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$XIJDEH����+'/&����3XQNWH�������������
a) Welche Rahmenarten gibt es in HDLC und wofür werden sie verwendet? 
b) Untersuchen Sie die beiden folgenden HDLC-Pakete! Identifizieren Sie alle einzelnen Bestandteile des HDLC-

Rahmens, und geben Sie für jeden Teil seine genaue Bedeutung an! Um welche Art von Rahmen handelt es sich 
jeweils? (Hinweis: Gehen Sie davon aus, dass das Adressfeld 1 Byte lang ist und die CRC-Checksumme mittels 
eines Generatorpolynoms vom Grad 16 ermittelt wurde). 
i) 7E 83 71 74 82 7E  
ii) 7E 83 00 A1 B3 82 4C 9D 6F E4 11 01 02 45 6B 71 80 7E 

c) HDLC verwendet ein Schiebefensterprotokoll zur Flusskontrolle mit der maximalen Fenstergröße 7. Nehmen 
Sie an, Stationen A und B seien über einen Kanal mit einer Kapazität von 100 Mbps verbunden. Die beiden 
Stationen seien 10 km voneinander entfernt. Die Ausbreitungsgeschwindigkeit des Signals betrage 200.000 
km/ s. Es wird von einer Rahmengröße von 1000 Bit inklusive Header ausgegangen. Jedes Paket wird vom 
Empfänger bestätigt. Gehen Sie ferner davon aus, dass die Länge der Bestätigungen zu vernachlässigen ist. 
Reicht die maximale Fenstergröße 7 bereits aus, um eine Effizienz von 100% zu erreichen, wenn keine 
Übertragungsfehler auftreten? Ab welcher Fenstergröße wird eine Effizienz von 100% erreicht, wenn keine 
Übertragungsfehler auftreten? +LQZHLV�� 9HUZHQGHQ� VLH� GLH� )RUPHOQ� ]XU� %HUHFKQXQJ� GHU� (IIL]LHQ]� DXV� GHU� YHUJDQJHQHQ�
hEXQJVVWXQGH� �VLHKH� KWWS���ZZZ�YV�LQIRUPDWLN�XQL�XOP�GH�WHDFK�ZV���UQ��)HKOHUNRQWUROOH�SGI��� $XI� GHQ� )ROLHQ� ZLUG� GHU�
VHQGHUVHLWLJH�7LPHRXW�DXI���
�6LJQDOODXI]HLW�JHVHW]W��,Q�GHU�3UD[LV�ZLUG�PHLVW�HLQ�OlQJHUHU�7LPHRXW�YHUZHQGHW� 

 
/|VXQJVYRUVFKODJ��
�
D�� ,�)UDPH��,QIRUPDWLRQ�)UDPH���'DWHQ�EHUWUDJXQJ��+XFNSDFN�7UDQVSRUW�YRQ�HPSIDQJHQHQ�6HTXHQ]QXPPHUQ�

6�)UDPH� �6XSHUYLVRU\� )UDPH��� )OXVVNRQWUROOH��([SOL]LWH� %HVWlWLJXQJHQ� IDOOV� NHLQ�+XFNHSDFN� YHUZHQGHW�ZLUG�� XP� HPSIDQJHQH�
6HTXHQ]QXPPHUQ�]X�VLJQDOLVLHUHQ��([SOL]LWH�$QIRUGHUXQJ�YRQ�3DNHWZLHGHUKROXQJ��
8�)UDPH��8QQXPEHUHG�)UDPH���9HUVHQGHQ�YRQ�&RPPDQG�5HSO\�]XP�9HUELQGVDXIEDX�XQG�²DEEDX��(LQVWHOOHQ�GHV�5HVSRQVH�
0RGH��5�FNVHW]HQ�GHU�6HTXHQ]]lKOHU��$XVWDXVFKHQ�YRQ�,GHQWLILHUQ��6HQGHQ�YRQ�8QQXPEHUHG�,QIRUPDWLRQ�)UDPHV��
�

E�� 'HU�5DKPHQ�EHJLQQW�XQG�HQGHW�PLW�HLQHP�)ODJ�]XU�2NWHWWV\QFKURQLVLHUXQJ�XQG�5DKPHQEHJUHQ]XQJ���(���HV�IROJW�GLH���%\WH�ODQJH�
$GUHVVH�GHU�6HNXQGlUVWDWLRQ������XQG�GDV���%\WH�ODQJH�.RQWUROOIHOG��9RU�GHP�DEVFKOLH�HQGHQ�)ODJ���(��EHILQGHW�VLFK�HLQH���%\WH�
ODQJH�&5&�&KHFNVXPPH��������E]Z����������
�
L�� �(��������������(��

�
'DV�.RQWUROOIHOG����� �����������GHV�HUVWHQ�3DNHWV�HQGHW�PLW�Å��´��VRPLW�KDQGHOW�HV�VLFK�XP�HLQHQ�6XSHUYLVRU\�)UDPH��
'DV�3ROO�%LW�LVW�DXI���JHVHW]W�XQG�GHU�&RPPDQG�5HSO\�&RGH�Å��´�EHGHXWHW�5HFHLYH�5HDG\��VRPLW�IRUGHUW�GLH�3ULPlUVWDWLRQ�
PLW�GLHVHU�1DFKULFKW�HLQ�3DNHW�YRQ�GHU�6HNXQGlUVWDWLRQ�DQ��'LH�6HTXHQ]QXPPHU�GHV�HUZDUWHWHQ�3DNHWV�LVW�Å���´��
�

LL�� �(�������$��%������&��'��)�(���������������%��������(�
�
'DV�.RQWUROOIHOG����� �����������GHV�]ZHLWHQ�3DNHWV�HQGHW�PLW�Å�´��VRPLW�KDQGHOW�HV�VLFK�XP�HLQHQ�,QIRUPDWLRQ�)UDPH��
'LHVHU�NDQQ� WKHRUHWLVFK� YRQ� GHU�3ULPlU�� RGHU� YRQ� GHU�6HNXQGlUVWDWLRQ� VWDPPHQ��'DV�QLFKW� JHVHW]WH�)LQDO�%LW�EHGHXWHW��
GDVV� HV� VLFK�QRFK�QLFKW�XP�GDV�OHW]WH�3DNHW�KDQGHOW��'LH�6HTXHQ]QXPPHU�GHV�3DNHWV� LVW�Å���´��XQG�YRQ�GHU�*HJHQVHLWH�
ZLUG�DOV�QlFKVWHV�DXFK�GLH�6HTXHQ]QXPPHU�Å���´�HUZDUWHW��
�

F�� 0D[LPDOH�)HQVWHUJU|�H�� :� ���
.DQDONDSD]LWlW��� &� �����0ESV�



5DKPHQOlQJH�� )� ������%LW�
$XVEUHLWXQJVYHU]|JHUXQJ�� 3523� ����NP����������NP�V� ���������V�
'DXHU��ELV�5DKPHQ�DXI�GHU�/HLWXQJ�� 75$16B3� �)�&� �������������������� �����������V�
(UVWH�5�FNPHOGXQJ�IU�KHVWHQV�QDFK�� 7�� ���3523���75$16B3� �������������������� ��������V�
6HQGHU�GDUI�RKQH�8QWHUEUHFKXQJ�VHQGHQ��IDOOV�� 7��� �:�
�75$16B3� ����������V� ��������V�
6RQVW�EHUHFKQHW�VLFK�GLH�(IIL]LHQ]�GXUFK� 8� �Z����������
��3URS���7UDQVBS���
� 8� ������������
�������������������������� �������� �����
� :�
�75$16B3�! ���
�3523���75$16B3�
Î� :�! ����
�3523���75$16B3������ ������������������������������ ����
$E�HLQHU�)HQVWHUJU|�H�YRQ����ZLUG�HLQH�(IIL]LHQ]�YRQ������HUUHLFKW��ZHQQ�NHLQH�hEHUWUDJXQJVIHKOHU�DXIWUHWHQ��

 

$XIJDEH����3URJUDPPLHUDXIJDEH�)LOH�7UDQVIHU����3XQNWH��
Wir wollen unser Programm vom letzten Übungsblatt erneut etwas verbessern. Laden Sie sich zunächst den Java-
Code aus folgendem Archiv herunter: http:/ / www-vs.informatik.uni-ulm.de/ teach/ ws04/ rn1/ OSI_Aufgabe3.zip. 
(Achtung: Wir haben die Implementierung der Layer4 Klasse etwas verändert, sodass nun auch Bitfehler bei der 
Übertragung simuliert werden). 
Erweitern Sie das Rahmenformat der Layer7-Pakete vom letzten Übungsblatt um eine 16-Bit lange CRC 
Checksumme am Ende des Pakets. Die CRC Checksumme soll mittels des folgenden Generator-Polynoms erzeugt 
werden: x16+x12+x+1. Die Pakete sollen weiterhin eine Maximallänge von insgesamt 100 Byte haben. Abzüglich des 
2-Byte langen Headers und der 2 Byte langen Checksumme kann ein Paket also maximal 96 Datenbytes enthalten. 
Entdeckt der Empfänger einen Übertragungsfehler bei einem Daten-, Start_of_file-, oder End_of_file-Paket, so 
soll er sofort ein explizites Negative_Acknowledge (Pakettyp 5) mit der Sequenznummer des fehlerhaften Paketes 
an den Sender schicken, welcher das fehlerhafte Paket daraufhin sofort wiederholt anstatt den Timeout für das 
Acknowledge abzuwarten. Wird ein Übertragungsfehler bei einem Acknowledge oder Negative_Acknowledge 
entdeckt, so soll das fehlerhafte Paket einfach ignoriert werden, (was zum Ablaufen des Timeouts führt). Die 
Klasse Layer7 soll jedes Mal, wenn sie einen Übertragungsfehler entdeckt hat, eine entsprechende Meldung auf dem 
Bildschirm ausgeben, mit der Sequenznummer und dem Typ des fehlerhaften Pakets. Auf Senderseite soll 
außerdem bei jedem Erhalt eines Negative_Acknowledge eine Meldung mit der Sequenznummer des fehlerhaften 
Pakets auf dem Bildschirm ausgegeben werden. 
Geben Sie bitte den kompletten Quelltext ausgedruckt oder per Email ab! Schicken Sie den gesamten Quelltext 
gezippt an: schorr@informatik.uni-ulm.de mit dem Betreff „RN1 – Übung 5“. 
�
/|VXQJVYRUVFKODJ���
'LH�IHWW�JHGUXFNWHQ�=HLOHQ�LQ�GHP�IROJHQGHQ�3URJUDPPFRGH�ZXUGHQ�JHJHQ�EHU�GHP�DOWHQ�3URJUDPPFRGH�QHX�KLQ]XJHI�JW��
 
public class Layer7 
{ 
 static final int  PacketMaxLen  = 100; 
 static final int  Timeout       = 500; 
 
 private byte    _sequenceNumber = 0; 
 private Layer4  _layer4Instance; 
 
� �

�
� �
��&5&�SRO\QRP��ELQDU\�������������������������������������������
� �
���������������KH[������������������������������������������
� �
��
� VWDWLF�ILQDO�LQW�BFUF3RO\� ��[����������
�
� �

�
� �
��,QWHUQDO�UHJLVWHU�IRU�FDOFXODWLQJ�WKH�FUF�FKHFNVXP�
� �
��
� SULYDWH�LQW������BUHJLVWHU� ����
 
 // ---------------------------------------------------------------------- // 
 
 /** 
  *  Constructor 
  * 
  *  @param client If true, this Layer7 instance acts as a client which is 
  *                transmitting data to a server. If false, this Layer7 
  *                instance acts as a server, which is listening for incoming 
  *                data packets. 
  */ 
 public Layer7(boolean client)  
 { 
  _layer4Instance = new Layer4(client); 



 } 
 
 // ---------------------------------------------------------------------- // 
 
 /** 
  *  Call AddBit() for all message bits. Before you call AddBit() the first 
  *  time, _register must be 0. 
  * 
  *  @param nextBit Must be either 1 or 0. 
  */ 
� SULYDWH�YRLG�$GG%LW�LQW�QH[W%LW��
� ^�
� � LQW�[RU,QSXW��
�
� � ���6KLIW�WKH�QH[W%LW�LQWR�WKH�BUHJLVWHU�
� � BUHJLVWHU� ��BUHJLVWHU���������QH[W%LW��
�
� � ���&KHFN�ZKHWKHU�UHJLVWHU�FRQWDLQV�HQRXJK�ELWV��
� � LI��BUHJLVWHU�! ��[����������
� � ^�
� � � ���,I�\HV��ZH�FDQ�VXEWUDFW��PRGXOR����WKH�BFUF3RO\�
� � � [RU,QSXW� �BFUF3RO\�� � � �
� � `�
� � HOVH�
� � ^�
� � � ���,I�QR��ZH�FDQQRW�VXEWUDFW��
� � � [RU,QSXW� ��[����������
� � `�
�
� � ���6XEWUDFWLRQ�PRGXOR���LV�WKH�VDPH�DV�D�ELWZLVH�;25�RSHUDWLRQ��
� � BUHJLVWHU� �BUHJLVWHU�A�[RU,QSXW��
� `�
 
 // ---------------------------------------------------------------------- // 
 
� /** 
  *  Calculates and fills the CRC checksum field of a packet. 
  * 
  *  @param packet Contains the data packet for which the checksum shall be 
  *                be calculated (including the 16 appended zero-bits). 
  *  @param datalen The length of the data packet including the two bytes 
  *                 for the checksum. The actual size of the array may be 
  *                 longer than datalen. 
  */ 
� SULYDWH�YRLG�&DOFXODWH&KHFNVXP�E\WH>@�SDFNHW��LQW�GDWDOHQ��
� ^�
� � BUHJLVWHU� ����
�
� � ���,WHUDWH�RYHU�DOO�E\WHV�RI�WKH�SDFNHW�H[FHSW�WKH�ODVW�WZR��
� � IRU��LQW�L� ����L���GDWDOHQ��L����
� � ^�
� � � ���1RZ�LWHUDWH�RYHU�DOO�ELWV�RI�WKH�FXUUHQW�E\WH��
� � � IRU��LQW�M� ����M�! ����M����
� � � ^�
� � � � $GG%LW��SDFNHW>L@�!!!�M��	��[�����
� � � `�
� � `�
�
� � ���1RZ�DSSHQG�WKH�FKHFNVXP�WR�WKH�SDFNHW��
� � SDFNHW>GDWDOHQ����@� ��E\WH���BUHJLVWHU�!!!����	��[������))���
� � SDFNHW>GDWDOHQ����@� ��E\WH��BUHJLVWHU�	��[������))���
� `�
 
 // ---------------------------------------------------------------------- // 
 
 /** 
  *  Test whether the checksum at the end of the packet is correct. 
  * 
  *  @param packet Contains the data packet (including the checksum). The 
  *                size of the array may be longer than the actual number of 
  *                data bytes + checksum. 
  *  @param length The actual number of data bytes including the checksum. 
  *  @return Returns true if the checksum is correct. 
  */ 
 SULYDWH�ERROHDQ�7HVW&KHFNVXP�E\WH>@�SDFNHW��LQW�OHQJWK��
� ^�
� � BUHJLVWHU� ����



�
� � ���,WHUDWH�RYHU�DOO�E\WHV�RI�WKH�SDFNHW��
� � IRU��LQW�L� ����L���OHQJWK��L����
� � ^�
� � � ���1RZ�LWHUDWH�RYHU�DOO�ELWV�RI�WKH�FXUUHQW�E\WH��
� � � IRU��LQW�M� ����M�! ����M����
� � � ^�
� � � � $GG%LW��SDFNHW>L@�!!!�M��	��[�����
� � � `�
� � `�
�
� � LI��BUHJLVWHU�  ����^�UHWXUQ�WUXH���`�
� � HOVH����������������^�UHWXUQ�IDOVH��`�
� `�
 
 // ---------------------------------------------------------------------- // 
 
 /** 
  *  Transfers a file over the network 
  * 
  *  @param ipAddress The IP address of the receiver. 
  *  @param filename  The name of the file. 
  *  @return void 
  */ 
 public void SendFile(String ipAddress, String filename) 
 { 
  byte[] packet; 
  int    available; 
 
  // The sequence number of the first packet should always be 0.  
  _sequenceNumber = 0; 
 
  try  
  {  
   // Open the file. 
   FileInputStream in = new FileInputStream(filename); 
 
   // Create a new network packet (this is only the data part of the packet, 
   // the SendUnitDataRequest() method will add the header). 
   if (filename.length() > PacketMaxLen - 4) 
   { 
    System.out.println("Sorry, filename mustn’t be longer than " 
                       + (PacketMaxLen - 4) + " bytes."); 
    return; 
   } 
   packet = new byte[filename.length()]; 
   // Copy the filename into the network packet. 
   for (int i = 0; i < filename.length(); i++) 
   { 
    packet[i] = (filename.getBytes())[i]; 
   } 
 
   // Send start_of_file packet. 
   SendUnitDataRequest(ipAddress, packet, (byte)1); 
  
   // Read file content until we have reached the end of the file. 
   while ((available = in.available()) > 0) 
   { 
    if (available > PacketMaxLen - 4) 
    { 
     packet = new byte[PacketMaxLen - 4]; 
     in.read(packet, 0, PacketMaxLen - 4); 
    } 
    else 
    { 
     packet = new byte[available]; 
     in.read(packet, 0, available); 
    } 
 
    // Send the data packet. 
    SendUnitDataRequest(ipAddress, packet, (byte)2); 
   }    
 
   // Create an end-of-file packet (contains no data). 
   packet = new byte[0]; 
   // Send end_of_file packet. 
   SendUnitDataRequest(ipAddress, packet, (byte)4); 
 
   // Close the input file. 



   in.close(); 
  } 
  catch(FileNotFoundException e)  
  { 
   e.printStackTrace(); System.exit(-1); 
  } 
  catch (IOException e) 
  { 
   e.printStackTrace(); System.exit(-1); 
  } 
 } 
 
 // ---------------------------------------------------------------------- // 
 
 /** 
  *  Transmits a packet to the specified receiver address. 
  * 
  *  @param ipAddress The IP address of the receiver. 
  *  @param buffer The packet 
  *  @param type Defines the packet type (1 = start_of_file, 2 = data, 
  *              3 = acknowledge, 4 = end_of_file) 
  *  @return 0 if operation was successful 
  */ 
 public int SendUnitDataRequest(String ip, byte[] buffer, byte type) 
 { 
  int     i, j; 
  boolean receivedAck = false; 
 
  // Create a buffer capable of storing the 2-byte header, the 2-byte  
  // checksum and the payload. 
 � E\WH>@�SDFNHW� �QHZ�E\WH>EXIIHU�OHQJWK����@��
  // Create a buffer capable of storing the incoming acknowledge packet. 
 � E\WH>@�DFN� �QHZ�E\WH>�@��
 
  // Set the sequence number of the data packet. 
  packet[0] = _sequenceNumber; 
  // Set the packet type number. 
  packet[1] = type; 
  // Copy the payload into the data packet. 
  for (i = 0; i < buffer.length; i++) 
  { 
   packet[i + 2] = buffer[i]; 
  } 
� � ���$GG����]HUR�ELWV��
� � SDFNHW>EXIIHU�OHQJWK����@� ����
� � SDFNHW>EXIIHU�OHQJWK����@� ����
� � ���1RZ�FDOFXODWH�WKH�&5&�FKHFNVXP��
� � &DOFXODWH&KHFNVXP�SDFNHW��EXIIHU�OHQJWK�������
 
  // Now send the message to the receiver. 
  _layer4Instance.SendUnitDataRequest(ip, packet); 
  System.out.println("- Layer7: Sent packet number: " + packet[0]); 
 
  while (receivedAck == false) 
  { 
   if (_layer4Instance.CheckForUnitDataConfirmation(Timeout, ack) == 0) 
   { 
    System.out.println("- Layer7: Timeout occured while awaiting ack: " 
                       + _sequenceNumber); 
    // Now send the message to the receiver. 
    _layer4Instance.SendUnitDataRequest(ip, packet); 
   } 
 � � HOVH�LI��DFN>�@�  ����
� � � ^�
� � � � 6\VWHP�RXW�SULQWOQ������/D\HU���5HFHLYHG�1$&.�IRU�SDFNHW������DFN>�@���
� � � � ���1RZ�VHQG�WKH�PHVVDJH�WR�WKH�UHFHLYHU��
� � � � BOD\HU�,QVWDQFH�6HQG8QLW'DWD5HTXHVW�LS��SDFNHW���
� � � `�
 �  else if (   (ack[0] != _sequenceNumber) || (ack[1] != 3) 
            __��7HVW&KHFNVXP�DFN�����  �IDOVH�) 
   { 
    System.out.println("- Layer7: Received corrupt ACK"); 
   } 
   else 
   { 
    System.out.println("- Layer7: Received correct ACK number: " + ack[0]); 
    receivedAck = true; 
   } 
  } 



 
  // Now we can increment the sequence number. 
  _sequenceNumber++; 
 
  return 0; 
 } 
 
 // ---------------------------------------------------------------------- // 
 
 /** 
  *  Waits for a file transfer and stores the incoming file at the specified 
  *  destinationDirectory. 
  * 
  *  @param destinationDirectory The directory, where the incoming file will 
  *                              will be stored. 
  *  @return void 
  */ 
 public void ReceiveFile(String destinationDirectory) 
 { 
  byte[]            packet = new byte[PacketMaxLen]; 
  int               packet_length; 
  String            filename; 
  FileOutputStream  out; 
 
  _sequenceNumber = 0; 
 
  // Wait for incoming network packet. 
  packet_length = ReceiveUnitData(0, packet); 
  // The first packet must be a start_of_file packet. 
  while (packet[1] != 1) 
  { 
   packet_length = ReceiveUnitData(0, packet); 
  } 
 
  try  
  {  
   filename = new String(packet, 2, packet_length - 4); 
 
   // Create a new file in the specified directory. 
   out = new FileOutputStream(destinationDirectory + filename); 
 
   // Wait for incoming data packets. 
   packet_length = ReceiveUnitData(0, packet); 
   while (packet[1] == 2) 
   { 
    out.write(packet, 2, packet_length - 4); 
    // Now wait for the next packet.     
     
    packet_length = ReceiveUnitData(0, packet); 
   }  
 
   // Check whether the last packet was an end-of-file packet. 
   if (packet[1] != 4) 
   { 
    // If not, we have a problem. 
    System.exit(-1); 
   } 
   else 
   { 
    System.out.println("Received end_of_file."); 
    // Close the output file. 
    out.close(); 
   } 
  } 
  catch (IOException e) 
  { 
   e.printStackTrace(); 
   System.exit(-1); 
  } 
 } 
 
 // ---------------------------------------------------------------------- // 
 
 /** 
  *  Waits for an incoming network packet. 
  * 
  *  @param timeout The amount of time (in milliseconds) that we want to wait 
  *  @param buffer The incoming data packet (including the header) will be put 
  *                into this buffer. 
  *  @return The packet length 



  */ 
 private int ReceiveUnitData(int timeout, byte[] buffer) 
 { 
  // Create a buffer capable of storing the incoming data packet 
  byte    packet[] = new byte[PacketMaxLen]; 
  // Create a buffer capable of storing the acknowledge packet. 
 � E\WH����DFN>@���� �QHZ�E\WH>�@��
  // Create a buffer capable of storing a negative acknowledge packet. 
 � E\WH����QDFN>@��� �QHZ�E\WH>�@��
  int     packetLength; 
  boolean checksumOK; 
 
  // Now we wait for incoming packets. 
  packetLength = _layer4Instance.CheckForUnitDataIndication(0, packet); 
 � ���&KHFN�ZKHWKHU�WKH�FKHFNVXP�LV�FRUUHFW��
� � FKHFNVXP2.� �7HVW&KHFNVXP�SDFNHW��SDFNHW/HQJWK�� 
 
  // Now check, whether the packet is correct. 
  while ((packet[0] != _sequenceNumber) || (checksumOK == false)) 
  { 
� � � ���,I�FKHFNVXP�LV�QRW�FRUUHFW��VHQG�D�1$&.�SDFNHW��
� � � LI��FKHFNVXP2.�  �IDOVH��
� � � ^�
� � � � ���6HW�WKH�KHDGHU�ILHOGV�DQG�DSSHQG����]HUR�ELWV��
� � � � QDFN>�@� �SDFNHW>�@��QDFN>�@� ����QDFN>�@� ����QDFN>�@� ����
� � � � ���1RZ�FDOFXODWH�WKH�&5&�FKHFNVXP��
� � � � &DOFXODWH&KHFNVXP�QDFN������
�
� � � � ���6HQG�WKH�1$&.�PHVVDJH�WR�WKH�VHQGHU��
� � � � BOD\HU�,QVWDQFH�6HQG8QLW'DWD5HVSRQVH�QDFN���
� � � � 6\VWHP�RXW�SULQWOQ������/D\HU���6HQW�1$&.�IRU�SDFNHW�QXPEHU������QDFN>�@���
� � � `�
   else 
   { 
    // Although the sequence number was wrong, we still send an ACK. 
    // Otherwise, the sender would transmit the same packet again. 
    ack[0] = packet[0]; ack[1] = 3; DFN>�@� ����DFN>�@� ��� 
 � � � ���1RZ�FDOFXODWH�WKH�&5&�FKHFNVXP��
� � � � &DOFXODWH&KHFNVXP�DFN������
 
    // Send the ACK message to the sender. 
    _layer4Instance.SendUnitDataResponse(ack); 
   } 
 
   // Now we wait again for the next packet. 
   packetLength = _layer4Instance.CheckForUnitDataIndication(0, packet); 
 � � ���&KHFN�ZKHWKHU�WKH�FKHFNVXP�LV�FRUUHFW��
� � � FKHFNVXP2.� �7HVW&KHFNVXP�SDFNHW��SDFNHW/HQJWK�� 
  } 
 
  // Now we construct an acknowledge packet. The acknowledge shall bear the 
  // same sequence number as the last packet received. 
  ack[0] = packet[0]; ack[1] = 3; DFN>�@� ����DFN>�@� ��� 
� � ���1RZ�FDOFXODWH�WKH�&5&�FKHFNVXP��
� � &DOFXODWH&KHFNVXP�DFN������
 
  // Now send the acknowledge packet to the other peer. 
  _layer4Instance.SendUnitDataResponse(ack); 
  _sequenceNumber++; 
 
  // Now put the received data into the buffer provided by the user. 
  for(int i = 0; i < packetLength; i++) 
  { 
   buffer[i] = packet[i]; 
  } 
 
  return packetLength; 
 } 
} 
 


