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This document collects comments about the various architectures supported by Plasgstem
tries to hide most dhe differences between machines, so the machines as seen by a Plan 9 user look differ-
ent from how they are perceived throutdtive software.Also, because we are a small group, we couldn’t
do everything: exploit every optimization, support every model, drive every deMisdocument records
what we have done. Thefirst sectiondiscusses the compileractually the compiler/assembler/loader
suite—for each machineThe second talks about the operating system as implemented onfahehvari-
ous machines.

The Motorola M C68020 compiler

This is actually the oldest compiler of the bunételativeto its competitors-commercial compilers
for the samemachine—it generates quite good codk.assumes at least a 68020 architecture: some of the
addressing modes it generates are not on the 68000 or 68010.

We alsouse this compiler for the 6804@&xceptfor a few instructions and registers available only
from assembly language, the only user-visible difference between these machines is in floatinQyoint.
68020s all have 68881 or 68882 floating point units attached, so to execute floatingrpgmims we
depend orthere being appropriate hardwatgnfortunately the 68040 is not quite so thorough in its imple-
mentation of the IEEE 75dtandard or in its provision of built-in instructions for the transcendental func-
tions. Thelatter was easy to get around: we don’t use them on the 68020 either, buhasedolibrary,
-168881 , that you can use if you need the performance (which can be substsiti@l: runs twice as
fast). Wedon't use this library by default because we want to rursainee binaries on both machines and
don’t want to emulateCOSHnN the operating system.

The problem witHEEE is nastierWe didn’t really want to deal with gradual underflow and all that,
especially since we had half a dozen machines weétl to do it on, so on the 68040 we implement non-
trapping underflow as truncation to zero and do nothing about denormalized numbat-aftumbers.
This means the 68020 and the 68040 are not precisely compdadbtdloating-point experts side with us
on this one, so don't try to talk us out of it.

The MIPS compiler

This compiler generates code for the R2000 and R3000 machines configured to be big-endians.
There is no support for little-endian machin€onsideringits speed, the Plan 9 compilgenerates good
code, but the commercial MIPS compiler with all the stops pulled out consistently beats it by 20% or so,
sometimes moreSinceours compiles about 10 times faster and we spend most of ourdimpling any-
way, we decided the tradeoff was fine.

The compileris solid: we've used it for several big projects and, of course, all our applications run
under it. Thebehavior of floating-point programs is much like on the 68040: the operating system emulates
where necessary to get past non-trapping underflow and overflow, but does not handleugdettialv or
denormalized numbers or not-a-numbe(fgllPS themselves are rumored to have 50,000 lofessembler
to reconstruct the state of the machine and provide this sugpoadfor them.)



The SPARC compiler

The SPARC compiler is also solid and fagte have seen it do mudbetter than GCC with all the
optimizations, but on average it's probably about the same.

We haveno SPARC machines with multiply or divide instructions, so the compiler does not by
default produce themlnsteadit calls internal subroutinesA loader flag-M, causes the instructions be
emitted. Theoperating system has trap code to emulate themciéssary, and it works if we read the book
right (again, we have no hardware with which to be sure).

The floating point story is exactly the same as on the MIPS.

Thelntel i386 compiler

This is really a 386 compiler, not a 286 compildrworks only ifthe machine is in 32-bit protected
mode. Itignores a lot of the stuff in the instruction set, beirignded only for us to get our software run-
ning on the particular 386 PC’s we hawBiventhat caveat, it's fairly solid and generates toleraiolde,
although on both counts its probably weaker than the compilers mentioned above.

Floating point is well-behaved, but we assume lyaue a 387 to execute the instructioffsyou do,
it does the full IEEE 754 job, just like the MC6888Ry default, we don’t use the 387 built-ins foan-
scendentals; usé887 if you want to.

Thelntel 1960 compiler

This compiler was built as a weekend hack to let us get the Cyclone boards rdtisingly been
used to run one prograrthe on-board code in the Cyclerand is therefordikely to be buggy.There
are a numbeof obvious optimizations to the code that have never been attempted: we got the Cyclones
working and moved on.

The AT& T Hobbit compiler

You probably don’t have Blobbit, but we're including the compiler because the chip may grow to
have awider audience, because we wanted to include the version of Plan 9 that runs on this machine, and
for boosterism.Of the compilers we've really used (that is, except for the i960), this one generates the
poorest code.Thereare many improvements to be made butjugt haven't taken the timeMost glar-
ingly, the Hobbit compiler does not support bitfields.

Like the MIPS, Hobbit haa configuration-time bit to be run either big-endian or little-endian; the
compiler produces code for the little-endian case only.

The architecture has floating point defined, and the compiler generates flpainigcode, but the
silicon doesn’t implement itThe operating system has emulation code that does IEEE 754 without gradual
underflow, etc. etc.

The Gnot operating system

The Gnot is a locally-built machine, similar in povesrd design to a SUN-3, with a two-bit-per-pixel
display and no Ethernetnstead,it uses an AT&T internal twisted-pair network called Incdrhe Gnot
has no 1/O bus, buan external port on the back lets simple 1/O boards talk directly to the CPU’s memory
bus. Weused this for a handful of applications: local cache d¢iskters, etc.Most Gnots have no exter-
nal peripherals.

If you have SUN-3'’s lying around, you might consider taking the Gnot port (actuallyoit'a port,
it's the original) as the basis for getting Plan 9 runmanghose machinesYou’ll need to learn about the
SUN-3 MMU, but a combination of the Gnsystem and the Sparcstation system will get you quitelffar.
you want someone else to the work for you, Sydney University got an older version of Plan 9 running on
SUN-3s and have volunteered to be contacted on the subjadt.
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for more information.

The NeXTstation operating system

Plan 9 runs on the 68040-based NeXTstation and on no other MexXHine. Thisis actually one of
our favorite ports: the crispwo-bit-per-pixel display is a delighiThe one strange part is that we need a
three-button mouse, so we unplug the NeXT mouse and use a 9600-baud serial-port hogitseion
serial port B.

To get the system running, you need to indd8IXT’'s boot program as in the TFTP directory
(called /lib/tftpd on Plan 9, if you're booting from there) af@8020/9nextstation where
BOOTP can find i{we of course put it il68020/9nextstation ). Bootthat file from the network by
typing (say)ben /68020/9nextstation to the boot ROM.This will load theboot program and
use that to load the real operating systé&fou canset this up to happen automatically; see the NeXT man-
uals for details.

If you have the old 68030-based cubes on remainder, this system could probably be madeto
them without toanuch work. Like most manufacturers, NeXT kept the architecture pretty similar between
models. The&8030 has a very different MMU, though, so the job won't be trivial.

The MIPS Magnum oper ating system

This is another favorite: although the tube is nothing like as nice #seoNeXTstation, the zippy
MIPS Magnum is all-round a very comfortable place to run Plan 9.

The file you needo access with BOOTP isnips/9magnum . Setthe console ROM environ-
ment variable tanandbootmode toe. Thentypebootp()/mips/9magnum (or whatever) to the boot
ROM to run the systemlf you want to run the machine asCPU server rather than a terminal, set
console to 1 instead and bodmips/9magnumcpu . We also have a disk-resident boot program for
this machine; seleooting (8) for information.

We have Magnun8000’s and the system will run on only that modéle use 1-bit frame buffers
and 8-bit color frame buffers; both run fine from the same binary.

The SGI Power Seriesoperating system

We use SGI Power Series machines as our CPU sendegdon’t use them as workstations, so
you'll find no code in our system to support SGI frame buffers or the Geometry Engimesiachines we
have are 4D series with 103 boardéyou have older machinegth 102 boards, the code should work on
them, too.

You can get started by bootinfmips/9power , but you’ll want to install the program
/mips/9powerboot asb on your boot disk to run the system for re8kethe manual pageooting(8)
for more information.

The Spar cstation oper ating system

We have SUN SLC’s and a straigBparcstation-2; the same binary works on bdthdoes some
auto-configuration at boot timdt does, however, make a couple of assumptions: that ifvareexternal
memory and that there is only one frame buffEneframe buffer it uses is the onetime lowest-numbered
SBUS slot; this is also how the ROM selects the main frame buffeitherof these assumptions is deep-
rooted, but we have very scanty documentation for the machines (SUN was not espelgally so we
didn’t want to try anything risky.

We believe the binary should work on the following machines: Sparcstation 1 (4/60), IPC (4/40), 1+
(4/65), SLC (4/20), Sparcstation 2 (4/75), E[4225), and IPX (4/50), but, as noted, we’ve only tried two
of these. The only frame buffers w&now work are thdwtwo andcgsix , but we think thecgthree
will work since it is supposed to be the same ag@js&x without acceleration hardware, whiale don’t
support anyway (again, no documentatioApotherpeculiarity is that, to usthe frame buffer, you must



set up theROM'’s environment variableutput-device to bescreen so the ROM will enable the
video controller; we don’t know how.

SUN’s ROMS don't use BOOTR download. Insteadthey use RARP to translate their Ethernet
address to their IP addresdowever,the Plan 9 kernebnce loaded, does use BOOTP to discover its IP
address. Ilffou’re booting from disk, this isn’'t as much a problem as if you're bodtong the network.If
the latter, you need to instaparc/9ss as the boot file for the system where TFTP can findfit.
you're booting from a Plan 9 system, just make that the value dfoibi® attribute in thenetwork data-
base (seadb(8)). Torun the machine as a CPU server, ldsparc/9sscpu

As you mightguess, this is not our favorite poBut we do believe it's as solid as the rest and we do
use it for production worklf you have Sparcstations and Magnums, race them.

ThelBM PC operating system

The PC version of Plan 9 boots from DOSHOS can set up things we don’t know about, such as
power managemenilThe system should work on any 386 or 486 PC and can handle anythingwithirns
the PC model, but you may want to tweak the system to handle peculiaiijiesr hardware We run it
on AT&T Safari, AT&T 6386, and Gateway 486 machines.

We use the VGA to support a 648x48MB00x%600 black and white displagolor displays work but
only generate monochrome.

To boot the system, copy the fil&86/b.com and/386/9pc to a DOS floppy (sedossrv(4)).
Then runb.com on the PC to bootstrap the systert. will ask what device to boot fromType
fdl0'9pc  or fd!1!9pc  depending on the floppy unit numbewhen the system boots, it will ask
where to get its filesAt this point, you'll either need an Ethernet and a Playstem (typd ) or you'll
need to get useful files loaded on the PC’s disk.

If you want to run a PC stand-alone, follow the instructions in the docu@oafiguring a PC.

The Hobbit operating system
This system runs only on a home-built board, so it's probably not of much interest.

Thefileserver

The file server runs on only a handful of distinct machink's. a stand-alone program, distantly
related to the CPU server code, that runs no user codedads is serve files on network connectiofts.
supports SCSI disks only, which can be interleaved for faster througBpatsconfig(8) for an explana-
tion of how to configure a file server.

To boot afile server, follow the directions for booting a CPU server using the file @emaehtype
wheremachtype is power , magnum ss, etc. as appropriate.

The SGI file server

The system runsn 4D multiprocessors with 102 or 103 boards, just like the CPU server system.
The supports the internal LANCE Ethernet controllertioa 102 or 103, or you can use an Interphase
V/Ethernet 4207Eagle controller on the VME(The old system did not support the internal SCSI con-
troller; it does now; you need no Jaguar.)

The MIPS 6280 file server

This version of the system is prettyuch a port of the SGI system, so has the same propéefties.
use an Eagle Ethernet controller and an Interphase V/SCSI 4210 dagu&CSI disk controller on the
VME bus. Thereis no support for the internal SMD drive.



The MIPSMagnum file server

The Magnum file server doesn't use thglt-in frame buffer: it requires a 9600 baud terminal con-
nected tdtyl. Set theconsole environment variable tbh and boot using BOOTP.

The Spar cstation file server

The system assumes the sdiriags about the hardware as the Sparcstation CPU serverldode.
ever, the file server doesn’t use any existing frame buffeeqires a 9600 baud terminal connected to
ttya . Itis known to work only on a Sparcstation 2 (4/75).

Backup

Our main fileserver is unlikely to be much like yourit!s an SGI Power Series 4D multiprocessor
with 128 megabytes afache memory, 7 gigabytes of SCSI magnetic disk, and a SONY WDA-610 Writ-
able Disk Auto Changer (WORM), which stores almost gisfabytes of dataThe WORM is actually the
prime storage; the SCSI disk is just a cache to improve perform&aek.each morning the system con-
structs on WORM aimage of the entire system as it appears that @ay.backup system is therefore just
a file server that lets you look at yesterday’s (or last year’s) file system.

The SONY WORM is the only one we've tried atiterefore the only one for which we have a
driver. It shouldn't be too hard tadapt the code to a different brand of jukebox, but there are certainly
assumptions about the peculiarities of the device (the things are all wéad)night also consider attach-
ing a CD-R jukebox or even just using a singl®RM drive and managing the dumps a little less automat-
ically. Thisis just along way of saying that the system as distributed has no explicit method of backup
other than through the WORM jukebox.

Not everyone can invest in such expensive hardware, howAltaoughit wouldn’t be as luxurious,
it would be possible to usakfs (8) to build regular file systerarchives and usscuzz (8) to stream them
to a SCSI 8mm tape drivéMkext could then extract them.

It's alsopossible to treat a regular disk, or even a part of a disk, as a fake WORM, which can then be
streamed to tape when it fillsSThisis a bad idea for a production system &gfood way to learn about the
WORM software. Again, seefsconfig(8) for details.

Other systems

You may have little-endian MIPSes, or IBM RS6000s, or HP PAs, or DEC Alphas, or all kinds of
other machines not on the above lisBleasedon’t ask us to do the port for yoWe've had our fill of
ports andworthy though all this porting activity has been, it's dull and can easily take up all one’s time.
Although the applications all port triviallithey really do), the work of building and maintaining all the
compilers and machine-dependent parts of the operating system and driving all those Hitiedsnof 1/0
devices is substantialAdding another machine to the list is not free, it's a linear amount of wohe
constant is small bl is getting large.



