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1 TRANSPUTER INSTRUCTION SET
1.1 Notation

In this document the notation used is that of occam 2, with the assumption that the variables of type INT are
infinite-bit two's complement integers.

Any particular processor is assumed to have a finite word length, each register in the processor holding the
value of the corresponding variable in the following description. It is therefore natural to interpret a word as

a fixed length two’s-complement integer. Before and after execution of any instruction, the numerical value
taken by each variable is correctly representable in the corresponding single word register.

Constants

The following constants are used in the description of the machine.

BitsInWord The number of bits in a machine word.

Range The number of distinct values storeable in a word.
(Range = 2**BitsInWord)
MaxInt The largest (most positive) value representable
in aword. (MaxInt = (Range/2) - 1).
MinInt The smallest (most negative) value representable
in aword. (MinInt = - (Range/2)).
Procedures

The following two procedures are used. They do not affect the value held in a processor register; only the
value of the corresponding variable. Consequently, they are used in the following description to change the
interpretation of the register value, rather than the value itself.

PROC UnSign (INT regq)
IF
reg < 0
reg := reg + Range
TRUE
SKIP

PROC Sign (INT reg)
IF
reg > MaxInt
reg := reg - Range

TRUE
SKIP
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The procedure RestoreToRange is used if the result of an operation (such as addition) may have taken
the value stored in a register into the range [-Range, Range-1] rather than range permitted for a signed
integer ([-Range/2, (Range/2) - 1]). The effect of this can be thought of as throwing away the bits

of higher significance than the sign bit of the register.

PROC RestoreToRange (INT register)
IF

register > MaxInt

register := register - Range
register < MinInt

register := register + Range
TRUE

SKIP

The procedure Latex produces the value of (T1 AFTER T2). This is dependant on the wordlength of
the processor.

PROC Later (VAL INT T1, T2, BOOL laterFlag)
INT timeDiff :
SEQ
timeDiff := Tl - T2
RestoreToRange (timeDiff)
laterFlag := (timeDiff > 0)

..
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1.2 Summary of Registers, Flags and Special Locations
Timer:

ClockReg[0] the current value of the high priority processor clock
ClockReg[1l] the current value of the low priority processor clock

TPtrLoc[0] either indicates that the level 0 timer is not in use or points to the first process on the level 0
timer queue

TPtxrLoc[1] either indicates that the level 1 timer is not in use or points to the first process on the level 1
timer queue

TNextReg[0] indicates the time of the first event on the level 0 timer queue
TNextReg[1l] indicates the time of the first event on the level 1 timer queue
TEnabled[0] indicates whether there is anything on the level 0 timer queue
TEnabled[1] indicates whether there is anything on the level 1 timer queue
Priority 0 Queue control:

FptrReg[0] pointer to front of active process list

BptrReg[0] pointer to back of active process list

Priority 1 Queue control:

FptrReg[1] pointer to front of active process list

BptxReg[1l] pointer to back of active process list

Sequential process execution:

IptxReg pointer to next instruction to be executed

WdescReg process descriptor of the current proces

Areg top of evaluation stack

Breg middle of evaluation stack

Creg bottom of evaluation stack

Oreg operand register

StatusReg contains status information - see below

Initialisation, booting and analysis

MemStart this is the most negative word in store not used by the machine for any special purpose (eg as
a link-channel process word, register save word or timer pointer).
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1.5 Memory Access Procedures

In the description of the processor and instruction the following memory access procedures are used:

AtWord (Base, N, A) sets A to point at the Nth word past Base
AtByte (Base, N, A) sets A to point at the Nth byte past Base
RIndexWord (Base, N, X) sets X to the value of the Nth word past Base
RIndexByte (Base, N, X) sets X to the value of the Nth byte past Base
WIndexWoxrd (Base, N, X) sets the value of the Nth word past Base to X
WIndexByte (Base, N, X) sets the value of the Nth byte past Base to X

Memory addresses start from Minint, the process locations of the links and the event channel occupying
the first few locations in memory. The number of process locations used for the links and the event pin is
LinkChans.
An address is a single word value divided into two parts:

a word address

a byte selector

The byte selector occupies the least significant bits in the word. The number of bits used for the byte selector
is BselLength, where

BsellengthTab = TABLE [ 0, 0, 1, 2, 2, 3, 3, 3, 3]
Bsellength = BsellLengthTab [ BitsInWoxd / 8 ]
BselMask = ( 1 << (Bsellength+l) ) - 1
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1.6 Processor and Link-Channel interactions
Overview and terminology
The link-channels operate concurrently with, and are controlled by, the processor.

When a process executes an oulput message instruction which specifies a link-channel the processor must
cause the link-channel to transfer the specified message from the transputer's memory. To do this, the
processor makes a Pex£oxrmIO request on the link-channel. This request specifies a pointer to the message,
the length of the message and the priority of the process. When the message has been transferred, the link-
channel signals the processor with a RunRequest. This will cause the processor to run the process which
output the message.

When a process excutes an input message instruction the interactions between the processor and an input
link-channel are similar. The processor makes a Pex£oxrmIO request as before and when the message has
been transferred, the link-channel signals the processor with a RunRequest as before.

When a process refers to an input link-channel in a guard of an alternative construct the processor makes
use of two further requests on the link-channel.

The first of these, called an Enable request, specifies the priority of the process performing the alternative
and ‘enables’ the link-channel. When an ‘enabled’ link-channel starts to receive a message it signals the
processor with a ReadyRequest.

The second, called a StatusEnquiry, does two things. Firstly, it causes the link-channel to send a
message to the processor indicating if it has yet started to receive a message and, secondly, it 'disables’ the
link-channel if it is enabled.

To reset a link-channel, the processor makes a ResetRequest on the link-channel. The link will return to
its reset state, and, if it was not already signalling the processor with a ReadyRequest or a RunRequest,
it will acknowledge with an AckReset.

Occam description

The processor and the link-channels are each described as separate concurrent processes. Each connection
between the processor and a link-channel uses 3 channels. For the i'th link-channel these are

ProcessoxrToLink [i]
LinkToProcessor[i] [0]
LinkToProcessor[i] [1]

The processor sends requests and their parameters to the i'th link-channel on ProcessoxToLink[i].
The I'th link-channel uses LinkToProcessox[i] [0] to signal the processor when it is at priority 0 (high
priority) and LinkToProcessor[i] [1] when it is at priority 1 (low priority).

Each input link-channel is also connected to two further channels, LinkInData and LinkInAck. These
carry the data recieved by the link-channel and the acknowledges sent by the channel.

Each output link-channel is also connected to two further channels, LinkOutData and LinkOutAck.
These carry the data sent by the link-channel and the acknowledges received by the channel.
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Messages on ProcessoxrTolLink
The possible messages on ProcessorToLink [i] are
1 PerformIO <priority> <pointer> <count>
This requests the link-channel to transfer a message of <count> bytes starting at <pointer>.

The priority of the link-channel for this transfer is <prioxity>. (Because a link-channel is one
directional there is no need for the processor to specify the transfer direction).

2 Enable <priority>

This requests an input link-channel to become enabled and sets the priority of the link-channel to
<priority>.

3 StatusEnquiry <priority>
This asks an input link-channel if it has started to receive a message. It also disables the link-channel
if it was enabled. The link-channel responds by sending ReadyRequest if it has started to receive
a message, ReadyFALSE otherwise.

4 ResetRequest <priority>

This is sent to reset a link-channel. The link-channel responds by returning AckReady, unless it
was already sending a ReadyRequest or a RunRequest.

5 AckReady
The processor sends this to acknowledge a ReadyRequest made by the link-channel.
Messages oh LinkToProcessor[i] [0] and LinkToProcessor[i] [1]
The possible message on LinkToProcessoxr[i] [0] and LinkToProcessoxr[i] [1] are
1 RunRequest

This signals that a link-channel has completed passing a message. The processor will either ac-
knowledge the request with an AckRun or will reset the link-channel with a ResetRequest.

2 ReadyRequest

This signals that a link-channel has started to receive a message. It is sent either when an enabled
link-channel starts to receive a message, or in response {0 a StatusEnquiry.

3 ReadyFALSE

This is sent in reply to a StatusEnquiry when the link-channel has not started to receive a
message.

4 AckReset
This is sent in reply to ResetRequest.
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Summary of message interactions
To clarify the processor and link-channel interactions, a trace of the behaviour of a link-channel is given below
for all possible interactions. The traces given below all involve low priority process interacting with the i'th link-
channel;the interactives involving high priority processor are similar but have LinkToProcessox[i] [0]
substituted for LinkToProcessoxr[i] [1] and O substitued for 1 whenever the processor send a priority
to the link-channel.
Reset
When the processor resets the i'th link-channel the interaction is :
SEQ
ProcessorToLink[i] ? request; priority -- ResetRequest; 1
LinkToProcessor[i] [1] ! response
The response sent will be AckReset, RunRequest or ReadyRequest.
Input and Output
When the processor executes either an 'input message’ or 'output message’ instruction the interaction is:
SEQ
ProcessoxTolLink[i] ? interaction; priority -- PerformIO
ProcessoxrToLink[i] ? pointer; count
There are then three possible further traces.

1 The link-channel completes its 10 :

SEQ
LinkToProcessor[i] [1] ! RunRequest,
ProcessorToLink[i] ? interaction -- AckRun

2 The link-channel is reset before completion of its 10 :
SEQ
ProcessorToLink([i] ? interaction; priority -- ResetRequest; 1
LinkToProcessor[i] [1] ! AckReset
3 The link-channel is reset at the same time as it completes of its 10 :

PAR
ProcessorToLink[i] ? interaction; priority -- ResetRequest; 1
LinkToProcessor[i] [1] ! RunRequest
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Alternative input
When the processor makes a StatusEnquixy on the i'th link-channel the interaction is

SEQ
ProcessorTolLink[i] ? token; priority -- StatusEnquiry:; 1 or 0
LinkToProcessor[i] [1] ! response

The response will be ReadyRequest if the link-channel has started to receive a message, ReadyFALSE
if it has not.

The processor enables the i'th link-channel as follows :

SEQ
ProcessorToLink[i] ! Enable; priority

There are 5 possible interactions between an enabled link-channel and the processor :

1 The link-channel is not ready and the processor makes a StatusRequest. The trace of this
interaction is described above, the link-channel returning ReadyFALSE.

2 The i'th link-channel signals it is ready before the processor makes another request :

SEQ
LinkToProcessor([i] [1] ! ReadyRequest
ProcessorTolLink[i] ? interaction
- AckReady

3 The processor makes a StatusEnquiry at the same time as the link-channel sends a ReadyRequest

PAR
LinkToProcessor[i] [1] ! ReadyRequest
ProcessorToLink[i] ? interaction; priority
- StatusEnquiry; 1

4 The processor makes a ResetRequest before the link-channel becomes ready. In this case the
interaction is as described above with the link-channel responding with AckReset.

5 The processor makes a ResetRequest at the same time as the link-channel sends a ReadyRequest
PAR
LinkToProcessor[i] [1] ! ReadyRequest

ProcessorToLink[i] ? interaction; priority
- ResetRequest; 1
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Link-channel behaviour

PROC LinkOut (CHAN LinkOutData, LinkOutAck,

CHAN FromProcessor, [2]CHAN ToProcessor)
INT priority, pointer, count :

BYTE byte :
BOOL ready, requested :
SEQ
requested := FALSE -- transfer requested
ready := TRUE -- ready to output a byte
WHILE TRUE
INT token :
PRI ALT
FromProcessox ? token
SEQ
FromProcessor ? priority
IF
token = PerformIO
SEQ

FromProcessor ? pointer; count
requested := TRUE
token = ResetRequest
SEQ
ready := TRUE
requested := FALSE
ToProcessor[priority] ! AckReset

(ready AND requested) & SKIP
IF

count = 0 -- No more data to be output
INT oldPriority :

SEQ
requested := FALSE
oldPriority := priority
PAR :
ToProcessor[oldPriority] ! RunRequest
INT interaction :
SEQ
FromProcessor ? interaction
IF
interaction = AckRun
SKIP
interaction = ResetRequest
FromProcessor ? priority

TRUE -- Output a byte; set ready to FALSE
SEQ
RIndexByte (pointer, 0, byte)
AtByte (pointer, 1, pointer)
count := count - 1
LinkOutData ! byte

ready := FALSE -- wait for acknowledgement

LinkOutAck ? token -= AckData
ready := TRUE
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PROC LinkIn(CHAN LinkInAck, LinkInData,
CHAN FromProcessor, [2]CHAN ToProcessor)

INT priority, pointer, count

BYTE byte :
BOOL ready, requested, enabled :
SEQ
ready := FALSE -- Has a byte has been input
requested := FALSE -- Is transfer pending?
enabled := FALSE -- Is link enabled ?
WHILE TRUE
INT token :
PRI ALT

LinkInData ? byte
ready := TRUE

FromProcessor ? token
... deal with processor request

(requested AND ready) & SKIP
... acknowledge and store byte

(enabled AND ready) & SKIP
... dinform processor that link is ready

where the folds are as follows:
... deal with processor request

SEQ
FromProcessor ? priority
IF
token = Enable
enabled := TRUE
token = StatusEnquiry
SEQ
enabled := FALSE
IF
ready
ToProcessor[priority], ReadyRequest
TRUE
ToProcessor[priority], ReadyFALSE
token = PerformIO
SEQ
FromProcessor ? pointer; count
requested := TRUE
token = ResetRequest
SEQ
ready := FALSE
enabled := FALSE
requested := FALSE
ToProcessor[priority] ! AckReset
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... acknowledge and store byte

SEQ
LinkInAck ! AckData -- Acknowledge
WIndexByte (pointer, 0, byte)
AtByte (pointexr, 1, pointer)
count := count - 1

IF
count = 0 -- Transfer completed
INT oldPriority :
SEQ
requested := FALSE
oldPriority := priority
PAR
ToProcessor[oldPriority] ! RunRequest
INT interaction :
SEQ
FromProcessor ? interaction
IF
interaction = AckRun
SKIP
interaction = ResetRequest
FromProcessor ? priority
TRUE

SKIP
ready := FALSE

... dinform processor that link is ready

INT oldPriority :
SEQ
enabled := FALSE
oldPriority := priority
PAR
ToProcessor [oldPriority] ! ReadyRequest
INT interaction :
SEQ
FromProcessor ? interaction
IF
interaction = AckReady
SKIP
interaction = StatusEnquiry
FromProcessor ? priority
interaction = ResetRequest

SEQ
FromProcessor ? priority
ready := FALSE
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1.7 Initialisation

More information on the subject of initialisation is available in the Initialisation, Booting, Analysing and Check-
ing section.

The following registers and special location are not set when the machine powers on or is reset.

ClockReg[0]

ClockReg[1l]

TPtxrLoc[0]

TPtrLoc[1l]

TNextReg[0]

TNextReg[1l]

FptrReg[0]

BptrReg[0]

FptrReg[1]

BptxReg[1l]

msb of the StatusReg (ie the errorflag)
bit 7 of the StatusReg (ie the HaltOnErroxFlag)

The ClockRegs do not increment after a power-on, reset or analyse until a store timer instruction has been
executed. The states of the other registers are set as below:

Areg = IptrReg
Breg = WdescReg
Oreg =0

If the machine is booting from external memory then

WdescReg = MemStart BITOR 1
IptrReg = MaxInt - 1
Creg = ANY

If the machine is booting from a link-channel then

WdescReg = (first word after boot program) BITOR 1
IptrReg = MemStart
Creg = pointer to boot channel
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1.8 Processor operation

The processor performs a sequence of actions. Each action may be (i) to execute an instruction (or part
of an instruction) on behalf of the current process, (ii) to act on a request by a link-channel, or, (iii) to deal
with a timer which has become ready. An action which is performed on behalf of a high priority process, on
behalf of a link-channel operating at high priority or on behalf of the high-priority timer is called a "high priority
action”. A "low priority action” is similarly defined.

The actions which may occur for the currently executing process are the execution of the procedures (defined
below) StartNextProcess, InsertMiddleStep, BlockMoveMiddleStep, DeleteMiddleStep
or the fetching, decoding and execution of an instruction.

The action which may be performed by the processor on behalf of a link-channel is the execution of the
procedure HandleChannelRequest. The action which may be performed by the processor of behalf of
the timer is the execution of the procedure HandleTimerRequest.

When the processor has completed one action it will choose its next action as follows (this is defined more
precisely in the program given below):

The processor will execute the procedure StartNextProcess if the GotoSNPbit of the
StatusRegq is set, otherwise it will perform a high priority action if there is one that can
be performed. Otherwise it will perform a low priority action if there is one which can be
performed. Otherwise it will wait until there is a request from a timer or a link-channel.

The processor selects an action at a particular priority according to the following rules. The
processor will execute DeleteMiddleStep if the TimeDelBit of the StatusReg is set.
Otherwise it will execute InsertMiddleStep if the TimelnsBit of the StatusReg is
set. Otherwise the processor will execute the procedure BlockMoveMiddleStep if the
MoveBit of the StatusReg is set. Otherwise it will handle any channel request. Otherwise
it will handle any timer request. Otherwise the processor will fetch, decode an execute an
instruction.

In the following description the procedures Primary and Secondary decode and execute primary and
secondary instructions.
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WHILE active
VAL INT interruptable IS GotoSNPBit \/ (IOBit \/ (MoveBit \/
(TimeInsBit \/ TimeDelBit))) :
SEQ
-- completed indicates if current instruction has terminated
completed := (StatusReg /\ interruptable) = 0
validProcess := Wptr <> NotProcess.p

PRI ALT
(StatusReg /\ GotoSNPBit) <> 0 & SKIP
StartNextProcess ()

(Priority = 0) AND (NOT (TNextReg[0] AFTER ClockReg[0])) AND
completed & SKIP

HandleTimerRequest (0)

ALT he = 0 FOR LinkChans
(Priority = 0) AND completed & FromChan[hec] [0] ? token
HandleChannelRequest (token, hc)
(Priority = 1) AND '
(NOT (TNextReg[0] AFTER ClockReg[0])) & SKIP
HandleTimerRequest (0)

ALT he = 0 FOR LinkChans
(Priority = 1) & FromChan[hec] [0] ? token
HandleChannelRequest (token, hc)

(Priority = 1) AND (NOT (TNextReg[l] AFTER ClockReg([l]))AND
completed & SKIP

HandleTimerRequest (1)

ALT he = 0 FOR LinkChans
(Priority = 1) AND completed & FromChan[hc] [1] ? token
HandleChannelRequest (token, hc)

validProcess & SKIP
IF
(StatusReg /\ TimeDelBit) <> 0
DeleteMiddleStep (Breg, Creg)
(StatusReg /\ TimeInsBit) <> 0
InsertMiddleStep (Areg, Breg, Creq)
(StatusReg /\ MoveBit) <> 0
BlockMoveMiddleStep (Creg, Breg, Areg)
TRUE
SEQ
BuildNextInstruction (IptrReg, Oreg, code)
IF
code <> f.opr
Primary (code)
code = f.opr
Secondary (Oreg)
Oreg := 0

Prioritised scheduling

The execution of a low priority process can be interrupted when a high priority process becomes runnable as
defined above. In particular certain instructions are interruptable:

move message // input message // output message /
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When a low priority process is interrupted by a high priority process certain of the processor registers are
written to the transputer’s memory, freeing those registers for use by the high priority process. When there
are no more high priority processes to be executed the registers are restored and execution of the low priority

process recomences.

The following procedures are used to save and restore registers when an interrupt occurs:

PROC SaveRegisters (VAL BOOL SaveEreg)

-—- Save processor registers for interrupt

SEQ

WIndexWozrd (SaveBase, WdescIntSave, WdescRegq)

IF

WdescReg <> (NotProcess.p BITOR 1)

SEQ
WIndexWord (SaveBase,
WIndexWord (SaveBase,
WIndexWord (SaveBase,
WIndexWord (SaveBase,
WIndexWord (SaveBase,
TRUE
SKIP
IF
SaveEreg

IptrIntSave,
AregIntSave,
BregIntSave,
CregIntSave,

-- Low Priority

IptrReq)
Areg)
Breg)
Creq)

STATUSIntSave, StatusReg)

WIndexWord (SaveBase, EregIntSave, Ereg)

TRUE
SKIP
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PROC RestoreRegisters ()
-- Restore processor registers after interrupt
SEQ
INT temp :
SEQ
RIndexWord(SaveBase, WdescIntSave, temp)
UpdateWdescReg (temp)
IF
WdescReg <> (NotProcess.p BITOR 1) -- Low Priority
SEQ
RIndexWord (SaveBase, IptrIntSave, IptrRegq)
RIndexWord (SaveBase, AregIntSave, Areq)
RIndexWord (SaveBase, BregIntSave, Bregq)
RIndexWord (SaveBase, CreglIntSave, Creg)
RIndexWord (SaveBase, STATUSIntSave, StatusReqg)
TRUE
SKIP
IF
(StatusReg BITAND MoveBit) <> 0
RIndexWord(SaveBase, EregIntSave, Ereq)
TRUE
SKIP
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Action performed by processor when timer becomes ready

PROC HandleTimerRequest (VAL INT Queueld)
INT frontProcess :
SEQ
TEnabled[Queueld] := FALSE
RIndexWord (TptrLoc[QueuelId], 0, frontProcess)
SEQ
INT secondProcess : —-— update queue
SEQ
RIndexWord (frontProcess, TLink.s, secondProcess)
WIndexWord (frontProcess, TLink.s, TimeSet.p)
WIndexWord (TptrLoc[QueueId], 0, secondProcess)

IF
secondProcess = NotProcess.p
SKIP
TRUE
SEQ
RIndexWord(secondProcess, Time.s, TNextReg[QueueId])
TEnabled[QueueId] := TRUE
INT status : -- schedule process as appropriate
SEQ
RIndexWord (frontProcess, Pointer.s, status)
IF
status = Ready.p
SKIP
status = Waiting.p
SEQ

WIndexWord(frontProcess, Pointer.s, Ready.p)
Run (frontProcess BITOR QueueId)

..
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Action performed by processor as result of link-channel request

PROC HandleChannelRequest (VAL INT Request, hc)
-- handles a request from a channel to the processor
== hc is index of hard channel in(occam) channel array
IF
Request = RunRequest
INT channelContent :
SEQ
ToChan[hc] ! AckRun
RIndexWord (PortBase, hc, channelContent)

IF
channelContent = NotProcess.p -- after Reset
SKIP
TRUE
SEQ
WIndexWord (PortBase, hc, NotProcess.p)
Run (channelContent)

Request = ReadyRequest
INT channelContent, procPtr, status :
SEQ
-- Needed to make the cancellable ReadyRequest work
ToChan[hc] ! AckReady
RIndexWord (PortBase, hc, channelContent)
procPtr := channelContent BITAND (-2)
RIndexWord (procPtr, Pointer.s, status)
IF
status = Enabling.p
WindexWord (procPtr, Pointer.s, Ready.p)
status = Ready.p
SKIP
status = Waiting.p
SEQ _
WIndexWord (procPtr, Pointer.s, Ready.p)
Run (channelContent)
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1.9 Clocks and timeslicing

The processor contains two clock registers, one for each priority. These registers start incrementing after
the processor has been reset or analysed only once a store timer instruction has been executed. In the
occam description of the processor in this document it is assumed that clock registers either are or are
not incrementing as appropriate. In the description of the store timer instruction the call on the procedure
StartTimer indicates that the clock registers should start incrementing.

The high priority clock register increments every 1uS, the low priority clock increments every 64uS.

The processor will timeslice low priority processes when the clock registers are incrementing. The mechanism
works by checking, during the execution of the jump and loop end instructions whether the process has been
executing for more than a timeslice period, if it has then the following process is executed

SEQ
WindexWord (Wptr, Iptr.s, Iptr)
Run (WdescReg)
StatusReg := StatusReg \/ GotoSNPbit

The performance of the check and the (possible) subsequent execution of the above process is indicated in
the desription of the jump and loop end instructions by the calling of the procedure TimeSlice.
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