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If occam source to be placed in a library uses only textual references to other occam files (using
#INCLUDE), then there are no external references from the compiled unit. Therefore, the compiled
output (. t%%) would be placed in a library.

If occam source references compiled items with #USE or #IMPORT, then this means that the
compilation unit . t%% possesses unresolved external references. If the . t%% file were inserted ·to
a library, any programs using the library would also have to use the libraries that satisfy the external
references of this one. To remove this condition, the compilation unit can be linked to resolve its
external references, and the resultant . c%% unit placed in the library. This makes the unit more
"portable", in the sense that it can now be used without the other libraries. An equivalent approach
would involve inserting the other. t%% units in the same library, and not using linked . c%% units at
all - this is the approach used to build the 0705B toolset libraries.

One cannot place compiled occam that references object code with the #SC directive in a library.

• Don't use the occam compiler's #SC directive! It is only supported for compatibility reasons with
the TOS compiler. The restrictions with #SC on linking position and the impossibility of inclusion in
a library are easily avoided. Instead, use the #USE directive - and compile as normal. This makes
the compiler treat the item as a library. Remember that a library can be a single object file, so it
is simply a case of changing occurrences of #SC to #USE, for advantage to be taken of the library
features available. The advantages of using the #USE directive over the #SC are numerous, and
include selective loading, arbitrary placement opportunity at link-time, and only one copy of the code
is linked in no matter how often it is #USEd (on one processor).

General usage guidelines

This section contains generally useful advice for using the 0705B toolset.

• In general, don't explicitly specify absolute or relative directory locations in occam directives to
access other files. This compromizes the occam source-level portability amongst the other toolset
platforms. The ISEARCH path mechanism should be used instead, as it essentially offers a machine­
independent "logical naming" facility as in the INMOS TOS. If it is necessary to use a machine­
dependent form of file specification, then stick firmly to either relative directories or absolute direc­
tories - don't mix or your source becomes very confusing and non-portable.

• Because the Iinker cannot create directly a bootable file, there is the overhead of having to store a
• c%% file which represents the entire process for the transputer, but which is not bootable. If you are
running low on disk space, and building large applications, you can delete the auxiliary symbol maps
for each linked compilation uniL (. s%%) and also the. c%% files after adding the bootstrap. This is
because the . c%% files are no longer required (unless you ask the debugger for a code/memory
comparison). Oon't delete any. t%% and .m%% files because the debugger uses these. Better still,
use the Iinkers' Is symbol table disable option.

• The 0705B Iinker attempts to resolve external references unless given a lu option to disable this.
It also requires that an entry point for the binary object be provided. The practical implication of
this is that using the 0705B Iinker, non-OCCam code can only be pre-Iinked as a complete entity,
with the compiled occam interface code included in the specification of files to be linked (such as
procent% • t%%).

• Because each #IMPORTed EOP has always been linked with the same standard occam interface
code, then a means of speeding up system re-generation time is possible (assuming that the occam
interface code is not altered). If changes have been made to non-OCCam components in a system,
but not to occam components, then it is not strictly necessary to recompile any occam. It is,
however, necessary to link and bootstrap the code as before.

The i.makef tool would arrange for an occam recompilation if it detected the linked . c%% file
referenced in a #IMPORT were more recent than the occam source referencing it. To prevent
this, it is necessary to tweak the system makefile. Manually remove the dependency information for
the occam concerning the #IMPORTed . c%% files. Then, arrange that the makefile for the non­
occam parts will delete the . c%% files which comprize the compiled occam and the #IMPORTed
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stuff. This ensures that once the non-OCcam parts have been rebuilt as necessary, the occam
compiler will not be invoked on account of the procent interfacing routines - but it will still be
invoked if any occam has changed. Remember, it is always necessary to re-link and bootstrap the
application following an editing change.

• If the debugger's Network Dump option is used with a single transputer system, then if the application
happened to use the free. memory buffer (for run-time stack and heap storage, or for other occam
buffer allocations), this memory will not be saved to disk. Only memory allocated from within the
occam harnesses is stored in this case.

• To use the debugger with a (single transputer) application which uses free. memory, then to
ensure the used portion of this memory is core-dumped for the debugger to use, two approaches
can be taken. Either set :IBOARDS:IZE smaller than it is (to 200000 bytes, say, instead of ten times
that). This means that used memory is lower down in the memory map, so a single core-dump
of reasonable size can be taken. Alternatively, use the core-dump tool to dump several blocks of
memory. The idump can accommodate a list of up to ten start / size byte pairs.

11.8 Some useful checklists

11.8.1 Setting things up for the 07058

There are a few things to set up before you proceed :

• Ensure the 07058 toolset search path :ISEARCB is set up for the toolset and non-occam compiler
directories, and ensure it has trailing backslashes for each component path.

Reminder: With MS-DOS, spaces in setting up environment variables are significant. It is very easy
(and not obvious what's happened if you do it) to set up an environment variable called "space"­
:ISEARCBI

• Ensure that the DOS environment variable :IBOARDS:IZE is set to the size of the transputer board,
eg, #200000 for a 2 Mbyte board. If you think you've set up this environment variable, and the
iserver terminates with a fatal error, then you may have set up an environment variable called
"spaCe"-:IBOARDS:IZE (which is not useful).

• The :ITERM environment variable is used by the debugger, and must point to a valid .ITM file, such
as 18MPC.ITM in the appropriate directory.

• The CONFIG.SYS file must install the ANSI.SYS device driver, otherwise the debugger and simulator
will not correctly draw the screen.

• You may need to increase the number of FILES and 8UFFERS in your CONFIG.SYS file, to some­
thing like 20 or 30. This requirement may arise if a tool making use of a lot of files / buffers (such as
imakef) is unable to proceed for any obvious reason (like disk space exhausted, file write-protected,
file doesn't exist, search paths not correct etc).

11.8.2 What to do if a multiple EOP system won't run (on one transputer)

This section is a checklist for when a multiple EOP system doesn't execute correctly. It assumes that the
multi-EOP system compiles,links, and loads OK, but won't run. The checklist is applicable to any mUlti-process
07058 application, and is listed in order of check-ability.

• Ensure that each EOP has been linked with the correct type of occam interface code. Generally,
there will be one type 2 EOP and the remainder will be Type 3 EOPs. Remember the interfaces are
different depending on the language of implementation of the EOP.

• Check that the (Type 2) root EOP has been linked with the full run-time library. All other (Type 3)
EOPs should be linked with the standalone libraries (unless they use the Type 3 stub interface).
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• Are the message-passing functions being given the correct type of arguments? In particular, note
that the C functions -inmess and _outmess take addresses as the second parameter! (Not
constants) .

• Ensure the EOP occam harness has the correct LOAD. :INPUT. CHANNEL and LOAD. OUTPUT.
CHANNEL commands, and isn't using any of the reserved scientific-language communications chan­
nels. In summary, elements 0 and 1 of both channel vectors in and out are reserved for an EOP
using the full run-time libraries, and element 0 of both vectors is reserved for an EOP linked with the
standalone run-time library.

• Has sufficient workspace been reserved in the occam instantiation of each EOP?

If an EOP uses two workspaces (£1a9 is 0), thfn a minimum of 400 words for wsl stack, and 4000
words for ws2 heap is reccommended.

If an EOP uses one workspaces (£1a9 is 1), then a minimum of 4000 words for wsl (all workspace)
is reccommended. In this case, ws2 can be of size 1.

• Do the channels used within the EOP source actually correspond to the ones the programmer has
used in the occam used to interconnect the channels? In other words, does the EOP harness
expect a C EOP to send data on channel out [2] , but the C source sends the data on a different
channel ?

• Ensure that the EOP source does not explicitly attempt to use hard link addresses with the message
passing functions. C EOPs must use the elements of the in and out vectors passed as arguments
to main () , rather than using #de£ine to place channels onto the hardware.

• Ensure that each channel communication pair send and receive the same number of bytes, otherwise
partner will jam.

What do you mean it still won't run? .

DON'T PANIC II!

11.8.3 What to do if a multiple EOP system won't run (on many transputers)

Clearly, the first stage is to get the system to run on a single transputer first. Don't be too ambitious initially
and dive into a multi-processor implementation - make it work with one transputer first.

If you have a system that works on one transputer, but fails to run when configured for several, then following
checklist is useful :

• The first thing to check is that all the channels are correctly PLACEd onto the hard links.

• Have you declared the root processor first in the configuration description file?

• Is it necessary to establish link connections before booting the application (for example, by using
the Module Motherboard Software to set up the INMOS C004 link switch on a B008 motherboard).

• Are your processor types in correspondance with those declared in the configuration file ?

• Do you have enough memory on each processor node ? (Check this by getting the configurer to
produce a boot map for you. This also lists the code requirements for each processor).

• Are all the link speeds compatible between adjacent processors? Check the DI.P switches on your
motherboards.

• Check that all processors are being correctly reset, especially where a hierarchical reset control
strategy is being employed, eg, one involving the SubSystem ports.
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11.8.4 A summary of performance maximization techniques

This section lists the main three areas for increasing a system's performance, without going into total detail
of how to drive all the tools to achieve this.

• Use the tools effectively.

• Use the on-chip RAM effectively.

• Write your software correctly.

There is some obvious overlap between these categories.

Examples of all three categories follow:

• Use the tools effectively

The C / Pascal/FORTRAN compiler's /PCn option allows the programmer to change the number
of bytes allocated for a call to an extern function, which is to be patched by the Iinker. The default
is to save 6 bytes, allowing a maximum code image of 16 MBytes. Often, values like /PC4 (giving
64KBytes) and /PC5 (giving 1 MByte) can be used to make code smaller and execute faster. The
Iinker will warn if too small a patch size is used, and also informs the programmer of the maximum
patch size it used. Legal values are /PC2 to /PC8.

The C compiler's / S option can be used to prevent the C compiler converting all floating point
operations to doubJ.e precision before evaluating expressions. This is not reccommended for
applications where high numerical accuracy is required, but is faster.

The D705B toolset Iinker iJ.ink can also be used effectively to minimize code size by sharing
occam code, even between parallel EOP processes running on the same processor.

The Iinker can also assist with the effective use of on-chip RAM for critical parts of the code.

• Use the on-chip RAM effectively

Ensure that the stack space of compute-intensive parts of the application is placed on-chip.

Use the Iinker correctly to ensure that the most frequently used functions are loaded on-chip (if
possible) - the Iinker provides maps showing the loading order of component binaries in the final
executable image - use them to find out where the code is loaded, allowing for Memstart (#70
bytes (112 decimal) on T800 and T425; #48 (decimal 72) on T414), the occam workspace (convert
to bytes I), and around 20 bytes of reserved configuration info, preceeding the code.

It is possible to use KERNEL. RUN techniques in association with those discussed previously to
guarantee certain code will reside on-chip. This is discussed in another technical note.

• Write your software "correctly"

Distribute compute-intensive parts across multiple processors.

Always overlap slow i/o (such as communication to the server) with computation.

Use lots of buffers to decouple communication and computation - especially software talking to
inter-processor links.

Communicate in one large "chunks" at a time, rather than in several smaller quantities.



366

Don't use arithmetic that is explicitly not 32-bit (on the 32-bit transputers). For example, in occam,
the INT16 data type is manipulated much more slowly that 32-bit INTs (especially when part of
a vector). Pay the storage penalty and reap the benefits of performance! Try to use machine
native-wordlength computation.

What more can I say? Contact Central Applications group with your personal favourites.

11.9 Summary and Conclusions

This document has described some issues connected with developing transputer software using the INMOS
scientific-language development systems and the 0705B occam toolset. Most of the examples shown can
be copied verbatim and used as templates in the reader's own projects5 , using any occam toolset on any
supported platform.

In addition to fulfilling the requirements of new projects, in any language, these development systems allow
existing applications to be ported to transputers.

The development systems are thorough and flexible. All support a range of transputers. The 0705B offers
multiple programmer support, and application compatibility at source and binary levels across a range of
development platforms. Transputer software is fast, incrementally upgradable, and portable. Can you afford
to be without it ? Inject some life into your application ! Use the Toolset.
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A Quality and Reliability
~i

Systems products are embraced within the INMOS Quality Policy which incorporates specific programmes in
I the following areas:
I

• Design in quality

• New product verification phase

• Document Control

• Quality control monitors

• Production soak testing

• Environmental stress cycle

• Reliability testing

All systems products are designed in house using CAD facilities specific to PCS manufacture. These facil­
ities incorporate design simulation and provide production data which helps to reduce design to production
problems.

During the product verification phase, the new product is evaluated and its build/test specifications are en­
dorsed.

All system products are assembled and tested at INMOS approved assembly houses which conform to the
INMOS Quality Program. Quality procedures detail the build specification, production testing and final product
status. These procedures are all monitored and controlled by the Document Control Department (DCD).

In circuit automatic testing provides assembly and component analysis. This coupled with an environmental
stress cycle and a repeated automatic test procedure provides an effective monitor to the production phase.

An INMOS Quality Assurance sample test evaluates all production batches. At this stage the conformance
of the product is confirmed and the test data logged for reference.

Reliability testing is carried out on the major product lines. Samples are taken from standard stock and
subjected to life testing.
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PRODUCT FLOW
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PCS components

PCS clean

Mask

Solder cream

Place SMT components

QC inspection

Reflow

Glue

Place SMT components

QC inspection

Cure glue

Insert through hole components

Wave solder

QC inspection

ATE in circuit test - first pass

Environmental stress cycling

ATE in circuit test - second pass

Functional elevated soak test

QC inspection

Pack and deliver to INMOS

INMOS QA sample test and inspection

\l Raw Material Procurement

o Manufacturing Process

D QAGate
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B Cables for board products

The following cable sets are available to complement the INMOS range of board products. Sufficient cables
are included with each of the INMOS board products to build the most common configurations. However,
where more sophisticated systems are required, it will sometimes be necessary to use additional cables. The
table below indicates the number of each cable type included in each of the available cable sets.

Part Number Cable Reference Code

A B C D E F G H I J K L M N 0 P a R

IMS CA01 10 2 1 1

IMS CA02 a 2

IMS CA03 10 10 1 1

IMS CA04 3 1

IMS CAOS 3

IMS CA06 1

IMS CA07 1

IMS CAoa 1

IMS CA09 3 10 10

IMS CA10 1

Table B.1 Cable sets

Code Description

A Short link cable (approx. 0.1 m)
B Standard link cable (approx. O.Sm)
C Long link cable (approx. 1.0m)
D Very long link cable (approx. 2.0m)
E Link jumper (yellow wires)
F Short reset cable (approx. 0.1 m)
G Standard reset cable (approx. O.Sm)
H . Long reset cable (approx. 1.0m)
I Very long reset cable (approx. 2.0m)
J Reset jumper (black wires)
K DIN 41612 socket to wire wrap tails (with no 'row b' pins)
L DIN 41612 socket to wire wrap tails (with 'row b' pins)
M DIN 41612 socket to INMOS link connections
N DIN 41612 to BNC (video) connectors
o 3-way SIL subsystem pin strip
P a-way SIL TRAM pin extender strips
a a-way SIL TRAM slot pipe jumper
R Pixel bus terminator module

Table B.2 Cable descriptions
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The table below shows how many of each cable type are shipped as standard with INMOS board products.
This table is only included to show which items are required should it be necessary to replace the cables
for a particular product. Only the cable sets shown in table 8.1 are available separately from INMOS. The
table below is for reference purposes only. (The cable reference codes below refer to the cables described
in table 8.2).

Board Product Cable Reference Code
A 8 C D E F G H I J K L M N 0 P Q R

IMS 8001 2 1 1

IMS 8003 4 4 2 1 1 1

IMS 8004 2 1 1 1

(MS 8005 1 1

IMS 8006 8 4 2 2 1 2 1 1

IMS 8007 2 1 1 1

IMS 8008 2 1 1 10

IMS 8009 3 1 1 1

IMS 8010 2 2 1 1 1 8

IMS 8011 4 1 1

IMS 8012 4 4 2 1 1 1 1 1 1 1 16

IMS 8014 4 2 1 1 1

IMS 8409 1

Table 8.3 80ard product cables




