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ABSTRACT 

When processes wish to communicate, they must first establish communica­ 
tion, and then decide what to say. Previously described stream mechanisms of the 
Eighth Edition Unix system! provide a flexible way for processes to speak with dev­ 
ices and with each other. An existing stream connection is named by a file descrip­ 
tor, and the usual read, write, and 1/0 control requests apply. Processing modules 
may be inserted dynamically into a stream connection, so network protocols, termi­ 
nal processing, and device drivers separate cleanly. 

This paper describes ways of commencing communication. The traditional, 
and simplest, is the pipe. In our system, pipes are just cross-connected streams. 

A new request associates a stream with any named file. When the file is sub­ 
sequently opened, operations on the file are operations on the stream. Also, open 
files may be passed from one process to another over a stream, and opening a 
stream-associated file may create a new and distinct channel to the stream's server. 

These low-level mechanisms allow considerable flexibility in constructing net­ 
work dialout routines and connection servers of various kinds. 

Introduction 
The Eighth Edition version of Unix is the system that runs on machines in the Information 

Sciences Research Division of AT&T Bell Laboratories, and at a few sites elsewhere. It is named, 
by our custom, after its manual. 

The work reported here provides convenient ways for programs to establish communication 
with unrelated processes, on the same or different machines. The kind of communication we are 
interested in is conducted by means of ordinary read and write calls, occasionally supplemented by 
1/0 control requests. Moreover, we wish to commence communication in ways that are as close as 
possible to ordinary file opening. These considerations spring from the desire to find ways of fitting 
even complicated things into a simple pattern, and from the observation that whenever objects 
behave like files, practically any program is able to use them. 

In particular, we study how to 
I) provide objects nameable as files that invoke useful services, such as connecting to other 

machines over various media, 
2) make it easy to write the programs that provide the services. 

Unix is a trademark of AT&T Bell Laboratories 
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Recapitulation 

The Eighth Edition system introduced a new way of communicating with terminal and net­ 
work devices, 1 and a generalization of the internal interface to the file system.2• 3 We begin by 
reviewing already-published nomenclature and mechanisms of our 1/0 and file systems. 

Streams 
A stream is a full-duplex connection between a process and a device or another process. It 

consists of several linearly connected processing modules, and is analogous to a Shell pipeline, except 
that data flows in both directions. The modules in a stream communicate by passing messages to 
their neighbors. A module provides only one entry point to each neighbor, namely a routine that 
accepts messages. 

At the end of the stream closest to the process is a set of routines that provide the interface to 
the rest of the system. A user's write and 1/0 control requests are turned into messages sent along 
the stream, and read requests take data from the stream and pass it to the user. At the other end 
of the stream is either a device driver module, or another process. Data arriving on the stream is 
sent to the device or read by the process; data and state transitions detected by the device, or gen­ 
erated by the process, are composed into messages and sent into the stream towards the user pro­ 
gram. Intermediate modules process the messages in various ways. They are symmetrical; their 
read and write interfaces are identical. 

The two end modules in a stream to a device become connected automatically when the pro­ 
cess opens the device; streams between processes are created by a pipe call. Intermediate modules 
are attached dynamically by request of the user's program. They are addressed like a stack with its 
top close to the process, so installing one is called 'pushing' a new module. 

Queues 
Each stream processing module consists of a pair of queues, one for each direction. A queue 

comprises not only a data queue proper, but also two routines and some status information. One 
routine is the put procedure, which is called by its neighbor to place messages on its data queue. 
The other, the service procedure, is scheduled to execute whenever there is work for it to do. The 
status information includes a pointer to the next queue downstream, various flags, and a pointer to 
additional state information required by the instantiation of the queue. Queues are allocated in such 
a way that the routines associated with one half of a stream module may find the queue associated 
with the other half. (This is used, for example, in generating echoes for terminal input.) 

Message blocks 
The objects passed between queues are blocks obtained from an allocator. Each contains a 

read pointer, a write pointer, and a limit pointer, which specify respectively the beginning of infor­ 
mation being passed, its end, and a bound on the extent to which the write pointer may be 
increased. 

The header of a block specifies its type; the most common blocks contain data. Control blocks 
of several kinds have the same form as data blocks and are obtained from the same allocator. For 
example, there are control blocks to introduce delimiters into the data stream, to pass user 1/0 con­ 
trol requests, and to announce special conditions such as line break and carrier loss on terminal dev­ 
ices. 

Examples 
Figure 1 shows a stream device that has just been opened. The top-level routines, drawn as a 

pair of half-open rectangles on the left, are invoked by users' read and write calls. The writer rou­ 
tine sends messages to the device driver shown on the right. Data arriving from the device is com­ 
posed into messages sent to the top-level reader routine, which returns the data to the user process 
when it executes read. 

Figure 2 shows an ordinary terminal connected by an RS-232 line. Here a processing module 
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Figure 1. Configuration after device open. 

(the pair of rectangles in the middle) is interposed; it performs the services necessary to make termi­ 
nals usable, for example echoing, character-erase and line-kill, tab expansion as required, and trans­ 
lation between carriage-return and new-line. 

user device 
write)I. tty out )I. 

out 
user tty in device E read E m 

Figure 2. Configuration for normal terminal attachment. 

Many network connections require flow- and error-control protocols to be carried out by the 
host computer. Therefore, when terminals are connected to a host through such a network, a setup 
like that shown in Fig. 3 is used; the terminal processing module is stacked on the network protocol 
module. 

user 
write)I. 
user 
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out 
device 
E, m 

Figure 3. Configuration for network terminals. 
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Figure 4. A pipe. 

device )I. 

A common fourth configuration (not illustrated) is used when the network is used for file 
transfers or other purposes when terminal processing is not needed. It simply omits the "tty" 
module and uses only the protocol module. Sometimes, on the other hand, a front-end processor 
conducts the required network protocol. Here a connection for remote file transfer will resemble 
that of Fig. 1, because the protocol is handled outside the operating system; likewise network termi­ 
nal connections via the front end may be handled as shown in Fig. 2. 

Finally, Figure 4 shows the connections for a pipe. In our system, pipes are full-duplex. 

File Systems 

Weinberger2 generalized the file system. He identified a small set of primitive operations on 
inodes (read, write, get, put, truncate, get status, etc.: a total of 11) and created a form of the 
mount request that specifies a file system type and, where appropriate, a stream. When file 
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