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Abstract

The SANE Virtual Processor is an abstract concurrent programming model that
is both deadlock free and supports e�cient implementation. It is captured by the
µTC programming language. The work presented in this paper covers a portable
implementation of this model as a C++ library on top of POSIX Threads. Programs
in µTC can be translated to the standard C++ syntax and linked with this library
to run on conventional systems. The motivation for this work was to provide an
early implementation on conventional processors as well as supporting work from
programming FPGA chips to Grids

1 Introduction

The SANE Virtual Processor (SVP) is a programming and machine model
[1] developed by the Computer System Architecture group at the University
of Amsterdam in conjunction with the European AETHER project [5], based
on the Microthread model [2]. The SVP is an abstract concurrent processor
with a range of concurrency controls to manage schedulable entities named
microthreads. µTC [3] is an intermediate language based on C extended with
these concurrency controls to program the SVP.

This paper will cover the work that has been done on implementing SVP
in a C++ library using POSIX threads (in short; pthreads), enabling the
compilation of µTC code to a program that can run on any conventional
systems that has proper pthread support. It is organized in the following
manner: In Section 2 we will discuss the background on the SVP model and
the µTC language, followed by Section 3 discussing the motivation behind
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this work and what it can be used for. Section 4 goes into details of the
implementation of the library and the tool chain, and in Section 5 we present
the results of experiments on our implementation. In Section 6 we give an
overview of the future work and conclusions.

2 Background

2.1 SANE Virtual Processor

The SANE Virtual Processor, or SVP [1], is a concurrency model to program
the SANE 'Self Adaptive Networked Entity ', a concept from the European
AETHER project [5]. The SVP is a more generalized form of the Microthread
model, and related to the work on the Microthread architecture [ref]. Because
of this relation it is close to hardware, capturing the locality of communication
and synchronization, but still it has a high level of abstraction. This makes it
implementation independent, as it can be implemented directly in hardware,
as part of an Operating System, or, as shown in this paper, as a library on
top of conventional systems.

The model is composable and works recursively across all granularities of
concurrency, from high level task parallelism to low level instruction level
parallelism between microthreads. All concurrency at every level is explicitly
captured by the model, unlike the scheduling, which is induced by synchro-
nizations, and done dynamically depending on the underlying implementa-
tion. The model assumes two types of memory, local synchronizing memory
for data-�ow like execution and inter-thread synchronization, and a globally
shared asynchronous memory.

2.1.1 Microthreads

All code in SVP is executed in microthreads, which are the smallest schedula-
ble fragments of code in the model, and the level of instruction level parallelism
in microthread architectures. These threads can be of any granularity; from
a few instructions to an entire sequential program, but all actions within a
thread are strictly sequential.

2.1.2 Families of threads

Threads are grouped in families, which is the granularity of a unit of work,
and the unit in which threads are managed from the SVP. A thread can
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create a new family of threads, introducing hierarchy and recursion into the
model. All threads within a family are running the same code, but each has
its own sequenced index value within its family. Local communication is done
through writing and reading shared variables from one thread to the next
thread in sequence within a family only. The �rst thread in sequence will
receive the shared variables from the parent thread that created the family,
and the last thread in sequence will return the shareds to the parent. This
restriction prevents deadlock on communication between threads.

Bulk synchronization and communication is done at the family level, as a
thread that created a family of threads can synchronize on the completion of
that family. Only when this synchronization has completed, the asynchronous
memory modi�ed by this family can be safely read and used.

2.1.3 Concurrency controls

Concurrency is managed at the family of threads level, as this is the unit in
which threads are created and synchronized. These two operations are imple-
mented by the create and sync control. Create creates a parameterized family
of threads, and sync blocks until the target family has completed or aborted
execution. There are three other controls to in�uence the execution of a family
of threads; kill, break, and squeeze. Kill aborts the execution of a target fam-
ily, whereas break aborts the execution of the family the thread executing the
break is part of. Squeeze is a preemption control to interrupt the execution of
a family, but doing this in a graceful way. A squeezed family will stop creating
new threads, and all currently running threads will run to completion.

As the model works recursively, so do these concurrency controls. When a
family is killed, all subordinate child families will be killed recursively. When
a thread breaks its family's execution, all child families are aborted similarly
to a kill. The special case is squeeze where it can be de�ned if the squeeze
preemption should be propagated to child families or not; this gives the pro-
grammer the control to make sure a family can be cleanly interrupted with
squeeze.

2.2 µTC language

2.2.1 Syntax

The µTC language [3] is an extension to the C99 [ref] standard, which cap-
tures the SVP model as presented in the previous subsection. It has additional
types to de�ne e.g. shared variables, family identi�ers, and thread index. Key-
words corresponding with the concurrency controls have been added, as well
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as a special thread declaration block of code, similar to how a function in C
is de�ned.

2.2.2 Tool chain

Several tools are developed or are in development around the µTC language.
This tool chain includes source to source compilers compiling from the Snet
[ref] typed streaming language or the data-parallel functional language Sin-
gle Assignment C [7], as well as a parallelizing compiler based on the CoSy
framework [8] from C to µTC. In terms of the Microthread Architecture, a
µTC compiler has been developed to produce binaries for this hardware im-
plementation of SVP. Furthermore, there is a serializing µTC to C veri�cation
tool, and �nally the µTC-pthread library which is presented and discussed in
this paper. Because of this tool chain, µTC can be seen as an intermediate
language, used by the tools to capture concurrency explicitly, but because of
the simple and clean syntax extensions, this does not prevent any developer
from developing in µTC directly.

2.3 Microthread architecture

Developed within the Microgrids [ref] project, the Microthread Architecture
[2] aims to implement a processor which supports the concurrency model de-
�ned by the SVP. The concept of the architecture is to design a simple proces-
sor which has hardware support for threads and families and their concurrency
controls, and that a lot of these processors are integrated together into a mas-
sively parallel microgrid chip. A family of threads will in general be run across
a group of processors, providing parallel execution.

2.3.1 Microthreaded processor

A Microthreaded Processor consists of an in order, single issue, RISC pipeline,
and management hardware to schedule threads. Threads are scheduled in a
data-�ow manner; only when all data for the next instruction is available will
a thread be scheduled. This results in e�cient latency hiding on long latency
operations like memory reads, by interleaving threads. The processors have a
big register �le, enough to hold all register contexts of all local threads, and
relatively small data and instruction caches.
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2.3.2 Microgrid

A Microgrid is a CMP implementation using Microthreaded Processors, with
special networks to manage the creation, synchronization and termination of
families of threads across the chip. It includes an on chip COMA [9] network to
implement [10] the asynchronous shared memory model, and a communication
network for sending shared variables within groups of processors executing the
same family.

3 Motivation

The motivation behind the work presented in this paper is twofold; it provides
the �rst available implementation of SVP, and it is an integral part in the de-
velopment of an event driven high level simulator to simulate SVP program
and system behavior on virtual SVP hardware. In this section we will inves-
tigate the possibilities of this implementation, and go into the details of how
and why we chose this approach for simulation.

3.1 SVP implementation

There are already cycle accurate simulators available for the Microthreaded
Processors [ref], which implement the SVP model. However, compilation to
these targets currently has to be done by hand or from hand crafted assembly
code, as the µTC core compiler [6] is still under development. Therefore, the
library presented here is the �rst true implementation of SVP which allows
µTC code to run on any machine that has proper pthread support; from small
embedded processors, to large SMP systems. This is one of the key bene�ts
of this work, as it enables us to develop µTC programs, execute them, and in
that way test and explore the SVP model.

3.1.1 Framework

As this implementation bridges the gap between theµTC and the C++ lan-
guage using existing standard compilers, it can be used as a framework to aid
porting the SVP model to other parallel targets or architectures. The inter-
face to µTC is there, and the back-end using pthreads could be modi�ed to
for example target the Grid or clusters (e.g. using MPI), or in the opposite di-
rection, to target hardware accelerators in FPGAs. We believe that moving in
both directions is possible, but we would have to decompose our concurrency
tree into di�erent domains of granularity.
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3.1.2 Granularity domains

When targeting other architectures or systems with our library, the di�erence
in granularity of parallelism should be taken into account. Therefore we sug-
gest that the concurrency tree should be decomposed into three granularity
domains. The top level families and threads could be distributed over coarse
grained parallel environments, for example the Grid or a cluster. The middle
level would be distributed on the local nodes from such system, single grid or
cluster nodes, SMP machines, and at this granularity pthreads can be used
to distribute and parallelize the work. At the deepest level in the concurrency
tree, there might be too much overhead to run in parallel using pthreads on
conventional machines, and threads could be executed sequentially. Further-
more, at the lowest level, executing single threads or families of threads on
dedicated FPGA hardware accelerators [ref] could be an option.

3.2 SVP simulation

For the development of the high level simulator for various hardware imple-
mentations of the SVP model an accurate way of generating traces from µTC
programs was required. This has to be done without losing self-adaptivity, and
therefore requires full functionality in the traced program. This is provided by
the pthread library implementation, and we will go into the background of
this in this section.

3.2.1 Simulation requirements

Development of a high level simulator is desired to simulate a large assembly of
SANE virtual processors, or alternatively, a Microgrid. As mentioned before,
low level cycle accurate simulators are available for a group of Microthreaded
processors, which is only single component of a Microgrid. However, these are
still isolated from the µTC perspective, and are too low level to run large
system simulations.

There are several reasons why this high level simulator is desired; it can be used
to model and investigate the behavior of a self adaptive µTC program on a
large system containing many SVPs, but also research in resource management
and protocols on these systems are points of interest. Speci�cally towards the
Microgrid research, interest lies in investigating the load on processors and
network interconnections, as well as enabling the development of a resource
manager.
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3.2.2 Simulator design

Simulation is achieved by co-simulation, splitting it into a fully functional pro-
gram part that executes the µTC program and dynamically generates traces
by sending events on every special SVP concurrency control. These are then
mapped by a discrete event simulator on a hardware model, providing feedback
and timing information into the program in order to enable self adaptation.
The µTC part is completely agnostic of time, location of execution, schedul-
ing, load, and only provides the functional part of the simulation. However,
it can still receive parameters back from the (simulated) system, for example
performance or time, and adapt to this.

3.2.3 Execution methods investigated

Before adopting the pthread approach, several other approaches were inves-
tigated. Initially a translation of a µTC program to an equivalent sequential
program in standard C was considered. However, the resulting program would
lack the ability to self adapt, as there would be no means of parallel moni-
toring, unless an interleaving scheme would be introduced. Since families of
threads are not statically de�ned and can be created dynamically, this inter-
leaving would become arbitrarily complex.

The current SVP hardware simulators could neither be used for trace gener-
ation, as they are low level cycle accurate architecture simulators modeling
microthreaded processors, implementing the SVP model in hardware. Com-
pilation from µTC to this new emerging architecture is still heavily under
development, and therefore not suited for the high level simulation.

Interpreting µTC code was considered as there are open source C interpreters
readily available, e.g. CINT that can interpret up to 95% of ANSI C programs
[4]. However, these are complex 1 , and modifying these to implement SVP
instructions and to interpret and keep track of the many parallel contexts
present in a µTC program would likely cost a lot of e�ort.

After investigating these alternatives, executing µTC with pthreads seemed to
be the most appropriate choice. Every special SVP instruction in the language
had a could be implemented straightforward in library calls that internally
call pthread functions. All other user code contains classic C, which could be
compiled and run natively, allowing support for programs of any complexity.
Furthermore, initial experiments have shown that we can run over 90,000
pthreads simultaneously on a modern Linux 2.6/x86 machine, providing us
with enough room to execute complex and heavily parallel µTC programs
using this approach.

1 The CINT code-base already contains about 80,000 lines of code [4]
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4 Implementation

In this section we will go into the implementation details of the library. First
we will discuss some general design decisions, then in more detail the imple-
mentation of concepts from SVP, and we will look at an overview of the tool
chain used to run µTC programs as pthreads.

4.1 Design decisions

4.1.1 C++ vs C

Initially a code transformation from µTC to C using pthreads was investigated,
using a translator inserting the additional C with pthreads code at every SVP
instruction. The �rst translation was done by hand to test the approach, and
was used as a guideline to write the translation rules. However, this approach
had several problems; the code would explode by at least a factor of 10, result-
ing in source code that was hard to read and debug. Additionally, there was a
problem to implement shared variables, as they can be used anywhere just as
any other type of variable in µTC, and they are not explicitly read or written.
This would require a complete parsing of µTC to �nd where these are read
for the �rst time by a thread and where they are written, in order to insert
special code to communicate with neighboring threads. Another problem was
the create, as the thread that is created can have any number of arguments
of any type. An alternative approach using C++ solved all these issues, in
which we could use the experience and insight we gained of attempting this C
implementation.

Using C++ we were able to use templates and classes for a type invariant
implementation of shared variables. Furthermore, we could overload its oper-
ators, and hide all code to read and write shared variables. As the required
code to implement create doesn't depend on the number and type of argu-
ments the created thread receives, but only on the parameters to the create
itself, we could capture this with a template. This resulted in a very clean
implementation, where all SVP instructions are calls into library code, and
special additional types and classes are de�ned to implement shared variables,
index variables and family identi�ers. The syntax o�ered by this implemen-
tation only slightly di�ers from µTC, and a simple translator to rewrite the
syntax was developed. The resulting translated program is still very readable;
its structure is exactly the same as the original in µTC.
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4.1.2 Thread mapping

The implementation uses a one on one approach, mapping every thread in
the SVP model onto a pthread. This is quite costly because the overhead of
creating a new pthread is quite large. At a later stage, as suggested in section
3.1.2, sequentialization of threads in the leaf nodes in the concurrency tree
can be done to map them onto a single pthread for e�ciency. This optimiza-
tion, which has some resemblance to the loop unrolling optimization found
in compilers, has not yet been implemented. Further optimizations would in-
clude using a pool of threads, so that not every pthread has to be created and
cleaned up again every time a thread in SVP is.

4.2 Implementation of SVP concepts

4.2.1 Families

As the model works hierarchical, the information about families of threads are
stored in nodes which are in a tree hierarchy. Each node in the tree representing
a family, with links to its child families, parent families, and its threads. This
data-structure is the main infrastructure on which most functions in the library
rely, so the family identi�er in µTC is represented by a pointer to the family's
node in the family tree.

4.2.2 Shared variables

Shared variables are implemented by de�ning a template class, as shareds can
be any type. In this class the assignment and cast operators are overloaded,
implementing the necessary communications to the neighboring threads. A
structure in which a shared is stored keeps track of read and write status, as
reads are cached, and writes are only allowed once, and to make sure that
when a thread terminates and cleans up, it will wait until all shareds have
been read by the next thread.

4.2.3 Create

As create takes a thread function which can have any number of arguments,
create has been implemented as a set of template wrapper functions, wrap-
ping around the actual create implementation which is independent of the
arguments to the threads. At a create, a new family object is allocated and
put in the family tree, and a creator thread is started with pthread_create
which starts setting up the family and threads in the background, as create is
not a blocking operation that blocks until all threads have been created. When
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the family is set up, this creator thread will iterate and use pthread_create to
start the actual SVP threads in that family, respecting the block parameter
which controls how the maximum number of threads there should be running
simultaneously within the given family. The creator thread will exit when
either all threads have been created, or the family receives a kill, break, or
squeeze.

4.2.4 Sync

The sync implementation waits for the creator thread of the target family
to �nish, and then checks the family object in the family tree which threads
are remaining. Every thread that exits signals this fact through a pthread
conditional in its family object, and the sync will wait on this conditional
until it received an exit signal from every thread that was remaining in that
family. After this the sync reads out the optional return value and return code
from the family object, and the family is removed from the tree. When the
family the sync is waiting on is terminated by a kill, break, or squeeze, a �ag
in the family object is set and the conditional is signaled to inform sync that
the family terminated abnormally.

4.2.5 Kill

When a kill is started, it guarantees using a pthread mutex that no new
create can be initiated, e.g. starting new creator threads, as well as no other
destructive operations as break and squeeze or other kills. This is to prevent
a race between a recursing family and a kill trying to recursively terminate
it, and races between e.g. kill and break trying to terminate the same family.
After the mutex is obtained the creator thread of the target family is signaled
to stop creating more threads if it still exists, then the kill recurses into all
child families repeating the process. At the bottom of the recursion, or after
the recursion returns, the family object is checked for all remaining threads
and the kill sends them a pthread_cancel. The kill then waits for all threads
to exit, removes the family object from the tree and recurses back up, or in
case of the top level where it started, it releases the mutex and exits.

The pthread cancel state is set to asynchronous when a new thread is created,
but the behavior across di�erent pthread implementations is not the same.
Asynchronous cancellation is de�ned in the pthread standard as to interrupt
a thread at �any time�, as where deferred cancellation is de�ned to interrupt
only at certain �cancellation points�. However, the pthread implementation
on Mac OS X seems to interpret �any time� as �the next cancellation point�,
implementing asynchronous cancellation as deferred cancellation. This impacts
our implementation as in theory threads could be stuck forever looping in
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Figure 1. µTC on pthread implementation tool chain

user code without getting canceled, resulting in a kill that never completes.
This problem is reduced by checking if a family is �agged as being killed
when entering some parts of the library, and the assumption that such non
interacting looping code is not typical for SVP programs.

4.2.6 Break

Break is implemented using the same function as kill, with only two additions.
First of all it makes sure that the thread that executes the break will not receive
a pthread_cancel from the kill function, and second it will set the return value
provided in the family object.

4.2.7 Squeeze

Squeeze behaves similar to kill except that no threads are forced to terminate;
it only signals the creator thread of the target family to stop creating new
threads, and then waits for all threads in that family to complete. Currently
our implementation does not yet support recursive squeeze, but this will be
added soon and will work similar as the recursion in the implementation of
kill.

4.3 Tool chain

The tool chain is formed by a translator that performs the syntax rewrite
from µTC to C++ with calls into the library implementation, which is then
compiled with a standard C++ compiler to a binary that runs with pthreads.
An overview of this tool chain is given in Figure 1.
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Figure 2. Syntax translation example

4.3.1 Library

Since the library has to do some initialization in order to implement all the
functionality that has be described in detail in the previous section, the library
has the main entry point of the executable. After doing initialization it will
call the main thread of the original µTC program. This makes it di�erent from
normal software libraries, as it heavily integrates with the µTC user software,
and does not consist of just some function calls. This and the fact that it uses a
lot of template functionality makes it impossible to have a binary distribution
and dynamically linking library.

4.3.2 Translator

Since the syntax translation is quite simple and trivial, the translator is im-
plemented as a Perl script that uses regular expressions to match and replace
the syntax where necessary. Before this is done, some preprocessing using the
C preprocessor and GNU indent is done to safely make some assumptions
about the formatting of the code. Most of the rewriting is done at the create
statements, as the named thread and its parameters need to be included into
the create function-call into the library. Furthermore, the main function needs
to be renamed, as the entry point moves to the library, and all other named
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threads have to be translated to C++ functions, where the de�nition of shared
variables needs to be adapted to the template format. An example of this syn-
tax translation is shown in Figure 2, showing the µTC code on the left hand
side, representing a program that computes the �rst ten Fibonacci numbers.
The translated equivalent C++ code with library calls is shown on the right
hand side, still having a very close resemblance to the original program.

5 Results

Our implementation was the �rst available tool enabling us to execute pro-
grams written in the SVP µTC language, which is indisputably the most
important result of the work presented in this paper. In this section we will
present some results of multithreading experiments on systems supporting
pthreads to show that we can create enough pthreads in one process to emu-
late a heavily parallel µTC program. Furthermore, we will discuss some per-
formance measurements to drive the discussion and conclusion on which gran-
ularity this implementation is useful for parallel distribution and not only for
emulating SVP or driving simulations.

5.1 Pthread experiments

We developed a small testing program to test how many pthreads can be
created within a single process, which checks if all threads are created and
running successfully. After the maximum has been reached, the initial pthread
stack size is halved and the test is rerun until the maximum number of created
threads does not increase anymore. Using this tool we investigated several
platforms that were available to us, and we will discuss the results below.

5.1.1 Linux 2.6

On a modern Linux 2.6 kernel with the NPTL pthread implementation the
maximum number of pthreads is limited by the value in /proc/sys/kernel/threads_max,
which has an upper bound limit of the maximum number of processes the
scheduler can handle, which is shown in /proc/sys/kernel/pid_max. However,
thread_max is usually set to a lower value by the kernel at boot time, depend-
ing on the amount of memory available in the machine. pid_max defaults to
32K on 32bit x86 architectures, but can be increased when recompiling the
kernel.

As these limits can be increased, the real limit of the number of threads
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that could be created was imposed by the amount of virtual address space a
process gets assigned. Each thread requires some address space for a stack,
and on a 32bit architecture there is 3GB address space available for a process
under Linux. A 32K stack seemed to be the minimum, which allowed us to
successfully run 91,841 threads simultaneously, after tweaking our Linux kernel
in order to increase pid_max and threads_max. On a true 64bit architecture
where more virtual address space is available, these limits will likely be orders
of magnitude higher.

5.1.2 Solaris

We have run the same test on Solaris 8 and 9, on Sun Ultrasparc machines. On
Solaris 8 we could create around 3395 threads, and on Solaris 9 around 4075
threads. However, these numbers seemed to be in�uenced to the number of
processes running under that user, and we did not have the ability to con�gure
the parameters of the systems.

5.1.3 Mac OS X

We have experimented with Mac OS X 10.4 (Tiger) and 10.5 (Leopard), and
on both PowerPC G5 and Intel platforms we could create up to 2560 threads
per process. However, experiments revealed that when the maximum number
of threads is reached on Mac OS X 10.4, the pthread_create call does not
return an error as it should, and acts as if a thread has been created while it
has not. This problem is not present in the 10.5 release.

5.2 Measuring overhead

We have measured the time it takes to create a family of threads on the
platforms available to us, to get an idea of the overhead induced by the library.
The results are shown in Figure 3, where the time has been normalized to the
estimated number of clock cycles to compare the di�erent systems, and the
results are shown for families of independent threads and families passing
one shared variable to measure the di�erence in overhead of communicating
shareds.

As expected, the overhead increases linearly as larger families of threads are
created, as the creator thread as explained in 4.2.3 iterates and creates the
threads. For Mac OS X initially setting up a family takes in the order of
30 · 104cycles, and additionally around 20 · 104 for every thread, and 3 · 104

for a shared variable. Solaris takes between 7 · 104 and 14 · 104 cycles to set
up a family, 10 · 104 for every thread, and 5 · 104 cycles for a shared variable.
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Figure 3. Estimated overhead in clock cycles of creating one family of n threads on
several platforms and architectures, with and without the use of shared variables

Linux sets up a family in 3 ·104 to 4 ·104 cycles, 4 ·104 cycles for every thread,
and 104 additional cycles per shared. These numbers show that the order of
magnitude of overhead created by the library is in the 10 to 100 thousands of
cycles, and when using this implementation as a basis to implement SVP, this
is the kind of granularity at which domains should be separated as explained
in 3.1.2.

5.3 Measuring speedup

We now have an idea of the order of magnitude of the overhead from the
previous section, and will now investigate the behavior when executing and
distributing a simulated workload on multiprocessor systems. We have experi-
mented with dividing a simulated workload in the order of 107operations over
a family with a varying number of threads. The results are shown in Figure 4,
and show one run with independent threads, and one experiment where the
threads communicate through a shared variable halfway the workload for each
system.

The experiments were run on two two-way and one four-way system, and for
a low number of threads we see that the expected speedup is obtained. For
the four processor G5 system the speedup converges towards 3.5, where the
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Figure 4. Speedup on simulated workload executed by one family of n threads on
several platforms and architectures, with and without the use of shared variables
sawtooth behavior in the graph can be explained by the uneven distribution
of threads over the processors when they are not a multiple of four. Also the
di�erence between the runs with and without shareds show that when the
threads are more synchronized they are better distributed over the processors
by the system. Similar behavior can be observed at the graphs representing the
dual Ultrasparc system, where the speedup converges around 1.9, and the Core
2 Duo system where the average speedup is around 1.7. The behavior between
28 to 30 threads on the Linux / Core 2 Duo system could have something to
do with the memory or cache system, as it is not a true dual CPU but a dual
core machine.

6 Conclusion and Future Work

In this paper we have presented our work on implementing SVP represented
by µTC on conventional systems using POSIX threads. We have shown that it
is a viable approach as the investigated platforms had no problem supporting
thousands of threads running within a single process, and we have investigated
the scalability and overhead of our implementation. The motivation behind
this work and the possibilities of using this work as a framework have been
explained, and we will now give an overview of the future work and possible
future directions.
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6.1 Optimizations and porting

A lot of work can still be done in optimizing the implementation, for exam-
ple by using a pool of pthreads to reduce the overhead of thread creation,
and tweaking functionality in the library to the speci�c target platform or ar-
chitecture. Furthermore, porting to di�erent granularities of architectures as
mentioned in 3.1.2 needs to be investigated. In order to port this implemen-
tation to Grid or cluster systems, a solution has to be found for the lack of
shared memory in such platforms. One way to do this is would be by de�ning
in- and output memory ranges for a family, and sending the inputs at creation
and receiving back the outputs at sync. For such a port also the sequentializa-
tion at low level threads might be required when the granularity gets down to
the overhead of creating threads. This could be implemented by modifying the
creator thread to iterate and execute the thread functions one after another
instead of creating them in parallel as new pthreads.

Another interesting target to port this work to, as mentioned before, are FPGA
platforms with hardware accelerators. Work has already been done to port the
software to Xilinx Microkernel[13] on Microblaze[12], and we hope to work on
a port that includes accelerated threads or families of threads on the mas-
ter/worker platform[ref] developed at UTIA [11].

6.2 Simulation

The other side of the future work is on the development of the high level
SVP system simulator. The interfaces still have to be clearly de�ned, and the
simulator has to be built. Furthermore, the syntax translator could be modi�ed
to automatically add code annotation to abstract the workload induced by
code between SVP instructions. Schemes could be developed to abstract and
parameterize families of threads, in order to improve simulation performance.
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