Rob Pike, Dave Presotto, Ken Thompson,
and Howard Trickey

lan9js, distributed computing

Security. We decided to build 2 com.
environment assembled from

Pletely new System, including compiler,
Operating System, networking software,

Plan 9,
Unhappy with the trends in commer-
Cial systems, we began a few, years ago

rately, Maintenance jg difficult to cen-
tralize. The machines e replaced ey-
€Iy couple of years to take advantage
of technologica] improvements, render-
ing the hardware obsolete, often be:
fore it hag been paid for. Most telling,
a workstation js 5 largely self-contained
System, not Specialized to any particy-
lar task; too slow and I/O-bound for

€ pieces communicate by a single
brotocol, buyjlt above 3 reliable daty

Bel] labomtorzés, Murray Hill NT07974
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CPU Servers

€vera] Computerg brovide cpyy ser-
vice for pigp 9. The production Cru
server js 4 Silicon Graphics Power ge.

tablished, the user may begin yping
Commands ¢ , com

task — Computation __ as are Ordinary
terminals fe,, theirs,

The file seryer Dresents
10 1ts clients Jile
Sysiem rather than,

invisible ¢ the client, The trye file sys.
tem resjdeg on the wo > and is ¢
cessed through , two-leve] cache of
Magnetic djgk and . The

OF recently-yseq files reside
and are gen; to the Ccpy Server rapjd]

overa high-speeq link, which
faster thap fegular disk ,).

by specia] utilities in
Moreover,/ the
backup System js Provided by the Same
file seryer and the same Mechanism 46
the Origina] files, so Permissions jp the
ACKUD system are identica] ¢, those
in the majn System; yoy €annot use the
backup data to Subvert security,

Termingls

terminal for Plan 9 jq a
Gnot (with silent “G”), a locally-de.

Just like o]g character terminals, 4y
Gnots are €quivalent, 44 they have no
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(continued Jrom page 50)

Pprivate Storage either locally or on the
i They are inexpensive €nough
that every member of oy research cen-

does not affect the overa]] performance
of the system,

Distribution
network

52

€ protocol for Communicating with
Plan 9 seryices is fﬂe—oriented; all ser-
vices, local or remote, are arranged
into a set of file-like objects collected
into a hierarchy called the name Space

ing, removing, reading and writing files
in the name space.

Distribution |
network

After the user selects desired ser-
vices (file servers containing persona]

Processes,

To login to the system, the user jp-
structs the terminal which file server
to connect to. € terminal cajlg the

from the server. It then reads a file,
called the “profile,” in the user’s per-
sonal directory. The profile containg
commands thar define what services
o use by default, and Where in the
local name Space to attach them, For
€xample, the majp file server to be
used is attached to the root of the local
name space, « ”, and the Process file
Systém is attached ¢ the directory
/proc. The profile then typically starts
the window System.

Within each window, g command

by the profile, For Computation-inten-
sive applications such as compilation,
the user runs 4 command cpy thyt ge.
lects (automaticaﬂy or by name) 3 CPU

how they are accessed,

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

(continued on Dage 54)
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(continued Jfrom bage 52) The root of the process file system on it.) After attachment, the directory
e Process File System is conventionally attached to the direc- /proc jtself contains one subdirectory
An €xample of a Jocg] service is the tory /proc, (Convention is important in for each loca] process in the system,

€ Slatus file illustrates how
heterogenelty and portability can pe

ting of the ASCyy text 50 gathered. The
source for ps is 4 page long and g
completely portable 4Cross machines,

Table 1: Fijos Dbrovided for the ¢ brocess file System chines, the same imp]

The DGIS™ SDK gnd o Tl 8015, provides an oufstanding
340]0-based High-Performance THE PUWER UF H,GH feofure-rich pro rqmming mode|
Graphics _Board_ forone with 100 + grop%ics funcfions. The
amazing price. RESULUT’UN GRAPH,BS DGIS SDKincludes documentation
High performance, high resoly- andlanguage bindings forthe DG
fion graphics are the wave of the inferface, device drivers for Win-
future. With the DGIS Software dows 3.0, utilities, and the GSS
Developer'sKitm (SDK), qualified ATI050™ 1024748 34010 ﬁroph-
software developers canwrite for CAN BE REABHED W,TH ics board (which normally sells for
the future foday. 1295 along).
The DGIS Developer's Kit pro- UNE E ASY NUMBER . The DGIS SDK js compatible with
vides everything needed o develop J .

mostCcompilers and supports the
applications and drivers forDGIS- XMS standard as well asDOS
compatible 34010 graphics

Extenders from Rational and Phar-
oards—boards from companies

Lap.
suchas Compag, Dell, Hewlett- Steppingupto the bigscreen has
Packard, NCR,NEC, Tiand more neverbeen eosier
than 30 others worldwide. Software ormoreatrac. S =
eveloped with this kitcan access five. Calltoday,

the full powerof the 34010, support-
ing the greatestnumber of high reso-
lution graphics boards atthe ighest
levels of pe ormance, resolution
and color, ,

DGIS, the premierand most
widely-ship edinterfaceforthe T|
340X0fam; yofgraphics coproces-

Graphic Software Systems
A

Subsidiary of

SPECTRAGRAPHICS

Call (503) 641.2455.
Askfor Dept. DGIS.3'

Allprices sub{ecﬂochange withoutnofice,
G8S,DGIS, The DGJS Software Developer'skit G55 AT1050are
trademarks ofGraphics Sofrware Systemsinc. A lotherirademarks

belong o theirrespective owners.
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People are talking about us.
— 7 7 TN CROTR WO,

F771L-EM/32
6s with thi

Port 4GB mainframe programs to 8038
Winner of PC Magazine’s :

and OS include: Editapa]
Documentation and

; jlist . e Version 3.0
upport, DESQview Support, New
Runtime Licenses. F771-EM/32 $895 05/386 $395

—_— T
Lahey Personal Fortran 77

New Version 3.0: Full ANS] 77, Debugger,

Editor, Linker, Library Manager, Microsoft

and Borland C interfaces, 400 page Manual,
Unbeatable Price. $99

F77L
The compiler of choice among reviewers and
professionals. Includes a Debugger, Editor,
Profiler, Linker, Make Utility, Weitek and 386
Real-Mode Support, Graphics. $595

When people talk ahout FORTRAN
the name mentioned most often is

Computer Sy

Contact us to discuss our products and your needs, (800) 548-4778

Lahey Computer Systems, Inc. P.O. Box 6091, Incline Village, NV 89450

Tel: (702) 831-2500 FAX: (702) 831-8123 Tix: 9102401256
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ObjectVision lets you build C++
objects, interface, and flow on screen. Your diagram is functional as you build it, so,
as fast as you draw objects, you can test them out to see how they work. Then your
diagram is converted into commented, ready-to-compile code in Ct in seconds.

“ObjectVision... gives me an entirely new way
of making software development faster and lets even novice users get a handle on OOP.”
more productive.” - Andre Maziarzewski

$399 Full Program

$99 Educational Version
(full functionality without code generation)

$30 Demo Disk

Developed by the authors of VP-Expert, the world’s best-selling expert systems building tool. Includes manual and OOP tutorial, written
by noted author Paul Harmon, soon to be published as a book by Addison-Wesley.
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“The graphical environment of Object Vision

- PC Week

'ectViS‘ionm

Visual Object-Oriented Programming

Principal Engineer, Al/Expert Systems,
ABB Lummus Crest, lnc,

2124 Kittredge Street
Suite 118
Berkeley, CA 94704
(415) 540-4889

Generates Turba C4+, Glockenspiel C++, Zortech C#+, and Turbo Pascal 5.5, RunsonIBM PCand compatibles with atieast 512 K, EGA orvGa monitor, and mouse, Turbo Pascal
and Turbo C++ are the registered trademarks of Borland International, VP-Expert is a trademark of Paperback Software International, DBase is a trademark of Ashton-Tate,
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(continued from Dbage 54)

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

Note that the services /brocprovides,
although varied, do not strain the no-
tion of a process as a file. For example,
itis not possible to terminate 2 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 services as file sys-
tems.

The Window System

In Plan 9, user programs, as well as
specialized stand-alone servers, may pro-
vide file service. 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 server.

The window system is a server that
presents a file /dev/cons, similar to the
/dev/tty or CON: of other systems, to
the client processes running in its win-
dows. Because it controls al] 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 made, the window system allo-
cates a new /dev/cons/ file, puts it in a
Dew 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 /dev/cons
using the normal file opening system
call and executes a command inter-
preter. When the command interpreter
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
/deuv/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 /dev/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 1/0 devices, /dev. These
include couns, the port for ASCII 1/0;
mouse, a file that reports the Pposition
of the mouse; and bitblt, which may
be written messages to execute bitmap
graphics primitives. Much as the differ-
ent consfiles keep separate clients’ out-
put in separate windows, the mouse
and bitblt files 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 bitbls 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 file
and name space operations, it can be
fun recursively: It may be a client of
itself. The window system functions by
opening the files /dev/cons, /dev/bitbl,
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 3 fijle — the win-
dow system may be run on any ma-
chine that has /dewbirbis in its name
space, including the CPU server.

The ¢ou Command

The ¢pu 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 fijles 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 wil 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 o, its file /dey/
cons, which is connected through the
terminal process to the appropriate win-
dow (for €xample) 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 1/0 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

The first ral Clibraryever...and
sﬁﬂmebestg.a;wudog;ybavetodo
all that grunt work!

Over 400 powerful, time-tested,
well-crafted functions in C and
assembler. Here's a peek under the
hood!

® DOS4xand3.3 support, includ-
ing disk volumes over 32MB.

® Printer: Buffered Interrupt, DOS
Spooler, and via DOS or BIOS.

¢ File Compression / Expansion.

® Keyboard with (text mode)
Mouse.

® Fast Color Text (Direct to video
memory)

heterogeneity: The cPU server and the
terminal may be, and in the current
System are, different types of proces-
sors. There are two distinct problems:
binary data and executable code. Bi-
nary data can be handled two ways:
By making it not binary or by strictly
defining the format of the data at the
byte level. The former is exemplified
by the status file in /proc, which en-
ables programs to €xamine, 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

® DOS Functions - Incl. Drive Sta-
tus, File Time/Date - 45
Functions.

® Interrupts incl. Cntrl-Break
Handler.

® Graphics & Sound.

® Video Effects, Controls, Cursor.

® Color Print, incl. Centered, Jus-
tified.

® String Manipulation, including
String Pointer List operations.

® Keyboard, including single-call
Enhanced board, integrated
with Ctrl-Break Handler.

® Time, Date, Many Formatting
Options.

"Systems Using Greenleaf Libraries are Making Us Rich"
(Ken Baldlry - Art & Science Ltd., London)

Call Now for Demo Pack

1-800-523-9830

No Royalties. FREE Full Source Code and Tech
Support. Professional documentation, BBS Access,
Newsletter, Supports Microsoft 6.0, Turbo C,
Lattice 6.0, Zortech C++, Watcom 7.0 & 8.0,

JPI TopSpeed C.
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GREENLEAF
S

FAX: (214)248-7830
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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-
€asy 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 1/0 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 9up
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are relatively ordinary; its unusual as-
pects lie in their combination. As a case
in point, the recent interest in using X
terminals connected to timeshared hosts
might seem to be similar in spirit to
how Plan 9 terminals are used, but that
is a mistaken impression. The Gnot,
although similar in hardware power to
a typical X terminal, serves a much
higher-level function in the computing
environment. It is a fully programma-
ble computer running a virtual mem-
Ory operating system that maintains its
user’s view of the entire Plan 9 system.
It off loads from the CPU server all the
bookkeeping and I/O intensive chores
that a window system must perform. It

is not a workstation either; one would
rarely bother to compile on the Gnort,
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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