REFRESH_TTL
2000

#define U_SHORT_SIZE

16

4.9 GMP Functions

All GMP functions return a GMP error code unless specified

int make_packet(Address source, Address destn, u_char type, Address multicast_add, char *data):


Function that makes up a packet for delivery to DNP


parameters
: source, destn : addresses of source and destination




  multicast_add : multicast group address




  Type : GMP packet type




  Pkt : GMP data

int pkt_from_host(RMTP_packet pack, Address destn_addr, int type, u_short len):


Function that gives a packet to DNP for tranmission


parameters
: RMTP_packet pack: the RMTP packet received



  Address destn: The destination the packet is intended for



  Type: RMTP or RMTP_2_GMP type


              Len: Length of packet

return value
: 0 if success



 -1 if error

int DNP_2_GMP ( char *pkt):


Function that gets a GMP or RMTP_2_GMP packet from DNP and processes it.


parameters
: char *pkt : RMTP packet


return value
: 0 if success




 -1 if error

int update_group_table():


Function that updates Group Routing Tables when there is a change in Main

Routing Table.


parameters
: none

int send_MAB():


Function to send a MAB when timer Timer_MAB expires


parameters
: none

int send_refresh():


Function to send a Refresh packet when Timer_refresh expires


parameters
: none

int check_refresh_update():


Function to check for refresh messages when Timer_check_refresh expires


parameters
: none




































































































































































































5. Reliable Announcement Protocol ( RAP )

5.1 Packet Header

SAP_640 of destination ( 32 )

SAP_640 of source ( 32 )

Sequence_No( 16 )
Length ( 16 )

Type(8)

Data

Type field :

7

6

5
     4

3

2
1
0

Sender
Receiver


ACK_ACK
DATA
ACK
Start_Connection

Sequence No is used for the 3-way handshake.

5.2 Timers

· Timer-A
: Used by the client while establishing and closing connection with server and receiving data.

· Timer –B
: Used by server while establishing and closing connection with client.

5.3 RAP Server State Machine







Request for announcement /.ACK 














Timer expires

/.Resend ACK









ACK_ACK/.DATA






































DATA_ACK/ send ACK_ACK


All packets except those expected by the state machine will be dropped.

Eg.: if an ack comes when an ack-ack is expected.

Both timer-A and timer-B can expire only MAX_EXPIRY times. After that if it expires then, no action is taken. i.e. no retransmission will take place.

5.4. Client State Machine



All packets except those expected by the state machine will be dropped.

Eg.: if an ack comes when an ack-ack is expected.

Both timer-A and timer-B can expire only MAX_EXPIRY times. After that if it expires then, no action is taken. i.e. no retransmission will take place.

5.5. Implementation Details :

Reliable timers : (timers with abort counts)

These are timers with their own specific abort counts .If a particular event for which the timer is set fails , the timer is reset and the abort count is reduced by 1 and the event is initiated again. When abort count becomes 0, the event is aborted.

Server part of RAP


































Client RAP










































































































































































































































































































































































































Getannounce() is invoked in the context of the application thread. So after spawning a corresponding client 

Thread , it sleeps . The client thread implements the RAP client state machine and then invokes the application thread when the transaction is over. The error codes for the client  machine is same as the error codes of the server machine.

Timers :

 2 reliable timers are required one in the server and another in the client.The values for each of these timers are the same and are yet to be experimented.

 Error Codes :

All events are handled using timers with abort counts. 

ER_ACK  -
Timer expires without receiving ACK 

Action :

If Abort count != 0  Resend ACK

Else 

Close connection.

ER_DATA_ACK – Timer expires without receiving DATA_ACK

Action :

If Abort count != 0  Resend DATA

Else 

Close connection.

ER_ACK_ACK:

Action :

If Abort count != 0  Resend ACK_ACK

Else 

Close connection.

6. Reliable Multicast Transport Protocol ( RMTP)

6.1 Packet Header


RMTP packet header consists of an 16 bit source address, 16 bit destination address, 16 bit service ID, 32 bit sequence number, 12 bit packet length and 4 bit packet type fields. As a total, the length of the RMTP header is 96 bits = 12 bytes. 



Length 
Type 

Source Address 

Destination Address

Service ID

Sequence No.

:

DATA

:

Figure 6.1 RMTP header


There are 6 different RMTP packet types : Data, Data_EOF, MAB, NACK, Abort and Retransmit packets. These packet types are represented with decimal numbers between 0 and 5 respectively. Since our type field is 4 bits long, we can represent up to 24 = 16 different RMTP packet types. We currently use only 6 of them and the remaining 10 are reserved for future uses.


Data packet 

: is used when transmitting the requested data (announcement)

Data_EOF packet 
: is used to mark the last data packet in an announcement

MAB packet 

: is used for flow control (by changing the MAB value)

NACK packet 
: is used to acknowledge the sender that some of the packets are 

  not arrived to the receiver

Abort packet 

: is sent by the RMTP receiver which wants to leave the multicast 

  group

Retransmit packet 
: is used when retransmitting any data which did not arrive to the 

  receiver

6.2 State Machines

6.2.1 RMTP Sender State Machine









6.2.2. RMTP Receiver State Machine























































































































































































































 



























NFE: Next Frame Expected

LFA: Last Frame Acceptable

MAB: Maximum Acceptable Byte

Each timer is associated with a max number of  time-out variable that aborts connection if more than TIME_OUT_MAX time outs occur.


6.3. Sequence Numbers

Each transferred file in an RMTP session can consist of several packets. Some of these packets can get lost in the network or some of them can arrive late at the destination due to the network congestion or some other problems. To keep track of the lost packets and also to maintain the packet order, the RMTP server gives a sequence number to each packet it sends.

Sequence number is stored in the header of the RMTP packets and has 32 bits of space allocated. So there can be at most 232 different sequence numbers which means that we can have at most 232 packets in an RMTP session. So, the maximum size of a file that can be transferred is ~ 232 KB. 

6.4. Loss Recovery


If a packet with sequence number between NFE and LFA does not arrive to the receiver during a timeout period (NFE_timer), or if it is corrupted when it arrives, it is regarded by the receiver as a lost packet. When a packet is lost, the receivers send NACK (Negative Acknowledgement) messages to the sender. 


If more than one receivers send a NACK message to the same intermediate node before the retransmission of the lost packet reaches that node, only one of the NACK messages is passed to the upper level nodes and other packets are dropped (NACK pruning is performed by GMP protocol - see section 5).


Retransmission of the lost packets is done with a special type of packet called retransmit packet. If an intermediate node gets a retransmit data packet, it forwards this packet only to the receivers which are listed in the NACK_GROUP_TABLE (see section 4.4). NACK_GROUP_TABLE maintains list of the receivers which did not get that the corresponding packet. 

6.5. Flow Control


In the RMTP receiver, there is timer called NFE_timer which either expires after a certain period of time or is reset when the packet with NFE = sequence number arrives at the receiver. 


If the NFE_timer is expired, then a NACK message is generated by the RMTP receiver and sent to the RMTP sender, so that the lost packets can be retransmitted. If the packet with sequence number = NFE arrives to the receiver, the receiver window is slide by the number of valid in-order bits starting from NFE.


Consider the example in Figure 6.5. The receiver window size = 6. Initially the packets with sequence numbers NFE+1, NFE+2 and NFE+3 are received by the RMTP receiver. The packets with sequence numbers NFE, NFE+4 and NFE+5 has not arrived yet. Now, suppose that the packet with sequence number = NFE arrives at the receiver. So, the first 4 bits starting from NFE become 1 which means all packets with sequence numbers less than NFE+4 are received by the RMTP receiver. Now, we can slide the window by 4 frames to the right. The values of NFE, LFA and MAB are increased by 4. The new value of MAB is sent to the RMTP sender. If more than one receiver send a MAB packet to any of the intermediate nodes, the MAB messages are aggregated (MAB aggregation is performed by GMP protocol - see section 4). 

Sequence no. (
NFE
NFE+1
NFE+2
NFE+3
NFE+4
LFA





0
1
1
1
0
0






6.6. Performance Enhancements

1. When the NFE_Timer expires a NACK is generated. Instead of sending NACK’s every time when the NFE_Timer expires, we can combine multiple NACK’s into one and then send only one NACK message in regular intervals.

6.7. Main Modules specific to RMTP

int start_rmtp(): 

Function to start rmtp protocol. 

parameters
:  none

return value
:  0 if success 



  
 -1 in case of error

void RMTP_sender (void *p): 

Function which starts the RMTP sender machine as a separate thread.

  
parameters
: void* p: to pass parameters to the thead if necessary

  
return value
: none

void RMTP_receiver (void *p):

Function which starts the RMTP receiver machine as a separate thread.

parameters
: void* p: to pass parameters to the thead if necessary

return value
: none

void RMTP_receive_NACK(RMTP_packet pack):

Function which is called by RMTP sender machine when a NACK message arrives.

parameters
: RMTP_packet pack: the RMTP packet received

return value
: none

void RMTP_receive_MAB(RMTP_packet pack):

Function which is called by RMTP sender machine when a MAB message arrives

parameters
: RMTP_packet pack: the RMTP packet received

return value
: none

void RMTP_receive_data(RMTP_packet pack):

Function which is called by RMTP receiver machine when a data packet arrives

parameters
: RMTP_packet pack: the RMTP packet received

return value
: none

char* RMTP_make_packet(u_short type, Address source_addr, Address dest_addr, 

u_short service_id, u_int seq_no, char* data):

Function which converts an RMTP packet to network byte order and makes it

ready to transmit...

parameters
: type

: type of the packet



  source_addr
: address of the source node



  dest_addr
: address of destination node  



  service_id
: service ID of the request



  seq_no
: sequence number of the packet



  data

: data to be transferred with the packet (payload)

return value
: RMTP packet in network byte order

7.
Application Programming Interfaces (API)

7.1 DNP – DRP API

int pkt_from_host(char *packet, Address destn_addr, int type, u_short len):

DNP Function that sends a packet to another host in the network.


parameters
: packet : the DRP packet received



  Address destn: The destination the packet is intended for



  Type: DRP


              Len: Length of packet

return value
: 0 if success



 -1 if error

int DNP_2_DRP ( char *pkt, Address source_add):


Function called by DNP to process a DRP packet


parameters
: pkt : DRP packet




  source_add : source of the packet (from DNP header)


return value
: 0 if success




 -1 if error

void dump_DRP_tables(short status_flag):

Called by DNP to dumpdumps tables & other statistics of DRP.

parameters
: statis_flag : When the input argument is one, it generates and  reports the routing table, the multicast groups in the local node and other statistics.


return values  : none
7.2 DNP – GMP API

int pkt_from_host(char *packet, Address destn_addr, int type, u_short len):

DNP Function that sends a packet to another host in the network.


parameters
:  packet: the GMP packet received



  Address destn: The destination the packet is intended for



  Type: GMP or RMTP_2_GMP


              Len: Length of packet

return value
: 0 if success



 -1 if error

int DNP_2_GMP ( char *pkt ):

Function called by DNP to process a GMP packet

parameters
: pkt : DRP packet




  source_add : source of the packet (from DNP header)


return value
: 0 if success




 -1 if error

void dump_GMP_tables(short status_flag):

Called by DNP to dumpdumps tables & other statistics of GMP.

parameters
: statis_flag : When the input argument is one, it generates and  reports the routing table, the multicast groups in the local node and other statistics.


return values  : none
7.3 DNP – RAP API

int pkt_from_host(char *packet, Address destn_addr, int type, u_short len):

DNP Function that sends a packet to another host in the network.



parameters
:  packet: the RAP packet received



  Address destn: The destination the packet is intended for



  Type: RAP


              Len: Length of packet

return value
: 0 if success



 -1 if error

int DNP_2_RAP ( char *pkt):

Function called by DNP to process a RAP packet

parameters
: char *pkt : RAP packet


return value
: 0 if success




 -1 if error

void dump_RAP_tables(short status_flag):

Called by DNP to dumpdumps tables & other statistics of RAP.

parameters
: statis_flag : When the input argument is one, it generates and  reports the routing table, the multicast groups in the local node and other statistics.


return values  : none
7.4 DNP – RMTP API

int pkt_from_host(char *packet, Address destn_addr, int type, u_short len):

DNP Function that sends a packet to another host in the network.


parameters
:  packet pack: the RMTP packet received



  Address destn: The destination the packet is intended for



  Type: RMTP or RMTP_2_GMP type


              Len: Length of packet

return value
: 0 if success



 -1 if error

int DNP_2_RMTP ( char *pkt):

Function called by DNP to process a RMTP packet

parameters
: char *pkt : RMTP packet


return value
: 0 if success




 -1 if error

void dump_other_tables(short status_flag):

For dumping tables of other protocols than RMTP. This is called by RMTP. It

first dumps tables of DNP. After this function, DNP makes calls to other three 

protocols (RAP, DRP and GMP) to dump their tables & statistics.

parameters
: statis_flag : When the input argument is one, it generates and reports the routing table, the multicast groups in the local node and other statistics.


return values  : none
7.5 RMTP – Application API

int rmtp_send(struct SAP_640 local_sap, Address multicast_addr, FILE* fp, int  file_length):

Function to send any given file fp of length file_length to a multicast addres from 

a local service access point (SAP). 

return value
: 0 if file transfer is completed & no other members in group


     

-1 if file does not exist


     

-2 if other errors

int rmtp_recv(struct SAP_640 local_sap, Address multicast_addr, FILE *fp, int file_length, u_short max_recv_window, struct SAP_640 remote_sap,time_t start_time):

Function to receive a file fp of length file_length at a local SAP from a multicast address.

return value
: 0 if success

     
-1 if multicast session has already started
      


     

-2 if other errors

int modify_rmtp_recv_window(struct SAP_640 loacl_sap, u_short max_recv_window):

Function to modify the maximum receiver window size to a given value:

max_recv_window.

return value
: 0 if success


     

-1 if any error
int rmtp_abort(struct SAP_640 local_sap):

Function to abort the receipt of a multicast session at a local SAP. When this function is called, the receiver explicitly leaves the multicast group.

return value
: 0 if success 


     

-1 if any error

void dump_tables(short status_flag):

The function to generate the debugging & statistics information. It first dumps RMTP specific tables and then calls DNP for other protocol specific tables.

parameters
: statis_flag : When the input argument is one, it generates and reports the routing table, the multicast groups in the local node and other statistics.


return values  : none

7.6 RAP – Application API

int rap_post_announce(SAP_640 local_sap,char* announcement,u_short 

announce_len):

This function is used by the application to notify RAP server about its announcement.

parameters
: local_sap   

: SAP of the process issuing the command 

       
  announcement
: the string containing the announcement.



       
  announce_len 
: the string length.

return values
 : 0 if success




-1 string too long




-2 others

int rap_get_announce(SAP_640 local_sap,SAP_640 remote_sap, char announcement, 

int max_len)

This function is used by receiver application to download the announcements  from remote 

Rap server.

parameters: 
local_sap
: the SAP of the issuing process.

remote_sap 
: the SAP of the RAP server.

announcement : the string returned by the RAP server.

return values:  0 if success

-1 if RAP server does not reply 




-2 others.

APPENDIX A : Table of Packet Types

Paket Type
Sender
Receiver
Intermediate Protocols

DNP-DRP
DRP
DRP
DNP

DNP-GMP
GMP
GMP
DNP

DNP-RAP
RAP
RAP
DNP

DNP-RMTP_DIRECT
RMTP
RMTP
DNP

DNP-RMTP_2_GMP
RMTP if source, else GMP
RMTP if destn, else GMP
DNP, GMP






DRP- hello
DRP
DRP
DNP

DRP- link state 
DRP
DRP
DNP






GMP-Join
GMP
GMP
DNP

GMP-Leave
GMP
GMP
DNP

GMP-Refresh
GMP
GMP
DNP

GMP-RMTP_2_GMP NACK
RMTP if source, else GMP
GMP if not destn
DNP

GMP-RMTP_2_GMP MAB
RMTP if source, else GMP
GMP if not destn
DNP






RMTP-Abort
RMTP (receiver)
RMTP (sender)
DNP, GMP

RMTP-Retransmit
RMTP (sender)
RMTP (receiver)
DNP,GMP






RAP – Start_Connection
RAP – receiver
RAP – Sender
DNP

RAP – ACK
RAP  sender/receiver
RAP  receiver/sender`
DNP

RAP – DATA
RAP – sender
RAP – receiver
DNP

RAP – ACK_ACK
RAP  sender/receiver
RAP receiver / sender
DNP

APPENDIX B : Table of Threads

Protocol
Function
Sleep 
Wakeup 

DNP – receive pkt
Receive pkt from UDP
Loops for packet receipt
No Wakeup

DNP – process pkt
Process pkt received by DNP
Executes to completion
No Wakeup, thread is created only on packet arrival

DRP 
Initialize timers and signals .
After initialization
Any DRP_Timer expiration

GMP
Initialize timers and signals
After initialization
Any GMP_Timer

Expiration

RAP – server (main)
Updating announcement list
After update
Call to post_announce

RAP –server (request)
Respond to individual request .
-----------------------------
-----------------------------

RAP – receiver (Client)
Attend to every get_announce request
-----------------------------
-----------------------------

RMTP – sender
Responds to requests from application level
After initialization
MAB_timer expiration or any packet arrives

RMTP – receiver
Processes packets from RMTP sender
After initialization
NFE_timer expiration or any packet arrives
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Figure 6.2. RMTP packet types








Timer expires


/ - return (-3) //file transfer complete but there are still members in the Multicast group 
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Figure 6.3. RMTP Sender State Machine 
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Figure 6.4. RMTP Receiver State Machine
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Figure 6.5. Receiver window and flow control
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