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[0 OO When a process executes a system call such as socket, the kernel has access to the process table structure. The
entry p fd in this structure points to the f i ledesc struc- ture for the process. There are two members of this structure
that interest us now: [J do file lags is a pointer to an array of characters [J the per-descriptor flags for each
descriptor(] , and fd o files is a pointer to an array of pointers to file table structures. The per-descriptor flags are 8
bits wide since only 2 bits can be set for any descriptor: the close-on-exec flag and the mapped-from-device flag.
We show all these flags as.[] [T We purposely call this section “ Descriptors” and not“ File Descriptors” since
Unix descriptors can refer to lots of things other than files: sockets, pipes, directories, devices, and so on. Never-
theless, much of Unix literature uses the adjective file when talking about descriptors, which is an unnecessary
qualification. Here the kernel data structure is called filedesc teven though were about to describe socket
descriptors. Well use the unqualified term descriptor whenever possible.[] (I The data structure pointed to by the
fd ofiles entry is showrL as file since it is an array of pointers to file structures. The index into this array and the array
of descriptor flags is the nonnegative descriptor itself: 0, 1, 2, and so on. In Fig- ure 1.5 we show the entries for
descriptors 0, 1, and 2 pointing to the same file struc- ture at the bottom of the figure O since all three descriptors
refer to our terminall] . The entry for descriptor 3 points to a different file structure for our socket descriptor.[]

[J The type member of the file structure specifies the descriptor type as either DTYPE_SOCKET or
DTYPE_VNODE. V-nodes are a general mechanism that allows the kernel to support different types of filesystems
——a disk filesystem, a network filesystem [ such as NFSL[I , a filesystem on a CD-ROM, a memory-based
filesystem, and so on. Our interest in this text is not with v-nodes, since TCP/IP sockets always have a type of
DTYPE_SOCKET.J O The [0 _data member of the file structure points to either a socket structure or a vnode
structure, depending on the type of descriptor. The fops member points to a vector of five function pointers. These
function pointers are used by the read, readv, write, writev, ioctl, select, and close system calls, since these system
calls work with either a socket descriptor or a nonsocket descriptor. Rather than look at the [1 _type value each
time one of these system calls is invoked and then jump accord- ingly, the implementors chose always to jump
indirectly through the corresponding entry in the fi 1 e op s structure instead.[] [1 Notationally we use a
fixed-width font [J fo_read[] to show the name of a structure member and a slanted fixed-width font [ soo__read
[0 to show the contents of a structure member. Also note that sometimes we show the pointer to a structure
arriving at the top left corner O e.g., the filedesc structure[J and sometimes at the top right comer O e.g., both file
structures and both fileops structuresd . This is to simplify the fig- ures.[J [0 Next we come to the socket structure
that is pointed to by the file structure when the descriptor type is DTYPE_SOCKET.[J In our example, the socket
type 00 SOCK_DGRAM for a datagram socket[] is stored in the so_type member. An Intemet protocol control
block [ PCBO s also allocated: an inpcb structure. The so_.pcb member of the socket structure points to the
inpch.
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