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1 Assignment

1.1 Introduction

For my MSc project at the Computer Engineering Laboratory at Delft Uni-
versity of Technology I will design and implement a reconfigurable Very
Large Instruction Word (VLIW) processing core, for use within the Molen[6,
9] reconfigurable processing paradigm. The Instruction Set Architecture
(ISA) used for this processing core will be VEX[2] (VLIW Example), which
is loosely modeled on the ISA of the HP/ST Lx[1] family of VLIW embedded
cores.

1.2 Background

1.2.1 The VEX ISA

The VEX ISA offers a scalable technology platform for embedded VLIW
processors, that allows variation in many aspects, including instruction is-
sue width, organization of functional units, and instruction set. The VEX
ISA supports a multi-cluster implementation, where each cluster provides
a separate (possibly different) VEX ISA implementation. Each cluster has
the ability to issue multiple operations in the same instruction. A VEX
multi-cluster processor shares one instruction fetch unit and one memory
controller. The customizability of the instruction set enables the definitions
of special-purpose instructions in an organized way. Figure 1 shows the
structure of a VEX multi-cluster implementation.

A VEX Toolchain[7] is provided by Hewlett-Packard Laboratories, which
offers a VEX C compiler and a VEX simulator. The compiler allows the
user/designer to adjust parameters of the VEX processor (like the number
of clusters) easily. The VEX simulator offers an architecture-level simulator
which comes with a set of POSIX-like libraries, a cache simulator and an
API.

1.2.2 The Molen reconfigurable processor

The Molen paradigm provides a solution to the growing processor hardware
design challenges, by reconfigurable processors (processors that adapt their
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Figure 1: Structure of a VEX multi-cluster implementation [2]
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Figure 1: The general Molen approach: a program transfor-

mation example.

3. Eliminate the identified code ”α” from program P. Insert an
equivalent code A (e.g., SAD a,b,c), which calls the hard-

ware through a preestablished SW/HW calling interface. This

interface comprises:

• Parameters and results for communication between the
GPP and the reconfigurable processor.

• Configuration code, inserted to configure the hardware.
• Emulation code, used to perform the functionality of

the hardware accelerated kernel ”α”.

4. Compile and execute program P’ with original code plus

code having functionality A (equivalent to ”α”, i.e., SAD
a,b,c) on the GPP/reconfigurable processor.

It is noted that the only constraint on ”α” is its implementability,
which possibly implies complex hardware. Due to the complexity

of this hardware, the microarchitecture may have to support em-

ulation [11], which in turn requires the utilization of microcode.

This reconfigurable microcode is termed as ρµ-code and it is dif-
ferent from the traditional microcode. The difference is that such

microcode does not execute on fixed hardware facilities. It operates

on facilities that the ρµ-code itself ”designs” to operate upon.
Processor organization: The twomain components in theMolen

machine organization (depicted in Figure 2) are the Core Proces-

sor, which is a general-purpose processor (GPP), and the Reconfig-

urable Processor (RP). The ARBITER performs a partial decoding

on the instructions in order to determine where they should be is-

sued. Instructions implemented in fixed hardware are issued to the

GPP. Instructions for custom execution are redirected to the RP.

Data transfers from(to) the main memory are handled by the Data

Load/Store unit. The Data Memory MUX/DEMUX unit is respon-

sible for distributing data between either the reconfigurable or the

core processor. The reconfigurable processor consists of the recon-

figurable microcode (ρµ-code) unit and the custom computing unit

(CCU). The CCU consists of reconfigurable hardware and memory,

intended to support additional and future functionalities that are not

implemented in the core processor. Pieces of application code can

be implemented on the CCU in order to speed up the overall exe-

cution of the application. A clear distinction exists between code

that is executed on the RP and code that is executed on the GPP.

The parameter and result passing between the RP targeted code and

the remainder application code is performed utilizing the exchange

registers (XREGs), depicted in Figure 2.

Main Memory 

Instruction 

Fetch 

Data 

Load/Store 

ARBITER 

DATA 

MEMORY 

MUX/DEMUX 

Reconfigurable Processor 

Core 

Processor 
reconfigurable 

microcode 

unit 

CCU 

Register File 

Exchange 

Registers 

Figure 2: The Molen machine organization

Polymorphic operations: An operation, executed by the RP, is

divided into two distinct phases: set and execute. The set phase

is responsible for reconfiguring the CCU for the operation. In the

execute phase, the actual execution of the operations is performed.

No specific instructions are associated with specific operations to

configure and execute on the CCU. Instead, pointers to reconfig-

urable microcode (ρµ-code) are utilized. The ρµ-code emulates
both the configuration and the execution of CCU implementations

resulting in two types of microcode: 1) reconfiguration microcode

that controls the CCU configuration; and 2) execution microcode

that controls the execution of the configured CCU implementation.

The complete polymorphic instruction set: The complete list

of the eight instructions, supporting the Molen paradigm (for de-

tails see [12]) is denoted as polymorphic instruction set architecture

(πISA). These instructions are:
1) partial set (p-set<address>) performs common and frequently
used configurations;

2) complete set (c-set <address>) completes the CCU’s configu-
ration to perform less frequent functions;

3) execute <address>: controls the execution of the operations
on the CCU configured by the set instructions;
4) set prefetch <address>, and 5) execute prefetch:
prefetch the needed microcodes responsible for CCU reconfigura-

tions and executions into a local on-chip storage (the ρµ-code unit);
6) break: synchronizes parallel executions on the RP and the GPP;

7) movtx XREGa← Rb, and 8) movfx Ra← XREGb:

move the content of general-purpose register Rb to/from XREGa.

The<address> field denotes the location of the reconfigurable

microcode responsible for the configuration and the execution. In

the prototype processor, described hereafter, we have implemented

a minimal πISA, comprising c-set, execute, movtx, and movfx.

3. DESIGN DESCRIPTION
In this section, we describe the particular design considerations

regarding the separate parts of the Molen Virtex II Pro prototype.

Our experiments have been carried out on an Alpha-Data develop-

ment board ADM-XPL (http://www.alpha-data.com/)

equipped with the Xilinx Virtex II Pro chip xc2vp20-5 [13]. The

mounted FPGA chip is an engineering silicon with vendor recom-

mended PowerPC clock frequency of 250 MHz. We have described

the Molen organization in VHDL. The Xilinx standard develop-

ment tools embedded in the ISE 5.2. SP3 have been utilized both

for the synthesis (with the Xilinx XST tool) and for the FPGAmap-

ping. Behavioral hardware simulations have been performed with

ModelSim SE 5.7c. The programs have been compiled with GCC.

Figure 2: The Molen machine organization[6]

micro-architecture according to the application’s requirements). This is be-
ing achieved by Custom Configured hardware Units (CCUs) and reconfig-
urable microcode (ρµ-code)[8]. Figure 2 presents an overview of the Molen
machine organization, including a General Purpose Processor (GPP) with
a fixed instruction set, and a reconfigurable co-processor. A prototype[5]
of the Molen processor is currently available, based on the Xilinx Virtex-II
Pro[10] platform. This FPGA platform features two PowerPC 405[11] gen-
eral purpose CPU cores are embedded in the reconfigurable fabric (only one
is currently used in the prototype).

1.3 Goals

The goal of my research is to explore the design space and the advantages
of a parameterizable and reconfigurable VLIW processor (which shall be
called ρ-VEX hereafter) within a Molen reconfigurable processing machine.
This embedded ρ-VEX processor will not be used for general purpose tasks,
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Figure 3: The ρ-VEX single-cluster structure

but for extracted kernels within applications. ρ-VEX will provide a robust
and efficient trade-off between flexibility (by means of the existing VEX
toolchain) and speed (ASIC (Molen CCU) Vs VLIW (ρ-VEX) Vs RISC
(GPP in Molen)).

To achieve this I will first investigate what the pay-off is of multiple
VEX clusters inside a ρ-VEX processor, keeping in mind its needs, and host
platform characteristics. This will be done using the compiler and simulator
by HP, and GNU profiling tools. Based on the benchmarks done in [1], the
results are likely to be that a 1- or 2-cluster ρ-VEX will result in the best
trade-off. Possibilities to parameterize the ρ-VEX are also investigated.

After exploring the pay-off of multiple VEX clusters, a decision will
be made about the ρ-VEX design to be implemented as a Molen CCU.
An investigation should be made about the completeness of the adopted
instruction set, depending on practical criteria such as available design time,
on-chip area usage and critical path delay.

After design choices are made, a ρ-VEX prototype will be implemented.
This CCU has to be compatible with the current Molen prototype, based
on the Xilinx Virtex-II Pro[10] platform. As this prototype does currently
not use ρµ-code to instruct a CCU, a separate instruction storage has to
be implemented for the ρ-VEX CPU. Also, a separate small BRAM-based
memory will be implemented within ρ-VEX. This memory has not to be very
large, because in first instance only small software kernels will be executed by
this processor (in the prototype). Depending on the results of the simulator
research, a decision will be made about a 1- or 2-cluster implementation.
This prototype will not be parameterizable. Figure 3 depicts a ρ-VEX single-
cluster structure.

After the implementation of the ρ-VEX CCU, an integration of the VEX
toolchain and the Molen toolchain should be thought of.

1.4 Preliminary work

As far as we know, there are no current implementations of a VEX based
VLIW processor in an FPGA. Implementations like Spyder[3] and [4], a
NIOS II based implementation, do not offer the parameterizable VLIW clus-
ters as the ρ-VEX is aimed to provide.

The idea behind this project originated after a cooperation between
Dr.ir. S. Wong (Delft University of Technology) and Prof. G. Brown (Indi-
ana University). Prof. G. Brown was one of the designers of the Lx ISA at
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the Hewlett-Packard Laboratories.

1.5 Project details

The following persons will be of great importance during the project:

• Supervisor: Dr.ir. S. Wong (Delft University of Technology, Com-
puter Engineering Laboratory)

• Advisor: Prof. G. Brown (Indiana University, Department of Com-
puter Science)

2 Project Milestones

The following milestones1 have to be achieved during the project:

• Pay-off exploration of multiple VEX-clusters

• Design choices for ρ-VEX Molen CCU

• Hardware implementation of ρ-VEX Molen CCU

• Integration of ρ-VEX Molen CCU in the Molen prototype

3 Deliverables

At the end of the MSc project, the following deliverables should be presented:

• ρ-VEX processor core implemented as a Molen CCU

• Paper about ρ-VEX FPGA implementation (with instruction storage
and small memory)

• Paper about ρ-VEX Molen implementation (inside the current Molen
prototype)

• MSc thesis

• Thesis presentation

4 Project Trajectory

During the project, regular meetings will take place with my supervisor
Dr.ir. S. Wong. I will keep track of my progress by posting important
documents on my homepage at the CE Laboratory website:
http://ce.et.tudelft.nl/~thijs/

1The milestones are presented in bold in the Expected Timetable (Section 5)
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5 Expected Timetable

The timetable will be more fine-tuned after more design constraints are
determined.

Date Milestone

19/11/2007 Start of project

Research about embedded VLIW design and the VEX ISA

Experimenting with VEX compiler/simulator toolchain

25/01/2008 Pay-off exploration of multiple VEX-clusters

22/02/2008 Design choices for ρ-VEX Molen CCU

25/04/2008 Hardware implementation of ρ-VEX Molen CCU

27/06/2008 Integration of ρ-VEX Molen CCU in the Molen prototype

Writing MSc thesis

18/07/2008 Draft MSc thesis

08/2008 MSc thesis

Preparing presentation

08/2008 Presentation
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