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My story - a timeline, with excursions into

some comedy bugs, maths, and CPU testing

* Nothing to do with RISC OS - sorry folks!
* “What it was like"” at Acorn, early days...

* Holiday jobs at 4a Market Hill - Atomic Age
* Atom Invaders, Atom Snapper

* Proper job at Cherry Hinton — Beebs everywhere!
« ADFS; DFS - bugs bugs bugs - “Disc Fault 18"

* The 2™ processors, the “twos” bug
* Electron ADFS *compact problems

 ARM! ...test suite — FPU co-processor; RISCiX
- The end? No! Diplomatic incident with DEC...
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Context — Student Life

* 1979-1980 | was studing Mathematics Part 1A
(that means the First year) at King's, Cambridge

* Avery earnest
young
student!
Already with
an interest in
computers —
this pic from
Sixth Form.




_'_

Holiday jobs - 1

Summer 1980. End of term; exams finished... what to do? Look
at my mates’ computer magazines and go and See... o

aaaaaaa

Sinclair! With the MK14, office on RN
King's Parade, but they had no jobs. ¥ RN

Next... Acorn! at 4a Market Hill.
System 1 and this new “Atom” thing.
| met Hermann and he asked “what
do you know about the Atom”, | said
not a lot but...

So | had a job, answering tech support
calls, in theory — in practice it was
placating angry people who wanted
to know where their Atom kit was!
'Cos of course Acorn cashed all their
cheques.... ££££¢£...!




e

Acorn’s new baby...

Hermann and
Chris (Curry)
promoting the
Acorn Atom on
the front lawn at
King'’s.

Orders were
overwhelming...

Aww, didn’t they
look young!

The hair!

The trousers!
The ducks!




4a Market Hill

e Strange
electrica

Where it all began....

ouilding, with an
substation in the

ground f

e Frozen d

oor — was the

Electricity Showroom.
e Fruit machines!

rains!

(They used the pub yard
between the Mitre and the
Baron for “Micro Men”)
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Xmas 1980, just staying up as long as poss. Cold!

The Atom Colour Board — add on to mix in the
4.333MHz chrominance signal to video out.
“There’s not enough red in it”

..decided hardware is a bad idea.... w =



But | did buy and build myself an
Atom... then wrote Invaders
(instead of doing Pt 1B Maths).
And sold it to DJD at AcornSoft,
and on that basis worked For
them over Summer 1981.

Atom Snapper! 3 CHAIN'd BASIC asm progs!

_
Iﬂﬂ

|—ﬂ I_H

=i =

...and switched to CompSci for Part 2.



A Proper Jot; — Sept 1982

Acorn, John Horton: “Who are you?” ...

But anyway, a proper job with pay:
£6000 pa!

 BBC Micros everywhere, plus System
3/4/5...

« ADF'S — a better filing system for the
BBC Micro

e DFFS0.9 = DFS1.2 many many
bugs fixed
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ADFSVSDFS 0.90

« ADF'S — aka asadDOS

* Bigger, heirarchical directories — 47 entries, 5 blocks

- Type attributes for is-a-dir, plus RWXL
— DFS: 31 files in total on the disc! Single letter “qualifier”

* Longer filenames: 10 chars - think Twitter!
— DFS: 7 chars + 1 “qualifier”
 More open files: 9 at once

— Open file block caching, 5 blocks, 9 Files
- DFS: 5 open at once

Double density floppies, MFM coding not FM

“Winchester” Hard discs — 3Mb (sic), 10Mb soon, 30Mb
later!

- Free space list, ‘cos you can't see all the files at once



ADF'S and its workings

e ADF'S — aka asadDos spec’'d by Sophie Wilson.

* Bigger, heirarchical directories
— So possible to partially write = Sequence number, ID text
* More open files: 9 at once - 5 blocks cache, 9 open files =

- LRU algorithm - chase a flag round and round the circular buffer of blocks: statistically
it'll be on the one used longest ago, because it moves on whenever you use a block.

* Great for 2 or 3 open files — deferred commit, parallelism possible.
* Fine for regular use of, say 4 files and 2 or more idle, but...

* Hard discs — 3Mb (sic), 10Mb soon, 30Mb later! =

— Free space list separate from File list — inconsistency is possible!

- Files are single extent. So you must occasionally move an open file, if it's growing!
* Rule of thumb: if it got to size S, chances are it’ll get to 2 x S so extend accordingly.
Free list 83 entries of 6 bytes, [Start, Length]: join &c.

Allocation algorithms: PFEFF selected from PFEWF, FFWF

 Simulated, and chosen to minimise the expected length of the free list
* Full free list might mean it's impossible to delete a File!

*COMPACT

* More bugs here than | can bear to think about...
« So lots of consistency checking tools, in BASIC: block editor, £sck-alike.



Meanwhile, DFS 0.90 = 1.20

 DFS 0.90 was a terrible buggy pile of...

* No Wonder Watford Electronics et al were eating

Acorn’s lunch with their ripped-off clones

— One Watford product was a dissassembly, re-ordered,

reassembled, with the same bugsinit! Court case!
* So | was redirected (ahem) to fix it.

* ADFS was kinda taking shape but most of the work

thus fFar had been on Winchester drivers, and testing.

* Nightmare... but the worst of all was...



DF'S: "Disc Fau_lt 18” bug! (1)

Very rarely, when writing a file to fFloppy disc using DFS, it
would say Disc Fault 18, and the disc would then be

unusable. Code 18 means “Sector not found” - ie. broken
formatting.
* Nightmare:

* Rarity — very difficult to reproduce

* Writing can't do that, it doesn’t write the headers

* Fortunately someone in production engineering worked out
that it was only one make of floppy drive that did this. Aha!
Something to get hold of!

* |t was always the physical sector #2 of the track — which
could be different logical sector numbers...

* So we need to talk about formatting, sorry...



R ———

"Disc Fault 18" :Formats (2)

* 10 sectors per track, with an index hole to start

the search.
 Plain fo rmatting: Index R/W head relative motion ---->
\ Vv
..3456789101.345678..
° |nte rleave 3: <---- Disc moves this way

10 |7 |a 1-529631074185..

* Interleave plus track interleave: Tr2ek Track sector

Z.529631074

4 8 |5 (2 (9 |6 |3 (10 |7

e It's all horrible... (—A ...

Actuator Arm




"Disc Fault 18” -timing! (3)

* Asectorisanidentifying header, plus data + CRC, then
a gap. Reading eq. #2 is easy:

Headerl Datal gap Header2 Data2 gap
Read, : : Read,
- Time this way B2 a—
* Writing #1 then #2 for example:
Headerl Datal gap Header2 Data2 gap
Read, a Read, a
is it #17 99P s it #22 gap
/L\\ /Q/\\ E N
8271 Change from Back to Change from
read to write g reading ¥read to write

chip:



"Disc Fault 18”7 —writes (4)

 Why's that gap there? Because rotation speed
is not absolutely the same as when we
formatted it — or wrote it last time....

Headerl Datal gap Header2 Data2 gap

Read, Read,

e and noris the 8271 system clock speed!
* So what if....

Headerl Datal gap Header2 Data2 gap

Read,
IS it #17?

gap




"Disc Fault 18” —atheory (5)

* So we had a possible explanation — a theory
 How do these 5" disc drives actually work?

* So we set about putting oscilloscopes on the
innards — there were only a few wires to the motor
and the external interface to the 8271.

* Normally:
1 -




"Disc Fault 18” —Proven! (6)

e Can we catchitin the act?

* Yes! This particular brand of drives said “Ready”
as soon as the motor is up to speed, including,
momentarily, faster !

* Disc Fault 18: we saw it happen on the ‘scope!

During this write
period, the disc is

ready

spinning too fast! write
The write will be speed
0 smeared out
too long!

* The fix was boring: add a delay. Hardware huh.



Back to ADFS — the “twos” bug (1)

« Having released DFS 1.0 and then DFS 1.2 in the “DNFS” ROM,
back to ADFS, with lots of work still to do. But at the same
time...

* The “twos” bug. Co-processor aka 2" Processor connects to the
Beeb via “The Tube”

« Just a set of FIFOs of varying lengths; some were a couple of bytes,
one 8 and one 16 bytes IIRC.

« With Flags for Full/Empty/Available &c.
* Completely asynchronous.

 Rarely (!) the Beeb would go mad, spewing character “2" 0x22
to the screen as fast as it could.

* |t was prompted by Tube traffic - like you'd do in ADFS testing.
Or maybe an econet file server. | honestly can’t remember.

* So we set about it with a logic analyser....



The “twos” bug — what happens? (2)

It would fire every few hours on a busy system
e ...such as testing ADFS and similar, hammering away.

* The logic analyser knew 6502. Beeb was stuck in a
loop, had to work back from that.

* With a lot of logic analyser programming, | hunted
down where the Beeb-side 6502 was losing its mind:

* This was the code. It polls for anything from the Tube,
fFast as it can, normally spinning like mad then quitting
the loop when there's something to do.

- BEC4 polll: BIT OxFEE7 ; anything ready?
— BEC7 BPL polll ; hope; else:
- BEC9 LDA OxFEE6 ; get the data

— BECC



What's a logic analyser? (2a)

* A logic analyseris big and clever

* Records lots and lots of data in parallel, and Fast

 Literally dozens of wires —unheard of if you had only
known an oscilloscope.

e So can disassemble 6502 ops, given the data
bus, address bus, read/write lines, instruction
fetch line &c.

More interestingly,

they were expensive:

£25,000 —same as a

house (1983)

Luckily, also well

made — coffee proof.




The “twos” bug — caught! (3)

* | managed to catch it, recorded on screen,
performing a Branch instruction incorrectly:

* (kind of a short version of what a logic analyser records)

— BEC4 BIT OxXFEE7

— BEC7 BPL -3

— BEC4 BIT OxFEE7

— BEC7 BPL -3

-BDBE = .. .. What the actual..!

e |t branched somewhere like 0xBDBE -
madness!

* Not the branch target, not the next instruction!

* Using a nasty mix of the hi-byte and the same
decremented to construct a destination!



The “twos” bug butwhy7( )

* At the same time Sophie and Steve (Furber) had been thinking and
talking to Western (Design?) makers of the 6502. They said:

“Yeah, we've seen that too. Odd, isn’t it?”

- Hardware eh... again....
* Well. But anyway, it turns out — this was R & S's best theory - that
it's all down to metastability.

* Registers are bistable circuits, flip-
flops, D-types, as we say. They
remember things (“stable”) ‘cos the
two extreme states (‘O’ or ‘1’) are
lower energy states than anywhere
In between.

* You need to add a lot (relatively) of energy
to change it — to drive the state “over the

hump”.

* Like a marble in a box with a triangular
partition — it stays one side or the other, but
you can change it if you raise it, uses
energy




The “twos” bug - registers (5)

* This all very simplified. Anyway...

 When it's Flipped (1) or flopped (0) the energy is at
one or other end of the graph.

* Change it by hitting one of the switches to force
one transistor not to conduct and so force the

other to do so. +9V
Actually copies an analogue R1 R2
voltage into this range: k8¢  Ra Re <1k8
0 17 47K 47k

Out

Q1
2N3904

Q2
2N3904

which then “falls off”
to one end or the other




The “twos” bug — metastable (6)

Suppose a synchronous system sees an asynchronous signal, half-
way through changing. It might land on the top of that curve — at
the metastable point.

* Like balancing a pencil on its point.
 Thermal noise or EMI from clocks will perturb it...
* ..soitsettlesinto one state

. Copies a half-way signal into
...or the other. the middle of this:

0 T
We think the Branch machine
Inside the 6502 saw a metastable
state, and read it one way in the
first cycle of preparation, and the .
other way in the 2" — hence the which eventually “falls off”

] to one end or the other
mad, mixed-up dest address!




The “twos” bug - fixes (7)

Due to manufacturing variation and layout, no
two Flip-fFlops are the same. Every bit in every
register is unique. So you have a set of energy
curves....

By moving the data from
one register to another, and
back (say) it gets filtered
through several sets of
hardware — they won'’t have
the same metastable point
— so the value will fall off to
one or other extreme.

Before the mad bad
Branch instruction sees it!



The “twos” bug - Fixed (8)

The fix is just to add a delay and transFer the data
around the registers a bit.. -

— BEC4 polll: LDA OxFEE7 ; anythin

— BEC7 TAX

— BECS8 TXA

— BECY9 BPL polll ; nope; e
— BECB LDA OxFEEG6 ; get the
— BECE

« Original setthe N (negatlve) blt in the Flags register, then immediately
branched on that register bit using BPL (branch if positive) instruction.

 New version loads into Accumulator, then moves to X, then moves back with
the side-effect of setting the N bit. That's 3 physically distinct places the

value has been stored prior to using it in the branch. So P(fail) is cubed.

* Changes from O(4 hours) observed — 1 in some 10s of millions of tube
transfer ops —to 1in 107220 order of magnitude - literally to O(millions of
years)

— At a cost of two extra 1-byte instructions, we thought that sufficient.
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ADFS for the Electron

3
‘‘‘‘‘‘‘‘‘
0 AE
B W =
9 W A\
7

- Well, it just worked. Mostly. \!

* And quite right too; that was the point of all
those complicated “sideways” calls and properly
designed OS interfaces with indirection vectors
and all that.

* Properly written software was portable!

e But... but but... *coMPACT would occasionally
corrupt the ADF'S file system! Badly!

* This was bad news. We wanted it out for Xmas!
* So, SWAT team or “Tiger team” time....

* There were other issues, wasn’t just me :-)



Electron *COMPACT bug (1)

TopExpress were consulted. We set up in their
offices on Bridge St — now La Margherita very
lovely pizza and Italian place.




Electron *COMPACT bug (2)

* So, some all-night debugging sessions with Pizza
(From downstairs perhaps) provided by legendary
Commander Paul Bond.

* How could it go wrong? Nothing is different!

* But gowrong it did. Repeatably. But only when
using the screen memory as is the default. Then...
at about 4 in the morning... Jon T said...

* “You do know the cursor is in software don’t you?”

* | did then. Aargh. Atimerinterrupt XORs the screen
memory regularly to show the flashing curser.

e ...s0 corrupting the data ADFS is moving about!



Electron *COMPACT bug (3)

« To test this, we did the vbu 23, 1, 0, .. whatever it was
to turn the cursor off, and re-ran the test.

* It was fine. Phew. There was space in the ROM to fix it -
issue the VDU command from inside ADF'S when using
screen RAM for *COMPACT.

* But, the candidate ROM image at that time had been very
thoroughly tested by then. It was a good candidate, and
the Fix For this issue was simple. There was time
pressure. So:

* The ROM without the fix was shipped. Pity.
« (a BASIC program was supplied to do *CoOMPACT safely for you)

 Sadly, because of issues with manufacturing the ULA (|
think), the Elk was late for Xmas anyway...



Project A - Top Secret!

* |t was the ARM CPU project.

* The only thing | ever worked on which actually,
arguably, bettered the lot of humankind.

* We all signed a sort of internal NDA, no talking
even to colleagues unless they had also been
indoctrinated into Project A. Strange, thrilling,
stuff — very exciting!

* The Museum has one of these letters.

* (Project "B"” was the Master 128 with all the
sideways RAM and like HW extensions)

* So how do you make a completely new CPU?

13/06/2025



How to build an ARM - ISA

* The design was a plaintext document with much
ASCII art For instruction layouts and register set
description and suchlike

°* https://www.wss.co.uk/pinknoise/ARMinstrs/ARMinstrs.html
has some of the flavour of this:

0
Data Processing Instructions | Mode | Registers available |
e
xxxx0806a aaaSnnnn ddddcccc ctttmmmm Register form _!_ USR _!_ RB ¥ RI14 RIS _!_
xxxx88la aaaSnnnn ddddrrrr bbbbbbbb Immediate form | FIQ | R8 R7 | R FIO R14 FIQ RI15 |
T T T ——
aada Assembler Meaning P-Code | IR0 | RB - R12 | RlE_IH"] . H.l‘l-_IRﬂ R15 |
2860 AND Boolean And Rd = Rn AND Op2 R e
8881 EOR Boolean Eor Rd = Rn EOR Op2 | SW\C | R@ - R12 | R13 5VC - R14 5VC RI15 |
@el1e SUB Subtract Rd = Rm - 0OpZ T SO 1
8e11 RSB Reverse Subtract Rd = 0p2 - Rn
alea ADD Addition Rd = BRm + 0Op2
8161 ADC Add with Carry Fd = Rm + 0Op2 +
alloe SBC Subtract with carry Rd = Rm - ©Op2 - {(1-C})
2111 RSC Reverse sub w/carry Rd = 0p2 - Rn - {1-C)
18600 TST Test bit Rn AND 0Op2
18681 TEQ Test equality Rn EOR Op2
1618 CHMP Compare Rn - OQOp2
1811 CHN Compare Negative Rn + Op2
1188 ORR Boolean Or Rd = Rm OR 0Op2
1161 MOV Mowve wvalue Rd = Op2
111@ BIC Bit clear Rd = Rm AND WOT OpZ2 36
1111 MVH Mowe Hot Rd = HOT Op2



How to build an ARM —design

 Emulation! Emulators, several.

* to express the design in different ways, with different
abstractions; independent implemenations verify the
documentation has no ambiguities

* And tests. A whole test suite, for every nook and
cranny and corner

* torun on each and every emulator and simulator
* to check they agree with each other

« penultimately, to agree with the simulation of the
hardware; and

 ultimately, to validate the actual chip!
* And a chip design team of course, to make silicon

13/06/2025 37



ARM Emulators

 Emulation! Emulators, several

* Remember this is all in an environment of BBC micros!
* One in BASIC from Sophie and Steve

* this was first, and kind-of defined what was right

* Another in BASIC that more matched the chip
architecture, the internals block-by-block and clock-by-
clock (I think, not that sure)

* Onein 6502 Assembler from Jon T, for speed of testing
the tests and other code

* The hardware simulator on the Apollo workstations,
downstairs in the Silver Building with the scary chip-
design people

13/06/2025 38



ARM Emulators (2)

....in BASIC....
 BASIC ISA emulator

* this was where we verified that you could do useful things with this strange new ISA -
eg. memcpy(), strcmp(), lookups, lists

* tested viability of various algorithms in ARM

* it was slow, but that wasn’'t important

* lots of sanity checking

» evaluation of usefulness of odd instructions — RSB, CMN

* Chip Architecture emulator in BASIC

* this echoed the chip architecture, the internals block-by-block and clock-by-clock (I
think, not that sure) [very slow, 100s of Hz]

* it validated the block design of the silicon

* Also for considering feasibility of new instructions that weren't originally
decided: RSB and CMN for example, | do remember.

* RSB in particular implied a new data path in the ALU - feasible? Yes.
— dest := K - rnasopposedtotheusualdest := rn - K
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ARM Emulators (3)

* 6502 Assembler, ran on Tube® 6502 co-processors

* Written by Jon T, for speed of testing the tests and
other code

* Written according to the ISA Spec — another test for
ambiguity in that

* Usefully fFast-10’s of kHz +

* The hardware simulator on the Apollo
workstations where the Silicon was laid out

* sloooow.... 1/10 Hz?

 Validated the actual on-chip layout of polygons and
transitors — really the most important thing ever!
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ARM Emulzﬂ:o_r_s - runtime

* All these emulators offered the most trivial run-time
services:

e Start at address zero

* Jump to exception vectors on exceptions
— arguably this is part of implementing the ISA, but anyway...
* One Software Interrupt is handled:

e SWI O, “Hello World\n”

* somehow shows you the text message
* Later, external “hardware” to cause IRQ and NM|

 after variable time delays

» controlled by co-processor instructions
13/06/2025 41



Writing for ARM

 All test, indeed all software for ARM was written in assembler language

« Acorn previous had several assemblers for 6502, themselves written in
6502 assembly language, such as UASM, MASM

* MASM in particular had good Macro ASseMbly features

MOV Rd, #0@

ADDEQS Rd, Bn, Bm, ASL Rc
ANDEQ Rd, Rn, Rm

TEQP  Pn, #&BOOOGOOOO
CMP Rn, Am

* So Jon T made ARMASM (lIRC) from MASM, keeping the same good
macro assembly features

* Macros are like #define macros in C (well, the C preprocessor)
* | don’t recall how much | macro-ized test stuff tho
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The ARM Eest su_ite — how?

* How to test something where you know nothing
about what already works?

* Build from nothing!
e ...because you have to assume something!

* The fFundamental something is that instructions are
executed in the right order and that the SWI 0, .. does
indeed show you a message

* But you can test this! Just make the most
fundamental test be “Hello World!” sitting right there
at address zero, the reset vector

* | think the initial tests actually sat at zero, but they
maybe depended on one branch working, to jump
“"6Ver the other vectors...
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The ARM test suite - bootstrap

* Build from almost nothing:

Load immediate zero; check the Z flag is set
Load immediate 1; check the Z flag is not set

Compare a zero with zero; is Z set?
Compare a zero with 1; is Z not set?
Ditto with a selection of other numbers.
Fixed ADDs, compare with immediate answer

* and wrong answer

Fixed ADC, SUB, SBC, RSB....

All written out in full, because you don't know that other instructions
work enough (yet) to use a table, and a loop, and memory - all this sort
of thing:

- MOV R1, #17; ADD R2, R1, #20; CMP R2, #37; BEQ OK238; ..

So lots of little programs that just use SWI 0; ="Bad
Subtract”, 0; (justlike BRK on 6502) for error messages/printout.
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— Don’t remember how we tested SWI itself! Probably SWI <nonzero>.
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The ARM test suite - corners

* These ALU tests are all framed also to test the branch
instruction, taken (and sometimes not-taken)

 if BEQ does nothing, get a fail message, so style:
B MOV R7, #77; CMPS R7,#77; BNE fail77;
- BEQ aok77;
- fail77: SWI 0, “FAIL77\n”

— aok77: ...next test

* Also, explicit, tedious longhand tests for things like, are
registers distinct? Is the PC doing what it should?

* interleave a lot of similar other tests
* “interesting” constants: 2"+k, 2™-1 ...&c &c

* An observation about RAM: you can connect the data and
address lines in any order you like! The register bank is just
LO202R AM. So be aware.... only PC=R15 and LR=R14 are special. ©



The ARM test suite - longhand

* Once you think you have a working ALU and
oranching ability, you can do the same sorts of
chings with load and store, again slowly
ouilding on fundamentals, treating some RAM

a little like you treated the register bank in the
earlier tests.

 Check for distinction of locations

* Try patterns that would spot, for example, address
lines being used or OR'd or AND'd &c with data

* After simple LDR, STR, with all the addressing

modes — and checking writeback or not, move onto
LDM and STM, mix the two ways
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One example in detail - Shifter

T2-32 %BRewvision: 3.2 % R Te5ting RRY #&&&kik
b o TEStiI’Ig ASL E HD""' E=H' datE.:l
:33' E=1- 33E3=i MOV, C=1, data=1

r B=H. data= MOVS, C=8, data=1
novs, c-1, data-1 MOVS, C=1, data=1
MOVS, C=8, data=1 » L= 'd =
MOV, C=1, data = &7FFFFFFF MOV, C=8, data=&FFFFFFFF
MOV, C=8, data = &7FFFFFFF MOV, C=1, data=&7FFFFFFF
MOVS, C=1, data = &7FFFFFFF MOVS, C=@, data=&FFFFFFFF
MOVS, C=08, data = &TFFFFFFF MOVs, C=1, data=&7FFFFFFF
*xxxks® Testing LSR **#*®sx Test large register shifts
MOV, C=1, data=1 *xx%k ROR **%%%
MOV, C=8, data=1 wEEEE NG| wEEEE
MOVsS, C=1, data=1 EEEEE | GR FEEEF
MOVS, C=08, data=1 #kEEE NGR FeEEE
MoV, C=1, data = &7FFFFFFF Special cases of immediate shifts
MOV, C=8, data = &7FFFFFFF

Testing all imm. ASLs, data=1

oSy T data = &7FFFFFFF Testing all imm. ASLs, data=&FFFFFFFF

MOvVs, C=8, data = &TFFFFFFF . .

sxxxxsx Testing ASR **=s#sx TESt}ng all imm. LSRs, data=1

MOV, C=1, data=1 Testing all imm. LSRs, data=&FFFFFFFF
MOV, C=8, data=1 Testing all imm. ASRs, data=1

Movs, C=1, data=1 Testing all imm. ASRs, data=&7FFFFFFF
Mows, C=8, data=1 Testing all imm. RORs, data=1

MOV, C=1, data = &7FFFFFFF Testing all imm. RORs, data=&7FFFFFFF
MOV, C=8, data = &7FFFFFFF *#%#% Const Shifter ##%=*

MOVS, C=1, data = &7FFFFFFF Sucessfully completed 00088886 of 6 Test
MOvVsS, C=8, data = &TFFFFFFF All OK %Revision: 3.2 %

*xxsx%% Testing ROR ***sxxx
MOV, C=1, data=1

#* TEST PASSED OK **
MOV, C=8, data=1 o i

MOVS, C=8, data=1

MoV, C=1, data=&7FFFFFFF

MoV, C=8, data=&7FFFFFFF

MOvVs, C=1, data=&T7FFFFFFF 47
MOVS, C=8, data=&7FFFFFFF

o o TESting RR_x_ O T R T R



The ARM tést suité - coverage

* Thus, in small steps, you bootstrap
understanding of what works — has been
shown to work — so you can run loops with
table-driven data for the tests, and so on.

e Ultimately, the most complex tests featured a
memory-mapped timer that could make
interrupts, after some number of ticks.

* Simple enough to add a software simulation of
that to all the CPU simulators

« after all they aready had RAM, and a lack of it, for
testing traps of bad addresses &c.
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The ARM teét suité - interrupts

e So the ultimate tests were a selection of the
previous “simple” tests, run 100s of times, with

* an IRQ happening at 1,2,3...N ticks into the test

* a FIQ happening at 1,2,3...N ticks into the test

- two nested for-loops, so taking N-cubed time, wrt the length
of the underlying test.

* whilst verifying the the IRQ and FIQ were all taken

correctly, and that the original test passed in
every case

* So proving that every instruction was safely
interruptable and restartable

* Harder to run the exact same binary test on the actual
10929%5sjlicon though - the timer peripheral was not the same®



The ARM test suite - application

* So we had lots of tests; the software simulators
verified the tests For mutual consistency

* Fast sim woulc
minutes; the F

run the simple ones in a couple of
Q/IRQ versions in half an hour or so

* Block sim wou

d take hours for the simple cases,

overnight for the FIQ/IRQ
e Actual chip layout sim took days for even the simple

cases; running

all the FIQ/IRQ ones turned out not to

be feasible before tape-out

* We did definitely once run the whole set of simple
tests on the layout sim, plus a few of the FIQ/IRQ ones
to boost confidence in the design

— We may have run the lot in the time awaiting silicon back

13/06/2025

from the fab -1 don't remember
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The ARM test suite - in use

* The tests did occasionally catch differences
between the various emulators, but | don't
remember any details

* Then it was over to Sophie and Steve to work out
which was right, and occasionally to Jon T if the
assembler hadn’t quite done what was intended

* We ran as many tests as we could, as often as
we could, as new versions of the emulators
were made — especially the one reflecting the
internal block-level layout of the chip

* | think there were choices available as to which
parts were emulated in hw detail versus per ISA
definition, ie. writing an “add” in BASIC vs in bits.
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* And astonishingly, they worked! f@# :%
* And the rest is history! IIIHIIIIII S : um

* Well not really, there was one minor bug that |
think my tests Found, it was something like the
barrel-shifter OR'd together bit 0 and bit 31

when setting the C (carry) bit in the extended
rotate instruction

* (RRX, 33-bit rotate by one)
* But anyway, the shifter was tricky...
* They fixed it For the next silicon, v2 easily.
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After | left

* You'd think that's the end of my involvement,

but No! | got the last laugh...

* By the mid-1990s ARM had spun out and was
busily being ARM and licencing chip designs to
customers. ARM tested all the chip designs in-
house with my test suite, still — very likely
without changing the binaries at all, because
they were “known good” or “Golden”

 But one customer had to be different...

e DEC! PDP-11



e

DEC and StrongARM/Xscale

* Mid-1990s, DEC — Digital Equipment Corp - licenced the ARM
Architecture (ISA) from ARM, a very unusual arrangement.

 ARM wanted to grow the ecosystem

* DEC implemented their own ARM-compatible CPUs
“StrongARM" (later “Xscale”) entirely from scratch

* to use their own expertise in fast chips and fast memory-access
hardware. Fair enough.

* But how to test them? ARM released the test suite, in binary
form, for DEC to check that their chips were actually doing
the instructions right.

* ARM may have done this for many other customers — but other
customers’ chips, being designed by ARM, always worked right.

* Problem was.... they weren't. It was the shifter. Again.

* This was a problem in more than one way...
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e

Language!

 When | wrote the ARM CPU test suite, it was for my mates, in
a team of about 10 of us. Very informal.

* The message reporting a some problems was none too
polite, a bit sweary, and

 DEC, American suits all, were very strait-laced and serious....
and not at all happy with the swears.

* None the less, their shifter was fucked. The test was right!

* In due course, an all-hands email went around ARM,
lamenting this disaster, “how could ARM be so unprofessional?
This looks so bad! Who's to blame?”

* Older hands at ARM laughted a lot, and pointed out who
wrote it, and that it hadn’t been modified in 10 years
because other customers’ shifters all worked...

. ...l laughed a lot too; | never even worked for ARM. Ever!
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After we _had ARMs

| worked on a variety of projects in Acorn:

 ARX with Acorn Research Centre in Palo Alto

* Interesting, weird people, ex-PARC folks
* Didn't get the idea of making a product though...

e So another team did Arthur then RISC OS pdgjust like Jon T, Jezz, Brian and |
(and others) had tried to make happen a year or so before... we could have
had a BBC-MOS like environment going in 18 months had we started early.
(admittedly without the GUI)

* So ARX was a waste of time, sadly — a bridge too far

* Then the floating-point co-processor — the “floating poo” (FPU) — it
worked, but not well enough, but that was quite fun.

 Visited Olivetti and got told off for importing “typewriter parts”
* Then RISCiX — port of BSD 4.2 Unix, then 4.3
» that worked and was a lot of fun... TCP/IP over EcoNet!

 And then I left Acornin 1990 to go do other pointless stuff for other
pointless companies.



That's all — Questions?

* Questions?
* Relevant questions?
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