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Course plan

Monday Transputers and boards
Multi-processor programming
Compiling C

Tuesday Channels

Multi-task programs
Multi-transputer systems
Priority and time

Wednesday Threads
Flood configuring
Other tools
C implementation
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Programming languages

Languages supported by INMOS on the
transputer:
C Occam
FORTRAN Pascal

Host machines supported by INMOS:
IBM PC and compatibles
NEC PC
VAX Sun 3and 4
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Transputers and boards

Transputer architecture
Parallel processing
The transputer family
INMOS boards

C environment
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Transputer architecture
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Transputer architecture

System
'services

~ Processor

Y Linkinterface

Y Link interface
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Application specific interface
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Parallel processing
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Connecting transputers
Clock frequencies within 200 ppm.
Clock phases may differ.
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Transputer networks

Simple link connections for point-to-point communication.

Spare links can connect to peripherals via link adaptors.
Y STRERARELAN cos )
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Local resources
Signal
Processing
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Connectivity

One link connects Two links allow pipelines.
two transputers.

Three links for tree structures. Four links for square arrays.
. ‘V_ iggé};&g#\ggys co.10 )
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The transputer family
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16 bit transputers

4 kbytes on-chip
Faster links
Debug support

4kbytes on-chip

Disk
controlling
transputer

irmos .f‘a £
. y
32 bit transputers
Fixed point
transputers
$20 each in quantity 4fastlinks
2kbytes on-chip 4 kbytes on-chip
Floating .
point Programmable 2 cycle emi Programmable
emi emi
transputers Debug support
\— [7-7 VIeROLL ETRONIOS co.12 )
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Transputer differences

On-chip memory (bytes)
Floating point hardware
Word length (bits)

Number of links
Overlapped acknowledge
Double-buffered link output

Programmable DRAM controller

2 cycle external read / write

Number of pins

Errorin pin
RefreshPending pin
EventWaiting pin
ProcSpeedSelect pins
DisableIntRAM pin
MemBAcc pin

Separate address and data

Multiplexed address and data

frmos &
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T212 T222 T225 T414 T400 T425 T800 T801 T805
2k 4k 4k 2k 2k 4k 4k 4k 4k
No No No No No No Yes Yes Yes
16 16 16 32 32 32 32 32 32
4 4 4 4 2 4 4 4 4
No Yes Yes No Yes Yes Yes Yes Yes
No No No Yes Yes Yes Yes Yes
No No No Yes Yes Yes Yes No Yes
Yes Yes Yes No No No No Yes No
68 68 68 84 84 84 84 100 84
No No No No Yes Yes Yes No Yes
No No No No Yes Yes No No Yes
No No No No Yes Yes No Yes Yes
No No Yes No Yes Yes Yes Yes Yes
No Yes Yes No Yes Yes Yes No Yes
Yes Yes Yes No No No No No No
Yes Yes Yes No No No No Yes No
No No No Yes Yes Yes Yes NoO Yes
C0.14 )
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Transputer instruction set differences

T212 T222 T225 T414 T400 T425 T800 T801 T805

Floating point unit (53) No No No No No No Yes Yes Yes
fptesterror No ‘No No No Yes Yes Yes Yes Yes
loating point support(5) No No No Yes Yes Yes No No No
fmul No No No Yes Yes Yes Yes Yes Yes
2D block moves (4) No No No No Yes Yes Yes Yes Yes
CRC operations(2) No No Yes No Yes Yes Yes Yes Yes
Bit operations (3) No No Yes No Yes Yes Yes Yes Yes
Break point debugging (9) No No Yes No Yes Yes No Yes Yes
Fast negative prod No No Yes No Yes Yes Yes Yes Yes
dup No No Yes No Yes Yes Yes Yes Yes
pop No No Yes No Yes Yes No Yes Yes
wsubdb No No No No Yes Yes Yes Yes Yes
Iddevid No No Yes No Yes Yes No Yes Yes
ldmemstartval No No Yes No Yes Yes No Yes Yes
Y/ STt @15




frmosE 5
2i2ig

Link chips

Link t
Switch Link adaptor
For connection to
For software control , :
of topology _ buses and peripherals
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INMOS board range i
Compute TRAMs  IMS B410 T801 160k sram size 2
IMSB405  T800 8M dram size 8
IMSB417  T800 64 sram, 4M dram size 4
IMS B403 T414/T800 1M sram size 4
IMS B404  T425/T800 32k sram,2M dram size 2
IMS B411 T425/T800 1M dram size 1
IMS B401 T4xx/T80x 32k sram size 1
IMSB416  T222 64k sram size 1
IMS B402 T222 8k sram size 1
Graphics TRAMs  IMSB419  Graphics G300 size 6
IMS B408  Graphics drawing and storage  Size 8
IMS B409  Graphics display driver size 8
i/o TRAMs IMS B407 Ethernet size 8
IMSB415  Link interface - size 1
- IMS B422 SCSI interface size 2
IMS B421 GPIB interface size 4
Other TRAMs IMS B418 ROM size 2
IMS B420  Vector processing size 4
Motherboards IMS B008 IBM PC XT/AT 10 slots
IMS B0O15 NEC PC 4 slots
IMS B012 Double Eurocard 16 slots
IMS B014 VME slave 8 slots
WY ST AL LA cot8
4 irmos (2
Compute only TRAMs G

IMS B402 [IMSB416 IMSB401 IMS B411

IMS B404 IMS B410
16 bit 16 bit 32k sram 1M dram 32k sram T801 :
8k sram 64k sram 2M dram 160k sram

IMS B403
1M dram
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IMS B417
64k sram+4M dram

IMS B405
8M dram
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IMS B408 IMS B409 IMS B419
Graphics display driver G300 Graphics
IMS B407 IMS B422 IMS B421 IMS B415 IMS B420 IMS B418
Ethernet SCSli/f GPIB iff link #f  Vector processor ROM
(_ AY/ SSoTHomsoN, c020 )
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Motherboards
IMS B012
Double ext eurocard
) IMS T212
and 2xIMS C004
16 module slots
IMS B008
PC add-in board
IMS T212
and IMS C004
10 module slots
_ AY/ SRScTHoMSON c21
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IMS B004 PC add-in board

2 Mbytes dynamic RAM with parity IMS T414

Link adaptor  IBM XT/AT Edge
bus connector connector
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Toolset environment
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Editors

Training course system
N\ N N
IMS B008 ( IMS B0O4
IBM XT/AT PC motherboard PC add-in board
A
IMS B404
LT ) T800 module lgﬁag;t;:
2Mbyte
File server . Application
= Configurer
L Editor = | — — TBMbus _\ “tilities ./ | )
Host Root Target
 AY/ SISO, coze )
r inmos (£

The Toolset is designed for use with your favourite editor,

'make' utility and other software tools.

Training course editors:

Editor Command
Folding MicroEmacs fold <filename>
MicroEmacs emacs <filename>
PCwrite ed <filename>
Sidekick + [Al]
Edlin edlin <filename>

SGS-THOMSON
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Folding MicroEmacs macros

frmos @&t

Cursor movement:- Editing -

Ctrl< Word left Del Delete ch forwd

Ctrl— Word right Alt F7 Delejte line

Home Top of file F3 Cut line

End Bottom of file Fa Copy line

Page Up Page Up Sh F4 Paste line

Page Dn Page Down ShF3  Clear paste buffer

F9 Search and Replace

Folds:- Files:-

F5 Enter Alt F5 New file

F6 Exit At F6 Toggle buffers

ShF5 Open AltF2 Save

Sh F6 Close F2 DOS shell

F7 Mark Sh F2 Finish

F8 Create fold Sh F9 Run checker

Sh F7 Remove fold ShF10 Locate error
_ LY/ Sasitiomsen, -
- inmos ()

PCwrite

Cursor movement:- Editing:-

Home Start of line Del Delete ch forwd
End End of line Ctrl bksp Delete word left
Ctrl« Word left Ctrl Del Delete word right
Ctrl»  Word right Scrolllock  Toggle insert/overwrite

Alt + Top of file F3 Mark / copy
Alt-  Bottom of file F4 Mark / delete
PgUp Scroll up F6 Mark / move
Pg Dn Scroll down F5 Unmark
F8 Change case
Files:- Help:-
F1 F2 Save and exit Esc F keys
F1F3 Save Shift F1 Display F keys
F1 F9 F2 Exit without save F1 F1 General
A7 SasTonson =




Editor practical

Create a directory with DOS command md.
Enter directory with DOS command cd.

Either install your own editor

or familiarise yourself with one of the three editors provided.

GS-THOMSON
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Multi-processor programming

The transputer model
Channels
Parallel programming

Table building exercise

. ‘V_ 3%262&2%3323 c10
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The transputer model
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Communicating sequential processes
Parallel tasks run independently.
One way point to point channels.
(_ A/ SRRoIriome o -y
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Development system
Host
H
A/ SRRonomants -y
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Multi-transputer system
Independent processors connected by two-way links.
Concurrent processing on each processor.
Y ST AGEL S -
r inmos (&

Mixed languages

G FORTRAN

SGS-THOMSON ci15
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Channels
(_ AY/ SESorHoMsoN, e
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Channels
channel
Point to point
One way
Unbuffered
Synchronised
. Ay7 sesromsen, crr




Control of channels

A channel allows two processes to communicate.

The C programmer has complete control of

input and output.

When two tasks are connected by a channel
one must output,

the other must input.

Both tasks must be ready.

The first task ready always waits.

_ AY/ SRReoMmInss y
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Synchronisation on channels
Time
_— Task O
waits %
t 4
Task O Input request
Channel starts Data copied
t '
Task 1 Output request
starts
_ AY/ SRRoTamanes )
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Links as channels

h

channel0

channel1

ﬂ
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Link synchronisation

Time —————p

Input request Link restarts
Task 0 o link task 0
starts

v v v

Task 0 waits

Data copied
by link

t bt

Task 1 Output request Link restarts
starts to link task 1

i SGS-THOMSON ‘
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Parallel programming
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Sequential program

~ ™
wash_dishes ()
{
for (:;7)
{
clean_dish ();
rinse_dish ():
dry_dish ()
store_dish ()

SGS-THOMSON '
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Automatic dishwasher

PO

#

q

<
<
o
N
<
R

frmmos £

q

SGS-THOMSON
- ‘V_ MICROELECTRONICS

C1.14
frmos € )
&
Cooperating processes
clean rinse dry store
PO P1 P2 P3
#
1l
I_ _l NN A
AR NAAAA
Resources are local to each processor.
01.15J
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Other features

Register type implemented as integers.

enum and void are keywords. entry is not.

void data types allowed, but not enum.

All bit fields implemented as unsigned int.

>> gives a logical shift, rather than arithmetic.

Loose type checking of . and -> operators.

White space is not allowed within compound operators.
sizeof is not allowed in array size expressions.

#line is accepted but ignored. |

=op and int x 3 are not allowed.

SGS-THOMSON
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Assembling T-code

int a=123, b;
asm { 1dl a; 1ldl b; add; stl b;}

Assembler works out prefixes and operations.

Symbolic labels and identifiers.

SGS-THOMSON
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Macros

Compiler switch d defines a macro.

Default value is 1.

(t8c /dDEBUG /dhelp=3 /dJOE=Jim catsj

is equivalent to:

#define DEBUG 1
#define help 3
#define JOE Jim

at the top of cats.c.

SGS-THOMSON
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Data type implementation
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Simple C types
Sizes of variables and )
constants in bytes. 32 bit
transputer
char character 1
register 32 bit integer 4
int _ 32 bit integer 4
unsigned int 16 bit unsigned integer 4
short 32 bit integer 4
long 32 bit integer 4
float 32 bit floating point 4
double 64 bit floating point 8
pointer address 4
All types except char are word aligned.
WY ST AL T cros J
r inmos ()
Other C types &
struct and union types are rounded up to whole words.
Each sequence in a struct is byte aligned. Sequences of more than one byte
are word aligned.
(struct s {char c; int f:7, g:7; char d} )
HHH : !
V6. :
R ; ]
enum is not implemented. ctos
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Run time libraries
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Library files

Directory 10 process library Stand-alone library

\tc2vO\libs cril.lib sacrtl.lib

SGS-THOMSON J
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Library contents

10 library

Stand-alone library

Channel i/o routines
Parallel processing
Transputer routines

Mathematical routines

Date and time routines

Input and output routines

String handling routines

Channel i/o routines
Parallel processing
Transputer routines
Mathematical routines

String handling routines

SGS-THOMSON
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Standard run-time libraries .
Library Header Stand-alone
Standard i/o #include <stdio.h>
Stream i/o
Binary i/o
Text i/o
Mathematical #include <math.h> v
String handling #include <string.h> )
Character classification v
Conversion #include <ctype.h> v
Memory allocation v
Miscellaneous #include <assert.h> v
#include <setjmp.h> v
#include <ascii.h> v
#include <errno.h> \
\_ AY/ SRacTHOMSON ct0.13)




Non-standard run-time libraries

inmos (i

Library Header Stand-alone
Channeli/o #include <chan.h> \
, #include <chanio.h> v
Booting #include <boot.h> v
Timers #include <timer.h> )
Threads #include <thread.h> |
Semaphores #include <sema.h> v
Parallel processing #include <par.h> v
Processor farm #include <net.h> \
Date and time #include <time.h>
DOS #include <dos.h>
WY S/ AL o)
r irmos G
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Links
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Link input and output
A
2
v
Links may be used to talk to external devices
eg a linkswitch;
a link adaptor;
an unbooted transputer.
C10.16
A/ oo hones )
o -un
( INMOS ¢
Driving a link adaptor
Use channels LinknInput and LinknOutput
(defined in <chan.h>) to talk down links.
#include <chan.h>
send to device (data)
int data;
{
chan out word (data, Link2Output):;
}
read from device (result)
int result;
{
chan _in word (&result, Link2Input);
}
\
Y /AL Y




Bind statement

Channels may be bound to i/o links

with the BIND statement in the configuration.

ﬁrﬁmosi

bind input

\.

link adaptor[2] value=&80000010
bind output link adaptor[2] value=&80000000

(task link adaptor ins=3 outs=3 data=10k

SGS-THOMSON
\— F MICROELECTRONICS
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Link addresses

LinkOOutput
Link1Output
Link20utput
Link30utput
LinkOInput
Link1Input
Link2Input
Link3Input

&80000000
&80000004
&80000008
&8000000C
&80000010
&80000014
&80000018
&8000001C

irmos f
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C10.19
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Events
C10.20
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Event handling
Event is like a link but only synchronises.
Generally used for interrupts.
Should be handled by a separate task.
External
device
_ AY/ S RomEoncs i
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Programming events

Event is like an input only link.
No data is received.
Use high priority for interrupts.

EventReq is defined in <chan.h>.

event handler ()
{
for (;7)
{
int trash;
chan_in word (trash, EventReq):;
deal_with_event ()

}
\_ J J
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Binding events

Channels may be bound to the event hardware

with the BIND statement in the configuration.

frmos &)

task event handler ins=3 outs=3 data=10k

bind input event handler[2] value=&80000020

‘ \Z SGS-THOMSON
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Hello World - possible solution page 1

. )
File: hello.c

main ()

{
printf ("Hello World"):; -
} y File: hello.l8x - linker file

~

N

mainent.c8x
hello.bin
crtl.lib
/o hello.c8x
\__ J

hello.c8x:%hello.18x hello.bin
0ilink /f hello.l18x

( File: hello -- makefile

hello.b8x:0hello.c8x
Q0iboot hello.c8x

hello.bin:%hello.c
0t4c hello

_ y,

-

\—
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Hello World - possible solution page 2

(File: run.bat W

L%server /se /sb %$1.b8x J

To compile and run hello:
make -—-f hello
run hello

- c2.28
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Change case - possible solution page 1

(" File: casech.c

\

k)

#include <chan.h>
#include <ctype.h>

#define keys in[1]
#define results out[1]
#define data (char) 0

#define terminate (char) 1

main (argc, argv, envp, in, inlen, out, outlen)
char *argv(], *envp[]:;
int argc, inlen, outlen;
CHAN *in[], *out[]: (char chcase (ch)

char tag, ch:;

{
int going = 1; 1f (4 h
while (going == 1) (1supper (ch) )
{

char ch;

chan_in_byte (&tag, keys);

i1f (tag == terminate) else

going = 0; return (ch);
else }

{ \

return (tolower(ch));
else if. (islower(ch))
return (toupper(ch));

T

J

chan_in byte (&ch, keys);
chan_out_byte (chcase(ch), results);
}

SGS-THOMSON
MICROELECTRONICS
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Change case - possible solution page 2

SGS-THOMSON
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( File: termhand.c

~

#include <chan.h>

#include <stdio.h>

¢define keys out [2]
#define results in[2})
#define data (char) 0
#define terminate (char) 1
#$define terminatech '§°

main (argc, argv, envp, in, inlen, out, outlen)
char *argv([]), *envpl[l:
int argc, inlen, outlen;
CHAN *in[], *out[]:;

char ch;
int going = 1;
while (going == 1)
{
ch = getchar();
if (ch == terminatech)
{
going = 0;
chan_out_byte (terminate, keys);

else

chan_out_byte (data, keys)
chan_out_byte(ch, keys);
chan_in_byte(&ch, results);
putchar (ch);

irmos (&
&
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File: chcase.cfg N

processor host
processor root

Change | wire 1link root[0] host[0]

i

ase 2

c S:bl task termhand ins=3 outs=3
pOSS|. e task casech ins=2 outs=2 data=10k
solution task filter ins=2 outs=2 data=10k

page 1 task iserver ins=1 outs=1

place iserver host
place termhand root

place casech root
place filter root
connect ? filter[O0] iserver[0]
connect ? iserver[0] filter([O0]
connect fs filter[1] termhand[1]
connect ts termhand([1l] filter[1]
connect keys termhand[2] casech[1l]
connect results casech[l] termhand[2]
WY S/ AL EAS S o
SiTia
- irmos &=
; p o
File: chcase
chcase.btl:0termhand.b4 casech.bd4 chcase.cfg Change
Oconfig chcase.cfg chcase.btl case 2
termhand.b4:0termhand.c8x pOSSI.bIe
0iboot termhand.c8x /c /o termhand.bd solution
, page 2
termhand.c8x:0termhand.18x termhand.bin
0ilink /f termhand.l18x
termhand.bin:0termhand.c
0t8c termhand
casech.bd:0casech.c8x
0iboot casech.c8x /c /o casech.bd
casech.c8x:0casech.18x casech.bin
0ilink /f casech.18x
casech.bin:0casech.c
0t8c casech
_ _J

SGS-THOMSON
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Change case 2 - possible solution page 3
. ) . )
File: termhand.|8x f?lle: casech.I8x
taskharn.t8x taskharn.t8x
termhand.bin casech.bin
crtl.lib sacrtl.lib
/o termhand.b4 /o casech.b4
\_ J \_
SGS-THOMSON c4.25
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Change case 3 - possible solution page 1

LinkO

Up

SGS-THOMSON
MICROELECTRONICS
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SS

L11
L10
L9
L8
L7
L6
L5
- L4
- L3
L2
L1
LO

UP
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Change
case - 3
possible
solution

page 2

SGS-THOMSON
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(" File: chcase.cfg

irmos 2

processor host
processor root
processor target

wire linkl host[0] root[0]
wire link2 root[3] target[0]
task termhand ins=3 outs=3
task casech ins=2

task filter ins=2

task iserver ins=1 outs=1
place iserver host

place termhand root

place filter root

place casech target
connect ? filter[0]
connect ? iserver[0]
connect fs filter[1]
connect ts termhand[1]
connect keys termhand[2]
connect results casech([1]

outs=2 data=10k
outs=2 data=10k

iserver|[0]
filter[0]
termhand[1]
filter([1]
casech[1]

termhand[2L




Change
case - 3
possible
solution

page 3

SGS-THOMSON
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chcase.btl:0termhand.b4 casech.b4 chcase.cfg
Qconfig chcase.cfg chcase.btl

termhand.b4:0termhand.c8x
{0iboot termhand.c8x

termhand.c8x:0termhand.18x termhand.bin
0ilink /f termhand.l1l8x

termhand.bin:0termhand.c
0t8c termhand

casech.bd4:Qcasech.cdx
0iboot casech.cdx

casech.cd4x:0casech.14x casech.bin
0ilink /f casech.l4dx

casech.bin:0casech.c
0t4c casech

1
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Clock practical possible solution - page 1 :
(o ™
File: ticker.c
#define tick out[1]
#define delay 15625
#include <timer.h>
#include <chan.h>
main (argc, argv, envp, in, inlen, out, outlen)
char *argv[], *envp[]:; r
int argc, inlen, outlen; File: ticker.I18x
CHAN *in[], *out[]:
{ taskharn.t8x
int time; ticker.bin
time = timer_now():; sacrtl.lib
for (;:) L/o ticker.c8x
{
time = timer plus (time, delay):
timer_wait (time);
chan_out_word (0, tick);
}
}
. timer plus
. — _J
Ay S RTMmants ce18 )
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Clock practical possible solution - page 2
(o p
File: scrnhand.c
#include <chan.h>
#include <stdio.h>
#define tick in[2]
main (argc, argv, envp, in, inlen, out, outlen)
char *argv|[], *envp[]: r
int argc, inlen, outlen; File: scrnhand.I8x
CHAN *in[], *outl[]:;
. ' taskharn.t8x
int signal, secs; scrnhand.bin
for (secs=0; secs>=0; secs++) | ¢crtl.1lib
{ /o scrnhand.c8x
printf ("%d\n", secs); \_ Y,
chan_in _word (&signal, tick):
}
}
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File: clock.cfg &
processor host
processor root
Clock | wire 1ink root[0] host[0]
ossible
P ?st- task scrnhand ins=3 outs=3
soilution task ticker ins=2 outs=2 data=10k
page 3 task filter ins=2 outs=2 data=10k
task iserver ins=1 outs=1
place iserver host
place scrnhand root
place ticker root
place filter root
connect ? filter[O] iserver[0]
connect ? iserver[0] filter([0]
connect f£fs filter([1] scrnhand[1]
connect ts scrnhand[1l] filter([1]
Kponnect tick ticker[1l] scrnhand[2] y
. C6.20
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(" File: clock - makefile -
clock.btl:0Oscrnhand.bd ticker.b4 clock.cfg Clock
Oconfig clock.cfg clock.btl pOSSIble
scrnhand.b4:0scrnhand.c8x solution
0iboot scrnhand.c8x /c /o scrnhand.b4 page 4
scrnhand.c8x:0scrnhand.18x scrnhand.bin
Q0ilink /f scrnhand.l8x
scrnhand.bin:¥scrnhand.c
0t8c scrnhand
ticker.b4:0ticker.c8x
Qiboot ticker.c8x /c /o ticker.bd
ticker.c8x:0ticker.18x ticker.bin
0ilink /f ticker.18x
ticker.bin:0ticker.c
0t8c ticker
\_
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