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What Is an Acorn
Archimedes (Arc)?



Acorn’s ARM-based 32-bit desktop computer
released Iin 1987
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Classic”
Arcs

AMRRER

1987 - A300 series

- 8MHz ARM2, 0.5-4MB RAM, no HD ~£700
1987 - A400 series

- 1-4MB RAM, option for 20MB HD ~£2300
1989 - (A400/1 series,) A3000

- Now with MEMCla ~£0600

/;1990 - A540

o 2610100




1983
1984
1985
1986
1987
1987
1987
1988
1989

Other 1980s machines...

Lisa

Mac 512K

Amiga 1000

Compaq 386 (16MHz)

Amiga 500

Mac Il (68020 @16MHz)

Sun 4/110 (SPARC @14.7MHz)
NeXT Cube (68030 @25MHZz)
Mac lici (68030 @25MHz)

~£6500

~£2000

~£1000

ot 2101010,

301010,

~£3500 w/ monitor

~£7500 w/o monitor or HD...
~£3800

~£4800 w/ monitor



Why was It bulilt?

Successor to 8-bit BBC Micro -

Goal: 10x the performance at same price

Business/office computer, workstation, education
Intended to be like a Xerox Star (1981, price ~3-series BMW)
- Or Apple Lisa (1983, price ~VW Golf)

... but a LOT faster and a lot cheaper
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“Project A”, Acorn’s RISC machine

Existing 16-bit CPUs were “a bit crap” - not much faster than the
existing 8-bit systems!

- These CPUs also required an expensive system, DMA controllers

Acorn designhed their own custom computer entirely from
scratch

- Small team - about a dozen designhing chipset and computer
- Needed to be as simple as possible

- It had to be RISC - CISC chips were difficult even for big companies!
- Simple was their key advantage
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Arc specifications

Archimedes machines all have the same basic architecture:

- ARM2 8MHz, 1-4MB of RAM, no cache, 26-bit addresses
- A540 has 30MHz+ ARM3 with 4KB cache, up to 16 MB of RAM @12MHz

MEMC with MMU (1989+ machines had “MEMC1a”, 10% faster)
- 8-channel 8-bit (u-law) stereo audio
Internal WD1772 DD floppy controller, 3.5” 800K, optional ST506 HD
- PC-ish keyboard, 3-button mouse
- Printer port, serial, 16-bit I/O “podule” slots - A3000 also has 8-bit I/O slot



Arc graphics

All video from a simple, flat framebuffer: EEE: IE) C3farchinedesah
- No bitplanes or weird addressing

i
. NO blltter Or Sprltes :( EJ_i 15 the mo [P owerful of the applications i—; = ?. E
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. LI[_[_|I d with RISC 0S. It 15 a structure 1
- (OK, 1 sprite for mouse cursor)
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Resolution up to 640x512
A540 supports 800x600

single-line !
xt area hke:

Up to 256 colours, or 2/4/16 from a palette
of 4096

A400 and A540 can do 1152x900x1bpp !



It's all about the (wst)performance

ARM2 at 8MHz is about 5000 Dhrystones* 1.1, which is:

- >/x faster than an Amiga 1000 or Macintosh (68000 @ 7.xxMHz)
- ~50% faster than a Sun3/160 or Macintosh Il (68020 @ 16.6MHz)
- 2X faster than a 386 @ 16MHz

- About the speed of a VAX11/784

- Half the speed of a MIPS R2000 (which is quite expensive)

- About VY4 the speed of a Sun 4/110 (which is >>4x the cost)

Really quick for the cost!

A540 w/ ARM3 30-36MHz is about 24000-26000 (4.8x ARM2)

* Yes! Dhrystones for benchmarking! Be grateful I'm not quoting “BASIC performance” like a real 1980s kid.
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64MB address space

Top/bottom for OS/userspace
MMU translates User pages

Inherently limited to 16 MB
RAM

/0 1s R/W, but MEMC/VIDC
regs are banked write-only
behind ROM

64M

32M

READ WRITE

16MB Physical RAM

32MB Virtual view of RAM

A

_—2MB MEMC regs
2MB VIDC regs

Supervisor
mode

A

User
mode




ARM1, 1985

3-stage pipelined 32-bit RISC, 6MHz

32-bit instructions, 3-operand, load-
store architecture

All instructions conditional
32-bit regs RO-R14, R15 is PC
Shifted-operand

Load/store multiple

20-bit addresses

50mmz2, 3um 2LM
CMOS 24,000 transistors
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e e e —————— 4 ARM2, 1986

«ll Shrink of ARM1, including
Booth multiplier, mode-
*B banked registers

i

N |ate 1980, VL2333 8MHZz

AR =B Early 1987, viL86C010
BN =il 10/12MHz

¥ 006 OF -0 OF - B0 8 EF
g Rh RE TR EE RE W RE RE N RE R

JJJJJJ,JJ
R ERE SR TR EE ERDE R BE K BR BK E

30mmz2, 2um 2LLM
Bl CMOS 27,000 transistors

o L0 (R PR E 08 5 R OFJL0F SO O 50 6 OF
PR TR EE BR SEEE B DR EE BN TR B RE BERERE RS RE EE




armz26 vs arm32

ARM?2 has R8-R14 banked in Fast Interrupt reQuest (FIQ) mode
- Designed for minimal latency for FIQ

But unlike arm32, R15 contains PC, flags, CPU mode and interrupt
masks:

- 24 Dbits left for (32b-aligned) PC

31 30 29 28 27 26 AS W

ﬂﬂ--llﬂ-lm

State all in one register, less to push/pop on exception
Return from interrupt simply using:
- SUBS PC, R14, #4



MEMC1, 1986

“Anna”

Address translation & protection
Clock generation
DRAM address generation &

refresh
DMA address generation

MEMC1la revision in 1987

31mmz2, 2um 2LM
CMOS 24,000 transistors
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ARM + MEMC

Making best use of DRAM bandwidth is prime factor for performance:
- DRAM Is 32 bits wide

- ARM is pipelined (1 instruction per clock)

- ARM Indicates Sequential cycles for page-mode DRAM access

- Balanced design!

N-cycles are non-sequential, 250ns
S-cycles are sequential, 125ns

Example: STM store multiple instructions take 2N+(1+n)S for n registers
- Store 14 registers (56 bytes) in 2.375us (~25MB/s memzero)



MEMC MMU

MEMC contains a software-loaded CAM that matches a Virtual
Address to one of 128 physical pages

* There are always 128 physical pages per MEMC
* But page size changes!

* Limits memory
* There can be ONLY ONE Virtual mapping of a physical page

- Only translates RAM addresses (no 1O remapping)
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VIDC1, 1985

“Arabella”
RGB video DACs, video FIFO, frame timing

16-entry palette to 12-bit
RGB+transparency, 256 colour mode

Audio FIFO & 8-bit log stereo DAC, 8ch mix

24MHz pixel clock (~VGA

VIDC1la revision in 1986

31mmz2, 2.4um 2LM
CMOQOS 18,000 transistors




|IOC, 1986

T i o
Albion ' i
n .

1O cycle timing : :
KART m ™
Interrupt masks + status _ Il i

al I

4x 2MHz timers/counters : 1:
GPIO/12C =1 iim
llluminati Eye of Providence _ ol
_ b 2l

_ I EH

21mm2 2um 2LM n e

CMQOS 11K transistors
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A500, 1966

Prototype Archimedes
ARM2, 4MB, ST506 HD
OS development
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MEMC isn’t on the data bus

64M READ | WRITE

But it has registers that need programming! ﬂ_
Oh my... Writes to 10MB of address space 16MB Physical RAM
affect MEMC... 32M
E.g. to program MEMC Address Translator, 32MB Virtual view of RAM
write any value to an address 0x38XXXXX-
010€19.9.0.90.90.¢ 0

25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 6 5 4 3 2 1 0

------m- PPN (Physical page 0-127)



A540: >1 MEMC, ARM3 gets cache

Four MEMCs In parallel - all MMUs translate, one
matches the address

Address translation happens outside ARM3,
after cache access

4KB 64-way (!) unified I+D cache, 16B lines

— Changing Virtual-to-Physical mappings
requires a cache invalidate

64M

52M
418M

32M

READ i WRITE

4MB 10

32MB Virtual view of RAM

|8MB MEMC CAM
12MB ROM

16MB Physical RAM

User
mode



Programmed /O

|O done using PIO/CPU
Floppy disc, hard disc, serial, printer
External cards (“podules”) 3 syslem. Fast response time allows
the processor to replace expensive

dedicated logic with software, lowering
the system cost accordingly. Many

FIQ interrupts enable fast “software 10”

cemponant vendors demand higher
prices for their DMA dgavice than for
their CPU. Unfortunately, the CPU is

VLSI: ARM Family Data Manual

Right choice for performance vs cost

Brings “RISC principles” to system: Don’t do it in HW if you can do it in SW
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Hardware: A+4+++ great seller
would buy again

ARM pipelining and LDM/STM make best use of DRAM

Simple as possible: lower power, lower chip cost

No cache: Right choice for simplicity

No DMA: PIO and 16-bit are good for cost

System partitioning: Not all buses on all chips, cheap 68-pin packages

MMU: Pretty weird inverted CAM-style

— Cheap, high performance, low power, worked at all...



Now we just need an OS



ARX, the almost OS

Acorn Research Centre (ARC) started in 1984 in Palo Alto, to develop ARX:
Multitasking, microkernel-based, virtual memory

- GUI (and A500 keyboard has mystery Looks/Menu/Again/Cmd keys)
- Written in Modula-2

Resource-hungry - not fast on a 4MB A500 with HD

With the hardware nearing completion in 1986, ARX wasn’'t complete (or fast)
enough

ARX got killed, ARC closed. So it goes.



Plan B, Arthur, RISC OS

In 1986 (with hardware looming), Acorn started a new OS with well under a year of
development time before the Arc’s launch

- Star-commands like BBC Micro MOS

- “Relocatable Modules” - loadable services/libraries
- 512K ROM, hand-written assembler

- BBC BASIC V (procedures, FP, graphics/fonts support)

- RISC OS adds co-operative multitasking, drag & drop, anti-aliased outline fonts
- “Modules from podules”

Arc launched with Arthur in 1987, then RISC OS in 1988



Arthur 8,38 (17 Jun 1987) 1824K
Acorn ADFS B[] Palette

Arthur Supervisor

¥

18 11 12 13 14 15 16 Pesktop frightening for ne

17 18 13 28 21 22 23

Exit button looms|
24 22 26 27 28 29 38
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h\Eﬁ\
Filar
ADFS Filer
Free 1n RHA 38K

Largest block 37K

SCreen Memory 328K
Cursor/Systen/Sound 32K
System heap/stack 32K
Module area 168K
Font cache 128K
System sprites 328K
RAM disc BEK
Applications {(free) 3J872K
Applications (used) BEK

System workspace 32K
Total 4896K




[t Resources:%.Apps

ADF5: Euudﬂ15n.$ Appl.Draubeno =
s

Draw 1s the most powertul of the applic: l[IL!Il'lh:
supplied with RISC 0S. It is a structured:
i:-_Tr yphics program that can work with a variety
rul basic object types. '

:Fil[l’lh are sequences of straight and curved:

lmes of arbitrary thickness and colour,:
optionally filled with another colour. Dash:

patterns, arrow-heads and various join styles:
are all supported. All basic graphic shapes are’
constructed from paths. Extensive editing:
EI';LciIiti::H are provided for the entering,:
;-I:Lf-llri[l’Ll*:[iLf-ll and manipulanon of paths. '

;T::xt can be supphed either as a .~4ingl=:-|infi Dra ‘&

fext object, or as a multi-column text area hike: e o :
the one you are reading now. Text can be ind didClers
a0y colour, and 1s rendered using anti-aliasing

where possible. " #$%&" () *+,-./0123456789:;<=>7
;Illlilgn."h' can be mcluded m a Draw {ILH:Luufl%E @AEEDEFGH | JKLMNOPQRSTUVWXY Z [ .' ] " _
as bitmaps. Such bitmaps (which can be: "abcdefghijklimnopqgrs t uvwxyz{|}~
coloured and partially transparent) are known: wﬁN 1"|"r‘_l|." CTMY e, E ———EEZETIIZfI fi
as sprites. Extensive facilities for editing: : . 0
iﬁpritfﬁ are provided by Paint. : | ¢Em ¥ § O%«a-@ “£23 |J 11 'l ""”445
i AAAAA#EGEEEEI | | IE}NGDGDGEEUUUUH’PB
<3

r
"\
4
v
e
(=]
-
-
T
Ll

0Ll 1 I - L....._.JL..'..:.'.JH *A‘U ﬂ

HostFS GoodDisc RISCiXBase @1 '@ Apps




1988/9: RISCIX - Acorn’s BSD 4.3 UNIX

A range of workstations:
R140 (really an A440/1)
R225/R260 (really an A540)

A680 unreleased, pre-dates these
M4 very rare development machine

RISCiX development started after chipset was complete

32KB page size very inconvenient but “challenge = opportunity”:

RISCiX used novel on-demand decompression for binaries — sparse filesystem in
1988!

- The only way a 50MB R140 HD would hold a usable distro......
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RISC 12 1.21a mnade Wed Apr 17 28:23:31 1991

real mem = lo6/7721b

avall mem = 13499264

{2 buffers (276 Kbytes)

st[B-11: internal controller

xcbman: NOTICE: no backplane interrupt hardware fitted
et@: can‘t 1nitialise, status Bx@

et@: slot B: 155 1, address B8:88:ad:de:ad:69

WARNING: system has not booted for 11724 days —— CHECK THE DATE!
Swap s1ze = 32.7 HMb

root fstype 4.3, name /dev/stha

swap fstype spec, name /dev/stBs

Dec 9 17:98:26 1nit: single user boot
i



i A0

Checking discs...please walt

Thu Dec 9 17:38:26 GMT 1999

fdey/stBa: Used: 7824 files, 63998 kbytes
fdey/stBa: Free: 147161 kbytes, 3777 frags, 17923 blocks, 1.8% fragmentation
Thu Dec 9 17:39:88 GHMT 1999

starting system logger

starting local daemons: portmap statd lockd.
preserving editor files & clearing /tnp

standard daemons: update cron accounting printer,
starting local services:/etc/rc.local: route .

ihu Pec 7 17:29:81 GMT 1799

Multi-user system started

RISC 1% release 1.21

2:29pm on Thurs, 9 Dec 1999 on console of unix
unix login: root

Passyord:

Last login: Fr1 Hov 3 B7:11:89 on console
RISC 12 1.21a mnade Wed Apr 17 28:23:31 1991

i



Login: user

Password:




A

e+t mon

unix

User

CFU

Systen

CFU

Idle

CPU
Free

MENOrYy
Dizk
}{ transfers

Interrupks

Input

ETérm

¥ pud
AUsrdacorh
t 1=

Aasm

adf zcat
adt scp
adfzls

adf zrm
dzplit

aasm:
% uname -a

b ]

1

Ffd
FFd256
FFdG12

Flpop

logtail

lpscript
} file aasm
squeezed demand paged pure executable sharing JuzrdlibScr9010241405,11

RISC ix unix 1.2 1 arm

(L1

(L1

':..-_-_lll.-'.-_-..'._-.-'._

(L1

0

C

0

0
0

40

0 _

L

0

40

msdoscat
madoscp
msdosls
msdosm
ob,jasm
phead

parotf
reporthug
speaket
SOLIEEZE
LNEqUEsze
WAL

Clients

ATerm 1

xlozo

¥pertmon

Yers1omn
wtorm

wr-adt s
wrmEdos

A DPssion

Help

DMHE:‘
Save ‘

- Errors

Logout ‘




:LOAD "ASH"
dLIST
%E DIM space/ 1824
38 EOnpasss=g-.J0 2 STEP 2
48/ P4=space? : REH P4 15 assemble address
a8\ _[OPT pass#

6
' {8 ,mu_func
Lots of useful stuft in ROM g0 i1 Called from BASIC, RB,R1 are paraneters
98 ofrom maglc variables ﬁH, B4:
1088
Cheaper floppy-only Arcs were HE ML  R2, R@, Rl
Intended for school/home use 138 1 RO returns a value via USR()
igg MU Re, R?
Program it right out of the box! ﬁﬂ MOUS  PL, Rl4
Just need a floppy disc igg 1:HEXT
288 PRINT "Assembled ": (P%4-spaceZ): " bytes"
Powerful assembler in BASIC! o - 19
238 B4 = 436
%EE resulty = USR{my_func)
268 PRINT R4: " times ": B%, " 158 " resulty
+RUN

Azcembled 12 bytes
\ 123 tines 436 15 D6HEE



The Arc legacy

(Well, Arm...)

The machine helped democratise GUI/WYSIWIG and did bring ‘MIPS to the Masses’
RISC OS GUI influenced other GUI systems

- The icon bar :-)

- Anti-aliased outline fonts

People realised that designing a custom computer was possible even if not a
megacorp — S5SoCs, eventually



ADFS: :GoodD1sc. %, Thanks Lock

Thanks to:

Sophie Wilson

Steve Furber
Tudor Brown
Mike Muller
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John Biggs

Jamie Urquhart
The Centre for Computing History
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Thank you!l Any questions™

https: 7ax10.mMS

Press SPHCE or click mouse to contilinue






Backup



Not the Risc PC

* This talk is about the “classic” Archimedes machines 1987-1990:
- 1987 - A300, A400 series

- 1989 - A400/1 series, A3000

- 1990 - A540

* The later machines are the same in most of the interesting ways:

- A5000 & A4 (PC-style floppy/IO, IDE)

- A3010/A3020 (ARM250 SoC, but very similar)

...and eventually got fancy 32-bit addressing in 1994
- Risc PC (ARM610/ARM710/StrongARM, familiar MMU, IDE, DMA)



1983 1984 1985 1986 1987 1988 1989 1990 1991
| A3000 = R540
I\',?i'?fc E:S'iﬂg AAi%%/ A400/1 R225 | A5000
9 R140 @ R260
 RISC OS
I Arthur |RISC OS Rlsféx 2.01 RISC OS
1.2 > ' RISCIX | 3
1.2
ARM1 ARM? INAVE
vibe  MEMC &

[0]@




On ARM1 (6MH2z),

The ARM chip packs 25,000 (ransis-
tors onto a small 30-mm? chip. In con-
trast, Motorola packed about 192,000 de-
vices onto an 80-mm? chip using Z-pm

The chip is about
twice as fast

design rules to build the 2.5-mips 63020
microprocessor. Acorn’s smaller chip im-
proves yields and lowers chip costs by
about a factor of four. The company

as a VAX-11/7860

I S PR S

“Electronics”, Aug 1985



Trivia

Designed in the ‘Silver building’, next to Arm’s Cambridge HQ

Designed on Apollo Domain 68000 workstations (DN600, DN300).
VLS| Compass tools.

Titles for various BBC broadcast TV shows

WE32206 80-bit FPU was used in AT&T 3B2 “UNIX PC”

ARM?2 was running at 12MHz in some A500s (with fast memory)
and up to 18MHz reported with static memory!






Linux for arm?26

Bitrot until 2007, when it was removed
GCC 4.0 quite rightly stopped supporting arm26

...even NetBSD’s acorn26 port was removed in 2015... (



My favourite quotes

MM: “Nobody told us it was difficult”

SW: “Luckily there was no internet or it couldn’t have been done in the
time scale”



RIP Silver
Building

Enjoyed its 5
7x over -

1983—2020

The REAL =
architectural §
legacy of ARM1
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