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Extensions to 0S-9

H. von der Schmiit

Real-Time College, Trieste, 1-27 October 1990

05-9 has been designed originally for the Motorola 6809 microprocessor, around the
year 1980. It is a complete, real-time, operating system (as opposed to real-time kernels)
modeled after the UNIX operating system,

As compared to UNIX, OS-9 was targetet for "small" systems. For example, UNIX
cannot run on a Rosy station because it requires very much memory, fast CPU, and fast
large disk storage. There are today microprocessor systems, often based on the Motorola
68k family of processors, which have enough memory, CPU speed, and disk performance
to run UNIX or OS-9, :

As a kind of world standard for operating systems, UNIX offers of course much more
existing software {c.g. wide choice of compilers, nctwork software) than 08-9. Still, 0S-9
is preferred for many applications: First of all, it is designed as a real-time system. Second,
it 1s based on the concept of "memory modules” which goes together very well with the
UNIX concept of "pipes” and "filters" 10 support modern software techniques of
encapsulation and re-usability of code. It keeps the system small and easily maintainable.

085-9 covers a very wide range of system performance. Starting with the 6809, it is
now most widely used on the 68k family of 16/32 bit processors (68000 / 68010, 68020 /
68030, 68040 / more to come) and is as 08-9000 also available as a portable operating
system (like UNIX) for different processor types. The higher performance hardware base
allows also the construction of distributed computer systems by networking.

Many 68k systems manufactured by industry, e.g. for sensors, image processing,
factory automation, are based on 05-9. Also, many small and big experiments in nuclear
and high-energy physics, which incorporate many hundred microprocessors, use QS-9,

These lectures show extra features and differences of 089/68k and QS59000 as
compared to OS-9 for the 6809. The hardware base of the 68k family is explained briefly.
An example of distributed processing with several CPUs running 08-9 is given.
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05-8: originally made for 6803 .
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Table 1-1. Addressing Modes

68K fomily

Addressing Modes Syntax
Register Direct
Data Register Direct Dn
Address Register Direct An
Register Indirect
Address Register Indirect {An)
Address Register Indirect with Pastincrement {An)+
Address Register Indirect with Predecrement - {An)
Address Register Indirect with Displacement {dyg.An)
Register Indirect with Index )
Address Register Indirect with Index (8-Bit Displacement) (dg.An,Xn)
® Address Register Indirect with Index (Base Displacement) | {bd.An,Xn}

Memory Indirect
& Memory Indirect Post-Indexed
¢ Memory Indirect Pre-Indexed

ilbd,An),Xn,0d)
{ibd,An,Xn],0d)

Program Counter Indirect with Displacement {dyg.PC)
Program Counter Indirect with Index
PC Indirect with Index (8-Bit Displacement] {dg.PC.Xn)
| ® PC Indirect with Index {Base Displacement) (bd.PC,Xn}

Program Counter Memory Indirect
* PC Memory Indirect Post-tndexed
& PC Memory Indirect Pre-Indexed

{lbd,PC).Xn,0d}
i(bd.PC.Xn),0d)

Absolute
Absotute Short boo). W
Absolute Long {xxx).L
Immediate #(data)
NOTES: . moten 68000/040.

On = Data Register, D0-D7
An = Address Register, AQ-A7

dg, dyg = A twos-complement, or sign-extended displacement; added as part of the
etfective address calculation; size is 8 {dg) or 16 {dyg) bits; when omitted,

assemblers use a value of zero.

Xn = Address or data register used as an index register; form is Xn.SIZE*SCALE,
where SIZE is .W or L (indicates index register size) and SCALE is 1, 2, 4, or
B lindex register is multiplied by SCALE); use of SIZE andior SCALE is op-

tional.

bd = A twos-complement base displacement; when present, size can be 16 or 32

bits.

od = Quter displacement, added as part of effective address calculation atter any
memory indirection; use is optional with a size of 16 or 32 bits.

PC = Program Counter
{data) = Immediate value of 8, 16, or 32 bits
{) = Effective Address
[ = Use as indirect access ta Innn wnrd o
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Table 1-2, Instruction Set

@

Mnemonic Description Mnemonic Description
ABCD Add Decimal with Extend MOVE Mave
ADD Add MOVEA Move Address
ADDA Add Mdru_a MOVE CCR Move Condition Code Register
ADDI Add lmdaﬂ. MOVE SR Move Status Register
ADDQ Add Oglck MOVE USP Move User Stack Pointer
ADDX Md with Extend MOVEC Mova Control Register
AND Loggul AND MOVEM Mova Multiple Regisiers
ANDI Logical AND immediate MOVER Move Peripheral
ASL, ASR Asithmatic Shift Left and Right MOVEQ Move Cuick
occ Beanch tionally MOVES Move Aliernate Address Space
BCHG Test Bit and Changs MULS Signed Muitiply
BCLR Test Bit and Claar MULY Unsigned Multiply
BFCHG Tast Dit Fisld and Change
BFCLR Test Bit Fisld and Clear NBCD Negate Dacimal with Extand
BFEXTS Signed Bit Fisld Extract NEG Negate
6FEXTY Unsigned Bit Fisld Extract NEGX Negate with Extend
BFFFO Bit Fisld Find First One NOP No Operation
BFINS Bit Fiold insert NOT Logical Complement
£ pgie -
3;33 ;: B Fiaid and Set OR Logicat Inciusive OR
BKPT Broskpoint * ORI Logical Inclusive OR Immediste
BRA Branch PACK Pack BCD
BSET Test Bit and Set PEA i
BSR Branch (o Subroutine Push Effsctive Address
BYST Test Bit PFLUSH Flush Entrylies) in the ATC
PLOAD Load Entry into the ATC
CAS Compare and Swap Operands PMOVE Move tofrom MMU Registers
CAS2 Compare and Swap Dust Operands PTEST Yast & Logical Addrass
CHK Chack Register Against Bound
CHK2 Chack Register Agsinst Uppar and RESET Resat External Devices
Lower Sounds ROL, ROR Rotate Left and Right
CLR Clear ROXL, ROXR Rotare with Extend Left and Right
CMP Compars RTD Return and Daallocate
CMPA Compare Addrass RTE Return from Exception
CMPY Compare Immaediate RTR Return and Restore Codes
g::;a Compare Memory 10 Memory RTS Rsturn from Subroutine
Compare Register ingt Uy nd
Lower Bo:lgndl Aus PRer & SBcD Subtract Decimal with Extend
Scc Set Conditionaily
DBec Test Condition, Dacrement and Bragch . - sTOP Stop
DIVS, DIVSL Signed Divide sue Subtract
DIVU, DIVUL Unsigned Divide SUBA Sublract Address
- - susl Subtract Immediale
ECR Logical Exclusive OR sUBQ Subtract Quick
:ggl IE.t:g;‘al Eucnl:;!vo OR Immadiate SuUBX Subtract with Extend
ange Registers i
EXT, EXTR Sign Extand SWAP Swap Register Words
- TAS Test Operand snd Set
WLEGAL Take lilegal Instruction Trap TRAP Trap
IMP Jump ;Wu Trap Conditionally
JSR J . RAPY Trap on Overflow
ump to Subroutine 5T Test Operand
LEA Load Effective
K oad £ Address UNLK Unlink
Link and Allocate
LSL, LSR Logical Shift Left and Right UNPK Unpact BCO
COPROCESSOR INSTRUCTIONS
cplicc Branch Conditionslly ¢pRESTORE Rastore Internat State of Coy
PIGCOESOr
cpDBce To:l_ ﬂw Eondlllﬂ\, cpSAVE Sava Internal State of Coprocessor

Operation

source*destination ¢ destination (signed or unsigned)

source + destination § destination
immediate data + destination § destination
source + gestination 4+ X § destination
destination — immediate data
jower bound { = Rn ( = upper bound
sign extended destination ¢ destination

destination - source
destination — source

0 ¢ destination
destination - immediate daia § destination

0 — destination § destination
0 - destination — X § destination
destination = source ¢ destination

Operand Size
8. 16, 32
8, 16, 32
16, 32
8, 16, 32
8, 16, 32
8, 16, 32
8,16, 32
8, 16, 32
B, 16, 32
16, 32
8, 16, 32
8, 16, 32
B, 16, A2
32116 ¢ 16:16 | destination/source § destination {signed or unsigned)
6432 9 32:32
A2:32 ¢ 32:32
g¢ 16
169 32
8¢ 32
16x16 ¢ 32
I2x32¢ 2
32x32¢ 64
8, 16, 32
B. 16, 32
B, 15, 32
8. 16, 32
16, 32
8,16, 32
8, 16, 32

Table 3-2. Integer Arithmetic Operations
32132 4 32

Dnea)

{e2),Dn
(ea).An
#{data),{ea)
#(data),{ea)
Dn,Dn
- (An), - {An)
{ea}
{ea},Dn
{es),An
#(data) (en)

{An) +.[An)+
(ea),An
{ea),Dn
{e2),Dr:0q
{ea).Dq
{ea).Dr:Dq
Dn
Dn
Dn
{ea),Dn
{ea),DI
{ea),Dh:DI

{(en)}

(ea)
{ea),.Dn
Dn,(ee)
{ea),An

#(data) {ea)
#(Qaia),(ea)

Operand Syntax

Instruction

68K a”wm.&bé/
ADD
ADDA
ADD}
ADDO
ADDX
CLR

CMP
CMPA
CMPI
CMPM
CMP2
DIVSIDIVU

DIVSL/DIVUL

EXT

EXTB
MULS/MULY
NEG

NEGX

suB
SUBA
SUBI
SUBG




Operation
iers.

source § function ¢ FPn
FPn ¢ function § FPn
f

ions speci

ic operat

.

TroTTTYTS W Tt wMRIWAE | Wi

Operand Format
B,W.L.S.D,X.P

X
X

f the monad

Operand Syntax
(ea),FPn
FPm,FPn
FPn

.
.

Instruction

<mop> is any one ©

bese1 /68882 Fhoating

Fimop}

where

-

Paimt G)pmc,e.ssw

Table 4-5. Monadic Operat

ML VT AL LI Y ELAUE ASSIYNITDEIILS

Function

hyperbolic tangent

10X

hyperbolic sine
2%

In{x)

In{x +1)
logqgix)
logz({x)
negate
square root
tangent

sine

ions

Instruction
FLOGN
FLOGNPY

FLOG10
FLOG2

FNEG
FSIN
FSINH
FSQRT
FTAN
FTANH
FTENTOX
FTWOTOX

Function

absolute value

arc cosine

arc tangent

hyperbolic arc tangent

arc sine
extract integer part, rounded-to-zero

hyperbolic cosine
extract exponent
extract mantissa
extract integer part

cosine
ex
exX-1

Instruction

FABS
FACOS
FASIN
FATAN

FATANH
FCOS
FCOSH -
FETOX
FETOXM1
FGETEXP
GETMAN
IINT
‘INTRZ

Vector Offset STATUS
Vector Assighment STATUS
Numberis) Hex Space Asserted
o v 000 SP Reset initial Imarrupt Stack Pointer -
1 004 SP Aeset Initial Program Counter —
2 008 SD Bus Error Yes
3 00C sD Address Etror Yes
4 010 sD INegal Instruction No
5 014 sD Zero Divide No
6 018 SD CHK, CHK2 Instruction No
7 0c SD cpTRAPce, TRAPec, TRAPY Instructions No
8 020 5D Priviiege Violation P‘rﬂm No
9 024 sD Trace w ac.oL Yas
10 028 SD Line 1010 Emulator £ > cl,, .'P No
1 0z2C SD Line 1111 Emulator M Jm F.P. No
12 030 S0 {Unassigned, Reserved)
13 034 S0 Coprocessor Protocol Violation No
14 038 sD Format Error No
15 0ac SD Uninitialized Interrupt Yes
16 040 so
Through Unassigned, Reserved
23 05C sSD
24 060 SD Spurious Interrupt Yes
25 064 sD Level 1 Interrupt Autovector Yes
26 068 sD L.evel 2 Interrupt Autovector Yes
27 06C sD Leve! 3 Interrupt Autovector Yes
28 070 SO |Level 4 Interrupt Autovector ¢ Sumuilar Yes
28 074 SD  |Level 5 interrupt Autovector +o Yes
30 078 sD Level 6 Interrupt Autovector 6 ) Yes
n 07c SD Level 7 Interrupt Autovecto 05 Yes
32 080 sSD ) No
Through TRAP #0-15 Instruction Vectors
47 0BC SO ' No
48 oco SD FPCP Branch or Set on Unordered Condition No
49 0C4 SO FPCP Inexact Result No
50 oce SB FPCP Divide by Zero No
51 0ce SO FPCP Underflow No
52 000 SO FPCP Operand Error No
53 004 sSD FPCP Overflow No
54 oos sD FPCP Signaling NAN No
55 0bC sD Unassigned, Reserved No
56 OEC so MMU Configuration Error No
57 QE4 SD Defined for MC68851 not used by MC68030
58 0E8 8D Oefined for MCBEBS not used by MCBE8030
59 0EC S0
Fhrough Unassigned, Reserved
63 OFC S0
64 100 sD
Through User Defined Vectors (192}
255 255 Sp [/

-~
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How A}n{:efrrufts work im 68Kk systems

ADDRESS
BUS

DATA
BUS

There are 3 external J;nt&fn(,PtS _t':o a 6809: E

NMI, FIRQ, TR@. Theyhwe fied vectors:

BOWw OOZLQC wdumir

$FrFrC $FFF61 4Fﬁ=é ‘
Df meore tham ene device Ls connected. to

INSTRUCTION
ADDRESS

PN
<8
gg
2 :

one imterrupt imput ) the seftware has to ‘ % 3 h: k
" ; : . g‘: S gg e} 55 K :
J"”wl' the imterrupter ba polmg. (0s-3 E\G = cggr g g 3 |z §x:> 22 \r:>\g
polling table). 2l si2ldl & 35 |8l T i
21 o = ' all = < B
There are 7 external imterrupt priorities k g"" S g —é S S EIANC
encoded. imto 3hiks IPLg,4,2 to a £8K. zg . | ‘?
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softwoce Tewtines direckly. (mo Fau.uiaa, &, :
cpse : 7 5 < |8
macessay umless several devices wse the g : gg | EFg
swme vecter mumber ), | 3
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12.2 PIN ASSIGNMENTS

The MC68040 is available in an 179-pin package. The following figure shows
the pin assignment of the MC68040.
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Exwmf;ln,: 68040, As fas{:a.s many RISC CPUs.
Price for lfu.gh performamce :

AJ&TB me(a,x.' chﬁp 2 A.2 muillion Eramectlors
- Complix board : chp has 433 pin
awamts A28 b4k

‘al—“" -

VD)
Ba.de’{:o 0S-9 ...

Sum«wna, °f the 68k hardware oxcursion:

. Fw,aL CPlL owo-:maunce Tamge cam be
covered b(j 0S-3

. mvrtua,Lbd, wrdimiteel aolelress space ;
mamy maa.bafes of memery wsual

o 32-bit data sime £s stamolard.

. e,H,Cath ,t;ntwupt hatdwore .

Me asill see that 0S-3/68 does mot
Look wery cfferont from 05-3 /£803...
same concept | similar ubilitces | evem
abmost same sasbom calls, Ham.g data
Structures wsed 0y 0S-3 ore however now
based en A6 imstead oéf 8 bits. (all moclule
headers , contenbs of device descripters,

sigmal codes, ete.)
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Of tourse , 0S-3 had to be Te-written |
tgmmpletely ‘ro-r the 68k because Lt was
(amel £s) aorillem o assembler,
The mew 0S-3000 45 mow lazv?!.fg Auritiem.
wn C for P&rfa-bad&'tg, at the cost of some
memery amd speecl,. -

Some memory ngwdwmem.ts o‘f the three
%emera,f:ﬂons QJ' 05-9:

6803 68K 0S-Sooo
Mammiim,

-useful RAM 40kb 200kb 300Kb
Kenrnel 3kb A%kb .  56kb
shell 1 kb 13 kb 3okb

growing aewnotwnahla. >

.Dﬂifereﬂces 05-3 6803 / 68k
4) -{;M-sa&":e/m.:

. ,&n,l:e,rﬁorocéss commumicatien

better hwniu'ng Qf sfﬁmal.s F*SencL
ma: evenkts F$ Event
mamed pipes | Sgs!:e:m ...
e global /pipe/ Xyt
dato. modules F § DatMc

« More J’«Z[e Mmamagers f&r new clewce clacy

Seguential block clevices SRE
(/magmetic tape)
mekwerk cdevices : 05aNet NFM

(Ethernet, RS232, ...)

o sys tem Pmted:den hardwre
69Kk ".Sds{.cm state” Plus “me&oy m«Pr@_
wt' - optc.'onai sasl'em moclule SSM



2) the utclities:

« enhamced ‘shell command processer
wmild cacels
environment Ua.rc_fa.&tcs

. f.oamca.f, names embeclded. in sastem

The s!:mdure.o(f 0S8-9 has remavnect
'LUnch.amgeoL!

05-9 /68K

Figure 1: 08-9 MODULE ORGANIZATION

0S5S-9/68000 OPERATING SYSTEM TECHNICAL MANUAL

INTT '—L _’—' MATH
clo
CLOCK 0S-9 KERNEL C Library
VDI __r— '.' IO H R N“.' —l_ User “lp
; i Handlers
///////// // /1 /
Pipe Network Disk Tape / Char
Pils File File Fila File
Manager: Manager Manager: Mansger: Manager:
PIPEMAN| |/, NPY 7/ RBFP /,SBF ,, SCP
77777 777777 :

Pipe Network Floppy Hard Tape Serial ACRTC
Driver Driver Disk Disk Driver and/or Graphics
(Null) Driver Driver Parallel Driver

b |PI: N1 || N2 Do | D) HO{| H1 E 'N. 'H’I‘l m m ™ P2

Pipe Network RBF Devics SBF Device SCF Device

Descriptocs Deascriptars Deacriplory Descriptors ' Descriptors
Net- Tape
1a \ﬁl-h a'P



Offset
300
$02
$04

$08

$10
$12
313
14
$15
$16
$18
$1C
$20
$2E
$30-up

053 /48K 6809
Usage
M$ID Sync Bytes ($4AFC) $oo - $ 04
M3$SysRev Revision ID -
M3Size Module Size $02.-403
M$Owner Owaner ID >
M$Name Module Name Offset *  [404~ $05
M$Aces Access f’crminions P o
M3Type Module Type $ 06
M3Lang Module Language
MIAGr Attributes
M$Reva Revision Level bo?
M3Edit Edit Edition X
M3Usage Usage Comuments Offsct * | >
M3$Symbol Symbol Table »
RESERVED »
M§Parity Header Parity Check $08
Module Type Dependent
Module Body
CRC Check 3 b‘ates
* Theae ficlds are offsct (o strings

Figure 3: Module Header Standard Fiolds

053 /68K

Offset Usage

$30 M$Port ~ Port Address 32kt
$34 M$Vector " Trap Vector Number 2-25%|.
$35 | MS$IRQLvL IRQ Interrupt Level -7}
$36 | M$Prior IRQPolling Priority  0-25%
$37 M$Mode Device Mode Capabilities

$38 M3$FMgr File Manager Name Offset

$3A M$PDev Device Driver Name Offset

$3C M$DevCon Device Configuration Offset
$3E Reserved

$46 | Msopt Initialization Table Size

48 M$DTyp Device Type

Figure 10: Additional Standard Header Fields For Device Descriptors

¥ because Ehere are so many

olfferent .iml:errulo

€ wectors,

FoLLCna LS usu.a,u.a not necessary.



Chapter 16 - User State System Calls

F$AllBit
F$Chain
F$CmpNam
F$CpyMem
F$CRC

wep F$DatMod

F$DelBit
F$DExec
F$DExit
F$DFork
F3$Exit
F$Fork
F$GModDr
F$GPrDBT
F$GPrDsc
F$ID
F$lept
F$Julian
F$Link
F$Load
F$Mem
F$PErr
F$PrsNam
F$RTE
F$SchBit
F$Send
F$SetCRC
F$SetSys
F$Sleep
F$SPrior
F$SRqMem
F$SRtMem
F$SSpd
F$STime
F$STrap
F$SUser
F$SysDbg
F$Time
F$TLink
F$UnLink
F$Unload
F$Wait

059 /68K

Allocate in bit map.........
Chain process to new module . . . .
Compare two names
Copy external memory
Generate CRC.........
Create a data module . . . ..
Deallocate in bit map
Execute debugged program . ,
Exit debugged program
Fork process under control of debugger
Terminate process
Start new process

Get process descriptor block table copy
Get process descriptor copy
Return processID . . .,
Set signal intercept
Get julian date
Link to module
Load module(s) from file
Set memory size
Print error message
Parse a path name
Return from interrupt exception
Search bit map
Send signal to process
Generate valid CRC in module , cens
Set/examine system global variables
Put calling process to sleep
Set process priority
System memory request ,
System memory return
Suspend process
Set current time
Set error Trap handler
Set user ID number
Call system debugger
Set current date and time

Install user Trap handling module
Unlink module . ... . .. .. . ..
Unlink module by name

Wait for child process to terminate . ,
~ . - ‘

------

-----------------

Get module directory COPY . .iivnnn..,,

--------- L N NN
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0S3 /48k

Chapter 17 - 'O System Calls
1$Attach Attach VOdevice......... ... .. .. .~
I1$ChgDir Change working directory......................
1$Close Closepath..... .. . .. .00
I$Create Createmewfile....... ... . . .070n
I$Delete Deletefile........ ... . ....0000ee
I13Detach Detach VO device .......,,,. .. ... """
I$Dup Duplicate path ...........,. . ......00"
13GetStt Get file/device status . ..., . ... ... 7"
I$MakDir Make directory file ., ............. et are ..
I$Open Open apath toa file ordevice .................
I$Read Read data from a file or device ...,...............
I$ReadLn Read line of ASCI data . ....,,... . . .00 0""
I$Seek Change current position .....,........ . "
1$SetStt Set file/device status'......................
I$Write Write data to file or device ,........... ... .
I$WritLn Write line of ASCll data ....,............. "
Chapter 18 - System State System Calls

F$AIIPD Allocate process/path descriptor............. .. ..
F$AllPre Allocate process descriptor................... ..
F$AProc Enter active process quene.....................
F$FindPD Find process/path descriptor . ................ ...
F$I0Qu Enter VO queve ,............. . .00
F$IRQ Add or remove device from IRQtable.............
F$Move Move data (low bound first) .....................
F$NProc Startnext process.......................... .
F$RetPD Return process/path descriptor................ ..
F$SSvc Service request table initialization . . . . . ... .. ... ..
F$VMody) Validate module



Unterprocess communication

pAuposes ; data exohamge.

Stjfnc.lrwonisa.ﬂo*n

mutual excluscon
e 0S-9 SAngaLS

to senel a ngnaL to

F$ SeﬂoL

o sPeci.’f(eoL process.
F$SLleep to awalt a sigmal,
F$I¢|'>t to amstall a routine fbr

hamoLLt'mg sFecdmL Sdgnai&
Standard sdgma,( codes :

lill
wo.hc.up used. bj divver's TRQ Toutine
| A}Yl.tbl'ﬂl.f)t Combrol - C  on fermuinal
abert

conkrol - E  ow forncial

G

. S,cc[nal.s carry o 46-M£%Joma.{:ﬂefn
(signal cocle ; 6803: 8-bet).

-Thea dre Process Speal‘-ECc. , Tather

tham szj.d:om 3l.o$a£. (exceptiow: TD =),

-The,ial are grueuecl.‘{:o jl:he. Tc.ce.ivdng,
process (awere mot um 6809),
€xaph'.tm: wa.leeuP Lost .%r Prvcess mnm;ng!

s Processes cam mask siﬂna.L.s (mot on

6803)._ Caution with real time Tespgu:e.!

S.&r'\ais are Pm'mcwi—@(j u.cedfui {w the
mternal wo-rklcm.a % I/0 S(tj.tbe,m. C’MM.
wohea ust;na txP.QAZcC{:eLa fe-r St{ncburam'.(aﬁm



