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1 Introduction

Recently, multimedia applications targeting pictures and sounds are getting spread as
performance of a computer is improved. Higher performance for signal processing is
necessary since data size required by high bit or high sampling rates such as in DVD is
increasing.

In this thesis, we propose a method of fast response and high throughput based on load
balancing, by equipping a memory controller (MC) with ability to reduce memory access
time and alleviate a gap between CPU and memory speed, and MAC which is a feature
of DSP.

2 Data Transfer Method

Stride Data Transfer (SDT) [1] is a method of reading stride data fast and transfer them
to a processor, by specifying a row address only once, automatically generating column
addresses, and give them to DRAM. Software execution can set the number of data
transferred and the stride width. Therefore, this is effective for non-locality data accesses.

A FIFO buffer provided by a reconfigurable cache [2] can receive data transferred by
SDT, by utilizing a part of the cache memory. The reconfiguration can be done by
software. This function is more effective than usual caches for non-locality data sequences.

3 Digital Filter

A digital signal processor (DSP) has a functional unit for processing data and a control
unit for controlling itself, which are similar to those of a general-purpose processor. One
of the features of this study is embedding a MAC unit in MC. The problem of using a
DSP is that there are large overheads of data transfer or start- and end-notification of
processing between a CPU and DSP. In addition, there is another problem that it forces
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large cost and hardware size. The method proposed in this study provides only a MAC
unit in MC, and achieves lightweight processing and reduction of hardware.

4 Highly Functional Memory Controller with MAC Engine

In our MC, MAC (Multiply and ACcumulate) is embedded and SDT cooperates with it,
which achieves fast filtering processing.

MC includes registers for storing finite impulse responses, reads input data sequence
through SDT from DRAM, and performs a series of multiply-accumulate calculations
between them. The output sequence is transferred to a processor and inserted into the
FIFO buffer that the reconfigurable cache provides. The processing is supported by
Memory Management Unit (MMU) in the processor.

5 Basic Performance Evaluation

We evaluated the MC designed in VHDL by RTL simulation. When two data sequences

whose size was 32 were multiplied and accumulated, the execution with MAC engine was

3,108 cycles faster than that by CPU alone. Moreover, we synthesized the RTL of MC

and obtained the hardware size of the MAC engine, 14,547 gates approximately.
Evaluation of the amount of hardware.

6 Related Work

Stream buffer [3] is a buffer in a processor and receives data. This is separated from a data
cache, and therefore, the memory resource cannot be utilized when a running program
does not process stream data.

Impulse [4] and SMC [5] is a memory controller and have methods of transferring data
sequence. Impulse requires aliases of data in a program, which burdens programmers.
In addition, this introduces extra address translation, which leads to large overheads. In
SMC, read data are stored in the MC buffers. Therefore, it is necessary for a processor
to obtain the data by non-cacheable accesses, which brings large overheads.

7 Conclusion

In this thesis, we proposed a method of achieving fast filtering by using SDT for fast
data transfer and FIFO buffer, and equipping MC with a MAC function which performs
filtering calculation for stream data. Moreover, we implemented the method targeting
a FPGA. In RTL simulation, we showed that the proposed scheme could achieve much
faster execution than a conventional CPU alone.

In future work, we will use a processor with FIFO function and evaluate the effectiveness
on the actual hardware.
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