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Abstract. This paper presents a new superscalar architecture for fast discrete
cosine transform (DCT). Comparing with the general SIMD architecture, it
speeds up the DCT computation by a factor of two at the cost of small
additional hardware overheads.

1. Introduction

The Discrete Cosine Transform (DCT) is currently the most popular and effective
transform coding scheme to reduce the redundancy of the signals in visual
communication and multimedia applications. The broader use of DCT in the wider
application areas underlines the requirement for a more efficient and systematic
approach to DCT implementation.

The SIMD (Single Instruction Multiple Data) processor has been widely employed
for DCT implementation in video encoders because of two reasons. Firstly, more
flexibility can be achieved by processing the task under software control. Moreover,
since all of the low level tasks (e.g., DCT, motion estimation and quantization) in the
whole video compression system have similar computing characteristics, a common
processor architecture can be shared for these computing requirement so as to
simplify the design problem and save the hardware cost. Fig. 1 illustrates a typical
SIMD architecture used in both video signal processors (VSP) [1] and generalized
multimedia processors [2]. It properly exploits temporal parallelism and spatial
parallelism to process DCT as well as other low level computation-intensive tasks.

However, comparing with the functional specific DCT implementations, the SIMD
model cannot achieve best performance for Fast DCT (FDCT) algorithms,
consequently lowering the whole system’s throughput. In this paper, we will present a
superscalar modification of the general SIMD structure shown in Fig. 1. It completes
the DCT computation twice as fast as the original SIMD does, at the cost of small
hardware overheads.
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Fig. 1. A typical SIMD architecture

2. Modified SIMD Architecture for Fast DCT

A typical 8-point DCT transform is computed in the following form:
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where x; are the original data, X, are the transformed values and c; are weight

), 0<i<7 (1)

parameters defined as

B/2 i=0
¢ = . (2)
1 otherwise

In order to accelerate the DCT computation, many fast DCT algorithms have been
developed. One of the most efficient methods is performing DCT with the aid of the
fast Fourier transformation (FFT) [3]. Fig. 2 illustrates a computing flow chart for
such FDCT algorithm, in which d; denote the cosine coefficients and y;, z; are the

intermediate results during transform.
It can be seen that there are many features in the FDCT algorithm that impede the

SIMD architecture working effectively:

e There are many data transmissions among PEs, therefore a complex
interconnection network is required for the FDCT implementation.

* The operation components in different datapaths (x; to X;) are various, this
irregularity results in that the computation units in PEs cannot be fully utilized.

» Eight PEs are required in order to perform eight-point DCT concurrently. Since the
datawidth of one datapath in DCT is normally 16 bits, the total bus width reaches



128bits, which is difficult for physical implementation in terms of the current
semiconductor technology.
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Fig. 2. Fast DCT flow chart

For these reasons, the FDCT algorithm is seldom employed in previous SIMD
processors despite of its merit on computational efficiency. In order to solve this
problem, some modifications have to be made for the SIMD architecture shown in
Fig. 1.

Firstly, the PEs are connected each other to form a PE chain by fetching the result
of one PE to its neighboring PE. With this manner, the whole computation flow is
mapped onto the SIMD architecture. It can be deduced from Fig. 2 that the 3-PE
Chain can fulfill the butterfly computations in 8-point FDCT.

Secondly, a register file R is added to each PE for storing the intermediate
computation results. The complex interconnection of the PEs is consequently avoided
by addressing the register properly.

In addition, an additional adder is introduced to the PE for assisting the butterfly
computations.

The new architecture is shown in Fig. 3.
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Fig. 3. Modified SIMD architecture

3. Superscalar Execution of FDCT

In a typical superscalar processor [5], the incoming instruction stream is fetched and
decoded several instructions at a time, the instructions are then initiated for execution
in parallel based primarily on the availability of operand data, rather than their
original program sequence. Borrowing this important feature of the superscalar
processor, we schedule the operations in the FDCT algorithm onto the architecture of
Fig. 3 in terms of whether the operand data is ready. The timing chart of one 8-point
FDCT execution is illustrated in Fig. 4, where:

the labels on the ¢ axis are the cycle numbers of the execution;

‘R’ denotes reading the operand from register files;

‘W’ denotes writing the result to register files;

“*” denotes the multiplication;

‘A+’, ‘A-’, ‘B+’, ‘B-’ denote the addition and the subtraction of adder A and B
respectively.



4. Comparison and Conclusion

As for the SIMD architecture shown in Fig. 1, when N=4, in order to compute one
element in 8-point DCT, two cycles are required (see equation (1)). By contrast, as
shown in Fig. 4, the new architecture completes each in one cycle at the pipeline
output when the pipeline is full. Notice that in most DCT applications, the data to be
transformed are input continuously, thus the preload overhead of the pipeline can be
ignored. Therefore, the throughput of the modified superscalar architecture is twice
faster than that of the original one.

The modified superscalar architecture and the original SIMD as well as their
control circuits have been implemented by the logic synthesis procedure, which are
followed by an estimation for the related gate numbers [4]. The results show that the
hardware resources of the former are only 14% more than that of the latter.

In conclusion, the proposed architecture gains speedup of two over the previous
SIMD one at the cost of small hardware overheads.
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Fig. 4. Timing chart of the superscalar execution for FDCT




