
 

   
  

  
«   » 

 
     

 

  
а а 

 
 

    

     

    _______  . .  
       

     «____»___________2020 .  

 
 

  

     
а   

09.04.01 –     
  а а  а а я 

09.04.01.05 –     
  а а  а  а  

 
 

 
 

 . .- . .   . .  
, а а  ц а , а я 

     . .  
 , а а  ц а , а я 

 
 

  « » . .  
 , а а  ц а , а я 

 

 

. .- . .   . .  
 , а а  ц а , а я 

 
 

 2020 



 
 

   
  

  
«   » 

 
     

 

  
а а 

 
 

     

      

     _______  . .  
        

      «____»___________2019 .  

 
 

 

    

    

 
  



 
 

   . 
: 18-01-5   ( ): 09.04.01 
   . 

   : «   
  ». 

    № 2096/c  14.02.2019 
 :  . .,  .- . , .,  

      . 
   :    

       
  . 

  : , ,   
,     , 

 , ,   . 
  : . 

 

       . .  
    ц а , а я 

         . .  
    ц а , а я 

 

«____»___________2019 



1 
 

 

      «  

   »    49  

 , 11  , 4   14 

.  

MULTICAST, ACK,   , PGM, 

M/TCP, TREE-BASED ACK,  . 

 :     

  . 

    ,    

. 

       

  ,   , 

   . 

       

    , 

 ,    . 

      , 

  ,     

,     . 

      

       

    . 

 

 

 



2 
 

 

 
 ............................................................................................................ 2 

1      ............................................................................. 4 

    1.1        ........................... 5 

       1.1.1      ............................................... 5  

       1.1.2      ............................................................. 7 

       1.1.3      .............................. 8 

    1.2       ................................ 11 

       1.2.1   Pragmatic General Multicast (PGM) .................................. 11 

       1.2.2  M/TCP (Multicast-extension to TCP) .................................................. 15 

    1.3       ............................... 17 

    1.4   ...................................................................................................... 20 

2      .................................. 21 

    2.1    ................................................................................ 23 

    2.2    ...................................................................................... 24  

    2.3   ......................................................................................................... 34 

3     .................................................................................... 35 

    3.1     .............................................................. 35 

    3.2    .......................................................................... 37 

    3.3    ........................................................................... 43 

    3.4   ...................................................................................................... 46 

 ................................................................................................... 48 

   ......................................... 49 

 



3 
 

 

 

 

 .    

       , 

,     ,   

( ,   ), -  

,   .         

 .  

-      , 

      .  

      ,    

       [1]. 

  (peer-to-peer)   

    .  

        

 ,  ,      

  (« ») [3]. 

  –      

  (multicast).     

   .   

    ,    

  TCP  multicast.      

      -    

     [4]. 

        

  ,   .  



4 
 

       . 

         

,  ,     

 , .  

      

    . 

: 

1.       

; 

2.      

  ; 

3.  ,    

 ; 

4.      

; 

5.       

   . 

 

1    

  

        

   ,   

   (Reliable Multicast protocol, RM).    

   . 

          

     . , , 

  ,   ,    



5 
 

  . ,    

,     . 

1.1       

 

1.1.1     

 

       

    ,    .  

  ,      

   RM.     :   

      ,   

  ?  

        

?  

       

 ?  

       

  ?   

   

       

   , ,    

,     . .    

(ADU)      ,  

  .       

   ,     ,   

        [7]. 



6 
 

       

 ,      

.    :     

    .   , , 

,       

  .  , ,   

,     ,   

 ,     [7].  

      

 ADU   ,     ,  

    ADU. 

 

       

      . , 

,   ,    

    ACK    

   ,     

 ACK       ,  

     .   

       

 .      1.1.3. 

   

      ADU.  

   -   ADU   ,  

      . , 

       .  



7 
 

        

.    ,    

    . 

     

       

 -         

,      [7].    

      ,    

   .     ,  

    ,       

. 

 

1.1.2     

 

 ,    ,    

     . 

   

      -   

 .     ,  

        .  

         

     . 

        

 ( . Forward Error Correction, FEC). 

      



8 
 

     

 ,      , 

   . ,   

        

 .          

       [8]. 

  .   

 ,       . 

 .   ,   

     ,   

   ,    

  .     

    . 

 .      

,           

    .  

      .  

        

    ,      

         

 .       

 ,      , 

    ,      

.        

    ,   

,     . 

 

1.1.3.     



9 
 

 

  ,      

 RM ,       

 .        

     ,   

        

    .  ,   

           

.         

   [7]:  

   .  

     .  

 ,     . 

      ( . ACK-

based mechanism).     .  

        

  .    ,   

   .     

      

   . 

     ( . Tree-based ACK 

Mechanisms).       

  ,      

,    .   ACK-

   , ,   ,   ACK-

     ,    

   ,      

   ,        



10 
 

    .     

    ,   

     .  

     ( . NACK-

based mechanisms).      

       

  (NACK)    ,  

  .         

  (ACK):  

        

.     ,   

   ACK.  

  .  

    NACK    ,   

            

  .  

  ,      

,     ,    

         

   . 

     .  

  ( . Forward Error Correction) —   

     .    FEC 

     ,       

   (XOR),     

  ,     . 

, ,        XOR, , 

   -      ,  



11 
 

  XOR,      

. 

 

 

 

1.2      

 

1.2.1  Pragmatic General Multicast (PGM) 

 

Pragmatic General Multicast (PGM) -    

. PGM   IP-multicast. PGM ,  

       ,   

    .  

        

: FEC (   ), NACK (  

)   NACK. PGM   

 [11].  

       , 

 PGM.   ,      , 

    ,  ,       

 PGM.  

PGM        

,        . 

,      ,  

     ,    



12 
 

   ,   PGM   

,       . 

  —      

  .       , 

,        ,   

   .      

    ,      

  « » ,     

      - . 

 

 PGM    ,  PGM 

   .   

    (ODATA) .  

   ,   NAK 

 .    NAK,  

     NAK (NCF).  

, (RDATA)   - ,  

 ,     (DLR)   

 NAK. RDATA — ,     ,   

  ,   FEC.   NAK, 

   ,      

   NCF,   NAK ,  

        

   [11].        

1. 

 

PGM          

  multicast-   .   



13 
 

 ,       ,    

(  multicast- ) ,    , 

          

 (  multicast- ).     

 , ,     .  

       ,  

         ,   

 .       

 (path messages)    multicast-    

    [11]. 

 

 1 –  NAK/NCF. 

 



14 
 

(1)   NAK   . (2) 

     NCF. 

(3)   NAK  ,  (4) 

   NCF. (5) NAK  

,    NCF (6).   

         

NAK (7)  ,    NCF (8). 

    NAK,      

 NCF [11]. 

  



15 
 

1.2.2 M/TCP (Multicast-extension to TCP) 

 

M/TCP      

  (SIM)     (Xcast)[10]. 

M/TCP     ,    

  .  FTP, SMTP.  , 

   ,     

 .     , 

         

,   . 

       

 . M/TCP    

      

     TCP.     

M/TCP    2. 

 

 2 –    M/TCP. 



16 
 

 

  M/TCP    

  ,       

        

. 

M/TCP    ,  

  [10]: 

 .   M/TCP   TCP 

     . 

  .  , M/TCP 

    - - . M/TCP 

     ,    

  ,    ,  

   .  

    .    

   TCP      

   . 

   M/TCP      

.       ,  

      TCP.    

      .  

      [10]: 

           , 

     . 

  ,      ,  

  . 



17 
 

        

    ,   

  . 

       ,  

      . 

 

1.3      

 

    RM    

  ,    PGM,   

       , PGM   

 NACK      , 

    ,    

        

 ,       

. PGM      .  

M/TCP       

  ,        

  ACK,       

 ,       

  . M/TCP     

 . M/TCP        

  Push- . 

  1      

 UDP: 

1-   ,      

2-  



18 
 

3-     

4-      

5-    

6-      



19 
 

 

 

 

 

 

 

 

 

 

* - ,   , . 

 

 1 –     

 

  
  

  
  

1 2 3 4 5 6 

UDP - + - + + - -  , IPTV 

PGM - + + - - +/-   

M/TCP + - + - - +  ,  Push-  

* + + + - + - 
     

 



20 
 

1.4  

 

    . 1.3      

    .     , 

     ,   

      .  

    ,  

    . 

  



21 
 

2      

 

  

        

    ,      

 (  3). 

 3 –  . 

 

         

   .  

 ,    ,  

   ,      

 .     



22 
 

,    .   

      4.    

,  Li,   Ri,j.   

   . 

 

 

 4 –    

 

 

 

 



23 
 

2.1   

 

     

        

.      

         

   . 

      

        

(Designated Receiver)    .   ,  

      , 

    ,   

     ,   

       .    

     DR.  ,  DR  

        

,        

  ,    . 

 ,    DR,  DR   

    .     

       

 ,      

ACK. 

  2  Ri,1    DR   Ri,j  

  .     

    4. 

 

  



24 
 

2.2   

 

1.      

      .  

     . 

2.       

         

.         

     .    

        

.    ,   

 ,   ,   

 ,       

    .   

        

 . 

3.        

  RD    .   

     ,  

    ,   , 

  ;      

   ,     

. 

4.     ,    

  . 

  ,  ,    

 ,   .   

  DATA,   DATA EOF  



25 
 

  .      

 ,   0.    

 ACK   DR.  ACK     

 (L)         

, ,       .  

 1   ,    .  

 2 -   
ACK     
ACK TXNOW      
DATA    
DATA EOF     
RESET      

RTT MEASURE 
     -

 
RTT ACK  ACK   RTT MEASURE 
SND ACK 
TOME     AP 

 

 3 -  . 
Wr      
Ws      
Tdally      
Tretx      

Trtt 
     -
 

Tsap     SND ACK TOME 
Tsend       
Tack       
Packet      
Cache      
MCASTthresh     

 

  



26 
 

  

    :  

     .    

       ;   

        .  

      ( .  3). 

    ,    

   ( )  

 .       

  ,     . 

        

  ,     

     ;   

   .     

,       

 .     

  ACK,   . 

         

.     multicast-     

  . ,    - 

       

 .       

,     .    

    ,  ,  

  Tdally . (     , 

     .)   

,       . 

 ACK       . 

        



27 
 

  ACK      

. DR        ,   

         

. 

      ACK 

   ,  Tdally,  ,  

       ,  

  .    

:     ,    . 

        

   RESET. ,   ,  

     ,    

  ,    RESET  ,  

     . 

 

 

 

 

 

 

 

 

 

 

 



28 
 

 

  

      

 : (1) , (2)   (3)  

 ( .  5).  

 5 –  . 

 Sender   T_CONTROLLER,  ,  

     (   Tx),  

    (   RTx)  

    ,     

  ACK (   AP_A).  

STATUS_PROCESSOR  ACK     

   . 



29 
 

  Sender   T_Sent, T_Retx  T_Sap 

   Tx, RTx  AP_A .  

T_Dally    . 

 R_CONTROLLER  Receiver     

  (   R),    

ACK (   AS)       

-  (   RTT)    

        ACK. 

 ,   Receiver   : T_Ack  

T_Rtt,      AS  RTT 

.  R   ,     

,     .  

  DR    Receiver  

Sender. 

  

       

  Tsend.  ,    

,        . 

    Tsend      

  Ws.      

MaxTR     1.                                                                                                         (1) 

  

    AS   ACK   

,    .   

    Wr  (   )   



30 
 

    ,    ( . 

 6). 

 

 6 –   . 

 

        . 

 «1»     . ,   6 

     ;  16, 17  19  

    .    ACK 

   ,      

    L   .  ,  

     . , 

    15       18,  

   15, 16  17     L  

18. 

     Tack 

    ACK.   

   ,   ACK  

       ,  ,    

  .    



31 
 

 ,      

-        ACK, 

  RTT_MEASURE.    ,  

  Tack,     

 ACK. 

    RTT_MEASURE   

 .   RTT_MEASURE 

   , Trtt.    

- ,        

RTT_MEASURE       ACK. 

    RTT_MEASURE,    

   RTT_ACK     .  

  RTT_ACK    -  

   ,    RTT_ACK    

 ,   . 

 ACK    

      ACK 

     .    

 ACK      

 ,    .    

       .   

ACK          

    .   

   : Tretx  MCASTtresh,    

 .   ACK     

,       

  .    :  

,      , 

 C     ,  



32 
 

    ,   , 

        . 

   Tretx,   ACK (   

 RTx)      .   

 C   MCASTthresh,    

    ,   , 

,   ,   . 

   : swin_lb, send_next,  

avail_win    .  swin_lb  

   , send_next     

,       

 , avail_win       . 

   send_next    avail_win 

  .   ACK,   

     swin_lb, , 

swin_lb   ,   avail_win.   

       7.  

 

 7 –   . 

 



33 
 

 ,        

  ,    

 L (Lmin)   L,    ACK  

  Tsend.  Lmin ,  swin_lb,  avail_win 

    Lmin – swin_lb  swin_lb   Lmin. 

 swin_lb   .    

 ACK   L,   swin_lb,   

. 

   

     

      . , 

     ,   

 ,    .  ,    

« » -   ,    .  

 , ,   ,  « » 

   :  

   . 

        . 

  .    

,       , , 

    ,     

,     .     

  ACK_TXNOW,      

      . 

 ACK_TXNOW    ACK   «  

».    ACK   ACK_TXNOW 

      V    



34 
 

    ,   

. 

 .    

       

        

.        

       ACK. 

     

  

 ,      

  ,     

       ip-  

       (DR).  

  DR      

SEND_ACK_TOME ,     TTL   

 .    DR   

SEND_ACK_TOME    TTL.   

     DR. 

 

2.3  

 

         

  ,  , 

   1.      

. 

  



35 
 

3   

 

3.1    

 

 

 8 –    

 

        , 

 ,     8.    

     Ubuntu 12.04.5 LTS.  S, 

R3, R4      ( .  9).  

 

 



36 
 

 

 9 –     r32   R3 

 

     Ethernet.  R2   

         

iproute2.   . . R2      

        

R3  R4. 

 

 

 9 –       R2 



37 
 

       Python,    

 Python  2.3.7.      

VMWare ESXi.      GigabitEthernet. 

 

3.2   

 

      Python.   

     .  

        

    ( . raw socket),    

       Ipv4  

  -       . 

       

   main.py.       

     :  

1.  (  «-s»); 

2.  (  «-r»); 

3.   (  «-d»). 

     
if __name__ == '__main__': 
    interfaces = os.popen("ip a | egrep -o 'r[0-9]+'").read().split('\n') 
    print(interfaces) 
    interfaces.pop() 
 
    sockets = [None] * len(interfaces) 
    for i in range(0, len(interfaces)): 
        sockets[i] = socket.socket(socket.AF_PACKET, socket.SOCK_RAW, socket.htons(3)) 
        sockets[i].bind((interfaces[i], 0)) 
    print('Switching on ' + ' '.join(interfaces)) 
 
    if len(sys.argv) < 2: 
        print("Need some arguments") 
        sys.exit(1) 
    if sys.argv[1] == "-s": 
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        filename = sys.argv[2] 
        sender(sockets[0], filename) 
 
    elif sys.argv[1] == "-r": 
        if len(sys.argv) <= 2: 
            print("Need input rd address second argument") 
        else: 
            print(sys.argv[2]) 
            receiver(sockets[0], sys.argv[2]) 
 
    elif sys.argv[1] == "-d": 
        bridge_socket = socket.socket(socket.AF_PACKET, socket.SOCK_RAW, socket.htons(3)) 
        bridge_socket.bind(('my_bridge', 0)) 
        receiver_d(bridge_socket) 
 
 

 

         

 S   R2-R4.     

    R2.      

 ,   ,   

      

   ,     . 

 
def receiver_d(socket_in): 

    f = open("received.py", 'wb') 

    sender_addr = "" 

    src_addr = socket_in.getsockname()[4] 

    print "My address :", bytes_addr_to_str(src_addr) 

    local_receivers = [src_addr] 

    num_receive_frame = 0 

    num_err_frame = 0 

    max_err_frame = 1 

    while True: 

        print "Wait frame..." 

        raw_data, addr = socket_in.recvfrom(MAX_SIZE) 

        dst_addr, src_addr, proto, frame_type, num_packet, is_last, data = parse_frame(raw_data) 

        print('\nReceived Frame:') 

        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

        Packet: {}'.format( 

            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

            frame_type, num_packet, is_last)) 
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        if frame_type == TYPE_MSG_RD: 

            print "New receiver in local area:", bytes_addr_to_str(src_addr) 

            local_receivers.append(src_addr) 

            max_err_frame = int(len(local_receivers) / 2) 

            if max_err_frame == 0: 

                max_err_frame = 1 

            continue 

        if frame_type == TYPE_MSG_D: 

            sender_addr = src_addr 

            num_receive_frame += 1 

            if data: 

                f.write(data) 

        if frame_type == TYPE_MSG_ANSWER: 

            num_receive_frame += 1 

        if frame_type == TYPE_MSG_ERR: 

            num_err_frame += 1 

        if num_err_frame >= max_err_frame: 

            num_err_frame = 0 

            dst_addr = sender_addr 

            src_addr = socket_in.getsockname()[4] 

            print('\nSending Frame:') 

            print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

            Packet: {}'.format( 

                bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

               TYPE_MSG_REPEAT, 

                num_packet, is_last)) 

            answer_frame = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto,  

            TYPE_MSG_REPEAT, num_packet, is_last) 

            socket_in.sendall(answer_frame) 

            if is_last: 

                break 

        if num_receive_frame == len(local_receivers): 

            num_receive_frame = 0 

            dst_addr = sender_addr 

            src_addr = socket_in.getsockname()[4] 

            print('\nSending Frame:') 

            print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

            Packet: {}'.format( 
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                bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

                TYPE_MSG_ANSWER, num_packet, is_last)) 

            answer_frame = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto,  

            TYPE_MSG_ANSWER, num_packet, is_last) 

            socket_in.sendall(answer_frame) 

            if is_last: 

                break 

    f.close() 

    print('\nFile Downloaded') 

 

     R2,  ,    R3  R4  

    R1,      

.     R3  R4     

,        

 R2. 

def receiver(socket_in, rd_address): 

    f = open("received.py", 'wb') 

    is_last = False 

    rd_address = str_addr_to_bytes(rd_address) 

    src_addr = socket_in.getsockname()[4] 

    proto = b'\x89\x99' 

    print "My address :", bytes_addr_to_str(src_addr) 

    print "RD address :", bytes_addr_to_str(rd_address) 

    rd_frame = struct.pack(HEADER_FORMAT, rd_address, src_addr, proto, TYPE_MSG_RD, 0,  

    False) 

    socket_in.sendall(rd_frame) 

    print('\nSending Frame to RD:') 

    print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last 

Packet:  

    {}'.format( 

        bytes_addr_to_str(rd_address), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

        TYPE_MSG_RD, 0, is_last)) 

    while not is_last: 

        raw_data, addr = socket_in.recvfrom(MAX_SIZE) 

        dst_addr, src_addr, proto, frame_type, num_packet, is_last, data = parse_frame(raw_data) 

        print('\nReceived Frame:') 
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        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last 

        Packet: {}'.format( 

            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

            frame_type, num_packet, is_last)) 

        if frame_type != TYPE_MSG_D: 

            continue 

        if data: 

            f.write(data) 

        dst_addr = rd_address 

        src_addr = socket_in.getsockname()[4] 

        answer_frame = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto,  

        TYPE_MSG_ANSWER, num_packet, is_last) 

        socket_in.sendall(answer_frame) 

        print('\nSending Frame:') 

        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  

        Packet: {}'.format( 

            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  

            TYPE_MSG_ANSWER, num_packet, is_last)) 

    f.close() 

    print('\nFile Downloaded') 

 

       

,   R3, R4    , 

  R2   ,       

, R2         

   .  

 S    ,     

        

    ,   

          

   . 

def sender(socket_out, filename): 
    f = open(filename, "rb") 
    data_size = MAX_SIZE - HEADER_SIZE 
    src_addr = socket_out.getsockname()[4] 
    print "My address :", bytes_addr_to_str(src_addr) 
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    dst_addr = b'\xff\xff\xff\xff\xff\xff' # FF:FF:FF:FF:FF:FF 
    proto = b'\x89\x99' 
    print("\nStart file sending...") 
    data_parts = [] 
    data = f.read(data_size) 
    while data != "": 
        data_parts.append(data) 
        data = f.read(data_size) 
    if len(data_parts) == 0: 
        print("len(data_parts) == 0") 
        print("Stop file sending...") 
        return 
    num_packet = 0 
    data = data_parts[num_packet] 
    # Send first part to all clients 
    header = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto, TYPE_MSG_D, 
                         num_packet, num_packet == len(data_parts) - 1) 
    socket_out.sendall(header + data) 
    print('\nSending Frame:') 
    print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last 
Packet: 
   {}'.format( 
        bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  
        TYPE_MSG_D, num_packet, num_packet == len(data_parts) - 1)) 
    while True: 
        raw_data, addr = socket_out.recvfrom(MAX_SIZE) 
        dst_addr, src_addr, proto, frame_type, num_packet, is_last, data = parse_frame(raw_data) 
        print('\nReceived Frame:') 
        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  
        Packet: {}'.format( 
            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto), 
            frame_type, num_packet, is_last)) 
        if frame_type != TYPE_MSG_REPEAT: 
            num_packet += 1 
        if num_packet >=len(data_parts): 
            break 
        data = data_parts[num_packet] 
        dst_addr = b'\xff\xff\xff\xff\xff\xff' 
        src_addr = socket_out.getsockname()[4] 
        header = struct.pack(HEADER_FORMAT, dst_addr, src_addr, proto, TYPE_MSG_D, 
                             num_packet, num_packet == len(data_parts) - 1) 
        socket_out.sendall(header + data) 
        print('\nSending Frame:') 
        print('Destination:\t{} \nSource:\t\t{} \nProto: {} \nType: {} \nNum Frame: {} \nIs Last  
        Packet: {}'.format( 
            bytes_addr_to_str(dst_addr), bytes_addr_to_str(src_addr), bytes_addr_to_str(proto),  
            TYPE_MSG_D, num_packet, num_packet == len(data_parts) - 1)) 
    f.close() 
    print('\nFile Sent') 
 

 

 



43 
 

 

3.3   

 

     R3  R4   

 R2,      ( .  10). 

 

 

 10 –      R3  R4 

 

    S    

 .  R2     

 R3  R4,          

        

,      ( .  11, 

12) 

  



44 
 

 12 –    
   R2 

 

  

 11 -      
R1 



45 
 

 14 -      R4 

  

 13 -      R3 

 



46 
 

     S    

,  3   R2, R3  R4.   , 

  ,      

        TCP. 

 

 4 -  ,     
 

  TCP   
         

     

S 15 12 3 3 

R2 4 5 3 11 

R3 4 5 4 3 

R4 4 5 4 3 
 

          

TCP         . 

      

    ,      

         

    . 

 

 

 

 

 

 

 



47 
 

3.4  

 

      ,    

        

  .    ,   

 ,     

         

 TCP.  

  



48 
 

 

 

         

   ,   

   ,  

  .        

     RM ,    

PGM  M/TCP.        ,  

        

   RM .     

,   .   Python 

         

 .       

    .    

 ,    ,  

    . 

  



49 
 

   

 

1.  . .,  . .     

      //   XI 

  : «  

:     

» – : , 2018. – 52-55 . 

2. Mehmet Ulema, Bin Wu. Next generation service overlay networks // 

IEEE Communications Magazine 50(1):52-53 · January 2012 

3.  . .,  . .   peer-to-peer 

    // : «  .  3: 

-    » – : , 2015. – 162-

165 . 

4.  . .    // : 

« ,   » – : , 2017. – 82-85 . 

5.  . .    IP 

Multicast      IP-  (Unicast) 

//    -  : 

«     » – : , 

2015. – 525-526 . 

6.  . .,  . .     

 multicast-   ip-  // : «  . 

» – - : , 2017. – 34-42 . 

7. M. Handley, S. Floyd. The Reliable Multicast Design Space for Bulk 

Data Transfer // Digital Fountain, Inc. August 2000 

8. B. Whetten, L. Vicisano. Reliable Multicast Transport Building 

Blocks for One-to-Many Bulk-Data Transfer // Digital Fountain, Inc. January 2001 



50 
 

9. Giacomo Morabito, Sergio Palazzo. Modeling and Analysis of TCP-

Like Multicast Congestion Control in Hybrid Terrestrial/Satellite IP Networks // 

IEEE Journal on Selected Areas in Communications 22(2):401-412 · February 

2004 

10. Vasaka Visoottiviseth, Takuya Mogami. M/TCP: The Multicast-

extension to Transmission Control Protocol // The Graduate School of Information 

Science, Nara Institute of Science and Technology, Japan 2015. 

11. Jim Gemmell, Todd Montgomery. The PGM Reliable Multicast 

Protocol // IEEE Journal on Selected Areas in Communications 17(1):16-22 · 

January 2003 

 




