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P
lan 9 is a distributed computing 
environment assembled from 
separate machines acting as CPU 
servers, file servers, and termi
nals. The pieces are connected 

by a single file-oriented protocol and 
local name space operations. Because 
the system was built from distinct, spe
cialized components rather than simi
lar general-purpose components, Plan 
9 achieves levels of efficiency, security, 
simplicity, and reliability seldom real
ized in other distributed systems. This 
article discusses the building blocks, 
interconnections, and conventions of 
Plan 9. 

Unhappy with the trends in commer
cial systems, we began a few years ago 
to design a system that could adapt 
well to changes in computing hard
ware. In particular, we wanted to build 
a system that could profit from the con
tinuing improvements in personal ma
chines with bitmap graphics, in medium
and high-speed networks, and in high
performance microprocessors. A com
mon approach is to connect a group 
of small personal timesharing systems -
workstations - by a medium-speed net
work, but this has a number of failings. 
Because each workstation has private 
data, each must be administered sepa-
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rately; maintenance is difficult to cen
tralize_ The machines are replaced ev
ery couple of years to take advantage 
of technological improvements, render
ing the hardware obsolete, often be
fore it has been paid for. Most telling, 
a workstation is a largely self-contained 
system, not specialized to any particu
lar task; too slow and I/O-bound for 
fast compilation; too expensive to be 
used just to run a window system. For 
our purposes - primarily software 
development - it seemed that an ap
proach based on distributed specializa
tion rather than compromise would best 
address issues of cost-effectiveness, main
tenance, performance, reliability, and 

security. We decided to build a com
pletely new system, including compiler, 
operating system, networking software, 
command interpreter, window system, 
and terminal. This construction would 
also offer an occasion to rethink, re
visit, and perhaps even replace most 
of the utilities we had accumulated over 
the years. 

Plan 9 is divided along lines of ser
vice function. CPU servers concentrate 
computing power into large (not over
loaded) multip~ocessors; file servers pro
vide repositories for storage; terminals 
give each user a dedicated computer 
with bitmap screen and mouse on which 
to run a window system. Sharing com
puting and file storage services pro
vides a sense of community for a group 
of programmers, amortiZes costs, and 
centralizes and simplifies management 
and administration. 

The pieces communicate by a single 
protocol, built above a reliable data 
transport layer offered by an appropri
ate network, that defines each service 
as a rooted tree of files. Even for ser
vices not usually considered as files, 
the unified design permits some note
worthy and profitable simplification. 
Each process has a local filename space 
that contains attachments to all ser
vices the process is using and thereby 
to the files in those services. One of the 
most important jobs of a terminal is to 
support its user's customized view of 
the entire system as represented by the 
services visible in the name space. 

To be used effectively, the system 
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(continued from page 48) 
requires a CPU server and a file server 
(large machines best housed in an air 
conditioned machine room with condi
tioned power) and a terminal. The sys
tem is intended to provide service at 
the level of a departmental computer 
center or larger, and its strengths stem 
in part from economies of scale. ACe 
cordingly, one of our goals is to unite 
the computing environment for all of 
AT&T Bell Laboratories (about 30,000 
people) into a single Plan 9 system 
comprising thousands of CPU and file 
servers spread throughout, and clus
tered in, the company's various depart
ments. That is clearly beyond the 
administrative capacity of workstations 
on Ethernets. 

The follOWing sections describe the 
basic components of Plan 9, explain 
the name space and how it is used, and 
offer examples of unusual services that 
illustrate how the ideas of Plan 9 can 
be applied to a variety of problems. 

CPU Servers 
Several computers proVide CPU ser
vice for Plan 9. The production CPU 
server is a Silicon Graphics Power Se
ries machine with four 25-MHz MIPS 
processors, 128 Mbytes of memory, no 
disk, and a 20 Mbyte-per-second back
to-back DMA connection to the file 
server. It also has Datakit and Ethernet 
controllers to connect to terminals and 
non-Plan 9 systems. The operating sys
tem provides a conventional view of 
processes, based on fork and exec sys
tem calls, and of files, mostly deter
mined by the remote file server. Once 
a connection to the CPU server is es
tablished, the user may begin typing 
commands to a command interpreter 
in a conventional-looking environment. 

A multiprocessor CPU server has sev
eral advantages. The most important is 
its ability to absorb load. If the machine 
is not saturated (which can be eco
nomically feasible for a multiproces
sor), there is usually a free processor 
ready to run a new process. This is 
similar to the notion of free disk blocks 
in which to store new files on a file 
system. The comparison extends far
ther: Just as you might buy a new disk 
when a file system gets full, you may 
add processors to a multiprocessor 
when the system gets busy, without 
needing to replace or duplicate the en
tire system. Of course, you may also 
add new CPU servers and share the file 
servers. 

The CPU server performs compila
tion, text processing, and other appli
cations. It has no local storage; all the 
permanent files it accesses are provided 
by remote servers. Transient parts of 
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the name space, such as the collected 
images of active processes or services 
provided by user processes, may re
side locally but these disappear when 
the CPU server is rebooted. Plan 9 CPU 
servers are as inter-changeable for their 
task - computation - as are ordinary 
terminals for theirs. 

The file server presents 
to its clients a file 

system rather than, 
say, an array of 
disks or blocks 

or files 

File Servers 
The Plan 9 file servers hold all perma
nent files. The current server is another 
Silicon Graphics computer with two 
processors, 64 Mbytes of memory, 600 
Mbytes of magnetiC disk, and a 300 
gigabyte jukebox of write-once optical 
disk (WORM). (This machine is to be 
replaced by a MIPS 6280, a Single pro
cessor with much greater I/O band
width.) It connects to Plan 9 CPU serv
ers through 20 Mbyte-per-second DMA 
links, and to terminals and other ma
chines though conventional networks. 

The file server presents to its clients 
a file system rather than, say, an array 
of disks or blocks or files. The files are 
named by slash-separated components 
that label branches of a tree, and may 
be addressed for I/O at the byte level. 
The location of a file in the server is 
invisible to the client. The true file sys
tem resides on the WORM, and is ac
cessed through a two-level cache of 
magnetic disk arid RAM. The contents 
of recently-used files reside in RAM 
and are sent to the CPU server rapidly 
by DMA over a high-speed link, which 
is much faster than regular disk al
though not as fast as local memory. 
The magnetic disk acts as a cache for 
the WORM and simultaneously as a 
backup medium for the RAM. With the 
high-speed links, it is unnecessary for 
clients to cache data; the file server 
centralizes the caching for all its cli
ents, avoiding the problems of distrib
uted caches. 

The file server actually presents sev
eral file systems. One, the "main" sys
tem, is used as the me system for most 
clients. Other systems provide less gen-

erally-used data for private applications. 
One service is unusual: the backup 
system. Once a day, the file server 
freezes activity on the main file system 
and flushes the data in that system to 
the WORM. Normal file service contin
ues unaffected, but changes to files are 
applied to a fresh hierarchy, fabricated 
on demand, using a copy-on-write 
scheme. Thus, the file tree is split into 
two parts: A read-only version repre
senting the system at the time of the 
dump, and an ordinary system that con
tinues to proVide normal service. The 
roots of these old file trees are avail
able as directories in a file system that 
may be accessed exactly as any other 
(read-only) system. For example, the 
file lusrlrobldoclp/an9.ms as it existed 
on April 1, 1990, can be accessed through 
the backup file system by the name 
1199010401Iusrlrobldoc!plan9.ms. This 
scheme permits recovery or comparison 
of lost files by traditional commands 
such as file copy and comparison rou
tines rather than by special utilities in 
a backup subsystem. Moreover, the 
backup system is proVided by the same 
file server and the same mechanism as 
the original files, so permissions in the 
backup system are identical to those 
in the main system; you cannot use the 
backup data to subvert security. 

Terminals 
The standard terminal for Plan 9 is a 
Gnot (with silent "G"), a locally-de
signed machine of which several hun
dred have been manufactured. The ter
minal's hardware is reminiscent of a 
diskless workstation: with 4 or 8 Mbytes 
of memory, a 25-MHz 68020 processor, 
a 1024 x 1024 pixel display with 2 bits 
per pixel, a keyboard, and a mouse. It 
has no external storage and no expan
sion bus; it is a terminal, not a worksta
tion. A 2 megabit per second packet
switched distribution network connects 
the terminals to the CPU and file serv
ers. Although the bandwidth is low for 
applications such as compilation, it is 
more than adequate for the terminal's 
intended purpose: To provide a win
dow system, that is, a multiplexed in
terface to the rest of Plan 9. 

Unlike a workstation, the Gnot does 
not handle compilation; that is done 
by the CPU server. The terminal runs a 
version of the CPU server's operating 
system, configured for a single, smaller 
processor with support for bitmap graph
ics, and uses that to run programs such 
as a window system and a text editor. 
Files are provided by the standard file 
server over the terminal's network con
nection. 

Just like old character terminals, all 
Gnots are equivalent, as they have no 
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(continued from page 50) 
private storage either locally or on the 
file server. They are inexpensive enough 
that every member of our research cen
ter can have two - one at work and 
one at home - and see exactly the 
same system on both. All the files and 
computing resources remain at work 
where they can be shared and main
tained effectively. 

Networks 
Plan 9 has a variety of networks that 
connect the components. To connect 
components on a small (computer cen
ter or departmental) scale, CPU servers 
and file servers communicate over back
to-back DMA controllers. More distant 
machines are connected by traditional 
networks such as Ethernet or Datakit, 
which a terminal or CPU server may 
use completely transparently except for 
performance considerations. Because our 
Datakit network spans the country, Plan 
9 systems could potentially be assem
bled on a large scale. (See Figure 1.) 

To keep their cost down, Gnots em
ploy an inexpensive network that uses 
standard telephone wire and a single
chip interface. (The throughput is re
spectable, about 120 Kbytes per sec
ond.) Getting even that bandwidth to 
home, however, is problematic. Some 
of us have DS-1 lines at 1.54 megabits 
per second; others are experimenting 
with more modest communications 
equipment. Because the terminal only 
mediates communication - it instructs 
the CPU server to connect to the file 
server but does not participate in the 
resulting communication - the rela
tively low bandwidth to the terminal 
does not affect the overall performance 
of the system. 

Figure 1: Plan 9 topology 
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Name Spaces 
There are two kinds of name space in 
Plan 9: The global space of the names 
of the various servers on the network 
and the local space of files and servers 
visible to a process. Names of machines 
and services connected to Datakit are 
hierarchical: nj/mh/astro/helix, for ex
ample, roughly defines the area, build
ing, department, and machine. Because 
the network provides naming for its 
machines, Plan 9 need not directly han
dle global naming issues. It does, how
ever, attach network services to the 
local name space on a per-process ba
sis. This is used to address the issues 
of customizability, transparency, and 
heterogeneity. 

The protocol for communicating with 
Plan 9 services is file-oriented; all ser
vices, local or remote, are arranged 
into a set of file-like objects collected 
into a hierarchy called the name space 
of the server. For a file server, this is a 
trivial requirement. Other services must 
sometimes be more imaginative. For 
instance, a printing service might be 
implemented as a directory in which 
processes create files to be printed. 
Other examples are described in the 
following sections. For the moment, 
consider just a set of ordinary file serv
ers distributed around the network. 

When a program calls a Plan 9 ser
vice, (using mechanisms inherent in 
the network and outside Plan 9 itself) 
the program is connected to the root 
of the service's name space. USing the 
protocol, usually as mediated by the 
local operating system into a set of 
file-oriented system calls, the program 
accesses the service by opening, creat
ing, removing, reading, and writing files 
in the name space. 

After the user selects desired ser
vices (file servers containing personal 
files, data, or software for a group pro
ject, for example), their name spaces 
are collected and joined to the user's 
own private name space by a funda
mental Plan 9 operator called attach. 
The user's name space is formed by the 
union of the spaces of the services 
being used. The local name space is 
assembled by the local operating sys
tem for each user, typically, the termi
nal. The name space is modifiable on 
a per-process level, although in prac
tice the name space is assembled at 
login time and shared by all that user's 
processes. 

To login to the system, the user in
structs the terminal which file server 
to connect to. The terminal calls the 
server, authenticates the user (described 
later), and loads the operating system 
from the server. It then reads a file, 
called the "profile," in the user's per
sonal directory. The profile contains 
commands that define what services 
to use by default, and where in the 
local name space to attach them. For 
example, the main file server to be 
used is attached to the root of the local 
name space, "/", and the process file 
system is attached to the directory 
/proc. The profile then typically starts 
the window system. 

Within each window, a command 
interpreter may be used to execute com
mands locally, using file names inter
preted in the name space assembled 
by the profile. For computation-inten
sive applications such as compilation, 
the user runs a command cpu that se
lects (automatically or by name) a CPU 
server to run commands. After typing 
cpu, the user sees a regular prompt 
from the command interpreter. But that 
command interpreter is running on the 
CPU server in the same name space -
even the same current directory - as 
the cpu command itself. 

The terminal exports a description 
of the name space to the CPU server, 
which then assembles an identical name 
space, so the customized view of the 
system assembled by the terminal is 
the same as that seen on the CPU server. 
(A description of the name space is 
used rather than the name space itself 
so the CPU server may use high-speed 
links when possible, rather than re
quiring terminal intervention.) The cpu 
command affects only the performance 
of subsequent commands; it has noth
ing to do with the services available or 
how they are accessed. 

The following are a few examples 
of the usage and possibilities afforded 
by Plan 9. 

(continued on page 54) 
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(continued from page 52) 
The Process File System 
An example of a local service is the 
"process file system," which permits 
examination and debugging of execut
ing processes through a file-oriented 
interface. It is related to Killian's pro
cess file system but its differences ex
emplify the way that Plan 9 services are 
constructed. 
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The root of the process file system 
is conventionally attached to the direc
tory /proc. (Convention is important in 
Plan 9; many programs have conven
tional names built in that require the 
name space to have a certain form. For 
example, it doesn't matter which server 
the command interpreter /bin/rc comes 
from, but it must have that name to be 
accessible by the commands that call 

Table 1: Files provided for the "process file system" 

on it.) After attachment, the directory 
/proc itself contains one subdirectory 
for each local process in the system, 
with name equal to the numerical 
unique identifier of that process. (Pro
cesses running on the remote CPU 
server may also be made visible; this 
will be discussed shortly.) Each subdi
rectory contains a set of files that im
plement the view of that process. For 
example, /prod77/mem contains an im
age of the virtual memory of process 
number 77. That file is closely related 
to the files in Killian's process file sys
tem, but unlike Killian's, Plan 9's /proc 
implements other functions through 
other files, rather than through peculiar 
operations applied to a single file. Ta
ble 1 shows a list of the files provided 
for each process. 

The status file illustrates how 
heterogeneity and portability can be 
handled by a file server model for sys
tem functions. The command cat/prod 
*/status presents the status of all pro
cesses in the system; in fact, the pro
cess status command ps is just a reformat
ting of the ASCII text so gathered. The 
source for ps is a page long and is 
completely portable across machines. 
Even when /proc contains files for pro
cesses on several heterogeneous ma
chines, the same implementation works. 
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CIRCLE NO. 507 ON READER SERVICE CARD 
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(continued from page 54) 
The functions provided by the ctl file 

can be accessed through further files 
(stop or terminate, for example). We, 
however, chose to fold all the true con
trol operations into the ctl file and pro
vide the more data-intensive functions 
through separate files. 

Note that the selVices Iproc provides, 
although varied, do not strain the no
tion of a process as a file. For example, 
it is not possible to terminate a process 
by attempting to remove its process 
file, nor is it possible to start a new 
process by creating a process file. The 
files give an active view of the pro
cesses, but they do not literally repre
sent them. This distinction is important 
when designing selVices as file sys
tems. 

The Window System 
In Plan 9, user programs, as well as 
specialized stand-alone servers, may pro
vide file selVice. The window system 
is an example of such a program; one 
of Plan 9's most unusual aspects is that 
the window system is implemented as 
a user-level file selVer. 

The window system is a selVer that 
presents a file /dev/cons, similar to the 
/dev/tty or CON: of other systems, to 
the clierit processes running in its win
dows. Because it controls all I/O activi
ties on that file, it can arrange for each 
window's group of processes to see a 
private /dev/cons. When a new win
dow is lflade, the window system allo
cates a new Idev/cons/ file, puts it in a 
new name space (otherwise the same 
as its own) for the new client, and 
begins a client process in that window. 
That process connects the standard in
put and output channels to Idev/cons 
using the normal file opening system 
call and executes a command inter
preter. When the command intetpreter 
prints a prompt, it will therefore be 
written to /dev/cons and appear in the 
appropriate window. 

It is instructive to compare this struc
ture to other operating systems. Most 
operating systems provide a file-like 
/dev/cons that is an alias for the termi
nal connected to a process. A process 
that opens the special file accesses the 
terminal it is running on without know
ing the terminal's precise name. Be
cause the alias is usually provided by 
special arrangement in the operating 
system, it can be difficult for a window 
system to guarantee its client processes 
access to their window through this 
file. Plan 9 handles this problem easily 
by inverting it. A set of processes in a 
window shares a name space, and in 
particular Idev/cons, so by mUltiplex
ing /dev/cons/ and forcing all textual 
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input and output to go through that 
file, the window system can simulate 
the expected properties of the file. 

The window system serves several 
files, all conventionally attached to the 
directory of I/O devices, /dev. These 
include cons, the port for ASCII I/O; 
mouse, a file that reports the position 
of the mouse; and bitblt, which may 
be written messages to execute bitmap 
graphics primitives. Much as the differ
ent cons files keep separate clients' out
put in separate windows, the mouse 
and bitbltfiles are implemented by the 
window system in a way that keeps the 
various clients independent. For exam
ple, when a client process in a window 
writes a message (to the bitblt file) to 
clear the screen, the window system 
clears only that window. All graphics 
sent to partially or totally obscured win
dows are maintained as bitmap layers, 
in memory private to the window sys
tem. The clients are oblivious of one 
another. 

Because the window system is im
plemented entirely at user level with me 
and name space operations, it can be 
run recursively: It may be a client of 
itself. The window system functions by 
opening the files /dev/cons, /dev/bUblt, 
and so forth, as provided by the operat
ing system, and reproduces - multi
plexes - their functionality among its 
clients. Therefore, if a fresh instantia
tion of the window system is run in a 
window, it will behave normally, mul
tiplexing its /dev/cons and other files 
for its clients. This recursion can be 
used profitably to debug a new win
dow system in a window or to mul
tiplex the connection to a CPU server. 
Because the window system has no 
bitmap graphics code - all its graph
ics operations are executed by writing 
standard messages to a file - the win
dow system may be run on any ma
chine that has /dev/bitblt in its name 
space, including the CPU server. 

The cpu Command 
The cpu command connects from a 
terminal to a CPU server using a full
duplex network connection and runs 
a setup process there. The terminal and 
CPU processes exchange information 
about the user and name space, and 
then the terminal-resident process be
comes a user-level file server that makes 
the terminal's private files visible from 
the CPU server. (At the time of writing, 
the CPU server builds the name space 
by reexecuting the user's profile; a ver
sion being designed will export the 
name space using a special terminal
resident server that can be queried to 
recover the terminal's name space.) The 
CPU process makes a few adjustments 
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to the name space, such as making the 
file /dev/cons on the CPU server be the 
same file as on the terminal, and be
gins a command interpreter. The com
mand interpreter then reads commands 
from, and prints results on, its file /dev/ 
cons, which is connected through the 
terminal process to the appropriate win
dow (for example) on the terminal. 
Graphics programs such as bitmap edi
tors may also be executed on the CPU 
server because their definition is en
tirely based on I/O to files "served" by 
the terminal for the CPU server. The 
connection to the CPU server and back 
again is utterly transparent. 

This connection raises the issue of 
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heterogeneity: The CPU server and the 
terminal may be, and in the current 
system are, different types of proces
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binary data and executable code. Bi
nary data can be handled two ways: 
By making it not binary or by strictly 
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ables programs to examine, transpar
ently and portably, the status of remote 
processes. Another example is the file, 
provided by the terminal's operating 
system, /dev/time. This is a fixed-for
mat ASCII representation of the num
ber of seconds since the epoch that 
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Options. 

"Systems Greenleaf Libraries are Making Us Rich" 
- M & Science Ltd., 

Call Now for Demo Pack 
1-800-523-9830 

GREENLEAF 
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FAX: (214)248-7830 

models, 
of course. 
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serves as a time base for make and 
other programs. Processes on the CPU 
server get their time base from the ter
minal, thereby obviating problems of 
distributed clocks. 

For files that are I/O intensive, such 
as Idev/bitblt, the overhead of an ASCII 
interface can be prohibitive. In Plan 9, 
therefore, such files accept a binary 
format in which the byte order is pre
defined, and programs that access the 
files use portable libraries that make 
no assumptions about the order. Thus 
Idev/bitblt is usable from any machine, 
not just the terminal. This principle is 
used throughout Plan 9. For instance, 
the format of the compilers' object files 
and libraries is similarly defined, which 
means that object files are independent 
of the type of the CPU that compiled 
them. 

Having different formats of execut
able binaries is a thornier problem, and 
Plan 9 solves it adequately if not grace
fully. Directories of executable bina
ries are named appropriately: Impsl 
bin, /68020/bin, and so on, and a pro
gram may ascertain, through a special 
server, what CPU type it is running on. 
A program., in particular the cpu com
mand, may therefore attach the appro
priate directory to the conventional 
name /bin so that when a program 
runs, say, /bin/rc, the appropriate file 
is found. The various object files and 
compilers use distinct formats and nam
ing conventions, which makes cross
compilation painless, at least once auto
mated by make or a similar program. 

Security 
Plan 9 does not address security issues 
directly, but some of its aspects are 
relevant to the topic. Breaking the file 
server away from the CPU server en
hances security possibilities. Because 
the file server is a separate machine 
that can only be accessed over the net
work by the standard protocol, and 
therefore can only serve files, it cannot 
run programs. Many security issues are 
resolved by the simple observation that 
the CPU server and file server commu
nicate using a rigorously controlled in
terface through which it is impossible 
to gain special privileges. 

Of course, certain administrative func
tions must be performed on the file 
server, but these are available only 
through a special command interface 
accessible only on the console and 
hence subject to physical security. More
over, that interface is for administration 
only. For example, it permits making 
backups and creating and removing 
files, but not reading files or changing 
their permissions. The contents of a file 
with read permission for only its owner 

will not be divulged by the file seroer to 
any other user, even the administrator. 

This begs the question of how a user 
proves who he or she is. At the mo
ment, we use a simple authentication 
manager on the Datakit network itself, 
so that when a user logs in from a 
terminal, the network assures the authen
ticity of the maker of calls from the 
associated terminal. In order to remove 
the need for trust in our local network, 
we plan to replace the authentication 
manager by a Kerberos-like system. 

Discussion 
A fairly complete version of Plan 9 was 
built in 1987 and 1988, but develop
ment was abandoned. In May of 1989 
work was begun on a completely new 
system, based on the SGI MIPS-based 
multiprocessors, using the first version 
as a bootstrap environment. By Octo
ber, the CPU server could compile all 
its own software, using the first-draft 
file server. The SGI file server came on 
line in February 1990; the true operat
ing system kernel at its core was taken 
from the CPU server's system, but the 
file server is otherwise a completely 
separate program (and computer). The 
CPU server's system was ported to the 
68020 in 13 hours elapsed time in No
vember, 1989. One portability bug was 
found; the fix affected two lines of 
code. At the time this article was origi
nally written, work had just begun on 
a new window system, which has since 
been implemented. An electronic mail 
system has also been added, clearing 
the way for use of Plan 9 on a daily 
basis by all the authors and 50 to 60 
other users. Plan 9 is now up, running, 
and comfortable to use, although it is 
certainly' too early to pass final judg
ment. 

The multiprocessor operating system 
for the MIPS-based CPU server has 454 
lines of assembly language, more than 
half of which save and restore registers 
on interrupts. The kernel proper con
tains 3647 lines of C plus 774 lines of 
header files, which includes all process 
control, virtual memory support, trap 
handling, and so on. There are 1020 
lines of code to interface to the 29 
system calls. Much of the functionality 
of the system is contained in the "driv
ers" that implement built-in servers such 
as /proc, these and the network soft
ware add another 9511 lines of code. 
Most of this code is identical on the 
68020 version; for instance, all the code 
to implement processes, including the 
process switcher and the fork and exec 
system calls, is identical in the two 
versions; the peculiar properties of each 
processor are encapsulated in two five
line assembler routines. (The code for 
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the respective MMUs is quite different, 
although the page fault handler is sub
stantially the same.) It is only fair to 
admit, however, that the compilers for 
the two machines are closely related, 
and the operating system may depend 
on properties of the compiler in un
known ways. 

The system is efficient. On the four
processor machine connected to the 
MIPS file server, the 45 source files of 
the operating system compile in about 
ten seconds of real time and load in 
another ten. (The loader runs single
threaded.) Partly due to the register
saving convention of the compiler, the 
null system call takes only seven mi
croseconds on the MIPS, about half of 
which is attributed to relatively slow 
memory on the multiprocessor. A pro
cess fork takes 700 microseconds irre
spective of the process's size. 

Plan 9 does not implement light
weight processes explicitly. We are un
easy about deciding where on the con
tinuum from fine-grained hardware
supported parallelism to the usual 
timesharing notion of a process we 
should provide support for user 
multiprocessing. Existing definitions of 
threads and lightweight processes seem 
arbitrary and raise more questions than 
they resolve. We prefer to have a single 
kind of process and to permit multiple 
processes to share their address space. 
With the ability to share local memory 
and with efficient process creation and 
SWitching, both of which are in Plan 9, 
we can match the functionality of 
threads without taking a stand on how 
users should multiprocess. 

Process migration is also deliberately 
absent from Plan 9. Although Plan 9 
makes it easy to instantiate processes 
where they can most effectively run, it 
does nothing explicit to make this hap
pen. The compiler, for instance, does 
not arrange that it run on the CPU 
server. We prefer to do coarse-grained 
allocation of computing resources sim
ply by running each new command 
interpreter on a lightly-loaded CPU 
server. Reasonable management of com
puting resources renders process mi
gration unnecessary. 

Other aspects of the system lead to 
other efficiencies. A large single
threaded chess database problem runs 
about four times as fast on Plan 9 as 
on the same machine running com
mercial software because the remote 
cache on the file server is so large. In 
general, most file I/O is done by direct 
DMA from the file server's cache; the 
file server rarely needs to read from 
disk at all. 

Much of Plan 9 is straightforward. The 
individual pieces that make Plan 9 up 
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is not a workstation either; one would 
rarely bother to compile on the Gnot, 
although one would certainly run a 
text editor there. Like the other pieces 
of Plan 9, the Gnot's strength derives 
from careful specialization in concert 
with other specialized components. 
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