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1 Introduction

Thanks to the advance in VLSI technology, it is now possible to build Mul-
tiprocessors (MIMD) computers with many processors at a cheap cost. The
major obstacle to the success of these highly flexible and powerful machines
will be in terms of software cost. Indeed, an enormous effort is required to
assure correctness and reliability of a large number of asynchronous commu-
nicating processes executing in parallel. The programmer has to deal with
the very difficult task of partitionning the algorithm into parallel processes,
map these processes to the processors and assure correct synchronization of
the processes and data passing between them.

OCCAM, a powerful parallel programming language is a considerable
advance on conventional programming languages. However, it still relies
on the programmer to identify the logical parallelism in the algorithm and
express it explicitly. Also, synchronization and data passing has to be written
by the programmer explicitly. Finally the programmer has to find an efficient
mapping of OCCAM processes to processors and take care of the routing
between PEs.

If we can find a way to program Multiprocessors automatically without
having the programmer suffer all the burdens mentioned above, then parallel
architectures will be used much more efficiently. This requires a tool that
identifies and implements parallel processes automatically and independently
of the software engineer. It has been shown that the data-flow principle of
execution which uses a data-flow graph as the machine language is a solution
to the above programming problem.

In this project, we programmed a Multiprocessor of Transputers using
OCCAM as a low level language.

The approach is to execute a variable resolution data-flow graph on a
Multiprocessor of Transputers. More precisely, we constructed an emulator
for a data-flow machine using our Multiprocessor. The data-flow computer
that we emulated is influenced by the Monsoon Explicit Token Store (ETS)
designed at MIT. We added some more features such as macro-actor process-
ing, generation of stream of tokens used for parallel loops, vector processing
and vector tokens. Each transputer in the multiprocessor is emulating a
data-flow processing element.
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2 Emulation vs Simulation of a computer
system

2.1 Simulator

It is a software that behaves like the machine being simulated.

It can be run on any computer.

The simulation time is the one that we would get using the simulated ma-
chine.

2.2 Emulator

It is a combination of a software and a computer system (target machine)
which behaves like the machine being simulated.

The software has to be run on the target machine.

The execution time is that of the target machine and not of the machine
being simulated. ‘

3 Token Format

token = <data,tag>

tag = <context,Instruction Pointer (IP),Iteration Identifier (II)>

context = Frame Pointer (FP) = frame base address

IP = instruction address = <instruction number (actor number),input port
number>

data = scalar or vector

vector = an ordered sequence of scalers of the same type, with a maximum
length of 100 elements.

type = character, integer or real

4 Overall structure of the project

The block diagrams are shown in figures 1 through 6
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Reply: a token fetched from Token Memory
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4.5 Emulator Engine

All the special units used by the data-flow computer being emulated (Wait-
Match unit, ALU unit, etc.) are implemented in software. There are 8 OC-
CAM processes that constitute the Emulator Engine. All of these processes
are active in parallel by being combined by the OCCAM PAR construct and
communicate via OCCAM channels.

4.5.1 wait.match process

This process implements the Wait-Match unit. In order to avoid deadlocks,
the wait.match process receives a new token from the Token Memory only
upon request. When it finishes processing a token, it then sends a request
for a new token to the tok.mem.p process which is in charge of the access to
the Token Memory.

4.5.2 ALU process

This is the process that implements the ALU unit. It receives a ready to
execute packet from the wait.match process, processes it and then sends the
result(s) to either the tok.mem.p process, the loc.i.str.buff process or the
send.result process. The packets sent to the loc.i.str.buff process are local
I-structure request packets. The packets sent to the send.result process are
result packets which carry the output of the TPR actor which is the actor
that prints out the contents of tokens for debugging purpose and to check
the results of the program. The packets sent to the tok.mem.p process are
either remote I-structure request packets to be sent to the network or output
tokens to be stored either in the Token Memory or in a buffer containing
output tokens destined to a remote PE and therefore should be sent to the
network.

4.5.3 tok.mem.p process

This process controls all accesses to the Token Memory and all buffers storing
packets to be sent to the network. There are 3 buffers that store packets to be
sent to the network. One buffer stores the result packets. These packets are
destined to the Root Transputer which doesn’t contribute in any emulation
work. Its main function is to act as an interface between the user through
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Figure 7: Process handling access to a shared data-structure

4.5.8 router.in process

This is the process that receives packets from the network. Depending on the
kind of packet received, it is sent to loc.i.str.buff process, send.result process
or tok.mem.p process. Result packets are sent to send.result process. Local
I-structure request packets are sent to loc.i.str.buff process. Finally, remote
I-structure request packets and output token packets are sent to tok.mem.p
process.

4.5.9 Some OCCAM issues

e In OCCAM, 2 or more processes running in parallel cannot access the
same data-structure if at least one of them writes to it. The main emu-
lator engine processes (wait.match, ALU, etc.) are running in parallel
and need to access some common data-structures (e.g. Token Memory).
Therefore, we need to create a process which handles the access to the
shared data-structure. Messages are sent to this process to request a
read or a write access to the structure. In the emulator, tok.mem.p
and loc.i.str.buff are two such processes.

e A process that handles access to a shared data-structure has the fol-
lowing OCCAM structure (see figure 7):

ALT
write.request 7 xi; x2; ... ; xn
pi(x1,x2,...,xn) -- process that handles the writing.
read.request 7 request

16



p2(y1,y2,...,ym) -- send the packet to the right process.

west.in ? z1; 22; ... ; zp -- receive a packet from the
-- western physical channel.
p3(z1,z2,...,zp) -- send the packet to the right process.
south.in ? wi; w2; ... ; wq -- receive a packet from the
-- southern physical channel.
p4(wi,w2,...,wq) -- send the packet to the right process.

5 Architecture of the Multiprocessor of Trans-
puters

The network of transputers is shown in figure 8.

The dotted lines are physical connections to transputers that are not part
of our multiprocessor, and therefore are not used. Qur multiprocessor is part
of a bigger multiprocessor that has a tree like configuration. Since it is being
used by some other research group for some face recognition project, we could
not use it in its entirety.

The transputers that are being used are of type T800. The architecture of a
T800 transputer is shown in figure ?.

The Host Transputer does not participate in the emulation. It is mainly
used as an interface between the user through a PC and the multiprocessor.
Each of the 16 other transputers emulates a data-flow processor.

6 Software implemention of the various mem-
ories of the data-flow machine

Since arrays are the only data-structure provided by OCCAM, all memories
are implemented using arrays.

18



6.1 Instruction Memory
6.1.1 Micro-Instruction Memory

The micro-instructions inside an actor are translated into an integer code
with each component of the micro-instruction coded into an integer. A two di-
mensional array MICRO represents the Micro-Instruction Memory and stores
all micro-instructions of all actors in the data-flow graph. MICRO[i] is an
array of 4 elements of type INT16 storing one micro-instruction (see figures
9 and 10).

MICROi][0] = code for opcode = opcode number
MICRO[i][1] = code for operandl if any, otherwise 0.
MICRO[i][2] = code for operand? if any, otherwise 0.
MICRO[i][3] = code for operand3 if any, otherwise 0.
Note that there are no character or real operands. Only integer operands.

Coding of operands:

Code for Ri[jk] is (¢7k)10 =¢* 100+ j x 10 + k
Code for (Ri[jk]) is (135k)10 = 10® + (i5k)o

e Code for immediate is the immediate itself. Hence the immediate has
to be an element of the INT16 type.

Code for a label is the number of micro-instruction preceeded by the
label inside the actor. Numbering of micro-instruction starts from 0.

e Codes for conditions:
EQ0 — 0; GT0 — 1; LT0 — —1;
GE0 — 10; LE0 — —10; NE0 — 11.

e Code for (k) is k.
e Code for a number x is x itself (e.g. CON x,y).

6.1.2 Instruction Memory

Each actor in a data-flow graph has a unique number (no 2 actors even in
different function bodies can have the same number). Actor numbers start

20
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WAIT[j] = a 13-element array of type REAL32 storing a set of input tokens of
some actor having the same II (and of course belonging to the same context).

Note:

e This mechanism of storing the waiting tokens causes an expensive list
search when the matching is done.

e No hashing instead of list implementation was done because of the
limitation in the memory size of the transputer. Hashing would create
many unused holes in the memory space.

6.2 Token Memory

It is represented by 3 2-dimensional arrays TMEM0, TMEM1, TMEM2 (see
figures 15 and 16).

Each TMEMi stores tokens of type i, where i is 0 for CHAR, 1 for INT
and 2 for REAL. Each TMEMi is implemented as a circular buffer.
TMEMi[j] = a 6-element array that stores a token of type i.

Access of TMEMi:

e Storing a token:
if high.ptr < (Tmemsize - 1) then

1. add the token at location (high.ptr + 1);
2. increment high.ptr;
else if low.ptr > 0 then

1. add the token at location (low.ptr - 1);

2. decrement low.ptr;
else TMEMi is full = overflow;

e Retrieving a token:
if low.ptr > high.ptr then TMEMi is empty;
else

28
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Figure 21: Deferred Read List

6.4.1 Deferred Read List

It is represented by a 2-dimensional array DRL that stores all the deferred
read lists (see figure 21).

DRL[i] = a 5-element array storing a tag belonging to some deferred read
list.
DRL[i][0] = FP.
DRL[i][1] = destination actor number.
DRL[i][2] = input port number.
DRLIi][3] = II.
DRL[i][4] = pointer to next tag (index within array DRL) belonging to the
same deferred read list. If this is the last element in the list, then pointer =
NIL (-1).
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