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232 CHAPTER 3 • TRANSPORT LAYER 

In fact, the intermediate routers are completely oblivious to TCP connections; they 
see da~~grams, not connections . 

. · _,.,-A TCP connection_pr..o_~ s a full-duplex service~ If there is a TCP connection 
between Process A on one host and Process B 9n another host, then application­
layer data can flow from Process A to Process B at the same time as application­
layer data flows from Process B to Process A. A TCP connection is also always 
point-to-point, that is, betw~(;Jl. _ _a _single. sender and a- sfo.gle 1~cei~ r. -S~ aI!ed 
"mut~castini '~ (~ee_ Section 4.7)-the tg 1.~ fer of dat_a from one send_~r ~~y 
receivers in a single send operation--1.is not possible wj th _'J:CP. With TCP, twoJiosts_ 
are company and .three are_ a GI.OWd ! . 
• • • Let's now take a.look at how a TCP connection is established: Suppose a 
process running in one host wants to initiate a connection with another process in 
another host. Recall that the process that is initiating the connection is called the 
client process, while the other process is called the server process. The client appli­
cation process first informs the client transport layer that it wants to establish a 
connection to a process in the server. Recall from Section 2.7 .2, a Python ~lient pro­
gram does this by issuing the command 

c lientSocket.connect ( (serverName,serverPort)) 

where serverName is the name of the server and serverPort identifies the 
process on the s~rver. TCP in the client then proc~eds to establish a TCP connection 
with TCP in the server. At the end of this section we discuss in some detail the con­
nection-establishment procedure. For now it suffices to know that the client first sends 
a special TCP segment; . the server responds with a second special TCP segment; and 
finally the client responds again with a third special segment. The first two segments 
carry no payload, that is, no application-layer data; the third of these segments may 
carry a payload. Because three segments are sent between the two hosts, this connec­
tion-establishment procedure is often refeITed to as a three-way handshake. 

Once a TCP connection is established, the two application processes can send 
data to each other. Let's consider the sending of data from the client process to the 
server process. The client process passes a stream of data through the socket (the 
door of the process), as described in Section 2. 7. Once the data passes through 
the door, the data is in the hands of TCP running in the client. As shown in Figure 
3.28, TCP directs this data to the connection's send buffer, which is one .of the 
buffers that is set aside during the initial three-way handshake. From time to time, 
TCP will grab chunks of data from the send buffer and pass the data to the network 
layer. Interestingly, the TCP specification [RFC 793] is very laid back about speci­
fying when TCP should actually send buffered data, stating that TCP should "send 
that data in segments at its own convenience." The maximum amount of data that 
can be grabbed and Qlaced in a segment is limit'ea by_Jhe_ma~l!).um segmenrsize­
~The ~ ~ __!yQif all_y~Lby _firs.t.d~termining_theJength- of the argest 
link-layer frame that can be sent by the local sending host (the so-calleci maximum 
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