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Abstract— Some errors are very important in the
scientific computation observed in floating-point cal-
culations caused by rounding, overflow, underflow,
loss of significant digits, or loss of trailing digits. In the
prior work, we designed a vector co-processor that has
floating-point arithmetic units with detection of loss
We
propose a partitioned vector co-processor design. The

of significant digits and precision degradation.

design can improve performance of the data transfer
throughput between vector co-processor and SSRAM.
Compared to the prior work, the number of execution
cycles of the vector load instruction becomes twice
faster in the RTL simulation.

I. INTRODUCTION

Recently, the computation scale is increasing by the
cutting-edge high performance computing. As in large-
scale scientific computation, some errors may be observed
in floating-point calculations caused by rounding, over-
flow, underflow, loss of significant digits, or loss of trailing
digits. IEEE754[1] handles the problems by signaling the
exception of rounding, overflow and underflow. However,
the calculated result is insufficient by precision degrada-
tion due to cannot detect loss of significant digits and loss
of trailing digits.

The prior work[2] attacked above problems but perfor-
mance was insufficient by two factors. First, the data
transfer throughput between vector co-processor and SS-
RAM is limited. Second, the divide operation latency is
too slow due to the slow Restoring Division algorithm.

For this study, we were improved the data transfer
throughput by the partitioned vector co-processor. We
used the FPGA board that connected to the host PC via
PCI-Express (Fig.1). The FPGA board is composed of
two SSRAMs and two FPGAs, and each FPGA has a
partitioned vector co-processor. These partitioned vector
co-processors can access to each other resource via Exter-
nal Local Bus.

kitamura@hiroshima-cu.ac.jp

. fPGAboard _ _ ___ .
Host PC | |
FPGAO
' Vector co-processor
' <l
Load Vector
PCI-Express S?;e Registers
memory |[< | it |
I < i; ¥ Local Bus <
) \l_—\/

.
FPGA1

l SSRAMO
. Vector co-processor
l Load Vector

Store Registers
.
.

Unit

sSng [ed0] [eusalxg

Local Bus

Fig. 1. Structure of the FPGA board

II. RELATED WORK

In the prior work[2], we designed an architecture that
has floating-point arithmetic unit with detection of loss of
significant digits and precision degradation. This archi-
tecture has been implemented on the FPGA board that
connected with the host PC via PCI-Express. In order
to detect precision degradation for large-scale scientific
computation, the architecture is implemented like vector
processor structure (Fig.2) that has many floating-point
arithmetic units. The vector co-processor core is com-
posed of 16 vector registers and double precision floating-
point arithmetic units; 8 adders, 4 multipliers, and 4 di-
viders. Each interleaved vector register with 8 banks has
512 elements of 64-bit width. Each 1-read 1-write bank
connects to each floating-point arithmetic unit. In ad-
dition, the hardware design provides quadruple precision
floating-point arithmetic consisting of dual double preci-
sion floating-point arithmetic units (Fig.3). The imple-
mentation has the problem that uses only one of two FP-
GAs, for simplicity.
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Fig. 2. Block diagram of the vector co-processor
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Fig. 3. Double-Quadruple Floating-Point Adder unit

III. HARDWARE DESIGN

A partitioned vector co-processor on the left of the Par-
tition Point (Fig.2) is composed of 16 vector registers,
load-store unit, instruction issue unit, scalar register file,
register management unit, arithmetic management unit
and double precision floating-point arithmetic units; 4
adders, 2 multipliers, and 2 dividers. Each interleaved
vector register with 4 banks has 256 elements of 64-bit
width.

However, some instructions require the synchronization
between two partitioned vector co-processors. For exam-
ple, one operation, like a vector sum, is executed adding
up partial sum on each partitioned vector co-processor in-
dependently but two partial sum results must be added
beyond a partitioned vector co-processor. We solve this
problem by using the high-speed serial communication of
the Xilinx RocketIO.
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Fig. 4. Overview of the sub-system

IV. EVALUATION ENVIRONMENT

We created the sub-system for the evaluation (Fig.4).
The sub-system is composed of two partitioned vector
co-processors and two pseudo data buses, and we input
same data and instruction for two partitioned vector co-
processors. We evaluate the number of execution cycles of
the vector load instruction for 512 elements, by simulating
RTL in Mentor ModelSim.

V. SUMMARY AND CONCLUSIONS

We evaluated the vector load instruction for 512 ele-
ments, on the sub-system. As the result, the number of
execution cycles has been decreased to 256 cycles from 512
cycles. This result shows that the data transfer through-
put is improved, and it contributes to an improvement on
the performance of the vector co-processor. A synthesis
result for a partitioned vector co-processor implemented
on the Xilinx VIRTEX-5 (XC5VLX330T) occupies 36846
slice registers and 70541 slice LUTs, and clock frequency
is 50MHz.
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