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Abstract

In this paper, we propose and implement a vector pro-
cessing system that includes two identical vector micropro-
cessors embedded in two FPGA chips. Each vector micro-
processor supports floating-point calculations and efficient
sparse matrix operations. Dense matrix-matrix multipli-
cation and sparse matrix-vector multiplication with bench-
mark matrices from various application domains were run
on the system to evaluate its performance. The resulting
calculation times are compared with those of a commercial
PC to show the effectiveness of our approach.

1. Introductions

A vector processor is efficient in extracting data par-
allelism and can greatly speedup applications with array-
intensive operations. Although it is not flexible for other
kinds of parallelism, this inflexibility also simplifies its
hardware implementation and results in low power con-
sumption [3]. As shown in [5], the degree of vectorization
can exceed 90% for most benchmarks in the EDN Embed-
ded Microprocessor Benchmark Consortium (EEMBC) [1].
Thus, a vector microprocessor could be a very competitive
choice for System-On-a-Chip (SOC) designs. In this pa-
per, we propose a vector processing system that includes
two vector microprocessors embedded in two FPGA chips.
Sparse matrix-vector multiplication and floating-point ma-
trix multiplication on FPGAs have been implemented in
[4,6], but they focus on application-specific matrices while
our goal is to build a generic vector processing system.

2. architecture of the system

Our vector processing system includes two identical pro-
grammable vector microprocessors located on two FPGA

chips. This system is implemented on the Annapolis Wild-
Star II board which has two Xilinx Virtex-II XC2V6000-5
chips. The Annapolis board is mounted on the host ma-
chine through a PCI socket [2]. Our two vector proces-
sors communicate with the host machine via the on-chip
dual port memories. The host machine assigns work to
them based on their requests and load balance. Each vec-
tor processor runs at 70MHz, and supports the IEEE 754
single-precision floating-point standard and efficient imple-
mentation for sparse matrices. The overview of the system
is shown in Fig. 1.

Each of the vector microprocessors is composed of a vec-
tor core and a tightly coupled five-stage pipelined scalar
unit. A vector register file organized in eight banks is lo-
cated at the center of the vector unit. Each bank has three
read ports and one write port. These ports are connected
to the addition, multiplication and vector memory control
units in a time-multiplexed way. The arithmetic units and
data memory are also organized in eight banks to match the
structure of the vector register file. Eight single-precision
floating-point results from the addition/multiplication units
can be generated every clock cycle or eight data can be
loaded/stored at top performance. The system supports
16 scalar mode instructions and 8 vector instructions; the
former support memory accesses, arithmetic operations
and data transfers. The vector instructions support vec-
tor load/store, vector indexed load/store, vector multiplica-
tion/addition and vector-scalar multiplication/addition.

3 Performance results and conclusion

To test the performance of our vector processing sys-
tem, dense matrix-matrix multiplications and sparse matrix-
vector multiplications were run on it. Comparisons are
made with the calculation time on a commercial Dell PC
that contains a 1.2G Pentium-III processor, 512M bytes of
memory and 512K bytes of L2 cache, and employs the
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Figure 1. Overview of the system

Linux operating system.
Fig. 2 shows the performance of matrix-matrix multipli-

cation on one vector processor, the commercial PC and two
vector processors. When the matrix-matrix multiplications
are divided to run on two vector processors residing on two
FPGAs, the calculations time is reduced approximately by
half since equivalent numbers of calculations are assigned
to the two vector processors. Our vector processing sys-
tem can run almost two times fast than the commercial PC
despite its much lower frequency (70Mhz of the vector pro-
cessing system and 1.2G of the Dell PC).

Sparse matrices from various engineering application ar-
eas were run on our vector processing system for evaluation.
For larger matrices having more non-zeros, the calculation
is divided into the two vector processors by dividing the ma-
trix into sub-blocks. Since the distribution of non-zeros is
not balanced in these sub-blocks as in dense matrices, the
calculation time on the two processors varies from 50% to
100% of the time on one processor.

In this paper we presented the design and implementa-
tion of a vector processing system implemented on FPGAs.
With abundant calculation units, tightly coupled memory
and a well designed data storage scheme, our vector pro-
cessing system can outperform a commercial PC on array-
intensive problems despite its much lower frequency. Be-
sides the examples listed in the paper, other applications
having abundant data parallelism can also get similar bene-
fits on our vector processing system.
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Figure 2. Performance of dense matrix-matrix
multiplication.
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Figure 3. Performance of sparse matrix-
vector multiplication.
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