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L8	  Transport	  layer	  



Network	  Layer	  

•  L3	  
	  
	  

•  L4?	  
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Transport	  Layer	  

•  Communica8on	  between	  applica8ons	  
•  Process-‐to-‐process	  delivery	  
•  Client/server	  concept	  
•  Local	  host	  
•  Remote	  host	  
•  Transport	  Protocol	  
•  Even	  more	  end-‐to-‐end	  
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Transport	  Layer	  
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Logical	  end-‐to-‐end	  connec8on	  
•  Transport	  protocol	  

creates	  a	  logical	  (virtual)	  
connec8on	  between	  
source	  and	  des8na8on.	  
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Transport	  protocol	  

•  Encapsulates	  applica8on	  data	  and	  ensures	  that	  it	  
is	  sent	  to	  the	  correct	  receiving	  applica8on	  to	  be	  
decapsulated	  and	  used	  
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Host-‐to-‐host	  delivery	  

•  Mul8ple	  applica8ons	  even	  on	  the	  same	  host	  
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Mul8plexing	  and	  demul8plexing	  

•  Socket	  addresses	  allow	  mul8plexing	  and	  
demul8plexing	  mul8ple	  applica8ons’	  data	  
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Socket	  addresses	  

•  Combina8on	  of	  IP	  	  address	  &	  port	  number	  
•  Unique	  for	  each	  process	  on	  the	  host	  
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Port	  numbers	  

•  Internet	  Coopera8on	  for	  Assigned	  Names	  and	  
Numbers	  Authority	  (ICANN)	  defines	  3	  types	  
•  Well-‐known	  ports	  (0-‐1023),	  assigned	  and	  

controlled	  by	  Internet	  Assigned	  Numbers	  
Authority	  (IANA)	  

•  Registered	  ports	  (1024-‐49151),	  to	  be	  registered	  
with	  IANA	  to	  prevent	  duplica8on	  

•  Dynamic	  ports	  (49152-‐65535),	  neither	  controlled	  
nor	  registered,	  to	  be	  used	  by	  any	  applica8on	  
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Port	  number	  ranges	  

TCP	   UDP	  

11	  



IP	  addresses	  and	  port	  numbers	  
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Logical	  and	  port	  addresses	  
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Addressing	  in	  TCP/IP	  
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Transmission	  Control	  Protocol	  (TCP)	  
•  Connec8on-‐oriented	  
•  Sessions	  
•  Byte	  stream	  service	  

•  Sequence	  numbers	  
•  Reliable	  
•  Flow	  control	  
•  Error	  control	  

•  Retransmissions	  
•  Conges8on	  control	   15	  



TCP	  header	  format	  
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Sending	  and	  receiving	  buffers…	  
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...	  turned	  into	  Segments	  

Sequence	  
numbers	  
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TCP	  opera8on	  

•  Connec8on	  
establishment	  
•  Three-‐way	  handshake	  

•  Data	  transfer	  
•  Flow	  control	  	  

(à	  conges8on	  control)	  
•  Error	  control	  	  

(à	  go	  back	  N	  with	  
selec8ve	  repeat)	  

•  Connec8on	  termina8on	  
•  Three-‐way	  handshake	  

•  Half-‐close	  

	  

19	  



Connec8on	  establishment	  
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Data	  transfer	  
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Connec8on	  termina8on	  
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Half-‐close	  
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Error	  control	  in	  TCP	  

•  Checksum	  
•  Acknowledgement	  
•  ACK	  recieved	  data	  
•  Retransmission	  
•  Acer	  8me-‐out	  
•  Acer	  3	  duplicate	  ACK	  
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Normal	  opera8on	  
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Lost	  segment	  
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Fast	  retransmission	  
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Quality	  of	  Service	  (QoS)	  
•  Maintaining	  a	  func8oning	  network	  
•  Mee8ng	  applica8ons’	  requirements	  
•  Dealing	  with	  flow	  characteris8cs	  
•  Network	  management	  
•  Par8cularly	  important	  for	  real-‐8me	  apps	  
•  Mul8media	  	  
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Conges8on	  avoidance	  
•  Conges8on	  =	  data	  load	  >	  network	  capacity	  
•  Arrival	  rate	  >	  processing	  rate	  
•  Processing	  rate	  >	  departure	  rate	  
•  Conges8on	  control	  

APP 

TCP 

IP 
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Summary	  and	  comparison:	  QoS	  
Mul$media	  Performance	  
Requirements	  

•  Sensi8ve	  to:	  
•  Delay	  
•  Jijer	  

•  Not	  so	  sensi8ve	  to:	  
•  Packet	  loss	  
•  Corrupted	  packets	  

vs.	  
Characteris$cs	  of	  TCP	  

•  Sensi8ve	  to:	  
•  Lost	  or	  corrupted	  packets	  

•  Not	  so	  sensi8ve	  to:	  
•  Delay	  

•  No	  mul8cas8ng!	  

So,	  what	  about	  UDP?	  
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•  Connec8onless	  
•  Independent	  datagrams	  
•  No	  sessions	  
•  Unreliable	  
•  No	  error	  control	  
•  No	  flow	  control	  
•  Process-‐to-‐process	  

User	  Datagram	  Protocol	  (UDP)	  
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UDP	  header	  format	  

•  Checksum	  op8onal	  
•  No	  numbering	  
•  No	  rela8on	  between	  datagrams	  
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Connec8onless	  service	  

33	  



Real-‐8me	  Transport	  Protocol	  (RTP)	  

Sequence	  nbr	  
Time	  stamp	  
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