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PART I Hardware

1. Block Diagran and General Description

1.1 Introduct ion

The MSC board is part of the MULTICLUSTER and SUpERcLUSTER
series.  The MSc board sen/es as a mass storage control ler ,
which interfaces via SCSI bus and floppy bus to SCSI and loppy
disk dr ive devices. r t  can operatä as a host or as a
fi leserver/mass storage subsystern in a transputer network.

Multiple MSc boards can be used to drastically increase the
T/o bandwidth of a transputer network. This is achieved by
connecting to every MSC it t s or^rn mass storage devices (urainly
winchesters).  A Msc can do ScsI bus transfer l  in paral le l  wi t , l r
I ink data transfers over al l  4 l inks without s igni f icant
performance degradation.

The .big memory size of 4 MByte enables implementation of
sophist icated buffer algor i thms.

The MEGAFRAME modular concept also supports fail save systems:
For example two or more MSCts, each with i ts own winchester of
the same type, perform in parallel read and write operations
with the same data (n-fo1d redundancy) .

Furtheron in case of a program crash the MSc board can be
reset by sending to i t  a l ink reset s ignal  over any of  the 4
MEGAFRAME links.

Features:
32  b i t  T ranspu te r  TSOO (op t .  T414)
4 MByte memory with parity checking (16 MByte, when 4
MBit DRAMs are avaiable)
4 P.S-422 driven MULTfCLUSTER links
d i rec t ly  in ter faces to  SCSf  bus (ANSI  SCSI  X3T9.Z)
directly interfaces to f loppy bus
average asynchronous SCSI transfer rate: 1. L MByte/s
average synchronous SCSI transfer rate:  1.8 MByte/s
bidirect ional  data transfer over aI I  4 t infs in
paral le l  wi th SCSI bus data transfer
additional onboard 64 pin connector with transputer
interface for extension boards
software package avai lable with complete set of  medium
Ievel  communicat ion procedures (c lear,  Load, unload,
read, wr i te etc.)  i  dynamical  mult isector blocks
5 Volt only, low pohrer
smal l  board size: extended euro card
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L.2 Processor

The MSC board runs with a TSOO or T4L4 Transputer.  The T8OO is
a 32 bit processor with 4 K bytes of on-ch1p static RAM. It
runs at 20 Yftlz to perform an instruction throughput of i-o
MIPS. Four.nig!  speed ser ial  l inks (10 or 20 MbiE/set)  support
the colnmunication with other transputers in a network.

Furthermore the T800 has a floating point unit on chip to
perform L.5 MFLOPS /sec.

1 . 3  C l o c k

AII  t ransputers der ive their  processor c lock from an internal
osci l lator,  which is synchronized by an internal  pLL to an
external 5 WHz oscil lator. The transputer clock speed is
def ined by jumpers. See Jumper Al locat ion.

1 .  {  L inks

The four bidirectional serial l inks of the transputer operate
independently of the processing element when transfering data
from or to memory by using fast DMA. So the use of the 1inks
does only l ight ly degrade processor performance. The l inks
have a default speed of L0 Mbl|u/sec and can also operate at 5
and 20 Mbit /sec. The l ink speeds can be selected by jumpers.

ThC MSC bOArd hAS four MULTICLUSTER links. A MULTICLUSTER linK
consists of  four s ignals:  Two signals t ransfer the ser ial  l ink
data, one for both direct ions, and two reset s ignals,  also one
for both direct ions. Using these reset s ignals the transputer
can generate a reset for any of its four neighbour
transputers, Further on such a l ink reset does not effect a
normal transputer reset but a so called Analyse/Reset. The
Analyse/Reset preserves the internal status of the resetted
transputer sect ion. This internal  status can be analysed by a
user written procedure, rr. ihich must be downloaded. into the
transputer (see rrError and Analysett)  .



Link and l ink reset s ignals,  which leave the board, are dr iven
by Rs422 drivers. Link and l ink reset signals which enter the
board are condit j .oned by Rs-422 receivers. This provid.es a
considerably higher noise irnrnunity and longer distances f or
data transmission (up to L0 meters at  ZO UnltsTsec, üp to 30
meters at 1-0 or 5 MBits/sec) ) .

1. 5 l{enory

The memory is organi zed as l -M x 32 bi t ,  i .  e.  4 MByte, and
consists of dynamic RAM I s. The 4 bytes in the 32 bit 

-wora 
are

parity checked by additional LM x 4 bit memory. The Msc board
9an be populated with 1-6 MByte memory when ths next generation
dynamic RAM!s (4 Mbit  DRAMs) are avai lable.

1. 6 SCsf/Floppy Controller

The WD33C93 SCSI Control ler  provides the interface to the SCSI
Bus. To speed up SCSI data transfer a nul t ip lexer-buffer-
latch, cal led Biglatch (  see f f  The Biglatch" )  ,  cönnects the g
bi t  control ler  data bus to the 32 bi t  t ransputer data bus.

The I{D3 7 C65 Floppy Controller interfaces to the f loppy bus .
Both controllers and the Biglatch are under control öf the
Data Transfer Control ler  DTC.

L.7  Boot ing

After a transputer reset there are two hrays to boot the
transputer. They are selected by a j urnper. The f irst is that
the transputer executes the boot code of an EPROM, which
resides on an opt ional  extension board. In this case physical
memory location #TFFFFFFE is interpreted as an instruction and
executed. The second stay is to load the boot code over a
transputer l ink: The first incoming data from one of the l inks
wi l l  be interpreted as boot code.



2 . The SCSf Section

2.L The SCSf  Cont ro l le r

The MSC board contains the !{D3 3C93 SCSI-bus interface
controller from Western Digital Corp. . The internal registers
are accessible by the transputer. ( see ttOverview of the OCCAM
Adress Spacefr ) .

The controller works in non nultiplexed bus mode. That means,
to access an internal register of the controler the transputer
must 'f irst write the address of the desired register into the
controlers address register and then accesses the register.

There are three srays for the transputer to notice an interrupt
of  the SCSf Control ler .

The interrupt bit of the Auxil iary Status Register of
the SCSI Control ler  can be poIIed.
The interrupt l ine can be pol led (see "Biglatch Status
Registertt )
The interrupt line can activate the EVENTREQ input of
the transputer (see trEventsrf and rrJumper Jgtt) .

The reset input is activated at power on, external reset (see
ttReset Signa1s" )  or by clear ing the f  l ip f  1op PRES ( see "F1ip
flop PREST| ) .

The DBA mode (Direct Buffer Access) of  the WD33C93 is
implernented, because it delivers the maximum SCSI performance.
In this mode the controller actively performs read/write
cycles dur ing SCSI data phases.

2 .2  The SCSI  In ter face

The WD33C93 SCSI control ler  is fut ly compat ible with ANSI SCSf
X3T9.2 speci f icat ions. The MSC board achieves an average data
transfer rate of  L.  L MByte/sec (asynchronous) and 1. 8
MByte/sec (synchronous) . The chip includes 48 mA drivers for
direct  connect ion to the single ended SCSI bus, therefore the
SCSI bus can be up to 6 meters in length.

AI l  SCSI signals are terminated with 220/330 ohm on board. The
SCSI RST signal  is connected to the 96 pin bus connector and
cannot be activated by the transputer.



O I N F
o o o

i l i l 1 | l r l l i l i l l i l t l l i l i l i l l r l r i l r
ql -ql - qt

i l  | |  r T

o
o

{
o

sl
o

üt
o

o

0l
o

N g
o

l-

o

o

*#*#[nüru
+ffi+ffirlliii-i
+ f f i + f f i t . l l . l t . t
+f f i+ f f i t ' t l i i i  - i
+ffi+roHu!=j
+ffi+ffiF|Ei:!
+ f f i+ f f i t _ l r i l i  _ i
+ f f i + f f i t , ' ' l E l t E i
&I.<ts++{{.++-=#+ffiI_*lyi i+ffi+ff i8;H
+ffi+ff i I  !r?ri t
3t....'..'.l#'rr , , . . . . . . . .?+ff i  I  S l i i i i  s i
+ff i+f f i !  Iqt  r
+ffi+ffiffiüii

il
'll.

il
.lF

t

- o
o

o

_ 0 \
o

o

- $
o

(d
o

- N
o

o

+ o

r @ + @
? l o o o  o  o  a  l  r  o  o \  T l o  o  o  r  o  o  l  o  o o r
r @ * @
? b t l o o o r o o r \ T #

+ffi+ffi
+ffi+ffi

Flf-J{Frp" l i l t

Hl s llr I
l.l? ? t-ö*.it

EIIJEffi
L-o-r-.--ffitl

ä[T-]
r._r

El. il .1
'[_TJ
* ,r---otö1. i J
lffil
l f . o r r o . . l

Iri f; :l
p r  r r l
l . r r r ü r . r l
I  r r r r r r  I

.lF .lF

c
ul
(rl

C
ül
N

c
ül
F

c
rjl
{

c
r.rl
Ol

0
0

o a a a a o t t o
a l

a o f t o o o a a

t a
r g o
r 0 r a
r N a
a t
t l

t a a a a a I t
t t t t t a t a
I t  a a. .  5  . .
a l  O  a ü
a t  t t
o o o a o a a a
a f t a o a ü a

E
3
T

o
3
T
o

i l i l i l 1 i l i l i l i l 1 | | l l l l l l l l l l l l l l l l l l l l l l

{1.

il
{1.

il
o
r-t
cü') C{ It

C D
o n

n
F.

n {
t m
o o-t

f)
ul 3
F l [ r

l r
0l
ül
o

o
n
c
3r0
f

3
UI
o
q,
o
0't
0-

l-
o
IC
o
c
r+



2.3 The speed of the SCSI Interface

The Msc ach ieves a  peek ra te  o f  3 .  o  3 .5  MBytes /sec in
asynchronous mode. This high data rate can not be sustained by
most winchesters, so the l irnit ing factor in SCSI bandwidth is
nearly always the winchester.

See sheet ITMSC Scsf & Link transfer raterr . Due to overhead. of
the SCsf- protocol and internal operation in the winchester,
the cont inuous.data  ra te  wi l l  be  lower  than 3 .0  MBytes/See.
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3 . The floppy Section

3.1 The Floppy Control ler

The MSC board contains the WD37C65 Floppy Disk Subsystem
Controller from l{estern Digital Corporation. The features are:
IBM PC/AT compatibte format, dual speed spindle drive support,
direct f loppy disk drive interface, drives up to 4 f loppy or
micro  f loppy d isk  dr ives,  data  ra tes  o f  L25,  25O,  300,  and 500
kbit/sec. Input XTI- (26) is driven by a L6 MHz clock.

The internal registers are accessible by the transputer (see
ItOverview of the OCCAI{ Address Spacerr ) .

At the end of a multisector data transfer the Terminal Count
input of the floppy controller must be activated to signal the
transfer of  the last  data byte to the control ler .  See trFl ip

flop Readrt in trOverview of the OCCAIU address spacerr .

Floppy data transfers are intended to be done without DMA but
by pol l ing. So this f  l ip f  lop combinat ion hras used for th is
special  purpose.

There are three $rays for the transputer to notice an interrupt
of the floppy controler.

Reading the Status Register of the floppy controller.
The interrupt l ine can be polled (see "Biglatch Status
Registert t  )
Thä interrupt line can activate the EVENTREQ input of
the transputer (see trEventsrr and rrJumper J9tt) .

The reset input is activated at pohrer oD r external reset ( see
ItReset S ignalst t  )  or by clear ing the f  I  ip f  lop PRES ( see t tFl  ip
f lop PRESTT)  .

3.2 The Floppy Interface

Outgoing signals are open col lector.  Incoming signals have
pu l l  up  res i s to rs  o f  L  k  ohm.  See ' rP in  ou t  o f  34 -way  F loppy
Connectorrr

The msc. driver software package uses the I{D3 7 C65 in IBM-AT
mode. This means, Motor Select L and Drive Select L are both
active during accesses to Floppy Drive f-. Floppy Drive 2 is
accessed., when Motor Select 2 and Drive Select 2 are both
active. The f loppy drive 1- must be connected at the end of the
34-wire f loppy cäUte. The wires LO L5 comprise a subcable,
which must 

-bä 
twistet half a turn before connecting to drive

1. See wir ing diagramm of t tMSC Backplanerr .



4 .

1_0

Transputer to Controllers Interface

{ .1  The B igLatch

The BigLatch is a multifunctional slrrnmetrical bidirectional
dr iver/ latch, which connects an 8 bi t  bus with a 32 bi t  bus.
Its purpose is to buffer data during. SCSI data transfers. The
bytewise incoming high speed ScsI data is assembled in the
Biglatch to produce a stream of 32 bit words at lower speed
for the transputer and vice versa.

For convenience lets cal l  the two busses the P (per ipheral)
data bus and the T (transputer) data bus. At both bus
interfaces there are 4 8-bit latches. The BigLatch connects
the I bit wide peripheral data bus P to the 32 bit wide
transputer data bus T (see sheet rrMSC schematicrt) .

The Biglatch can transfer the data on the T bus to the P bus
and vice versa (transparent mode) .

The Biglatch can latch the data of one of the busses and later
send this data to the other bus (latch mode) .

There are the following functions:

I f  the transputer reads a register in the SCSI or f loppy
controler,  the Biglatch works l ike a transparent bus dr iver.
The I bit output produced by the accessed controler is
transmitted fourfold to the four bytes of the transputer bus.

If the transputer writes to a register in the SCSI or f loppy
controler, the Biglatch works l ike a transparent bus driver in
the other direction. The contents of the bits O-7 of the
transputer data bus are transmitted to the accessed controler.
B i t s  8 -3L  a re  don i t - ca re  b i t s .

The latch faci l i ty of  the Biglatch is used only dur ing SCSI
data transfers, when the SCSI controler works in DBA mode: The
data transfer controler converts the read/write cycles of the
SCSf controler to direct the data bytes inEo/ out of the
Biglatch. The data transfer controler supervises the SCSf data
transfer which takes place between the SCSI controler and the
Biglatch and the transputer. The transputer on the other side
of the BigLatch geEs/supplies the SCSI data by normaL memory
read/wri tes accesses.

During SCSI DBA (direct  buffer access of  WD33C93 ) read the
SCSI controler suppl ies data bytewise. Up to four bytes can be
buffered in the BigLatch. The DBA transfer has to wait  (under
control  of  the data transfer controler)  unt i l  the transputer
reads out the four stored data bytes in the Biglatch by a
single word read access.



1 L

During scsl DBA write the DBA transfer has to wait unti l  the
transputer wri tes a word ( i .e.  four bytes) into the Biglatch.
Then the DBA proceeds: The data transfer controler direöts the
Biglatch to send the four stored bytes one after the other to
the requesting SCSI controler.
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L 3

4.2 The data transfer controler

The main purpose of the data transfer controler is to
establish highspeed SCSI data transfer:

By controling the Biglatch.
The transputer and the SCSI controler are tightfy
coupled during high speed data transfer under the
control of the data transfer controler.

The data transfer controler operates internalty synchronous
with respect to the clock of the transputer and the SCSI
controler. ft operates asynchronous to the floppy controler.

The data transfer controler contains three registers, one
state machine, i .e.  an automaton, a watch dog t imer and 6 user
settable f l ip f lops. .

The automaton is called Byte Counter, which counts how many
bytes are written into (during DBA read) or read out (during
DBA write) of the Biglatch. It halts DBA transfer or
transputer accesses when the Biglatch needs service from the
transputer or from the SCSf controller, because it is full or
empty.

The automaton is invisible to the progranmer and is tr iggered
by transputer and DBA accesses. But the knowledge about it is
somewhat helpful in understanding the data transfer controler.

The six f l ip f lops are cal led PRES, SCSI,  READ, DBA, EXTO and
DttMMY. For a description see rrOverview of OCCAIvI Address
Spacer r .

The state Biglatch is full/enpty of the Byte Counter Automaton
can be polled by the transputer: Bit 5 of the Biglatch Status
Register.  This enables SCSI data transfer completely under
software control in contrast to high speed transfer, where the
transputer makes a block move operation between the Biglatch
and the memory.
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Progranming the usc Board

5. 1 Over:rriew of the OCCAIT! Address Space

The T8OO/T4L4 transputer can address L Giga-words of  32 bi t .
In OCCAI{ the address space ranges from #O0000000 to #3FFFFFFF
(adresses in present OCCAl{-2-Implementation PI-,ACEment as word
a d d r e s s ) :

# 0 0 0 0 0 0 0 0

# 0 0 0 0 0 2  0 0

# 0 0 1 0 0 0 0 0

#2o000000

# z o o 0 2  0  0  0

#2o004000

a
a

a
a

I

Extension Board
#3FFCoooo

# 3 FFFFFFF

The addresses of al l  per ipherals except Biglatch are located
between #2O000000 and #2O000050.  Each per iphera l  dev ice
(control ler ,  PAL) is accessible through the lowest byte of  a
word (b i ts  0-7  )  .

Transputer accesses into unused address areas result in an
address error (  see bi t  L of  f tError Registerrr  and rrError and
Analys€tt  )  ,

a
a

I

internal
Transputer RAM

On board
MByte Memory

PALs, Control lers

Bigl,atch



L 5

ovenriew of peripheral addresses

Word address Bits Function

#ZOO000O0 O-7 fdent bytes from fdent pAL
(read only)

#zo000o2o 0-5 Error register of  Error pAL
(read only)

#2O000030 0-3 Link reset out register of  Reset PAL
(wri te only)

#2o00004 6 4- '7 Status register of  data transf er
controler

(read only)

#ZO000046 4-7  Cont ro l  Regis ter  l -  o f  data  t ransfer
controler

(wri te only)

#ZOO00O47 4-7  Cont ro l  reg is ter  2  o f  data  t ransfer
controler

(wri te only)

#2O002 000 0-3  L  B igLatch
#zo0 0 3 FFF (read/wri te )

The SCSI and floppy controler share some addresses. They are
dist inguished by the state of  the f l ip f lop SCSI.

c a s e  f l i p  f l o p  S C S I :  L

#2O000040 O-7 Aux i l ia ry  Sta tus  Regis ter  o f  SCSI
controler (read only)

#2o000040 O-7 Address Regis ter  o f  ScSf  cont ro ler
(wri te only)

#2O00004L  O-7  Reg is te r  F i l e  o f  SCSI  con t ro le r
(read/ wr i te)



L 6

case  f l i p  f l op  SCSI  :  O

# 2 o 0 0 0 4 0
controler

O-7 Master Status Register of f loppy

(read only)

#2o000041- o-7 Data Register of  f loppy controrer
(read/wri te)

#2oooo O42 O-7 Control  Register of  f loppy controler
(wri te only)

#20000043 O-7 Operat ions Register of  f loppy controler
(wri te only)

A read access to any of the floppy or SCSI controler
registers,  al l  of  which are bytewide, resul ts in a word
containing 4 ident ical  bytes. E. g ' .  a read of a status
reg is ter ,  wh ich conta ins  # fg ,  re turns the word # fg l -3 l -313.

Ident  PAL at  #2O000000

The Ident PAL works l ike a bytewide PROM and is read only. It
can be programmed to hold several bytes for identif ication or
other purposes. There is one defaul t  value of  #5A.

Error  Regis ter  o f  Er ror  PAL at  #20000020

This Register latches the fol lowing error condit ions:

Bi t  Error Condit ion

0 Cleared if ERROR output of transputer rrras activated.
l -  Cleared i f  t ransputer accesses an unused address.
2  C lea red  i f  pa r i t y  e r ro r  i n  by te  O  ( i . e .  b i t s  0 -7 ) .
3 Cleared i f  par i ty error in byte 1 (  i  .  e.  bi ts 8- l -5 )  .
4  C l e a r e d  i f  p a r i t y  e r r o r  i n  b y t e  2  ( i . e .  b i t s  L 6 - 2 3 ) .
5  C l e a r e d  i f  p a r i t y  e r r o r  i n  b y t e  3  ( i . e .  b i t s  2 4 - 3 1 ) .

Af ter  the reg is ter  is  in i t ia l ized (see be low)  i t  moni tors  the
6 error condit ions ment ioned above. The register latches the
f i rst  occur ing error condit ion. At the same t ime the register
wi l l  be  locked,  i .  e .  er ror  cond i t ions which wi l l  come up
afterwards wil l  not change the status of the error register.
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The contents of this register is not destroyed by a transputer
reset or analyse/reset. So after a program crash and after
resetting the transputer a debug procedure can read out the
Error Register.

In i t ia l izat ion of  the Error Register

After a power-on-reset there wiII be random bits in the
regrister, but the register is di-sabled and con not generate
ERRORIN.

The f i rst  read of the register wi l l  c lear the bi ts and enables
it to monitor and latch error conditions, but ERRORIN can not
be activated yet. The second read completes the
in i t ia l iza t ion,  i .e .  ERRORIN can be act iva ted.

ERRORIN is activated after the register has catched an .error
condition. The register wil l  not be changed by an
Analyse/Reset.  Two read accesses to the register wi I I  c lear
the register and bring it into proper operation again as
mentioned above.

Link Reset Out Register at  #2o000030

Using this register the transputer can activate the four Link
Reset Out signals. To prevent the Link Reset out signals to be
accidently activated by a Itcrashedrr program there is an
automaton which monitors this register. The automaton must be
brought into the correct state by writ ing a sequence of values
in to  the reg is ter .  Wr i t ing  a  #00000000 and any va lue,  which
the automaton doesn I t expect, wil l  bring it back into the
start ing state.  The value sequence is:

# 0 0 0 0 0 0 0 0
# 0 0 0 0 0 0 0 L
# 0 0 0 0 0 0 0 2
# 0 0 0 0 0 0 0 3

The next written value sets or clears the four Link Reset
Outputs:

f f  b i t  L ,  i :0 .  .3  7  o f  the va lue is  set  then the cor responding
Link Reset output s ignal  of  l ink i  is act ivated. f f  the bi t  is
cleared the corresponding Link Reset Output is also cleared.

The fol lowing oCcAM 2 procedure sends a l ink reset (  i .  e.  an
Analyse/Reset)  to some of i ts neighbours.  I f  b i t  i  in the
parameter r f  neighbour.  maskrr is set,  then neighbour i  wi l  l  get a
l ink  reset :
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PROC l ink.  reset (VAL INT neighbour.mask)
INT l ink.  reset.  out.  reg :
PLACE l i nk . rese t .ou t . reg  AT  #ZO00O030  :
TIMER clock :
VAL INT duration IS 2 :
SEQ

l ink .  reset .  out .  reg : :  0
I ink. reset . out . reg : : 1-
l ink.  reset.  out.  regt 3 -  2
l i nk . rese t .ou t . reg f  : :  3
I ink.  reset.  out.  regl  : :  neighbour.  mask
clock ? time
clock ? AFTER time PLUS duration L28 microseconds delay

l ink . reset .out . regt  : :  0  deact iva te  a l l  l ink  resets

The Control  Register 1 at  #2O0000{6

This register is write only and contains trlro f l  ip f lops . The
transputer must have a copy of the register state somewhere.

B i t 7 6 s 4

r g s . r g s . EXTO DUMMY

FIip f lop rrEXTOrr

EXTO is short for External Output. There is a signal EXTO an
the 96 pin connector (pin SBM 22, see !{ i re Diagram) ,  which can
be directly controlled by the transputer. The signal EXTO
always follows the state of the fl ip f lop EXTO and can be used
for any purpose. This signal is driven by a 7 4F32 OR grate.

f l ip f lop trDUMl[Yrr

This  f l ip  f lop has no def ined funct ion yet .

The Control  Register 2 at  #2O000047

This register is wr i te only and contains four f l ip f lops. The
transputer must have a copy of the register state somewhere.

B i t 7 6 5 4

DBA READ PRES scsr
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f l ip f lop rrDBArl

on ly  used in  scsr  mode ( i .e .  f l ip  f lop  scsr  :  L ) .  DBA in forms
the data transfer controler,  when the SCSI control ler  wi I I  dodata transfer in DBA mode.

DBA : o: The data transfer controler is not in DBA mode.
Tlt" transputer can make normal register accesses to
the scsr controler in order to in i t ia Lize i t .
BigLatch accesses, arthough meaningless outside DBA
mode'  w i r l  hang ( i .e .  wa i t  fo rever f ,  when woRD = o ,
and wil l  succeed, when woRD : f-. DBA : o wilr crear
the To fl ip f lop. The watch dog timer has no effect.

DBA : L: The data transfer controler is in DBA mode and waits
for the scsr controrrer to transfer scsr data bytes
via DBA cycles. The transputer cannot access any

ffi?'?:ä=:"l*?" ::f'":::::"'.?:- BisLarch, bur has to
Ylit .  (via WAIT input) unti l  the BigLatch is fult
(during scsr Read operation) or enpty (during scsr
!Iit" operation) . The watch dog tirne-r ä.n set the To
f l ip  f lop .

rJ.ip flop trREADrr

Tli= f l ip f lop indicates to the data transfer controler the
direction of the DBA transfer between the SCSI controler and
the Biglatch during DBA mode ( DBA : l, ) .

During floppy operation (SCSI - DBA =
wil l be send into the terminal count
controler and the inverse state wil l
input. This feature is necessary for the
read/write.

0) the state of  READ
input of the floppy

be send to the DACK
last byte of  a f loppy
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fl iP floP rrPRESrl

PRES stands for peripberal reset. PRES : L wil l  activate the
reset input of the SCSI controler or the floppy controler,
depending on the state of the SCSI fl ip f lop in the data
transfer controler (see f l ip f lop SCSI) :

SCSI PRES Reset l ine activated for

0 L floppy controler
1- L SCSI controler
X 0 none

The ninimal reset duration is controler dependent.

f  l iP f  loP l rggglrr

The SCSI controler and the floppy controler both share the
same window in  the adress space:  #20000040-43.  The f l ip  f lop
SCSI in the data transfer controler defines with which of
these two controllers the transputer wants to work. The
selected controller can be

accessed ,
resetted and
pol led via interrupt l ine (using Biglatch Status

Register)

The other control ler  is not accessibte at  that t ime.

SCSI  :  L :  Th is  se lec ts  the SCSI  cont ro ler .  Accesses to
the f loppy controler are impossible.

SCSI :  0:  This selects the f loppy controler.  The SCSI
controler is not accessibte.

Status Register of  data transfer controler at  #2O000046

This Register is read on1y. The state of  al l  b i ts except bi ts
4 7 are undef ined.

TO WORD FL_RDY INT

B i t 7 6 s 4
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fl iP flop rfTgrr

TO stands for Time Out. The highest SCSI data transfer rate is
achieved, when the SCSI controler works in DBA mode and at the
same time the transputer makes a block move on the Biglatch.
Transputer BigLatch accesses in DBA mode must wait untit the
SCSf controler has fi l led/emptied the Biglatch. This t ight
coupling can create transputer wait t imes longer than i-6 üs,
so that refresh cycles wit l  be lost .

The To fl ip f lop prevents this in DBA mode. To is cleared at
the start of DBA mode and normal block move proceeds. Every
Biglatch access starts the watch dog timer. The first access,
which lasts longer then L3 üs, wi l l  set  To, which wi l l  cause
every subseguent Biglatch access to f inish immediately (the
transputer is no longer coupled with the SCSI controller) . So
the data phase is corrupted, but refresh is preserved. The
transputer f inishes the block move operation and then tests
the state of To. If To : L, the transputer knows, that the
data phase tras broken.

Note:  To must  be read before  i t  i s  c reared by DBA:  o .
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Flip f lop woRD

VTORD must be used on low speed SCSf data transfers, i. e. one
cannot be sure that the transputer has never to wait longer
than L3us on Biglatch accesses (see TO) .  In this case the
transputer polls the fl ip f lop l i loRD and if i t  is set, the
transputer can make a BigLatch access.

WORD :  1: The Biglatch is full or empty. The SCSI
controler is halted untir the transputer has
accessed the BigLatch.

The BigLatch is f i l led or enptied by the SCSI
controrer and the transputer is waiting unti l-
i t is full/empty.

FT. RDY line

This bit always reflects the state of the ready l ine of the
f loppy bus. The f loppy controler does not use the ready l ine.

WORD = 0:

INT l ine

INT : L indicates an activated
(SCSI  :  0 )  or  SCSI  cont ro ler
s ta te  o f  the f l ip  f lop  SCSI .

interrupt l ine from the floppy
(SCSI :  1) ,  depending on the

nigr,atch at  #zooo2ooo -

Every access into this
transputer read access
tine. A transputer write
the Biglatch.

Any transputer access to
automaton Byte Counter
transfer controler.

#zo 0  0  3FFF

address area accesses the Biglatch. A
to the Biglatch reads 4 Bytes at a
access latches 4 Bytes at a t ime into

this address
and the f l ip

( in DBA mode) c lears the
f lop I4IORD in the data

Iets the transputer waitA transputer access to the Biglatch
unti l hIORD becomes set to 1.

Address neg is ter  o f  the scsr  cont rorer  a t  *zooooo{o

ff  the f l ip f lop SCSI is set a wri te access at  th is address
wri tes direct ly to the SCSI controler Address Register.
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auxi l iary Status Register of  the scsl  controler at  #zooooo4o

ff  the f l ip f lop SCSI is set a read access at  th is address
reads the SCSI controler Auxil iary Status Register.

Register FiLe of  the SegI controler at  #ZOOOOO41

If  the f l ip f lop SCSf is set the transputer can access at  th is
address the SCSI controler Register Fi Ie.

l,taster Status Register of f loppy controler at #zooooo4o

If the fl ip f lop SCSf is cleared a read access at this add,r
wil l  return the content of the floppy controler Master Sta'-*'/ Register.

Data Register of  f loppy controler at  #ZOOOOO{1

If  the f l ip f lop SCSI is c leared the data register of  the
floppy controler can be accessed at this address.

Control  Register of  the f loppy controler at  #zo00o o42

I f  the f f ip  f lop  SCSI  is  c leared a  wr i te  access to  th is
address writes into the Control Register of the floppy
controler.

Operat ions Register of  the f loppy controler at  #2O000043

If  the f l ip f lop SCSf is cLeared a wri te access at  th is
address writes into the Operations Register of the floppy
cont ro ler .
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5.2 Software Adresses of the Linlcs

After declarat ion of  the channels the fol lowing address
arrocat ion is val id for the 4 l inks of  the transputer:

PLACE Link0. Output AT #O :
PLACE Linkl- . Output AT # f :
PLACE Link2.Output AT #Z
PLACE Link3.Output AT #g
PLACE Link0. Input AT #+
PLACE LinkL. fnput AT #S
PLACE Link2. fnput AT #O
PLACE Link3. Input AT #l

The event channel has the number #g (see rrEventstt) .
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5.3 Events

To interrupt a running process on external events the
transputer has a facil i ty called event. When the EVENTRE9
input of the transputer wil l  be activated the event handling
must be supported by software as following: An OCCAII channel
must be assigned to the event pin using the construct

PLACE event AT #e :

The event process wil l  be inactive and waiting on a statement
I  ike :

event ? signal

Within a maximum of 58 processor cycles provided no other high
level processes are executed the event process wilI be
restarted after the event pin is tr iggered. To ensure
completion within a minimum time the event process shouLd be a
high pr ior i ty one.

There are five sources which can generate a transputer event:

The interrupt l ine of the SCSI controler
The interrupt l ine of the ftoppy controler
The data transfer controler (see rrFl ip f lop DMATRIG")
The Error PAL
The extension board

The event handling can be disabled by Jumper 9.

5. { Error and Analyse

During development of a program on a transputer network it
wi l l  sometimes occur that one or more transputers wiI I  fa i l .
For debugging purposes it is necessary to f ind out the cause
of the crash after resett ing the rrcrashedrr t ransputers.  A
special  k ind of  t ransputer reset is needed which does not
destroy the state of the whole transputer system. The
Analyse/Reset provides this service. After the Analyse/Reset a
special debug procedure can be loaded into the transputer to
monitor the internal  state.

The Reset PAL executes an Analyse/Reset when a tink reset is
received by the MSC board. The transputer reacts with an
organized shutdown of al l  processes. Three kinds of  error
condit ions can occur.  They are stored in the Error Register of
the Error PAL for later inguiry of the error condition ( see
rrError Register of the Error PALtt ) :
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Program Error
Address Error
Parity Error

Program errors are division by zero, integer overflow, array
access outside its boundaries etc. This activates the error
flag inside the transputer and the ERROR output of the
transputer.

A transputer access to an unused address generates an address
error.  This wi l l  set  a bi t  in the Error Regrister.

After the Analyse/Reset a debug procedure can monitor the
Error Register of the Error PAL.

Jumper J0 decides whether

both an event and an error condition or
only an event

can activate the ERRORfN input of the transputer ( see trJurnper
J 0 t t ) .

J9 connects the ERRORIN input with the otherwise inactive
EVENTREQ input ( ttJumper J9 tt ) .

ff the MSC board rurrs as a host the Analyse/Reset wil l  destroy
the shutdown status.

The user can start a process when ERRORIN is activated ( see
rrEventstt ) . The activation of the ERRORfN input has the same
effect as an internal transputer error.
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5. Ilardware Details

6 .1  Reset  s igna ls

There are the following reset signals on the board:

Power On Reset
External Reset
Link Reset In / Out
Data transfer controler Reset
SCSf / f loppy controler Reset
SCSI Bus Reset

Power On and External Reset

A Power On Reset of O.2 seconds wil l  be grenerated every time
the VCC vol tage ramps up from below 4.6 vol t  above 4.6 voLt.
The External Reset, which is no l ink reset (pin a24 DfN
connector), and the Power On Reset have the same effect:

The transputer is reset.
The Reset PAL and the Error PAL is reset.
The fl ip f lops and automatons in the data transfer
cont ro ler  are  reset ,  i .e .  c leared.
The Link receivers are deactivated during the active
reset duration, so there are no incoming tink data
The SCSI and floppy controlers are reset.

Link Reset fn

A MULTICLUSTER l ink consists of  two l ink signals (  for b
direct ions) and two l ink reset s ignals ( for both direct ion
If  one of the four incoming l ink reset s ignals are act ivat
then

the transputer wil l  get an Analyse/Reset ( see frError
and Analyserf )
and the l ink input receivers wit l  be disabled for the
act ive durat ion of  the l ink reset s ignal .

L0 microseconds after deact ivat ion of  the l ink reset in s ig
the transputer is ready to communicate over a l ink using ' 'P
and Pokerr or for booting.
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Link Reset Out,

The MSC board can send to any of its four neighbouring
transputers a l ink reset via the MULTICLUSTER links. This is
achieved by writ ing to the Link Reset out Register ( see rr Link
Reset Out Registertt ) . The state of the MSC board transputer
system is not nodi f ied by this.

Data transfer controler Reset

The data transfer controler is programmed and reset via its
serial EPROM at Power On Reset and External Reset.

SCSI and floppy controler Reset

Both controlers are reset at Power On Reset and External
Reset. Each controller can be reset individually by the
transputer (see t tFl ip f lop PRES" and ' rFl ip f  lop ScSIt t  )  .

SCSI Bus Reset

The RST signal of the SCSI bus is not connected to the SCSI
controler.  I t  is  terminated with 220/330 resistors and
avai lable on the DIN connector,  pin bl-8.
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6.2 i lumper Allocation

The locations of jumpers on the MSc board. are shown at the
sheet ffMSC Board Layout Discretesrt.

ilunper itO

The ERROR PAL (V52) activates the ERRORIN input of the
transputer when the data transfer controler or the extension
board requests an event. Jo enables or disables the activation
of the ERRORIN input in cause of an error condition: program
error, address error or parity error.

.funper .f1

JL selects the memory access time of the transputer. The
tining of the transputers control signals, wfriön are in memory
accesses involved, can be varied (see i lExternal Memory
Conf igurationrr in the transputer manual ) .
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,funper ;12

J2 selects the speed of the transputer l inks. Link speed can
be set to 5 ,  L0 and 20 MBits/sec. Links 1-3 have always the
same l ink speed. The speed of l ink o can be selected
separately. Link speed combinations of 5 and, 20 MHz
simultaneously are not possible.

,Jumper ü3

J3 defines whether the transputer wil l  boot from RoM or from
l ink .

,Iumper it4

J4 defines the internal clock frequency at which the processor
part of the transputer runs. This has no influence on the l ink
speed, which is f ixed at 5|  LO and 20 MBits/sec.

. fumpers i I5, i I6, i I7 ,  i I8

These are 4 soldering pads, which are reserved.

,fumper .f9

J9 makes a connection between
pin of  the transputer.  So
activation of ERRORIN of the
event.

the ERRORIN pin and the EVENTREQ
if  th is jumper is inserted an
ERROR PAL V52 also generates an

.Tumper itl.O

JL0 must jumpered i f  there is no extension board instal led on
the MSC board.

Junper ill.l.

Reserved.  Must  be jumpered.
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6 . 3 Pin-out of 96-way DfN connector

1 :
2 z
3 :
4 :
5 :
6 :
7
8
9

L 0
L L
L 2
L 3 :
L 4 z
l - 5 :
l _ 6 :
L 7
L 8
L 9
2 A
2L :
2 2 2
2 3
2 4
2 5
2 6
2 7
2 8
2 9
3 0 :
3 L :
3 2 2

a

Reset Out O
Link Out 0
F I .  Revo l . /m in
Link fn 0 +
Reset In 0 +
FI.  Ready
Reset Out l-
Link Out L
FI.  Motor on 2
Link fn L +
Reset In L +
F I .  D r i ve  Se I .
Reset Out 2
Link Out 2
FI .  D i rec t ion
Link In 2 +
Reset fn 2 +
Fl . lilrite Data
Reset Out 3
Link Out 3
F I .  T rack  00
Link In 3 +
Reset In 3 +
Ext.  Reset

vcc
vcc
vcc
GND
GND
GND

b

GND
scsr DBo
SCSI DBl
SCSI DB2
GND
SCSI DB3
SCSI DB4
SCSI DB5
GND
SCST DB6
SCSI DB7
SCST DBP
GND
SCSI ATN
SCSI BSY
SCSI ACK
GND
SCST RST
SCSI MSG
SCST SEL
GND
Ext. Output
scsr c/D
scsr REQ
scsr T/o

vcc
vcc
vcc
GND
GND
GND

c

Reset Out O +
Link Out 0 +
FI .  Head Load
Link In O
Reset In O
F l .  I ndex
Reset Out 1 +
Link Out l- +
F I .  D r i v e  S e l .  I
L ink  In  l - .  -
Reset fn 1
FI .  Motor  on 1
Reset Out 2 +
Link Out 2 +
F I .  S tep
Link fn 2
Reset In 2
Fl . lr lr i te Enable
Reset Out 3 +
Link Out 3 +
FI . l ,Ir i te Prot.
Link In 3
Reset In 3
F l .  Read Data
F I .  Head  Se lec t

vcc
vcc
vcc
GND
GND
GND
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6.4 Pin-out of  34-way f loppy connector

floppy
connector

S ignal
name

MSC
inlout

out
in
out
out
out
out
out
out
out
out
in
in
in
out
in

AII odd numbered pins (except
Pin L is not connected.

Function

not connected
not connected
Rounds per minute
fndex Pulse
Motor Select l-
Dr ive Select 2
Drive Select l-
Motor Select 2
Direct ion Control l
Step Pulse
Write Data
Wri te Enable
Track 00
Write Protect
Read Data
Head Select
Ready (used only by DTc)

pin f- ) are connected to Ground.

2
4
6
8

L 0
L 2
L 4
L 6
t-8
2 0
2 2
2 4
2 6
2 8
3 0
3 2
3 4

FL-RPM
PT,-IDX
FL-MO].
pr,_DS 2
pr,_DS L
FL-MO2
PT,-DIRC
FT.-STEP
FL-WD
FL-WE
FT,-TRO O
FL_WP
FL-RDD
FL-HS
FL-RDY
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6 . 5 Pin-out of 6i-way Extension Connector

l - :
2 :
3 :
4 z
5 :
6 :
7 z

a

GND
GND
vcc
vcc
NOTWBO *
NOTWB2 *
MEI'IREQ
NOTSo *
NOTS2 *
NOTS4 *
GND
vcc
ADO
AD2
AD4
AD6
AD8
AD10
AD].2
4D1.4
GND
vcc
EXTENSION SELECT *
EVENT REQUEST
ADl6
AD].8
AD2 O
AD22
ADz4
ADz 5
AD2 8
AD3 O

b

GND
GND
vcc
vcc
NOTWB1 *
NOTWB3 *
MEMGRANT
NOTS ]. *
NOTS3 *
NOTRD *
GND
vcc
AD].
AD3
AD5
AD7
AD9
ADL L
ADl3
ADl5
GND
EVENTACK
EXTENSION WAIT END *
POI^IER ON RESET *
4D1.7
ADle
AD2 ].
AD2 3
AD2 5
AD27
ADz9
AD3 1

I
9

t-0
l-L
L 2
l-3 :
1 4 z
L 5 :
t - 6 :
L 7 :
L 8 :
t 9
2 0
2 L
2 2
2 3 2
2 4 2
2 5 2
2 6 2
2 7 :
2 8 2
2 9 :
3 0 :
3 t :
3 2 :

Signals with an aster isk are act ive Io! ' / .

The signal EXTENSfON SELECT gets active when the transputer
accesses the extension address space (see Overview of the
OCCAM address space) .  This s ignal  is NoT val- idated by any of
the s t robes NOTSO-4.

During Extension Board accesses the transputer inserts wait
states unt i l  the signal  EXTENSION !üAIT END is act ivated.
EXTENSION VTAIT END is synchroni zed for the transputer on the
MSC board.
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6. 6 The LEDs

There are three LEDs on the front panel. When no process is
running the only transputer accesses to memory wil l  

-Ue 
refresh

accesses. This can be seen as a dark shining memory access
LED.

R e d L E D :  5 V P o w e r

Green LED: Transputer access to external
memory
(NOTSO signal of  t ransputer)

Green LED: SCSI BSY l ine

6.7 Technical  Data

S i z e : Extended Euro card 220mm x l-Oomm

Layers:  6 layer mult i layer (  incruding cND and vcc
p lane)

Power reguirements: 5 VoIt
L ,7  A s tandby
4 ,5  A  max imum

6.8 lYir ing diagram

On the fol lowing pages the wir ing diagrams of the MSC board
are shohln.

o

o

o
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PART If Software

7. fntroduct ion

The msc.driver module is a software package for the PARSYTEC
MSc board to facil i tate data input/output to the mass storage
devices. I t  is avai lable as a separate compited module,  cal fäa
SC, and is fully written in OCCAIT{. It has an easy to use
conmunication interface. A set of interface procedures is
delivered in occAl,I source code (read O , write O , Ioad O ,
unload ( ) , verify etc. ) . The user integrates them into his
software layer. The msc.driver module hides complicated. device
features and gives a simple, eteneral and common view of the
dev ices.

This release of the msc.driver software package supports most
kinds of

I,r l inchester Disk Drives
Tape Storage Devices (Streamers)
Floppy Disk Drives.

More sorts of  devices wirr  be supported in future.

I t  has the fol lowing features:

Fully written in OCCAM.

Avai lable as a SC (separately compi led module)

Communication over four channels: Command Channel, Read
Channel , I{r ite Channel and Result Channel .

A smal l  and easy to use set of  conmunicat ion procedures
in OCCAM source is also avai lable:

Clear driver package
In i t  log ica l  un i t
Load medium
Unload medium
Read logical  block
$fr i te logical  block
Format,  Ver i fy etc.

SCSI devices are dynamical ly requested to report  their
parameters  (capac i ty ,  sector  s ize ,  e .  t .  c .  )  .

hfithout recompilation the software package can be dyna-
rnical ly reconf igured at any t ime:

o The number and type of devices can be changed.
o The log ica l  b lock s ize can be redef ined.

Makes a trace of aI I  performed internal  act ions, cal led
the internal protocol. This can be requested by the
user and inspected for debugging purposes.
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supports up to 4 winchesters , z streamers and. z
f loppies in any combinat ion.

Does a sel f test  of  scsr and f loppy controrers and
devices.

8.  The msc.dr iver software package

The msc. driver module represents the lowest level of a
hierarchy of software layers and interfaces directly to the
SCSI and f loppy controlers:

tl
|-"'**l
I contr. I

Floppy FIoppy
0 1

The msc. dr iver module is a OCCAM process which is normal ly
started at system start and then running forever.

The layer,  wi th which msc.dr iver communicates, is a OCCAM
process runn ing in  para l leL wi th  msc.dr iver  and is  ca l led the
upper layer.

The upper layer requests data transfer act ions of  the
msc. dr iver process by sending command blocks via an OCCAM
channel .  After msc.dr iver has received a command block the
data is t ransferred and at last  the msc.dr iver returns a
resul t  b lock to the upper layer process.

\

user program or
operating system

ll
buffer control

tl
msc.  dr iver

Upper
Layer

Storage Devices

/

Winch
0

lrlinch Streamer
1 0

floppy
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The msc. dr iver process has a single internal  buffer of
64 K Byte, which buffers the data of  every device on i t rs way
from the devices to the upper layer and vice versa. So the
biggest Flock of data that can be transferred with a single
command is 64 K Byte.

The msc. dr iver process incorporates no buffer strategies.
Every block to be read/written wil l  be physically
read/written. The block buffering is the task of tnL upper
layer process.

8 .1  fn ter faces o f  msc.  dr iver

There are two interfaces to the outside world of  msc. dr iver:

The interface to the scsr and f loppy control ler .
The interface to the upper layer process.

The msc.driver process conmunicates with the storage devices
through the SCSf and floppy controlers. The upper layer can
access these controllers also and can do input/output directly
with its own procedures. But this should be avoided since thä
msc. dr iver process can be confused. f  n future there wi l - l  be
some additional procedures available for special device
handl ing ( test i \g,  formatt ing etc.  )  .

The msc. driver process communicates with the upper layer
process through OCCAI,I channels. These may be software channels
or t ransputer l inks. General Iy the buffer control  software
resides on the MSC board i tsel f  and not outside in order to
use the great amount of  local  memory for ef f ic ient ly stor ing
large data sets.
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Four channels are provided for communication:

Upper
Layer

Process

Command Channel

msc. dr iver
Process

ResuIt Channel

Read Channel

Write Channel

A Comnand Channel to send commands to the msc.driver.
A Result Channel , over which the msc. driver reports
result and status in response of a command.
Two data channels, called Read Channel and Write
Channel for data transport.

The upper layer process can be viewed as a producer of
cornmands and the msc. driver process as a consumer of commands .

A set of procedures, which handle the conmunication with the
msc. dr iver process, cal led communicat ion procedures, are
supplied in occAll source.

8 .2  V iew of  the dev ices

One purpose of the msc.dr iver process is that the upper layer
process has a sirnpl i f  ied view of the devices. Hardware
detai ls,  device parameters,  handl ing of  special  cases etc.  are
hidden in the mse. dr iver process. The devices should look
simiLar with respect to their  control ing, data structures and
response to faci l i tate their  handl ing. The msc. dr iver
communication procedures use descriptive parameters:

The c lass o f  a  dev ice.
The type of a device.
The number of a device.
The tvpe of a medium.
The logical  block of  medium.

Devices wi l l  be dist inguished in f loppy dr ives and SCSI
devices because of the fol lowing reason: The concept of  hiding
hardware detai ls is much easier to implement for SCSI devices
than for f loppy dr ives.
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8.3 The c lass concept

Devices are categorized in so cal led classes. Devices of  the
same class have nearly identical behaviour and response, and
can therefor be controled by the same set of procedures. At
this t ime there are 4 classes implernented:

Winchester
FIoppy
Streamer
Special

The class Special  is a c lass of  those commands, which are not
related to a certain device (e.9.  c learO command) .

8.4 The device type concept

Although two devices of  a c lass are nearly ident ical  there
wiI I  be sometimes minor but important di f ferences between
them. Inside the msc. dr iver process a sort  of  device is
represented by a set of  descr ipt ive constants (e.g.  number of
tracks of  a f loppy dr ive etc.  )  .  This set is cal led device
record.

For every class there exists inside the msc.dr iver process a
smal l  l ibrary of  common used device records. The device
records are numbered starting from O. The device type is the
number of a device record. This l ibrary wil l  be updated from
time to t ime to include nelr sorts of devices. The type numbers
wi l l  be compat ible with ear l ier  versions of  msc.dr iver.

Two devices are of the same type if they are descripted by the
same device record and such by the same device type.

c lass device device features
type

Winchester

Floppy

Streamer o

al l  SCSI winchesters

2  Heads ,  80  t racks ,  25O KB i t / sec

al l  SCSI streamers
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8.5 The device nunber concept

In every class the devices, which are physical ly present,  are
assigned logical numbers from o to the maximüm- value, the
device numbers. E.g.  i f  there are n winchesters connected to
the scsr bus the logical winchester numbers must range between
0  and  n -L .

A certain device is
<class, device. number> .

fully addressed by the pair

The device number must be distinguished from the physical
address of  a device: The physical  address is assigned 

-once 
at

process start  of  msc.dr iver through the in i tO command.

8.6 The medium concept

To make use of orthogonally command structures aII devices are
considered to have a changeable mediurn. So you can even for
winchesters send commands to load or unload its medium (which
is not considered as an error)  .

8.7 The mediun type concept

The term medium is used e.g.  for

floppy disks
f ixed d isk  ( ! )  o f  a  w inchester
streamer cartridges
ot ica l  d isks  e tc .

Analogous to the type concept of devices there is a type
concept of  storage media. That is because a certain device can
work on di f ferent k inds of  media,  which must be dist inguished
o f

storage size
formatting type etc.

fnside the msc. dr iver process a medium is represented by a set
o f  descr ip t ive  constants  (e .  g .  phys ica l  sector  s ize  o f  a
f l oppy  d i sk  e t c . ) .  Th i s  i s  ca l l ed  med inm reco rd .  I n  msc .d r i ve r
there exists for every cl-ass a small t ibrary of common used
mediurn records. This l ibrary wil l  be updated from tirne to t ime
to include ne\^t sorts of media. The media records are
represented by numbers, so called nediun types. The medium
type numbers wi l l  be compat ible with ear l ier  versions of
msc.  dr iver .
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medium featuresc lass medium
type

Winchester

FIoppy

Streamer

As a conseqluence there wil l  be
(those with the highest sector
s i z e s .

The msc. dr iver process has the
and dynamic block sizes:

al l  SCSI winchesters

2 sided, 80 tracks ,  25O KBiE/sec,
interleave L : l-, sector size SL2 Byte
starting sector number is O, 9 sectors
per track

same as O. Start ing sector number is 1.

all SCSI streamers

8.8 The logical  blocls concept

Every medium of a device has an individual physical block
length  (e .9 .  ä  phys ica l  sector  on a  winchester ) .  The phys ica l
blocks are ordered in some unique sray. So at this lowest leve1
the user sees a sequence of physical blocks numbered in some
unique hray.

Def ini t ion: A logical  block (of  a certain device with a
certain medium) or block for short ,  contains exact ly one or
more consecutive physical blocks. At this level the device is
considered to contain a sequence of logical blocks numbered
from 0 to some rnaximum value.

some physical  sectors unusable
numbers) for many logical  block

abi l i ty to work with indiv idual

medium can be def ined to work with its or^rn block size,
e .g i .  two winchesters  can have d i f fe rent  b lock s izes.

at run time ( ! ) by issuing another init ( ) command. The
user can experiment with block sizes to f ind one that
sui ts him best.  Every given block length must be less or
egual to the internal  buffer s ize of  64 K byte of  the
msc.  dr iver .
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Danger:  The block size, wi th which a medium is wri t ten the
first t ime, must be the same for later read/write operations
to avoid corrupting the stored data. In general if you decide
to use another block size the data on a device or medium wi l l
be lost .  So the dynamic block size feature is useful  dur ing
tuning phases.

Example: The n sectors on a medium are numbered from 0 to n-
l - .  I f  the block size is def ined to contain k sectors,  then
there wi l l  be

T  . -
t - l  o - n / k

logical  blocks. The
unused. The logical
f rom ( B*k) to ( B:tk +

( integer div is ion)

res t  o f  R : :  n
block with number
k - l )  .

mod k sectors wi l t  be
B contains the sectors

8.9 The buffer concept

ft is assumed that the upper layer process organi zes the
handl ing o f  the log ica l  b locks,  i .e  i t  w i l }  inp lement  one or
more class dependent buffer algorithms.

Def in i t ion: A buf fer is an array of  integrers,  which can hold
the data of  a logical  block. In OCCAM notat ion

[b lock.  s ize ]  INT buf fer  :

Th is  def ines a  buf fer  to  ho ld  b locks o f  up to  4*b lock.  s ize
bytes.

Note:  The log ica l  b lock s ize can be less  than the buf fer  s ize .
And

[L0 ]  [ b lock .  s i ze ]  INT  bu f fe r  :

def ines a buffer array which can hold ten logical  blocks.

Implementation examples :

l - .

2 .
This means the buffer array wiI I  contain in a mixed
manner logical  blocks o' f  d i f  ferent c lasses and devices.

3 .
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The conmunication procedures are designed for case z. The
procedures are doing data transfer on the buffer array defined
as rrBUf ferfr. The buf fer structure can be easily changed by the
programmer.

8.10 The internal  protocol

The execution of a msc.driver command can be regarded as a
large sequence of elementary actions. Msc. driver makes an
internal protocol of every action it performs. This protocol
can be transferred to the upper layer by the get.protocol o
command.

Every elementary action has a unigue number, the aetion
number. Every performed action is entered into a cyclical
buffer. Unsuccessful actions are marked. An entry of the
protocol  buffer consists of  four integers:

action code parameter L parameter 2 parameter 3

If bit, 3 t- of an
unsuccessful .
Parameters l- 3
not explained for

action code is set, then it is marked to be

further describe the action code. They are
the user.

The command get.protocol  O wi l l  return the protocol  buffer and
for every entry a text string which explains the action.

Even after a system crash of the MSC board and after system
restart the old internal protocol is available for debugging
purposes of the crash. fn this case the get.protocol  O command
must be send before the clearQ command. The clearO command
clears also the internal  protocol .

8 .11 Error  handl ing

The greneral problem of error handling is the followj-ng:

To make use of the informat ion hiding pr inciple the upper
layer process has no knowledge of the internal state and
structure of  msc. dr iver.  This is al l r ight as long as
everything works ok.

On the other side if something goes Ti/rong with a device the
upper layer process wants more error information than just
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rrBad Device Accessrr , for example. There are often cases where
the error information must be quite detailed.

Another problem is the interpretation of error information.
I{hich layer makes the decision what a severe and what a
harmless error wi l l  be ?

Msc. dr iver handles these problems as fot lows:

the execution of a command, has associated a so called
action number. If al l actions of. a command, and hence the
whole command, are successful , a so called ot< result is
returned via the result channel. If some actions failed
then the action number of the first action is returned (see
rrThe result structuretr ) . Additional result and status codes
are returned depending on the result.

description of the error.
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msc. driver comnands

9.1 The communication procedures

There is a small set of procedures in OCCAIT{ source available
which manage the communicätion protocol with msc. d,river. The
user of msc.driver is reconmended to use these procedures, but
it is also possible to write one I s ohrn set. The procedures
a re :

clear
init
load
unload
read
write
w.  format  ( .  .  .  )
s .  f o rma t  ( .  .  .  )
f .  fo rmat  ( .  .  .  )
v e r i f y  ( . . . )
nop ( . . . )
msc.  dr iver .  f in ish
w.  mode.  sense
w.  mod,e.  se lec t .  sector .  1
w. mode. select .  par i ty
reserve
release

( . . . )
( . . . )
( . . . )
( . . . )
( . . . )
( . . . )

( . . . )
( . . . )
( . . . )
( . . . )
( . . . )
( . . . )

Every procedure uses the predefined conmunication protocol of
msc.dr iver.  After a command has been send to the msc.dr iver
process data wil l  be transferred and at last a result
structure wil l  be returned, which contains in coded form the
success or some error number of the requested command.

At process start msc.driver performs
for the first command. At this state
process uses no CpU tine, because
conmunication.

nothing but is wait ing
(awaj-t ing a command) the

i t  waits for channel

The meaning of the result structure is explained in nThe
result structurerr .
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9.2 Paraneters of the interface procedures

To simplify parameter description aII parameters of
interface procedures are explained here. Parameters npidrr
ttp;i rt are reserved for future enhancements .

p id process ident i f ierr  är l  32 bi t  integer,  by wich the
sender process of a command can be uniquely
ident i f ied.

must range between 0 and l- and is the priority of a
command according to transputer convention: o :
l o w ,  L :  h i g h  p r i o r i t y .

msc.scsi .addr is the SCSf bus address of  the MSc board, which
is directly related to the priority for gaining the
scsr bus. r t  must be between 0 ( lowest pr ior i ty)
and 7 (highest priority) .

the
and

pri

num. w

num. f

num. s

ctrass

device

b lock.  1

type

addr

block

buf fer

is the number of winchester drives connected to the
scsr bus. 0 means there is no winchester. Maximum
i s  7 .

is the number of f loppy drives connected to the
floppy bus. 0 means there is no floppy drive.
Maximum is 2.

is the number of streamer drives connected to the
scsr bus. 0 means there is no streamer dr ive.
Maximum is 2.

is the class of  a device.

is the device number of a device. Must be between o
and (number of devices l-) .

is the def ined logical  block length ( in bytes) of  a
device. It must be less or equal to the internal
buffer length of 64 K Byte and must contain exactly
one or more physical sectors of the medium.

is the type of a device.

is the physical  address of  a device. SCSI bus
device addresses must be between 0 and 7. Floppy
drive addresses must be between O and 1. The type
parameter must be consistent to the physical device
with respect to addressing.

is the logical  block number.

is the buffer number.



med. type

pcf

sector.  I

parity

Physical
command.

Parity
command.
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is the type of the loaded
between load ( ) and untoad ( )

Page control f ield for
command. 0 (: pcf
your winchester manual.

medium. f t  is
commands.

winchester
r rMode Senser l

va l id  on ly

mode sense
Command of

sector length for

parameter for

w .mode .  se lec t .  sec to r .  1  (  )

w. mode .  select .  par i ty (  )
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9. 3 The clear O procedure

Invocat ion:

c l e a r  (  p i d ,  P r i ,  n u m . ü r ,  n u m . f ,  n u m . s ,  m s c . s c s i . a d r  )

After the msc.driver process is started the first command to
be executed must be a clear ( ) command to init ial ize general
and device independent variables. Device dependent vaiiabl-es
are set up by the in i t0 command. The clear0 command is also
used to teI I  the msc.dr iver process how many devices in every
class are connected to the MSC board. I t  pärforms a hardware
reset of the SCSI and floppy controler and after that the
controlers are checked for correct internal function.

clear (  )  can be executed at any t ime. I t  tests the SCSI
control ler  and the f loppy control ler .  AII  pr ior internal
states and data of  msc. dr iver are lost .

9 .4 The ini t  (  )  procedure

Invocat ion:

i n i t  (  p i d ,  p r i ,  c r a s s ,  d e v i c e ,  b r o c k . r ,  d e v . t y p e ,  a d d r  I
Iun )

After the clear0 command an inito command must be executed
{ot every logical  uni t  t t lunrt  of  every device in every class to
ini t ia l  ize device dependent var iäbles. Medium dependent
var iables are in i t iat ized by the loadO command,.  The härdware
and software features of  the device are considered to be
compatibet wi th typg ' , type' , .  A logical  uni t  is physical ly
addressed by the pair  (  scsi  address, logical  uni t  nurnber) .
After the in i t  (  )  command has been issued for a logical  uni t ,
i t  is  subsequent ly addressed simply by i t 's  aevice number
I tdev ice t l  .

in i t  (  )  can be executed at any t ime. Al l  pr ior internal  states
and data of  the msc. dr iver process associated with this device
a re  l os t .
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9.5 The load (  )  procedure

Invocat ion:

load (  pid ,  pr i  ,  c lass ,  device )

Th". Ioad ( ) command assumes that a medium is inserted into
device trdevicetr  of  c lass rrc lassrr  .  Load (  )  forbids medium
exchange unti l  an unload ( ) command is given which allov/s
medium exchange. Load0 tries to f ind out wnat sort of medium
is loaded and returns over the result channeL the medium type
of the medium.

The msc-dr iver process wi l l  use this medium type for al l
subseguent operations on this medium unti l an unfoaa 1 1 command
makes the medium type invalid.

Danger: There is no prevention for medium exchange on ftoppy
drives or even some SCSf devices. So msc. d.r iver wi l l  not
notj-ce the changing of the medium after a load ( ) command has
been executed. This wil l  result in intermixed. 

'and 
destroyed

data in the buffers and on the medium.

ff the loado command cannot f ind out the medium number or if
no medium is inserted an appropriate result cod.e is returned.

Note: The load ( ) command must also be executed for d.evices
with a fixed medium, because of the general medium concept !

Load ( ) does a test of the device without altering the medium
( i f  inserted) .  other devices of  th is c lass or of  other c lasses
are not inf luenced.

c lass performed actions by load ( )

Irlinchester WD33C93 internal  funct ion test
waiting unti l  motor speed ok
SCSI Mode Sense
computing actual medium dependent variabres
from mode sense data
SCSf inquiry command
winchester buffer test
reading the f i rst  LO logicat blocks
reading the last  LO logical  blocks
i l lega1 sector read test
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WD36C65 internal  funct ion test
reads block 0 of f loppy with different medium
type numbers, unti l  correct (or no) medium type
number found.

to be def ined.

9  . 6  T h e

Invocat ion:

unload ( ) procedure

unload (  pid ,  pr i  ,  c lass ,  device )

The unload ( ) command in some way has the reverse effect of the
load ( ) command. It al lovrs medium exchange in device ltdevicert
of class rrclassrr , but it doesn I t check whether the medium has
really changred. Msc. driver no longer assumes a certain media
type associated with the device.

9 .7 The read ( ) procedure

Invocat ion:

r e a d  ( p i d ,  p r i ,  c l a s s ,  d e v i c e ,  b l o c k ,  n u m ,  b u f f e r )

Tl" read ( ) comrnand reads the rrnumrr numbers of blocks starting
vyith. logical block ftblockrr from the device rfd.evicerr and putl
i t  into the buf fer rrbuf ferf t .  The block length is aei ice
dependent as defined by the init ( ) command. The read is
physical ly done in the device.

9.8 The wri te (  )  procedure

Invocat ion:

w r i t e  ( p i d ,  p r i ,  c l a s s ,  d e v i c e ,  b l o c k ,  n u m ,  b u f f e r )

The write ( ) command sends rrnumrr logical blocks in buf fer
rrbuf f errr to the device rrdevicett where it overtrrites data
start ing at  block | tb locktr .  The block length is device
dependent as defined by the init ( ) command. The write is
physical ly done in the device.
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9 .9 The w. format ( ) - procedure

Invocat ion:

w- format  (  p id ,  pr i ,  dev ice,  cdb i - ,  cdb2,  cdb3,  cdb4,  cdb5,
bu f fe r  ,  I i s t . I  )

The w. format ( ) command formats the winchester rrdevicetr. f n
general there is more than one sray to f ormat a winchester
(using the primary and/or growing defect I ist) . So the
procedure gels 5 integer parameters, called cdbL cdbs, which
msc.driver witl convert to 5 bytes and insert them into the
Command Descriptor Block (CDB Byte L 5) of the SCSf command,
which is send to the winchester. The procedure wiII always
send the l ist  in buf fer f f  buf ferrr  of  length rrList .  1n to
msc. driver, whether it wil l  be used there or not . The bl-ock
contains the appropr iate defect l is t ,  i f  any. The ini t  (  )command can be used to temporari ly define a Ulock size of
appropr iate size to hold the l ists.

The user must handle the defect I ists.  For explanat ion of  the
various kinds of formatting see frCommand. bescription f or
direct  Access Devices'  in the ANSr scsr manual.

I{. format ( ) does no verif ication. This must be done with the
ver i fyO command.

After the procedure has been started,
winchester has been formatted.

it returns when the

To change the physical  sector s ize of  a winchester,  the
h l .se lec t .sector . Io  command must  be issued and a f ter  that  the
w. format O command.

9 .L0  The  f . f oma tQ -  p rocedure

Invocat ion:

f . format (  pid ,  pr i  ,  device ,  medium.type )

The f. format ( ) command assumes there is a ftoppy disk inserted
into f loppy disk dr ive f tdevicer ' .  The f loppy wi l l  be formatted
according to the parameters of rf medium. typetr . The f loppy is
not ver i f ied. A wri te protected f loppy wi l l  return
rrnot. loadedff  as medium status (according to hlD37C65) .  A
successful f .  format O wi l l
r f  no.  medium. typer t  .

return medium type
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9 . Ll The s. format ( )  -  Procedure

To  be  de f ined .

g .L2 The ver i fY (  )  -  Procedure

Invocat ion:

ver i fy (  p id ,  Pr i  ,  c lass ,  device ,  media.  type )

The verify ( ) command checks whether aII Physical sectors on a
medium arä readable. The whole medium is read, but no data
transfer is involved. The purpose of the verifyo command is
to f ind out bad sectors. Result structure is the same as the
read ( ) command, except that result integer 3 contains the
media type.

9 . l-3 The msc. driver. f inish ( ) - procedure

Invocat ion:

msc .d r i ve r . f i n i sh  (  P id  ,  P r i  )

This cornmand tel ls the msc. dr iver process to f  in ish i tsel  f  -

This command is normally not use4 except for test purpose'

because the msc. dr iver process is assumed to run steadi ly.  No

act ions on devices are Performed-

g .L4 The noP ( )  Procedure

Invocat ion:

nop (  pid ,  Pr i  )

The nop ( ) command has no effect. The communication protocol is

executäa ana msc.dr iver returns status ok.
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9. L5 The w.mode. sense (  )  procedure

fnvocation:

hr.  mode. sense (  pid ,  pr i  ,  r r .  nr ,  pcf  ,  buf f  er )

hl-mode.senseo reads from the winchester at l  (up to 4) sets of
mode sense data. The pcf value (page control  

-  
f ie ldi  def ines

which set of mode sense pages i; returned as a block into
buf fer f tbuf fertr .  So to get al l  4 sets of  mode sense pages you
have  to  i ssue  w .mode .senseO 4  t imes  w i th  pc f=O. .3 .

The first 4 byte integer in the returned block contains the
length .in bytes of the mode sense data. The bytes after the
first integer contain the mode sense data exactty as the
winchester has supplied them.

A side ef  fect  of  w. mod,e. sense (  )  is to perform internal ly a
load ( ) command.

9. L6 The w.mode. select.  sector.  r  (  )  procedure

fnvocat ion:

w.  mod.e.  se lec t .  sector .  I  (  p id  ,  p r i  ,  w.  nr  ,  sector .  I  )

W - mode .  select .  sector.  1 (  )  enables the user to change the
physical  sector length of  a winchester.  The speci f ied sector
Iength comes into effect only after a w. foimat ( ) command,.
Sector . l  spec i f ies  the length  in  by tes .

9 . 1 7  T h e  w . m o d e . s e l e c t . p a r i t y o

Invocat ion:

procedure

$ t .mode .se rec t .pa r i t y0  (  p id  ,  p r i  ,  r r . n r  ,  pa r i t y  )

w.  mode.  se lec t .  par i ty  (  )  .
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9. L8 The get.protocol  (  )  procedure

Invocat ion:

get.  protocol (  p id  ,  p r i  ,  buf fer .s ize  ,  buf fer  ,  in i t  ,
more )

Msc. driver wil l  copy its internal protocol into the buffer
Itbufferrf . See rf The internal protocoltt. One entry of the
protocol  occupies 64 bytes:

By te  0  39 :
Byte  40 43:
Byte 44 47 z
By te  48  5L :
Byte  52 55:
By te  56  63 :

Text string describing the action
The action number (4 byte integer)
Paramete rL  (  t ,  )
Pa ramete r2  (  t t  )
Pa ramete r3  (  r t  )
unused wi l l  be 0

Device / medium parameter

psysical  sector tength in bytes
total number of sectors on mediurn
total  number of  blocks (depends on block size)

buf f  er.  s ize is the size of  buf fer rrbuf f  ert t  .  In general  the
total  protocol  wi l l  f i l l  more than one buffer.  In this case
the procedure returns the boolean variable rrmorerr - TRUE,
whether there are more protocol entries, which must be
transferred by another get.  protocol  cal l  .  t rmorert  :  FALSE
indicates that the last  entr ies have been transferred.

The f i rst  get.protocol  (  )  caII  must in i t ia l ise the protocol
transfer by sett ing f t  in i t f f  to TRUE. This f  i rst  cal l  wi l l  not
f i l f  entr ies into the buffer.  Subsequent cal ls must set in i t
to  FALSET so get .pro toco lO wi l l  re turn  f i l led  buf fers .

9 .L9 The get .params (  )  p rocedure

Invocat ion:

get.  params ( pid ,  pr i  ,  c lass ,  device ,  buffer )

After loading a medium and sending the load ( ) command, the
user wil l  get some parameters describing the medium and the
device by sending the get.  params ( )  command. Get.  params ( )  wi l l
return a block into buffer,  the f i rst  words containing some
inf orrnation:

I.Iord number

o
L
2
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9 .2O The start .  stop.uni t  (  )  procedure

Invocat ion:

s tar t .s top.un i t  (  p id  ,  p r i  ,  c lass  ,  dev ice ,  s tar t  )

Some direct access devices, mainly
and off  the spindle motor.  This may
I i fe t ime of the dr ive. The boolean
run, when true. The motor wil l  hatt

winchesters,  can switch on
be used to lengthen the
start causes the motor to
otherwise.

9 .2L The sendi co[Dand ( ) - procedure

fnvocat ion:

send.command ( t l  fNT command )

The array paramater trcommandrt is transferred to the msc. driver
process, where it is interpreted as a command..

9 .22 The reassigtr .blocks (  )  procedure

Invocat ion:

reassigtn.  blocks (  pid ,  pr i  ,  c lass ,  d.evice ,  buf f  er )

This procedure is used to reassign bad sectors of  devices,
normal ly winchester devices. Bytes 2 and 3 in buf fer t tbuf ferr t
comprise a l ist  length (defect l is t)  of  bytes. This l ist  sends
the msc.dr iver process to the device. Zero length is al lowed.

9 .23 The reserrre ( ) procedure

Invocat ion:

reserve (  pid ,  pr i  ,  c lass ,  device ,  f ree )

The conmunications procedure tries in a loop to reserve the
device. I f  th is wi l l  not be successful  for 1- minute, then
resul t  parameter wi l l  be returned false.
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9 .24 The release (  )  procedure

Invocat ion:

release (  pid ,  pr i  ,  c lass ,  device )

The device | tdeviceft  is released.

9.25 Time relat ionship of  commands

After the msc.driver process has been started, commands in the
fol lowing order must be issued:

be issued.

load0 must be executed (with inserted medium of course).

read0 ,  wr i teo and ver i fy0 commands in any order.-

before a loadO command.
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10. The communication protocol

A simple protocol is used to conmunicat,e with the msc. driver
process. This protocol is hidden in the conmunication
procedures, but wilt be explained here.

One aspect is protocol safety. For exarnple the upper layer
process wants to read a block and sends a niJs-spelled
command- Then it waits for the data on the read channei. The
msc.driver rejects the command,. ff i t  would not send any data
the upper layer process wiII hangr.

Def ini t ions

A connand is a sma1l integer array of variable length, which
contains the^ requested action for the msc. driver process and
parameters,  i f  any.

A resul t  is a smaIl  integer array of  var iable length, which
contains at least two integers:

The process ident i f ier .  To this process the resul t  must
be transferred. The process is wait ing for the resuLt.

The error code says whether or not the execution of the
command ütas successful or produced a catastrophic
fa i lu re .

10.1 Channel types

AII  four communicat ion channels of  msc. dr iver are def ined
transfer dynamic arrays, i .  e.  f i rst  the array length
transferred and then the arrays

The command and resul t  channels are def ined as fol lowing:

PROTOCOL command. type IS

The data channels are def ined:

I N T  r :  t l  I N T  :

to
i s

PROTOCOL data. type IS INT : :  I  INT :



The maximum

Channel

7 0

array sizes msc. dr iver

Maximum Array Size

can rece ive or  w i l ]  send:

c. colnmand
c.  resu l t
c .  read
c.  wr i te

32 Integers
32 Integers

L6384 In tegers  ( :
1-6384 fntegers (-

6 4 K
6 4 K

Bytes )
Bytes )

LO.2 The phases of communication

Communication is always init iated by the upper layer process.

f -  .  Step: The upper layer process sends a command over
channel c.command. The msc.dr iver process, wait ing
for a command, receives the command.

After the command transfer is done, there is arways
a data transfer over the c.read channer.  r f  there
is no read data invorved a nuLl array is send by
msc.  dr iver .

After the read data transfer is done, there is a
data transfer over the c.wri te channel- .  r f  there is
no write data a null array must be send by the
upper layer.

The msc. dr iver process sends a resurt  over the
c. resul t  channel.  After that i t  wai ts for the next
command. The upper layer process receives the
resul t .  The protocol  is done.

2  .  S tep :

3  .  S t e p :

4 .  Step:

The msc.driver process decodes the command between steps 1 and
2. rf there is read data involved command execution takes
place after command decoding and before step 2.  I f  wr i te data
is involved command execution takes place between step 3 and
4 .

The procedure dummy. c. read ( ) is used to receive nu}l , r^/rong or
unexpected data just  to fut f i l l  the protocol  phases

The procedure dummy. c . write ( ) is used to send nul- I data -i ust
to  fu I f i l l  the  pro toco l  phases.
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10.3 The resul t  structure

A result is a small sequence of integer values in the arrayrrresultft . Its length is 1- at least. Thä length is contained i;
the var iable f t resul t . l r f  .  The interpretat iön of  a resul t  is
command dependent. After the execution of a command. result[]
and resu l t .  I  a re  va l id .

The first integer of result ( result t O I ) contains the
ident i f ier  of  the process, to which the resurt  berongs.

resul t  t l l  has a conmon funct ion for al l  resul ts.  f t  contains
the error number of the first error of the internal protocol,
or 0 if no error occurred.

f f the conmand performed well , result t 1l = O , meaning rrok
statusrr. Otherwise the f irst unsuccessful action number of the
failed command is returned. The meaning of action numbers is
shown in |tAction Numbersft . The procedure wait. f or. result ( )sets the global  var iable rrokrr ,  i f  the received resul t  i ;
successfu l .

rf there are more than two integers in result , the meaning of
the rest is command and class dependent:

Winchester result structure

If the msc. driver process performs a winchester command
success fu l l y ,  t he  resu r t  l eng th  i s  2  and  resu l t  t 1 l  : 0 .

ff anything is to be reported, the result structure has the
fol lowing form:

resul t  t  0 l

resul t  t  L l

result tzl

result t  3 l

resul t  l4J

process ident i f ier

internal  msc. dr iver act ion number

sense key

f i rst  byte of  request sense data

second byte of request sense data

a
a
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resul t  tz l  contains the sense key of  the winchester (according
to the ANSf SCSf manual) ,  which caused the malfunct ion:

resu l t  tz l  :  0 :  No er ror .

result lzJ : 2z Winchester not ready. Perhaps the motor has not
the correct speed.

result l2J = 3: Medium error. The winchester can not read or
wri te a physical  sector (bad sector)  .

e t c .
After that the reguest sense
resul t  t3 l  contains the f i rst
the case of a medium error
contains the bad sector number

data are fol lowing: The integer
sense data byte and so forth. In

the reguest sense data normally
(see your winchester manual)  .

Floppy result structure

Floppy commands return a result structures
ff msc. driver performs a floppy command

o f  leng th  2  and  3 .
successfu l ly  resul t

t  1]  has the value t f  medium. okrr  (=O ) .

If anything is to be reported, the
fol lowing form:

resuLt structure has the

r esu l t  tO l  :
r esu l t  t 1 l  :
result l2l  :

internal  msc. dr iver act ion number
Medium status
Medium type

Medium Status Values

Medium status has the following meaning:

0 Floppy command was successful ,  medium is inserted
L No medium is loaded
2 Medium is write protected
3 Sector not found
4 CRC Error
5 Medium is not formatted

10.  {  The msc.  dr iver  l ib rary

There is  a  fo ld  in  the msc.dr iver  sof tware package,  ca l led
mscdrive. tsr ,  which contains the msc. dr iver l ibrary.  The
interface procedures and the msc. driver source use this
l ibrary for command and result constants etc.
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10.5 Act ion Ntrnbers

Action numbers and their rneaning can be seen in the sc
( separate compiled rnodule) Ittext. of . actiontt in the source code
of the upp_er layer of the msc. driver software package. The
action numbers are normally not needed by the üser.
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PART III Instal lat ion

1. Hardware InEtallation

The MSC board is delivered with one of two kinds of
backplanes:

For operat ion inside a PC:
The SCSf -PC backplane. See sheet ITSCSI-PC Adaptert f  for
mountingf. This needs a BBK-PC adapter. The MSC and the BBK-PC
are connected with their  96-pin DIN connectors,  and the SCSI-
PC adapter is plugged onto the BBK-PC adapter. The 4 MSC
Iinks, the SCSI bus and the floppy bus are routed through the
8 l ink connectors of the BBK-PC to the SCSI-PC adapter.

For al l  other environments:
The Mult ic luster backplane, which interfaces direct ly to the
96 pin DIN connector of  the MSC. I t  provides 4 10-pin
Mult ic luster l ink connectors ,  L 50-pin SCSI connector and 1
34-pin f loppy connector.

Normally the first steps to test the operation of the MSc
involves a winchester:

1 .  1  PC users
Mount the MSC, the BBK-PC and the SCSI-PC adapter (if not

already done) .
Make sure, the BBK-PC is correctly set up for operation

with busless transputer modules under MULTITOOL. No other
adapters in the PC should interfere with the BBK-Q
adresses.

The l ink speed of MSC and BBK-PC must be the same. Connect
I ink 0 of  the MSC (which is the top l ink connector on th
SCSI-PC adapter)  wi th the BBK-PC l ink via a f lat  l ink
cab1e .

Connect the 50-pin SCSI bus f lat  cable with one end to the
SCSI connector on the SCSf-PC adapter and the other end to
the winchester.  Note the or ientat ion of  pin 1.  The
winchester must have i t  t  s terminat ion resistors instal- l -ed
in this conf igurat ion. The winchester SCSf address must be
0 .

Insert  the BBK-PC into a free slot  of  your PC.
Apply power to your PC and to the winchester.
See I tso f tware Ins ta lLat ionr r .
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L.2 Using the UULTICLUSTER baclcplane
Connect a Ground and a 5 VoIt power cable to the

backplane.
Insert the MSC into the backPlane.

Connect l ink O of the MSC (top l ink connector at the
backplane) to the IOS-I- module or to the bus bridge head,
you are  us ing (BBK-PC,  BBK- I ,  e tc . ) .  Make sure that  the
MSC and the bus bridge head at the other end operate at
the same link speed. The bus bridge head must be set up to
run MULTITOOL on the MSC transputer.

Connect the 50-pin SCSI bus flat cable with one end to the
SCSI connector on the backplane and the other end to the
winchester. Note the orientation of pin L. The winchester
must have it I s termination resistors installed in this
configuration. The winchester SCSI address must be O.

Apply power to your host, to the MSC and to the winchester.
See t tsoftware Instal lat ionfr .
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1.3 Sof tware ins taLIa t ion

!{hen the hardware is set up, you can start UULTITOOL on the
MSC board.

PC users :
Get the r fFi Ie Ut i l i t iest t  of  MULTfTOOL.
Create an empty fold where the msc.driver software shaLI
res ide .
fnsert  the discette labeled rrmsc.d.r iverr t  into dr ive A: .
Start  funct ion "coPY fN'r  of  the Fi le Ut i l i t ies by

press ing ALT-8.
Set the t t  Dest inat ionFi leNamerr of  the f f  d irectory

parametersrr  to f tmscdrivert .
Press the f tExi t  Foldt t  key: The msc. dr iver software wi l l

be copied into the new fold.  Now see | tstart ing a testn.

MULTITOOL users:
The same as for Pc users, except that the rrcopy INil is

replaced by a ttSTREAlll RETRfEVEI.

Star t ing a  tes t :

After the copy is ok, enter the fold and get and run the
EXE. A menu should appear.

Execute command t tHelpt t .
Execute command rrClearrr  .  Set the fol lowing parameters:

r r  Process IDt r  to  O
rr Pr ior i tyt t  to O
rrNumber of winchesters i l  to 1
t tNumber of  f loppiesn to O
trNumber of streamersil to 0
r rMSC SCSf  address[  to  7

Execute the command rrTestrr .  Answer the f  i rst  quest ion with
b lank .

Now the msc.dr iver  in i t ia l ises  and loads the winchester  us ing
di f  ferent block sizes as pr inted. I t l^ I r t  means wri t ing some
sectors,  rrRrr means reading the wri t ten sectors and rrvn means a
compare of  the wri t ten and read sectors.  The test  can be
aborted by pressing any key.
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T4L4/T8OO are trademarks of INMOS Group of Companies
INMOS transputer is a trademark of INMOS Group of Companies
OCCAI,I is a trademark of INMOS Group of Companies
!{D3 3C93 is a trademark of Western Digital Corporation
WD37e65 is a trademark of Western Digital Corporation
X2OCLS is a trademark of  Xi l inx Ine.
PAL is a trademark of Monolithic Memories Inc.
PC/AT is a trademark of IBM



MTM-PC :  Software ControLIed Conf igurat ion

The MTM-PC has sof tware cont ro l led l ink  connect ions v ia  C004
l inkswi tches.  Th is  a l lows to  conf igure  the processors  and the
external  Link connectors of  the board automatical fy by HeLios or
the conf igurer / Ioader  o f  MEGATOOL's  Occam Ut i l i ty  Set  before  or
dur ingr  a  sess ion.

The f  i le  "MTM-PC.  CDEtr  on the suppl  ied d isc  conta ins  the t ransputer
code to conf igure the MTM-PC board with i ts C004 Linkswitches from
DOS leve1 according to a defaul t  conf igurat ion structure as shown
bel-ow. The program has been wri t ten in OCCAM under MEGATOOL and
made bootab le  to  be used wi th  the a l ien f i le  server  (AFSERVER)
which is an executable DOS program and suppl ied too. The program
assumes the transputer A of  the board connected via i ts l ink 0 to
the Pc- l ink  sect ion and v ia  i ts  l ink  1  to  the conf igura t ion input
o f  the COO4 l inkswi tches (s tandard jumper  conf igura t ion o f  the
MTM-PC) .  To conf igure the MTM-PC board with the defaul t
conf igura t ion,  the MTM-PC.  CDE f i le  has to  be send to  that
transputer using the fol- lowing command from DOS level  :  -

AFSERVER -:  b MTM-PC. CDE

This  wi l l  reset  the t ransputer  and load the f i le  MTM-PC.CDE in to
the processor .  The program automat ica l ly  s tar ts  and g ives you
some informat ion about the conf igurat ion process on your screen.
The a l ien f i le  server  used to  boot  the t ransputer  is  descr ibed in
ful1 in the server part  of  the MEGATOOL documentat ion. See below
for  a  shor t  descr ip t ion o f  how to  invoke the AFSERVER.



Defau l t  conf igura t ion

The defaul t  conf igurat ion of  the
MTM-PC.CDE program bu i lds  a  p ipe l ine

MTM-Pc with
as fo l lows :  -

the ment ioned

PC-Link

0

3 A l _

2

0

3 8 1

2

0

3 C 1

2

0

3 D 1

2

The nota t ion o f  the processors  and the connectors  cor respond to
the techn icaL documentat ion o f  the MTM-PC board.

Note that the connect ions between transputer A and the PC-Link as
welL  as  the C004 conf igura t ion input  are  hardwi red by use o f  the
appropr ia te  jumpers  JP?L and JP22 on the MTM-PC module .



Al ien  f i l e  se rve r

The program to boot and load the transputer is the al- ien f i le
server (AFSERVER) which is an executable DOS program and part  of
the MEGATOOL release for MS-DOS/PC-DOS systems. I t  I  s fu l t
description can be found in the server part of the MEGATOOL
documentat ion.  In  th is  sect ion on ly  the necessary  opt ions for
invoking the al ien f i le server for conf igur ing the MTM-PC wiI I  be
men t ioned .

The syntax o f  the a l ien f i le  s

AFSERVER Icomman

where command. l -  ine is def ined

command.  L ine =

opt ion

opt ions

boo t .  f i l e .  name

I  ink .  address

Boo t  T ranspu te r  op t i on  ( :b )

erver  ca l l  i s  as  fo l lows :  -

d .  I i n e l

as  fo l lows :  -

opt ion
opt ion command.  l ine

opt ions
/  opt ions

:  b  b o o t .  f i l e .  n a m e
: I  t # l l i n k . a d d r e s s
: i

s tandard  DOS f i l e  name

decimal  or  hexadecimal  number

f f  t he  op t i on  t : b r  i s  used  the  se rve r  w i l l  t r y  and  use  the  g i ven
f i l e  name a f te r  t he  ' : b r  t o  boo t  t he  t ranspu te r  w i th .  I f  t he  f i l e
name is  not  a  va l  id  f  i le  or  the server  is  unable  to  l -oad the f  i Ie  ,
appropr iate error messages are given. l r lhen the server boots üp,
the t ransputer  is  reset .  f f  th is  opt ion is  not  spec i f ied  the
server wi l l  t ry and communicate with a program that has been
prev ious l -y  loaded onto  the t ransputer .  I f  no program is  loaded on
the t ransputer ,  the server  w i l - I  hangr-up.  Th is  is  because the
server  does not  tes t  the board to  see i f  a  program is  res ident .

L ink  Address  op t i on  ( :1 )

The use o f  the |  :  l - t  opt ion enables  you to  change the address which
the aerevr  uses to  communicate  wi th  the t ransputer  board.  I  f  a
t# '  i s  used  as  a  p re f i x  o f  t he  fo t l ow ing  number  then  the  number  i s
taken as a  hexadec imal  number .  I f  no number  is  spec i f ied  an er ror
w i l l  o c c u r .
The opt ion need on ly  be used to  change the l ink  address o f  the
board to  o ther  addresses than the defau l t  ones,  äs  the server
d e f a u l t s  t o  # f S O  f o r  u s e  w i t h  A T - l i k e  s y s t e m s  o r  # 3 0 0  o n  X T f s .



Server  fn format ion opt ion ( :  i )

f f  the opt ion
message and i t  t  s

'  3 i  t  is  used the server wi l l  d isplay a copyr ight
vers ion date .

fns ta l  I a t i on

The suppl ied d isc  (350 Kb,  fBM-PC format)  conta ins  the sof tware in
copy format.  To instal l  the programs on your harddisk you can
copy i t ,  back to any directory you want.  Here \^re assume a
subdi rec tory  ca l led tMTM-Pct  which is  d i rec t ly  be low the root
directory.  To create the subdirectory turn to the root directory
of your system and issue at DOS level  :  -

MD \MTM-PC

Then enter the fol lowing command to copy al l  the f i les f rom the
disc to that subdirectory 3 -

COpy A: * .  *  \MTM_PC

To conf igure the MTM-PC board from any directory the fol lowing
command can be used : -

\MTM-PC\AFSERVER -: b \MTM-PC\MTM-PC. cDE

I f  you have instal led the programs in other director j -es
appropr iate pathnames in the above command.
See the AFSERVER descr ipt ion above for other sometimes

:na ions 
l ike  set t ing the l inkaddress.

change the

necessary



MTM-PC :  Software Control led Conf igurat ion

The MTM-PC has sof tware cont ro l led l ink  connect ions v ia  C0O4
Iinkswitches. This al lows to conf igure the processors and the
external  l ink connectors of  the board automatical ly by Hel ios or
the conf igurer/ loader of  MEGATOOLTs Occam Uti l i ty Set before or
dur ing a  sess ion.

The f  i te | !MTM-PC. CDErr on the suppl ied disc contains the transputer
code to conf igure the MTM-PC board with i ts C004 l inkswitches from
DOS level  according to a defaul t  conf igurat ion structure as shown
bel-ow. The program has been written in OCCAI,I under MEGATOOL and
made bootab le  to  be used wi th  the a l ien f i le  server  (AFSERVER)
which is an executable DOS program and suppl ied too. The program
assumes the transputer A of  the board connected via i ts l ink 0 to
the Pc- l ink  sect ion and v ia  i ts  l ink  1  to  the conf igura t ion input
o f  the COO4 l inkswi tches (s tandard jumper  conf igura t ion o f  the
MTM-PC) .  To conf igure the MTM-PC board with the defaul t
conf igura t ion,  the MTM-PC.  CDE f i le  has to  be send to  that
transputer using the fol lowing command from DOS level  :  -

AFSERVER -:  b MTM-PC. CDE

This  wiL l  reset  the t ransputer  and load the f iLe MTM-PC.CDE in to
the processor.  The program automatical ly starts and gives you
some in format ion about  the conf igura t ion process on your  screen.
The a l ien f i le  server  used to  boot  the t ransputer  is  descr ibed in
fuI I  in the server part  of  the MEGATOOL documentat ion. See below
for a short  descr ipt ion of  how to invoke the AFSERVER.



Defau l t  conf igura t ion

The defaul t  conf igurat ion of  the
MTM-PC.CDE program bu i lds  a  p ipe l ine

MTM-Pc with
as fo l lows :  -

the ment ioned

PC-L ink

0

3 4 1

2

0

3 8 1

2

0

3 C L

2

0

3 D l

2

The nota t ion o f  the processors  and the connectors  cor respond to
the techni-caL documentat ion of  the MTM-PC board.

Note that the connect ions between transputer A and the PC-Link as
wel l  as  the C004 conf igura t ion input  are  hardwi red by use o f  the
appropr ia te  jumpers  JP?L and JP22 on the MTM-PC module .



AI ien f i le  server

The program to  boot  and load the t ransputer  is  the a l ien f i le
server (AFSERVER) which is an executabLe DOS program and part  of
the MEGATOOL release for MS-DOS/PC-DOS systems. I t  I  s fuI I
description can be found in the server part of the MEGATOOL
documentat ion. In this sect ion only the necessary opt ions for
invoking the al ien f i le server for conf igur ing the MTM-PC wi l l  be
ment ioned.

The syntax o f  the a l ien f i le  s

AFSERVER I cornman

where command. l ine  is  def ined

command.  l ine  :

opt ion

opt ions

b o o t .  f i l e .  n a m e

l -  i nk .  address

Boot  T ranspu te r  op t ion  (  :  b )

erver  ca l l  i s  as  fo l l -ows :  -

d .  l i n e l

as  fo l lows :  -

opt ion
opt ion command.  l ine

opt ions
/  opt ions

:  b  b o o t .  f i 1 e .  n a m e
: 1  t # l l i n k . a d d r e s s
: i

s tandard  DOS f i l e  name

decimal  or  hexadecimal-  number

I f  t he  op t i on  r :b r  i s  used  the  se rve r  w i l l  t r y  and  use  the  g i ven
f i l - e  name a f te r  t he  r :b t  t o  boo t  t he  t ranspu te r  w i th .  I f  t he  f i l e
hame is  not  a  va l id  f i le  or  the server  is  unable  to  load the f i le ,
appropr iate error messages are given. I {hen the server boots up,
the t ransputer  is  reset .  I f  th is  opt ion is  not  spec i f ied  the
server wi lL t ry and communicate with a program that has been
prev ious ly  loaded onto  the t ransputer .  f f  no program is  loaded on
the t ransputer ,  the server  w i l l  hang-up.  Th is  is  because the
server  does not  tes t  the board to  see i f  a  program is  res ident .

L ink  Add. ress opt ion (  :  1 )

The use o f  the t  :  I r  opt ion enables  you to  change the address which
the aerevr  uses to  communicate  wi th  the t ransputer  board.  I f  a
t  # t  is  used as a  pre f ix  o f  the fo l - Iowing number  then the number  is
taken as a  hexadec imal  number .  I f  no number  is  spec i f ied  an er ror
w i l l  o c c u r .
The opt ion need on ly  be used to  change the l ink  address o f  the
board to  o ther  addresses than the defau l t  ones,  äs  the server
d e f a u l t s  t o  # 1 S O  f o r  u s e  w i t h  A T - l i k e  s y s t e m s  o r  # g O O  o n  X T ' s .



Server  In format ion oPt ion ( :  i )

I f  the opt ion t  :  i  I  is  used the server wi l l  d isplay a copyr ight
message and i t  t  s  vers ion date .

Ins ta l  l -a t ion

The suppl ied d isc  (360 Kb,  fBM-PC format)  conta ins  the sof tware in
copy färmat.  To instal l  the programs on your harddis]< you can
copy i t  back to any directory you want.  Here we assume a
sunäi rec tory  ca l led rMTM-PC'  which is  d i rec t ly  be low !h"  root
directory.  To create the subdirectory turn to the root directory
of your system and issue at DOS level  :  -

MD \MTM-PC

Then enter the fol- lowing command
disc to that subdirectorY :  -

COpy A: * .  *  \MTM_PC

to copy a l l  the f i les  f rom the

To conf igure the MTM-PC board from any directory
command can be used :  -

t he  fo l l ow ing

\MTM-PC\AFSERVER -: b \MTM-PC\MTM-PC. cDE

I f  you have ins ta l led the programs in  o ther  d i rec tor ies  change the
appropr iate pathnames in the above command.
see the arsnnvnn descr ip t ion above for  o ther  somet imes necessary

:na ions 
l ike  set t ing the l inkaddress.


