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Motivation
• We study in detail the architecture of transputer(T425). 

Because CSP has been realized well in transputer while 
the architecture was simple and skillful. 

• We’ll understand it, then we’ll get hints for a new 
parallel processor for own purpose. As the first step, 
we tried to construct transputer(T425) and implement 
in an FPGA,  we call it TPCORE.

• We have been having some transputers and Occam 
Toolset. We use them to analyze. We also use the 
toolset for program development.
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What is TPCORE
TPCORE has been made  based on the architecture 
of  T425 that was made  by Inmos(ST Micro 
Electronics)
It has the same instruction set as T425.
Each  has four bi-directional links. We can construct 
various network topologies.
Only one TPCORE can also perform parallel 
processes.
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Figure : Network of transputer
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Process of building

Analyzing
architecture 

and instruction set 
of T425

Design MicroCode
MicroCode : description 

of state transition 
caused by an instruction

Design Circuit
with Verilog-HDL

Analysis of 
transputer 

Design and development Evaluation and 
verification

Implement 
in an FPGAintegrate
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TPCORE Architecture

CPU Link• CPU

• Link

• Memory
controller

• Memory

32bit 8bit

Memory controller

RAM
8K
x

8bit

Memory

RAM
8K
x

8bit

RAM
8K
x

8bit

RAM
8K
x

8bit

8bit 8bit 8bit 8bit



8/Sept./2004CPA 2004 Y.Ooki/N.Fukuchi/M.Tanaka/C.Fukunaga@TMU 7

The Schematic of CPU
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Mechanism of MicroCode
ROM code defines state of 

registers, bus and ALUCPU

address

Iptr

MicroCode ROM

Instruction
register Oreg

Registers 
and busses

Memory(32KByte)

Select address of 
MicroCode ROM
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MicroCode ROM Table (64bitx512)

*The 26 bits of the least significant bit of MicroCode 
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Link Interface

• TPCORE has 4 bi-directional serial Links
• Inmos Link(connect with other TPCORE)
• Transmission of identical data is kept 

continued until “ack” data is received. 

Transmit

Receive
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Occam 2
• Occam is programming language based 

on the concept of CSP

• It enables us to write a sequential 
process(SEQ), parallel processes(PAR), 
alternative processes(ALT)

• A communication between processes is 
described using a channel variable. It 
also synchronizes between processes.

Occam program

Occam programOccam program
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How to execute parallel processes

• If we perform parallel processes in single 
TPCORE,   we need special hardware                   
that manages process changing

Queue(link list structure, FIFO)

• In case of  multi-TPCOREs, an appropriate 
process is distributed to the specified 
TPCORE with occonf configuration file.
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Implement PAR(single TPCORE)

Host TP1

PAR
SEQ
a := 5
to.pro2   ! a
from.pro2 ? b
from.pro3 ? c
a := c-b

SEQ
x := 7
to.pro2   ? y
x := x+y
from.pro2 ! x

SEQ
m := 7
n := 5
m := m*n
from.pro3 ! m

ID (Wptr)

800005c1

800005cd

800005b5

Process1

Process2

Process3

SINGLE TPCORE

Virtex2(FPGA)

TPCORE1

TPCORE2

TPCORE3

Host TP1 TP2 TP3

MULTI TPCORE

virtex2(FPGA)
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Perform PAR(single TPCORE)

TP1

virtex2(FPGA)0.68us
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Perform PAR (Multi-TPCOREs)

virtex2(FPGA)

TP1 TP2 TP3

Sending data  until “ack” come
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Performance of TPCORE

Performance ratio of the TPCORE and the transputer
*1 estimative value
*2 Full resource of  the Virtex2 that we use

4KByte(Internal RAM)
4GByte(External RAM)

32KByte/TPCORE
(extendable)

Size of 
memory

10396Instruction 
set

5/10/20 Mbit/sec27Mbit/secLink Speed

100MByte/sec (Internal RAM) 
33MByte/sec (External RAM)

27MByte/secMemory 
access

3,757 / 10,752 Slices *2

(twin  7,153 : triple 9,703)
Size of 
circuit

25MHz27MHz(31.5MHz *1 )Frequency

Transputer T425(ASIC)TPCORE(FPGA)
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Clock cycle of instructions

87Enable Channelenbc
7+PSAlt waitaltwt

16+7B+PS16Output mssgcut(internal)
16+ *1 7B+ *2 PS16Input mssgin(internal)

65 word countwcnt
24gcallgcall
11prefixpfix
12equal constanteqc
22load non localldnl
11load constantldc

TPCORET425DescriptionInstruction

*1 number of the top  bit which contained “1” of  areg

*2 Process switch
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Verification of single TPCORE

• Demonstrate examples of the 
occam program execution
– The sieve of Eratosthenes

• Measure  execution time

1 1
1  

cl
oc

k

Control Sieve
Eratos.Out

Eratos.In

Host

TPCORE1
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Result of Sieve(single TPCORE)
Elapsed time versus Number of loop executions
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Slope : 
4.19us/loop

This slope means execution time of one loop
One loop takes 111 clock cycles, which is the result 
of analyzing the assembler code for this part
Estimate : performance speed = 4.19us / 111=37.7ns

clock cycle = 37.5ns
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Verification of Multi-TPCORE

Increment

Decrement

Control

TPCORE1

TPCORE3

TPCORE2

Output from 
TPCORE1

Output from 
TPCORE1

virtex2(FPGA)

TP1 TP2 TP3Host
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Summary

• We have made an IP core of Transputer T425,                  
we call it TPCORE

• TPCORE can execute a program written in occam
(compile and link with INMOS toolset)

• It can communicate with host computer using occam tool, 
that is “iserver”.

• Almost all the instructions prepared for T425 have been 
successfully implemented  but some instructions haven’t, 
for example “ldtimer”, “talt”.
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Outlook

• We have implemented multi- TPCOREs in one 
FPGA. In the future we would like to configure 
a large TPCORE network using multi FPGA 
chips, and evaluate the performance.

• So far we have not implemented some 
instructions concerning Timer. We have to 
implement them.



8/Sept./2004CPA 2004 Y.Ooki/N.Fukuchi/M.Tanaka/C.Fukunaga@TMU 23



8/Sept./2004CPA 2004 Y.Ooki/N.Fukuchi/M.Tanaka/C.Fukunaga@TMU 24



8/Sept./2004CPA 2004 Y.Ooki/N.Fukuchi/M.Tanaka/C.Fukunaga@TMU 25

ALT

CHAN OF INT ch1, ch2;
PAR

ALT
ch1 ?  a

a := a+1
ch2 ?  a

a := a-1
　　SEQ

-----------------
ch1 ! b
-----------------

　　SEQ
------------
ch2 ! c
------------
Occam program
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Perform ALT(Multi-TPCOREs)
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