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10.0 THE I/O SUBSYSTEM 313 
table and reads profiling results. 

This chapter examines the interfaces between processes and the I/O subsystem and between the machine and the device drivers. It investigates the general structure and function of device drivers, then treats disk drivers and terminal drivers as detailed examples of the general interface. It concludes with a description of a new method for implementing device drivers called streams. 10 

THE I/O 
~: SUBSYSTEM 
t~ 

The I/O subsystem allows a process to communicate with peripheral devices such 

~"'- as disks, tape drives, terminals, printers, and networks, and the kernel modules that 

control devices are known as device drivers. There is usuatly a one•to-one 

correspondence between device drivers and device types: Systems may contain one 

disk driver to control all disk drives, one terminal driver to control all terminals, 

and one tape driver to control all tape drives. Installations that have devices from 

M✓ more than one manufacturer — for example, two brands of tape drives — may

~ treat the devices as two different device types and have two separate drivers, 

'n~ ` because such devices may require different command sequences to operate properly. 

- A device driver controls many physical devices of a given type. For example, one 

terminal driver may control all terminals connected to the system. The driver 

distinguishes among the many devices it controls: Output intended for one terminal 

must not be sent to another. 
h sical 

The system supports "software devices," which have no associated p Y 

device. For example, it treats physical memory as a device to allow a process 

access to physical memory outside its address space, even though memory is not a 

eri heral device. The ps command, for instance, reads kernel data structures 
P P a wn ilarl drivers m y from physical memory to report process statistics. Sim y, 
trace records useful for debugging, and a trace driver may allow users to read the 

records. Finally, the kernel profiler described in Chapter 8 is implemented as a 

driver: A process writes addresses of kernel routines found in the kernel sYn'b°~ 

312 

10.1 DRIVER INTERFACES 
The UNIX system contains two types of devices, block devices and raw or character devices. As defined in Chapter 2, block devices, such as disks and tapes, look like random access storage devices to the rest of the system; character devices include all other devices such as terminals and network media. Block devices may have a character device interface, too. 

The user interface to devices goes through the file system (recall Figure 2.1): Every device has a name that looks like a file name and is accessed like a file. The device special file has an inode and occupies a node in the directory hierarchy of the file system. 1'he device file is distinguished from other files by the file type stored in its inode, either "block" or "character special," corresponding to the device it represents. If a device has both a block and character interface, it is represented by two device files: its block device special file and its character device special file. System calls for regular files, such as open, close, read, and write, have an appropriate meaning for devices, as will be explained later. The ioctl system call provides an interface that allows processes to control character devices, but it is not applicable to regular files. However, each device driver need not support every system call interface. For example, the trace driver mentioned earlier allows users to read records written by other drivers, but it does not allow users to write it. 

10.1.1 System Cod'iguradon 
System configuration is the procedure by which administrators specify parameters that are installation dependent. Some parameters specify the sizes of kernel tables, such as the process table, mode table, and file table, and the number of buffers to be allocated for the bufl'er pool. Other parameters specify device configuration, telling the kernel which devices are included in the installation and their "address:' For instance, a configuration may specify that a terminal board is plugged into a 

I. Conversely, the fcn!! system call provides control of operations at the file descriptor level, no[ the device level, Other implementations interpret ioct! far all file types. 
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particular slot on the hardware backplane. 

There are three stages at which device configuration can be specified. First, 

administrators can hard-code configuration data into files that are compiled and 

linked when building the kernel code. The configuration data is typically specifieA 

in a simple format, and a configuration program converts it into a file suitable for 

compilation. Second, administrators can supply configuration information after the 

system is already running; the kernel updates internal configuration tables 

dynamically. Finally, self-identifying devices permit the kernel to recognize which 

devices are installed. The kernel reads hardware switches to configure itself. The 

details of system configuration are beyond the scope of this book, but in all cases, 

the configuration procedure generates or fills in tables that form part of the code of 

the kernel. 
The kernel to driver interface is described by the block device switch table and 

the character device swatch table Figure 10.1). Each device type has entries in the 

>' table that direct the kernel to the appropriate driver interfaces for the system calls. 

The open and close system calls of a device file funnel through the two device 

switch tables, according to the file type. The mount and umount system calls also 

invoke the device open and close procedures for block devices. Read, write, and 

ioctl system calls of character special files pass through the respective procedures in 

the character device switch table. Read and write system calls of block devices and 

of files on mounted file systems invoke the algorithms of the buffer cache, which 

invoke the device strategy procedure. Some drivers invoke the strategy procedure 

internally From their read and write procedures, as will be seen. The next section 

explores each driver interface in greater detail. 

The hardware to driver interface consists of machine-dependent control registers 

or I/O instructions for manipulating devices and interrupt vectors: When a device 

interrupt occurs, the system identifies the interrupting device and calls the 

appropriate interrupt handler. Obviously, software devices such as the kernel 

profiler driver (Chapter 8) do not have a hardware interface, but other interrupt 

handlers may calla "software interrupt handler" directly. For example, the clock 

interrupt handler calls the kernel profiler interrupt handler. 

Administrators set up device special files with the mknod command, supplying 

file type (block or character) and major and minor numbers. The mknod command 

invokes the mknod system call to create the device file. For example, in the 

command line 

mknod /dev/tty13 c 2 13 

"/dev/tty13" is the file name of the device, c specifies that it is a character special 

file ~b specifies a block special file), 2 is the major number, and 13 is the minor 

number. The major number indicates a device type that wrresponds to the 

~~ appropriate entry in the block or character device switch tables, and the minor 

~~ number indicates a unit of the device. If a process opens the blcek special file 

ì ~~~ "/dev/dskl" and its major number is 0, the kernel calls the routine gdopen in entry 

't6 0 of the block device switch table Figure 10.2); if a process reads the 
character 
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File Subsystem 

open close read write iocN open close 
mount unmount read write 

bu er cac i 
calls 

character Device Switch Table Block Device Switch Table 

close read write ioctl Driver open close straiep 

Driver Entry Driver 

device interrupt handler Points device interrupt handler 

Interrupt Vector Interrupt Vector 

Device Interrupts 

Ftigure 10.1. Driver Entry Points 

special file "/dev/mem" and its major number is 3, the kernel calls the routine mmread in entry 3 of the character device switch table. The routine nu!ldev is an "empty" routine, used when there is no need For a particular driver function. Many peripheral devices can be associated with a major device number; the minor device number distinguishes them from each other. Device special files do not have to be created every time the system is booted; [hey need be changed only if the configuration changes, such as when adding devices to an installation. 

10.1.2 System Calls aml the Driver Interlace 

This section describes the interface between the kernel and device drivers. For system calls that use file descriptors, the kernel follows painters from the user file 
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ì ~~~ "/dev/dskl" and its major number is 0, the kernel calls the routine gdopen in entry 

't6 0 of the block device switch table Figure 10.2); if a process reads the 
character 

10.1 DRIVER INTERFACES 315 

File Subsystem 

open close read write iocN open close 
mount unmount read write 

bu er cac i 
calls 

character Device Switch Table Block Device Switch Table 

close read write ioctl Driver open close straiep 

Driver Entry Driver 

device interrupt handler Points device interrupt handler 

Interrupt Vector Interrupt Vector 

Device Interrupts 

Ftigure 10.1. Driver Entry Points 

special file "/dev/mem" and its major number is 3, the kernel calls the routine mmread in entry 3 of the character device switch table. The routine nu!ldev is an "empty" routine, used when there is no need For a particular driver function. Many peripheral devices can be associated with a major device number; the minor device number distinguishes them from each other. Device special files do not have to be created every time the system is booted; [hey need be changed only if the configuration changes, such as when adding devices to an installation. 

10.1.2 System Calls aml the Driver Interlace 

This section describes the interface between the kernel and device drivers. For system calls that use file descriptors, the kernel follows painters from the user file 



316 THE I/O SUBSYSTEM 

block device switch table 

entry open close stracegy 

0 gdopen gdclose gdstrategy 

1 gtopen gtclose gtstrategy 

character device switch table 

entry open close read write ioctl 

0 conopen condole conread conwrite conioctl 

1 dzbopen dzbclose dzbread dzbwrite dzbioctl 

2 syopen nulldev syread sywrite syioctl 

3 nulldev nulldev mmread mmwrite nodev 

4 gdopan gdclose gdread gdwrite nodev 

5 gtopen gtclose gtread gtwrite nodev 

Figure 10.2. Sample Block and Character Device Switch Tables 

descriptor to the kernel file table and inode, where it examines the file type and 

accesses the block or character device switch table, as appropriate. It extracts the 

major and minor numbers from the inode, uses the major number as an index into 

the appropriate table, and calls the driver Function according to the system call 

being made, passing the minor number as a parameter. An important difference 

between system calls for devices and regular files is that the inode of a special file is 

nor locked while the kernel executes the driver. Drivers frequently sleep, waiting.-

for hardware connections or for the arrival of data, so the kernel cannot determine' 

how long a process will sleep. If the mode was locked, other processes that access 

the mode (via the stat system call, for example) would sleep indefinitely because 

another process is asleep in the driver. 

The device driver interprets the parameters of the system call as appropriate for 

the device. A driver maintains data structures that describe the state of each unit 

that it controls; driver functions and interrupt handlers execute according to the 

state of the driver and the action being done (for example, data being input or . 

output). Each interface will now be described in greater detail. 

10.1.2.1 Open 

The kernel follows the same procedure for opening a device as it does for opening' 

regular files (see Section 5.1), allocating an in-core mode, incrementing ~~5

reference count, and assigning a file table entry and user file descriptor. The kernel 

eventually returns the user file descriptor to the calling process, so that openinS a 

device looks like opening a regular file. However, it invokes the device-specific

open procedure before returning to user mode, Figure 103). For a block device, ~~ 

10.1 DRIVER INTERFACES 

algorithm open /' for device 
input: pathname 

openmode 
output: file descriptor 

convert pathname to inode, incremegt inode reference count, 
allocate entry in file table, user file descriptor, 

as in open of regular file; 

get major, minor number from inade; 

save context (algorithm setjmp) in case of long jump from driver; 

i(f (block device) 
l  Y~ 

use major number as index to block device switch table; 
call driver open procedure for index: 

pass minor number, open modes; 

else 

use major number as index to character device switch table; 
call driver open procedure for index: 

pass minor number, open modes; 

if (open fails in driver) 
decrement file [able, mode counts; 

figure 10.3. Algorithm for Opening a Device 
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invokes the open procedure encoded in the blxk device switch table, and for a 
character device, it invokes the open procedure in the character device switch table. 
If a device is both a block and a character device, the kernel will invoke the 
appropriate open procedure depending on the particular device file the user opened: 
The two open procedures may even be identical, depending on the driver. 

The device-specific open procedure establishes a wnnection between the calling 
process and the opened device and initializes private driver data structures. For a 
terminal, for example, the open procedure may put the process to sleep until the 
machine detects a (hardware) carrier signal indicating that a user is trying to log 
in. It then initializes driver data structures according to appropriate terminal 
settings (such as the terminal baud rate). For software devices such as system 
memory, the open procedure may have no initialization to do. 



316 THE I/O SUBSYSTEM 

block device switch table 

entry open close stracegy 

0 gdopen gdclose gdstrategy 

1 gtopen gtclose gtstrategy 

character device switch table 

entry open close read write ioctl 

0 conopen condole conread conwrite conioctl 

1 dzbopen dzbclose dzbread dzbwrite dzbioctl 

2 syopen nulldev syread sywrite syioctl 

3 nulldev nulldev mmread mmwrite nodev 

4 gdopan gdclose gdread gdwrite nodev 

5 gtopen gtclose gtread gtwrite nodev 

Figure 10.2. Sample Block and Character Device Switch Tables 

descriptor to the kernel file table and inode, where it examines the file type and 

accesses the block or character device switch table, as appropriate. It extracts the 

major and minor numbers from the inode, uses the major number as an index into 

the appropriate table, and calls the driver Function according to the system call 

being made, passing the minor number as a parameter. An important difference 

between system calls for devices and regular files is that the inode of a special file is 

nor locked while the kernel executes the driver. Drivers frequently sleep, waiting.-

for hardware connections or for the arrival of data, so the kernel cannot determine' 

how long a process will sleep. If the mode was locked, other processes that access 

the mode (via the stat system call, for example) would sleep indefinitely because 

another process is asleep in the driver. 

The device driver interprets the parameters of the system call as appropriate for 

the device. A driver maintains data structures that describe the state of each unit 

that it controls; driver functions and interrupt handlers execute according to the 

state of the driver and the action being done (for example, data being input or . 

output). Each interface will now be described in greater detail. 

10.1.2.1 Open 

The kernel follows the same procedure for opening a device as it does for opening' 

regular files (see Section 5.1), allocating an in-core mode, incrementing ~~5

reference count, and assigning a file table entry and user file descriptor. The kernel 

eventually returns the user file descriptor to the calling process, so that openinS a 

device looks like opening a regular file. However, it invokes the device-specific

open procedure before returning to user mode, Figure 103). For a block device, ~~ 

10.1 DRIVER INTERFACES 

algorithm open /' for device 
input: pathname 

openmode 
output: file descriptor 

convert pathname to inode, incremegt inode reference count, 
allocate entry in file table, user file descriptor, 

as in open of regular file; 

get major, minor number from inade; 

save context (algorithm setjmp) in case of long jump from driver; 

i(f (block device) 
l  Y~ 

use major number as index to block device switch table; 
call driver open procedure for index: 

pass minor number, open modes; 

else 

use major number as index to character device switch table; 
call driver open procedure for index: 

pass minor number, open modes; 

if (open fails in driver) 
decrement file [able, mode counts; 

figure 10.3. Algorithm for Opening a Device 

317 

invokes the open procedure encoded in the blxk device switch table, and for a 
character device, it invokes the open procedure in the character device switch table. 
If a device is both a block and a character device, the kernel will invoke the 
appropriate open procedure depending on the particular device file the user opened: 
The two open procedures may even be identical, depending on the driver. 

The device-specific open procedure establishes a wnnection between the calling 
process and the opened device and initializes private driver data structures. For a 
terminal, for example, the open procedure may put the process to sleep until the 
machine detects a (hardware) carrier signal indicating that a user is trying to log 
in. It then initializes driver data structures according to appropriate terminal 
settings (such as the terminal baud rate). For software devices such as system 
memory, the open procedure may have no initialization to do. 



sis ~E vo suasYs~nt 

If a process must sleep for some external reason when opening a device, it is 

possible that the event that should awaken the process from its sleep may never 

occur. For example, if no user ever logs in to a particular terminal, the getty 

process that opened the terminal (Section 7.9) sleeps until a user attempts to log 

in, potentially a long time. The kernel must be able to awaken the process from its 

sleep and cancel the open call on receipt of a signal: It must reset the inode, file 

table entry, and user file descriptor that it bad allocated before entry into the 

driver, because the open fails. Hence, the kernel saves the process context using 

algorithm setjmp Section 6.4.4) before entering the device-specific open routine; if 

the process awakens from its sleep because of a signal, the kernel restores the 

process context to its state before entering the driver using algorithm longjmp 

(Section 6.4.4) and releases all data structures it had allocated for the open. 

Similarly, the driver can catch the signal and clean up private data structures, if 
necessary. The kernel also readjusts the file system data structures when the driver 
encounters error conditions, such as when a user attempts to access a device that 
was not configured. The open call fails in such cases. 

Processes may specify various options to qualify the device open. The most 
common option is "no delay," meaning that the process will not sleep during the 

open procedure if the device is not ready. The open system call returns 
immediately, and the user process has no knowledge of whether a hardware 

connection was made or not. Opening a device with the "no delay" option also 

affects the semantics of the read system call, as will be seen Section 10.3.4). 

If a device is opened many times, the kernel manipulates the user file 

descriptors and the inode and file table entries as described in Chapter 5, invoking 

the device specific open procedure for each open system call. The device driver can 

thus count how many times a device was opened and fail the open call if the count 

is inappropriate. For example, it makes sense to allow multiple processes to open a 
terminal for writing so that users can exchange messages. But it does not make 

sense to allow multiple processes to open a printer for writing simultaneously, since 

they could overwrite each other's data. The differences are practical rather than 

implementational: allowing simultaneous writing to terminals fosters 

communication between users; preventing simultaneous writing to printers increases 

the chance of getting readable printouts.2

10.1.2.2 Close 

A process severs its connection to an open device by closing it. However, 

kernel invokes the device-specific close procedure only for the last close of 

2. In prnclice, printers are usually controlled by special spooler processes, and permissions are 
set 

that only the spooler can access the printer. But the analogy is still applicable. 
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device, that is, only if no other processes have the device open, because the device 
close procedure terminates hardware connections; clearly this must wait until no 
processes are accessing the device. Because the kernel invokes the device open 
procedure during every open system call but invokes the device close procedure only 
once, the device driver is never sure how many processes are still using the device. 
Drivers can easily put themselves out of state if not coded carefully: If they sleep 
in the close procedure and another process opens the device before the close 
completes, the device can be rendered useless if the combination of open and close 
results in an unrecognized state. 

algorithm close /' for devices '/ 
input: file descriptor 
output: none 
~ .. ~4 ~,. 

do regular close algorithm (chapter Sxxx); "' 
if (file table reference count not 0) 

goto finish; 
if (there is another open file and its major, minor numbers 

are same as device being closed) 
goto finish; /• not last close after all •/ 

if (character device) 

use major number [o index into character device switch table; 
call driver close routine: parameter minor number; 

} 
if (block device) 
{ 

if (device mounted) 
goto finish; 

write device blocks in buffer cache to device; 
use major number to index into block device switch table; 
call driver close routine: parameter minor number; 
invalidate device blwks still in buffer cache; 

finish: 
release inode; 

Figure 10.4. Algorithm for Closing a Device 

The algorithm for closing a device is similar to the algorithm for closing a 
regular file (Figure 10.4). However, before the kernel releases the mode it does 
operations specific to device files. 

1. It searches the file table to make sure that no other processes still have the 
device open. It is not sufficient to rely on the file table count to indicate the 
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if (block device) 
{ 

if (device mounted) 
goto finish; 

write device blocks in buffer cache to device; 
use major number to index into block device switch table; 
call driver close routine: parameter minor number; 
invalidate device blwks still in buffer cache; 

finish: 
release inode; 

Figure 10.4. Algorithm for Closing a Device 

The algorithm for closing a device is similar to the algorithm for closing a 
regular file (Figure 10.4). However, before the kernel releases the mode it does 
operations specific to device files. 

1. It searches the file table to make sure that no other processes still have the 
device open. It is not sufficient to rely on the file table count to indicate the 
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last close of a device, because several processes may 
access the device via a 

ditTerent file table entry. It is also not sufficient to rely on the inode table Memory 

count, because several device files may specify the same device. For example, 

the results of the following Is —J command show two character device files 

(the first "c" on the line) that refer to one device, 
because their major and 

minor numbers (9 and 1) are equal. The link count of 1 for each file implies 
160110 CSR ty00 

that there are two modes. tty01 

crw--w-- w— 1 root vis 9, 1 Aug 6 1984 /dev/tty01 RDB dz00 

crw--w-- w— 1 root unix 9, 1 May 3 15:02 /dev/fty01 TDB ~, 

If processes open the two files independently, they access diti'erent modes but 

the same device. 

2. For a character device, the kernel invokes the device 
close procedure and 

returns to user mode. For a block device, the kernel searches the mount table 

to make sure that the device does not contain a mounted file system. If there 

is a mounted file system from the block device, the kernel cannot invoke the 

device close procedure, because it is not the last close of the device. Even if 

the device does not contain a mounted file system, the buffer cache could still 

contain blocks of data that were left over from a previously mounted file 

system and never written to the device, because they were marked "delayed 

write." The kernel therefore searches the buffer cache 
for such blocks and 

writes them to the device before invoking the device 
close procedure. After 

closing the device, the kernel again goes through the 
buffer cache and 

invalidates all buffers that contain blocks for the now closed device, allowing 

buffers with useful data to stay in the cache longer. 

3. The kernel releases the mode of the device file. 

To summarize, the device close procedure severs the device connection and 

reinitializes driver data structures and device hardware, so that the kernel can 

reopen the device later on. 

10.1.23 Read snd Write 

The kernel algorithms for read and write of a device are similar to those for a 

regular file. If the process is reading or writing a character device, the kernel 

invokes the device driver read or write procedure. Although there are important 

cases where the kernel transmits data directly between the user address space and 

the device, device drivers may butCer data internally. For example, terminal drivers 

use clists to buffer data Section 10.3.1). In such cases, the device driver allocates 

a "buti'er," copies data from user space during a wride, and outputs the data from 

the "buH'er" to the device. The driver write procedure throttles the amount of data 

being output (called How control): If processes generate data faster than the device 

can output it, the write procedure puts processes to sleep until the device can acceP~ 

more data. For a read, the device driver receives the data from the device in~ 

160120 CSR ~Y~B 

160122 
tty09 

RDB dz01 

160126 TDB . 
ttv15 

Figure 10.5. Memoty Mapped I/O with the VAX DZ11 Controller 

buffer and copies the data from the buffer to the user address specified in the system call. 
The precise method in which a driver communicates with a device depends on the hardware. Some machines provide memory mapped //O, meaning that certain addresses in the kernel address space are not locations in physical memory but are special registers that control particular devices. By writing control parameters to specified registers according to hardware specifications, the driver controls the device. For example, I/O controllers for the VAX-11 computer contain special registers for recording device status (control and status registers) and for data 

transmission (data bu,Qer registers), which are configured at specific addresses in 
physical memory. In particular, the VAX DZlI terminal controller controls 8 
asynchronous lines for terminal communication (see [Levy 801 for more detail on the VAX architecture). Assume that the control and status register of a particular DZl l is at address 160120, the transmit data buJjer register is at address 160126, and the receive data bujjer register is at address 160122 (Figure 10.5). To write a 
character to terminal "/dev/tty09", the terminal driver writes the number 1 (1 ~ 9 modulo 8) to a specified bit position in the control and status register and then writes the character to the transmit data bu,~er register. The operation of writing the transmit data bu„(fer register transmits the data. The DZII controller sets a done bit in the control and status register when it is ready to accept more data. The driver can optionally set a transmit interrupt enable bit in the control axd status register, which causes the DZl l controller to interrupt the system when it is ready to accept more data. Reading data from the DZl l is similar. 
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Other machines have programmed IIO, meaning that the machine contains 

instructions to control devices. Drivers control devices by executing the appropriate 

instructions. For example, the IBM 370 computer has aStart //O instruction to 

initiate an I/O operation to a device. The method a driver uses to communicate 

with peripherals is transparent to the user. 

Because the interface between device drivers and the underlying hardware is 

machine dependent, no standard interfaces exist at this level. For both memory-

mapped I/O and programmed I/O, a driver can issue control sequences to a device 

to set up direct memory access (DMfU between the device and memory. The 

system allows bulk DMA transfer of data between the device and memory in 

parallel to CPU operations, and the device interrupts the system when such a 

transfer has completed. The driver sets up the virtual memory mapping so that the 

correct locations in memory are used for DMA. 

High-speed devices can sometimes transfer data directly between the device and 

the user's address space, without intervention of a kernel buffer. This results in 

higher transfer speed because there is one less copy operation in the kernel, and the 

amount of data transmitted per transfer operation is not bounded by the size of 

kernel buffers. Drivers that make use of this "raw" I/O transfer usually invoke the 

block strategy interface from the character read and write procedures if they have 

a block counterpart. 

10.1.2.4 Strategy Interlace 

The kernel uses the strategy interface to transmit data between the buffer cache 

and a device, although as mentioned above, the read and write procedures of 

character devices sometimes use their (block counterpart) strategy procedure to 

transfer data directly between the device and the user address space. The strategy 

procedure may queue I/O jobs for a device on a work list or do more sophisticated 

processing to schedule I/O jobs. Drivers can set up data transmission for one 

physical address or many, as appropriate. The kernel passes a butPer header 

address to the driver strategy procedure; the header contains a list of (page) 

addresses and sizes for transmission of data to or from the device. This is also how 

the swapping operations discussed in Chapter 9 work. For the buffer cache, the 

kernel transmits data from one data address; when swapping, the kernel transmits 

data from many data addresses (pages). If data is being copied to or from the 

user's address space, the driver must lock the process for at least, the relevant 

pages) in memory until the I/O transfer is complete. 

For example, after mounting a file system, the kernel identifies every file in tha 

file system by its device number and inode number. The device number is an 

encoding of the device major and minor numbers. When the kernel accesses 

block from a file, it copies the device number and block number into the buf~e 

header, as described in Chapter 3. When the buffer cache algorithms (bread 

bwrite, for example) access the disk, they invoke the strategy procedure indicat 

by the device major number. The strategy procedure uses the minor number an 
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block number fields in the buffer header to identify where to find the data on the 
device, and it uses the buffer address to identify where the data should be 
transferred. Similarly, if a process accesses a block device directly (that is, the 
process opens the block device and reads or writes it), it uses the bulTer cache 
algorithms, and the interface works as just described. 

10.1.2,5 [oc[1 

The ioctl system call is a generalization of the terminal-specific stty (set terminal 
settings) and gtty (get terminal settings) system calls available in earlier versions of 
the UNIX system. It provides a general, catch-all entry point for device specific 
commands, allowing a process to set hardware options associated with a device and 
software options associated with the driver. The specific actions specified by the 
ioct! call vary per device and are defined by the device driver. Programs that use 
ioct! must know what type of file they are dealing with, because they are device-
specific. This is an exception to the general rule that the system does not 
differentiate between different file types. Section 10.33 provides more detail on the 
use of ioctl for terminals. 

The syntax of the system call is 

ioctl(fd, command, arg); 

where fd is the file descriptor returned by a prior open system call, command is a 
request of the driver to do a particular action, and arg is a parameter (possibly a 
pointer to a structure) for the command. Commands are driver specific; hence, 
each driver interprets commands according to internal specifications, and the 
format of the data structure arg depends on the command. Drivers can read the 
data structure arg from user space according to predefined formats, or they can 
write device settings into user address space at arg. For instance, the ioct! 
interface allows users to set terminal baud rates; it allows users to rewind tapes on 
a tape drive; finally, it allows network operations such as specifying virtual circuit 
numbers and network addresses. 

10.1.2.6 Other File System Related Calls 

File system calls such as slat and chmod work for devices as they do for regular 
files; they manipulate the inode without accessing the driver. Even the (seek system 
call works for devices. For example, iF a process Iseeks to a particular byte offset 
on a tape, the kernel updates the file table offset but does no driver-specific 
operations. When the process later reads or writes, the kernel moves the file table 
offset to the u area, as is done for regular files, and the device physically seeks to 
the correct offset indicated in the a area. An example in Section 103 illustrates 
this case. 
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patterns 4 (for read), 2 (for write), and 1 (for execute). The real-user ID is checked instead of the effective user ID. 

acct 

acct(filename) 
char 'filename; 

Acct enables system accounting if filename is non-null, and disables it otherwise. 

alarm 

APPENDIX -
SYSTEM CALLS 

This appendix contains a brief synopsis of the UNIX system calls. Refer to the 
UNIX System V User Programmer's Manual for a complete specification of these 
calls. The specification here is sufficient for reference when reading the various 
program examples in the book. 

The specified file names are null terminated character strings, whose individual 
components are separated by slash characters. All system calls return —1 on error, 
and the external variable errno indicates the specific error. Unless specified 
otherwise, system calls return 0 on success. Somc system calls are the entry point 
for several functions: this means that the assembly language interface for the 
functions is the same. The list here follows the usual conventions for UNIX system 
manuals, but the programmer should not care whether a system call entry point 

°~ handles one or many system calls. 

access 

access filename, mode) 
char *filename; 
int mode; 

Access checks if the calling process has read, write, or execute permission for the 

file, according to the value of mode. The value of mode is a combination of the bit 

434 

unsigned alarm seconds) 
unsigned seconds; 

Alarm schedules the occurrence of an alarm signal for the calling process in the indicated number of seconds. It returns the amount of time remaining until the alarm signal at the time of the call. 

brk 

int brk(end_data_seg) 
char •end data_seg; 

Brk sets the highest address of a process's data region to end_data seg. Another function, sbrk, uses this system call entry point and changes the highest address of a process's data region according to a specified increment. 

chdir 

chdir(filename) 
char •filename; 

Chdir changes the current directory of the calling process to filename. 

chmod 

chmod(filename, mode) 
char *filename; 

Chmod changes the access permissions of the indicated file to the specified mode, which is a combination of the following bits (in octal): 

04000 setuid bit 
02000 set group ID bit 
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01000 sticky bit 
00400 read for owner 
00200 write for owner 
00100 execute for owner 
00040 read for group 
00020 write for group 
00010 execute for group 
00004 read for others 
00002 write for others 
00001 execute for others 

c6own 

chown(filename, owner, group) 
char *filename; 
int owner, group; 

Chown changes the owner and group of the indicated file to the specified owner and 

group IDs. 

c6root 

chroot(filename) 
char *filename; 

Chroot sets the private, changed-root of the calling process to filename. 

close 

close(fildes) 
int 61des; 

Close closes a file descriptor obtained from a prior open, Great, dup, pipe, or fcntl 

system call, or a file descriptor inherited from a fork call. 

Y. 

``~ Great 

crest(filename, mode) 
char *filename; 
int mode; 

Great creates a new file with the indicated file name and access permission modes. 

Mode is as specified in access, except that the sticky-bit is cleared and bits set via 

umask are cleared. If the file already exists, Great truncates the file. Crest returns 

a file descriptor for use in other system calls. 
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dup 

dup(fildes) 
int fildes; 

Dup duplicates [he specified file descriptor, returning the lowest available file descriptor. The old and new file descriptors use the same file pointer and share other attributes. 

exec 

execve(filename, argv, envp) 
char 'filename; 
char *argv[]; 
char 'envp[]; 

Execve executes the program file felename, overlaying the address space of the executing process. Argv is an array of character strings parameters to the execed program, and envp is an array of character strings that are the environment of the new process. 

exit 

exit(status) 
int status; 

Exrt causes the calling process to terminate, reporting the Slow-order bits of status to its waiting parent. The kernel may call exit internally, in response to certain signals. 

fcnH 

fcntl(fildes, cmd, arg) 
int fildes, cmd, arg; 

Fcntl supports a set of miscellaneous operations for open files, identified via the file descriptor ,tildes. The interpretation of cmd and arg is as follows (manifest constants are defined in file "/usr/include/fcntl.h"): 

F DUPFD return lowest numbered file descriptor >— arg 
F_SETFD se[ close-on-exec flag to low order bit of arg 

(if 1, file is closed in exec) 
F_GETFD return value of close-on-exec flag 
F SETFL set file status flags (O_NDELAY do no[ sleep for I/O and 
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O APPEND append written data to end of file) 

F GETFL get file status flags 

struct Oock 
short I_type; /* F_RDLCK for read bck, F WRLCK for write lock, 

F UNLCK for unlock operations "/ 
short 1 whence; /` lock offset is from beginning of file (0), curtent position of file 

pointer (1), or end of file (2) ̀ / 
long i_start; /* byte offset, interpreted according to 1_whence "/ 
long I_len; /' numberof bytes to lock. If 0, lock from I_start to end of file •/ 

long 1_pid; /" ID of process that locked file "J 
long 1_sysid; /" sys ID of process that ticked file `/ 

F GETLK get first lock that would prevent application oPthe lock specified by arg 

and overwrite arg. If no such lock exists, change 1_type in arg to 
F UNLCK 

F SETLK lock or unlock the file as specified by arg. Return -1 if unable [o tick. 

F SETLKW Icek or unlock data in a file as specified by arg. Sleep if unable to tick. 

Several read locks can overlap in a file. No locks can overlap a write lock. 

fork 

fork() 

Fork creates a new process. The child process is a logical copy of the parent 

process, except that the parent's return value from the fork is the process ID of [he 

child, and the child's return value is 0: 

getpid 

getpid 0 

Getpid returns the process ID of the calling process. Other calls that use this entry 

point are getpgrp, which returns the process group of the calling process, and 

getppid, which returns the parent process ID of the calling process. 

getuid 

getuidQ 

GeJuid returns the real user ID of the calling process. Other calls that use 
this 

system call entry point are geteuid, which returns the effective user ID, ge~S~d~ 

which returns the group ID, and getegid, which returns the effective group ID of 

the calling process. 
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ioctl 

iocU(fildes, cmd, arg) 
int Tildes, cmd; 

loct! does device-specific operations on the open device whose file descriptor is fildes. Cmd specifies the command to be done on [he device, and arg is a parameter whose type depends on the command. 

kill 

kill(pid, sig) 
int pid, sig; 

Kil! sends the signal sig to the processes identified by pid. 

pid positive send signal to process whose PID is pid. pid 0 send signal to processes whose process group ID is PID of sender. Pad —1 if eflec[ive UID of sender is super user, send signal to all processes otherwise, send signal to all processes whose real UID equals eNec[ive UID of sender. 
pid < —1 send signal to processes whose process group ID is pid. 

The effective UID of the sender must be superuser, or the sender's real or effective UID must equal the real or effective UID of the receiving processes. 

link 

link(filenamel, filename2) 
char'filenamel, *filename2; 

Lrnk gives another name, filename2, to the file fitenamel. The file becomes accessible through either name. 

Iseek 

Iseek(fildes, ofl'set, origin) 
int fildes, origin; 
long ofl'set; 

Lseek changes the position of the read-write pointer for the file descriptor fildes and returns the new value. The value of the pointer depends on origin: 

0 set the pointer to ofl'set bytes from the beginning of the file. l increment the current value of the pointer by ofTset. 2 set the pointer to the size of the file plus ofl'se[ bytes. 
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loct! does device-specific operations on the open device whose file descriptor is fildes. Cmd specifies the command to be done on [he device, and arg is a parameter whose type depends on the command. 

kill 

kill(pid, sig) 
int pid, sig; 

Kil! sends the signal sig to the processes identified by pid. 

pid positive send signal to process whose PID is pid. pid 0 send signal to processes whose process group ID is PID of sender. Pad —1 if eflec[ive UID of sender is super user, send signal to all processes otherwise, send signal to all processes whose real UID equals eNec[ive UID of sender. 
pid < —1 send signal to processes whose process group ID is pid. 

The effective UID of the sender must be superuser, or the sender's real or effective UID must equal the real or effective UID of the receiving processes. 

link 

link(filenamel, filename2) 
char'filenamel, *filename2; 

Lrnk gives another name, filename2, to the file fitenamel. The file becomes accessible through either name. 

Iseek 

Iseek(fildes, ofl'set, origin) 
int fildes, origin; 
long ofl'set; 

Lseek changes the position of the read-write pointer for the file descriptor fildes and returns the new value. The value of the pointer depends on origin: 

0 set the pointer to ofl'set bytes from the beginning of the file. l increment the current value of the pointer by ofTset. 2 set the pointer to the size of the file plus ofl'se[ bytes. 
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mknod 

mknod(filename, modes, dev) 

char *filename; 
int mode, dev; 

Mknod creates a special file, directory, or FIFO according to the type of modes: 

010000 FIFO (named pipe) 
020000 character special device file 
040000 dircetory 
060000 block special device file 

The 12 low order bits of modes have the same meaning as described above for 

chmod. If [he file is block special or character special, dev gives the major and 

minor numbers of [he device. 

mount 

mount~specialfile, dir, rwflag) 

char •specialfile, *dir; 

int rwftag; 

Mount mounts the file system specified by specia/file onto the directory dir. If the 

low-order bit of rw~tag is 1, the file system is mounted read-only. 

msgctl 

#include <sys/types.h> 
#include <sys/ipc.h> 
#include <sys/msg.h> 

msgctl(id, cmd, buf) 
int id, cmd; 
struct msgid ds *buf; 

Msgctl allows processes to set or query the status of the message queue id, or to 

remove the queue, according to the value of cmd. The structure msgid_ds is 

defined as follows: 
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s[ruc[ msgid_ds 
struct ipc~erm msg~erm; /" permission struct •/ 
short padl[7j; /~ used by system •/ 
ushort msg gnum; /• number of messages on q •/ ushort msg_gby[es; /* max number of bytes on q ~/ ushor[ msg_Ispid; /* pid of last msgsnd operation */ ushor[ msg_Irpid; /• pid of last msgrcv operation */ time t msg_stime; /• last msgsnd time "/ time_t msg_rtime; /' last msgrcv time •/ 

[ime_t 
): 

msg_c[ime; /~ last change time */ 

The commands and their meaning are as follows: 

IPC_STAT Read the message queue header associated with id into buf. IPC_SET Set the values of msg~erm.uid, msg~erm.gid, msg~erm.mode (9 low-order bits), and msg_gby[es from [he corresponding values in buf. IPC_RMID Remove the message queue for id. 

msgget 

#include Gsys/types.h> 
#include Gsys/ipc.h> 
#include <sys/msg.h> 
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msgget(key, flag) 
key_t key; 
int Hag; 

Msgget returns an identifier to a message queue whose name is key. Key can specify that the returned queue identifier should refer to a private queue (IPC PRIVATE), in which case a new message queue is created. Flag specifies if the queue should be created (IPC_CREAT), and if creation of the queue should be exclusive (IPC_EXCL). In the latter case, msgget fails if the queue already exists. 

struct ipc~erm ( msgsnd and msgrcv 
ushort uid; /" current user id '/ 

ushort gid; /' current group id •/ #include <sys/types.h> 
ushort cuid; /' creator user id'/ #include <sys/ipc.h> 
ushor[ cgid; /` creator group id'/ ~ #include Gsys/msg.h> 
ushort mode; /" access modes */ 
short padl; /` used by system'/ ~' ms snd(id, ms g g $p, size, fla ) long pad2; /' used by system •/ 

int id, size, Hag; 
~ 

); 

~ 

struct msgbuf'msgp; 
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msgrcv(id, msgp, size, type, flag) 
int id, size, type, flag; 
struct msgbuf'msgmp; 

Msgsnd sends a message of size bytes in the bufTer msgp to the message queue id. 

Msgbujis defined as 

struct msgbuf 
long mtype; 
char mtext[]; 

If the /PC NOWA/T bit is ofl in Jlag, msgsnd sleeps if the number of bytes on the 

message queue exceeds the maximum, or if the number of messages system-wide 

exceeds a maximum value. If IPC_NOWAIT is set, msgsnd returns immediately in 

these cases. 
Msgrcv receives messages from the queue identified by id. If type is 0, the first 

message on the queue is received; if positive, the first message of that type is 

received; if negative, the first message of the lowest type less than or equal to type 

is received. Size indicates the maximum size of message text the user wants to 

receive. If MSG NOERROR is set in Jtag, the kernel truncates the received 

message if its size is larger than size. Otherwise it returns an error. If 

IPC NOWAlT is not set in Jlag, msgrcv sleeps until a message that satisfies type is 

sent. If IPC NOWA/T is set, it returns immediately. Msgrcv returns the number 
of bytes in the message text. 

nice 

nice increment) 
int increment; 

Nice adds increment to the process nice value. A higher nice value gives the 
process lower scheduling priorities. 

open 

#include <fcntl.h> 

open filename, flag, mode) 
char *filename; 
int flag, mode; 

Open opens the specified file according to the value of Jtag. The value of Jiag is a 

combination of the following bits (exactly one of the first three bits must be used)• 
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O RDONLY open for reading only. 
O WRONLY open for writing only. 
O RDWR open for reading and writing. 
O_NDELAY For special devices, open returns without waiting for carrier, if set. For named pipes, open will return immediately (with an error if O WRONLY set), instead of waiting for another process to open the named pipe. 
O APPEND causes all writes to append data to the end of the file. O_CREAT create the file if it does not exist. Mode specifies permissions as in treat system call. The flag has no meaning if the fi le already exists. 
O TRUNC Truncate length of file to 0. 
O_EXCL Fail the open call if this bit and O CREAT are set and fi le exists. This is a so-called exclusive open. 

Open returns a file descriptor for use in other system calls. 

pause 

pause() 

Pause suspends the execution of the calling process until it receives a signal. 

P~Pe 

pipe(fildes) 
int fildes[21; 

Pipe returns a read and write file descriptor (fi(des(01 and fi/deslll, respectively). Data is transmitted through a pipe in fi rst-in-first-out order; data cannot be read twice. 

plock 

#include <sys/lock.h> 

plock(op) 
int op; 

Plock locks and unlocks process regions in memory according to the value of op: 

PROCLOCK lock text and data regions in memory. 
TXTLOCK lock text region in memory. 
DATLOCK lock data region in memory. 
UNLOCK remove locks for all regions. 
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profit 

profil(buf, size, offset, scale) 
char •buf; 
int size, offset, scale; 

Profit requests that the kernel give an execution profile of the process. Buj is an 

array in the process that accumulates frequency counts of execution in different 

addresses of the process. Size is the size of the buf array, offset is the starting 

address in the process that should be profiled, and scale is a scaling factor. 

ptrace 

ptrace~cmd, pid, addr, data) 
int cmd, pid, addr, data; 

Ptrace allows a process to [race the execution of another process, pid, according to 

the value of cmd. 

0 enable child for tracing (called by child). 
1,2 return word a[ Iceation addr in traceA process pid. 

3 return word from offset addr in traced process u area. 
4,5 write value of data into location addr in traced process. 
6 write value of data into ofTset addr in u area. 
7 cause traced process to resume execution. 
8 cause traced process to exit. 
9 machine dependent — set bit in PSW for single-stepping exew[ion. 

read 

read~fildes, buf, size) 
int fildes, 
char 'buf; 
int size; 

Read reads up to size bytes from the file fi des into the user buffer buJ. Read 

returns the number of bytes it read. For special devices and pipes, read returns 

immediately if O NDELAY was set in open and no data is available for return. 

semctl 

#include <sys/types.h> 
#include <sys/ipc.h> 
#include <sys/sem.h> 
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semctl(id, num, cmd, arg) 
int id, num, cmd; 
union semun 

int vat; 
struct semid_ds'buf; 
ushort *array; 

arg; 

Semct! does the specified cmd on [he semaphore queue indicated by id. 

445 

GETVAL return the value of the semaphore whose index is num. SETVAL set the value of the semaphore whale index is num to arg.val. GETPID return value of last PID that did a semop on the semaphore whose index is num. 
GETNCNT return number of processes waiting for semaphore value to become positivo. 
GETZCNT return number of processes waiting for semaphore value to become 0. GETALL return values of all semaphores into array arg.array. SETALL set values of all semaphores according to array arg.array. IPC_STAT read structure of semaphore header for id into arg.buf. IPC_SET set sem~erm.uid, semyer.gid, and sem~erm.mode (low-order 9 bits) according to arg.buf. 
IPC_RMID remove [he semaphores associated with id. 

Num gives the number of semaphores in the set to be processed. The structure semid_ds is defined by: 

struct semid_ds 
struct ipcyerm sem~erm; /* permission s[ruct ~/ int • pad; /' used by system •/ ushort sem_nsems; /" number of semaphores in set •/ time [ sem_otime; /" last semop operation time '/ time_[ 

); 
sem_ctime; /• last change time "/ 

The structure ipc~erm is the same as defined in msgctl. 

semget 

#include <sys/types.h> 
#include <sys/ipc.h> 
#include <sys/sem.h> 

semget(key, nsems, flag) 
key_[ key; 
int nsems, flag; 
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Semget creates an array of semaphores, corresponding to key. Key and flag take 

on the same meaning as they do in msgget. 

semop 

semop~id, ops, num) 
int id, num; 
siruct sembuf'*ops; 

Semop does the set of semaphore operations in the array of structures ops, to the 

set of semaphores identified by id. Num is the number of entries in ops. The 

structure of sembuf is: 

struct sembuf 
short sem num; /" semaphore number */ 
short sem_op; /• semaphore operation •/ 
short sem_flg; /' flag */ 

}; 

Sem num specifies the index in the semaphore array for the particular operation, 

and semftg specifies flags for the operation. The operations sem op for 

semaphores are: 

negative if sum of semaphore value and sem_op >~ 0, add sem op to 

[o semaphore value. Otherwise, sleep, as per flag. 

positive add sem_op to semaphore value. 
zero continue, if semaphore value is 0. Otherwise, sleep as per Hag. 

If IPC NOWA/T is set in sem,flg for a particular operation, semop returns 

immediately for those occasions it would have slept. If the SEM_UNDO flag is set, 

the operation is subtracted from a running sum of such values. When the process 

exits, this sum is added to the value of the semaphore. Semop returns the value of 

the last semaphore operation in ops at the time of the call. 

setpgrp 

setpgrp0 

Setpgrp sets the process group ID of the calling process to its process ID and 

returns the new value. 

setuid 

setuid(uid) 
int uid; 
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setgid (gid) 
int gid; 

Se~uid sets the real and effective user ID of the calling process. If the effective user ID of the caller is superuser, setuid resets the real and effective user IDs. Otherwise, if its real user ID equals uid, setuid resets the effective user ID to uid. Finally, if its saved user ID (set by executing a se[uid program in exec) equals uid, seluid resets the effective user ID to uid. Selgid works the same way for real and effective group IDs. 

shmctl 

#include <sys/[ypes.h> 
#include <sys/ipc.h> 
#include <sys/shm.h> 

shmctl(id, cmd, buf) 
int id, cmd; 
struct shmid_ds *buf; 

Shmctl does various control operations on the shared memory region identified by id. The sVuc[ure shmid_ds is defined by: 

struct shmid ds 
strut[ ipgperm shm~erm; /* permission strut['/ int shm_segsz; /• size of segment '/ int • padl; /• used by system •/ ushort shm_Ipid; /• pid of last operation •/ ushort shm_cpid; /" pid of creator */ 
ushor[ shm_na[tch; /* number currently attached '/ short pad2; /• used by system */ time [ shm_atime; /" last attach time •/ time t shm_dtime; /• last detach time •/ time_[ 

); 
shm clime; /• last change time '/ 

The operations are: 

IPC STAT read values of shared memory header for id into buf. IPC_SET set shm~erm.uid, shm~erm.gid, and shm~erm.mode (9 low-order bits) in shared memory header according to values in buf. IPC_RM1D remove shared memory region for id. 

shmget 

#include Gsys/types.h> 
#include <sys/ipc.h> 
#include <sys/shm.h> 
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int gid; 
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); 
shm clime; /• last change time '/ 

The operations are: 

IPC STAT read values of shared memory header for id into buf. IPC_SET set shm~erm.uid, shm~erm.gid, and shm~erm.mode (9 low-order bits) in shared memory header according to values in buf. IPC_RM1D remove shared memory region for id. 
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#include <sys/shm.h> 
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shmget~key, size, flag) 

key_t key; 

int size, flag, 

Shmget accesses or creates a shared memory region of size bytes. The parameters 

key and flag have the same meaning as they do for msgget. 

shmop 

#include <sys/types.h> 

#include <sys/ipc.h> 
#include <sys/shm.h> 

shmat~id, addr, flag) 
int id, flag; 
char *addr; 

shmdt~addr) 
char *addr, 

Shmat attaches the shared memory region identified by id to the address space of a 

process. If addr is 0, the kernel chooses an appropriate address to attach the 

region. Otherwise, it attempts to attach the region at the specified address. If the 

SHM RND bit is on in flag, the kernel rounds oH' the address, if necessary. Shmat 

returns the address where the region is attached. 

Shmdt detaches the shared memory region previously attached at addr. 

signal 

SIGBUS bus error 
SIGSEGV segmentation violation 
SIGSYS bad argument in system call 
SIGPIPE write on a pipe with no reader 
SIGALRM alarm 
SIGTERM software termination 
SIGUSRI user-defined signal 
SIGUSR2 second user defined signal 
SIGCLD death of child 
SIGPWR power failure 

The interpretation of function is as follows: 

SIG_DFL default operation. For all signals except SIGPWR and SIGCLD, 
process terminates. It creates a core image for signals SIGQUIT, 
SIGILL, SIGTRAP, SIGI0T, SIGEMT, SIGFPE, SIGBUS, SIGSEGV, and 
SIGSYS. 

SIG IGN ignore the occurrence of the signal. 
function an address of a proceAure in [he process. The kernel 

arranges to call the function with il~e signal number as argument 
when it returns to user mode. The kernel automatically resets 
the value of the signal handler to SIG DFL for all signals 
except SIG[LL, SIGTRAP, and SIGPWR. A process cannot catch 
SIGKILL signals. 

slat 

stat(filename, statbuf) 
char *filename; 
struct slat *statbuf; 

#include <signal.h> 
fstat~fd, statbuf) 

signal~sig, function) int fd; 

int sig; 
struct slat 'statbuf; 

void ('func)~); Stat returns status information about the specified file. Fstat does the same for the 

,Signal allows the calling process to control signal processing. The values of sig are: open file whose descriptor is fd. The structure of statbuf is: 

SIGHUP hangup struct slat { 

SIGINT interrupt dev_t st dev; /* device number for dev containin fi le •/ B 
SIGQUIT quit ino_t st ino; /* inode number "/ 

SIG[LL illegal instruction ushort st_mode; /• file type (see mknod) and perms (see chmod) */ 
SIGTRAP trace trap short st_nlink; /* number of links for file'/ 

SIGI0T I0T instruction ushort st_uid; /• user ID of file's owner '/ 

SIGEMT EMT instruction ushort staid; /• group ID of fi le's group •/ 

SIGFPE floating point exception dev_t st rdev; /' major and minor device numbers */ 
SIGKILL kill oR_t st_size; /• size in bytes */ 
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time t st atime; /' time of last access */ 
time t st mtime; /' time of last modification '/ 
time_[ st clime; /" time of last status change */ 

l; 

slime 

stime(tptr) 
long 'iptr; 

Slime sets the system time and date, according to the value pointed to by tptr. 

Times are specified in seconds since 00:00:00 January, 1, 1970, GMT. 

sync 

sync() 

Sync flushes file system data in system buffers onto disk. 

time 

time(tloc) 
long *tloc; 

Time returns the number of seconds since 00:00:00 January 1, 1970, GMT. If tloc 
is not 0, it will contain the return value, too. 
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ulimit 

ulimit(cmd, limit) 
int cmd; 
long limit; 

Ulimit allows a process to set various limits according to the value of cmd: 
1 return maximum file size (in 512 byte blocks) the process can write 2 set maximum file siu to limit. 
3 return maximum possible break value (highest possible address in data region). 

umask 

umask(masl~ 
int mask; 

Set the file mode creation mask and return the old value. When creating a file, permissions are turned ofl if the corresponding bits in mask are set. 

amount 

umount(specialfile) 
char *specialfile; 

Unmount the file system in the block special device specralfile. 

times 
uname 

#include <sys/types.h> 
#include <sys/utsname.h> #include <sys/times.h> 

times(tbuf) uname(name) 
strut[ tms *tbuf; struct utsname `name; 

Times returns the elapsed real time in clock ticks from an arbitrary fixed time in Uname returns system-specific information according to the following structure: the recent past, and fills tbuf with accounting information: 
strut[ utsname ~ 

strut[ tms char sysname[9]; /• name •/ 
time_[ [ms_utime; /` CPU time spent in user mode •/ char nodenamel9]; /• network node name •/ 
time t [ms slime; /" CPU time spent in kernel mode'/ char releasel9l; /* system version information •/ 
time t tms cutime; /• Sum of tms_utime and tms cutime of children •/ ~ char version[91; /~ more version information '/ 
time_[ tms_sutime; /` Sum of tms_stime and tms sutime of children "/ 

~; ~ 

char machine[9]; 
); 

/• hardware •/ 
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/• hardware •/ 
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wait 
unlink 

unlink(filename) 
wait(wait_stat) 
int *wait_stat; 

char *filename; 

Remove the directory entry for the indicated file. Wait causes the process to sleep until it discovers a child process that had exited or 
a process asleep in trace mode. If wait slat is not 0, it points to an address that 
contains status information on return from the call. Only the 16 low order bits are 
written. If wait returns because it found a child process that had exited, the low ustat order 8 bits are 0, and the high order 8 bits contain the low order 8 bits the child 

#include <sys/types.h> process had passed as a parameter to exit. If the child exited because of a signal, 
#include <ustat.h> the high order 8 bits are 0, and the low order 8 bits contain the signal number. In 

addition, bit 0200 is set if core was dumped. If wait returns because it found a 
ustat~dev, ubuf) traced process, the high order 8 bits (of the 16 bits) contain the signal number that 
int dev; caused it to stop, and the low order 8 bits contain octal 0177. 
struct ustat •ubuf; 

Ustat returns statistics about the file system identified by dev (the major and minor 
write 

number). The structure ustat is defined by: 

write(fd, buf, count) 
struct ustat ( 

daddy_[ f_[free; /' number oP free blceks "/ 
int fd, count; ~ 
char buf; 

ino t f tinode; /* number of free inodes */ 

char f_fname[61; /• filsys name •/ 
•/ 

Write writes count bytes of data from user address buf to the file whose descriptor 
char f_fpack[61; /• filsys pack name 

)~ 

is fd. 

utime 

#include <sys/types.h> 

utime(filename, times) 

char 'filename; 

struct utimbuf *times; 

Ulime sets the access and modification times of the specified file according to the 

Y, value of times. If 0, the current time is used. Otherwise, times points to the 

following structure: 

struct utimbuf { ~ 
time_[ axtime; /* access time "/ 

time [ modtime; /• modification time `/ 

}; j 

All times are measured from 00:00:00 January 1, 1970 GMT. 
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