
Abstract––H.264/AVC adopts new features compared

with previous multimedia algorithms. It is inefficient to

implement some of the new blocks using existing DSP

instructions. Hence, new instructions are required to

implement H.264/AVC. This paper proposes novel

instructions for intra-prediction, in-loop deblocking

filter, entropy coding and integer transform.

Performance comparisons show that the required

computation cycles for the in-loop deblocking filter can

be reduced about 20 ~ 25%. This paper also proposes

new instructions for the integer transform. The

proposed instructions can execute one dimension

forward/inverse integer transform. The integer

transform can be implemented using much smaller

hardware size than existing DSPs.

Index Terms––Multimedia, H.264, ASSP, Instruction

I. Introduction

With the rapid progress of semiconductor technology,

the market of Application-Specific Signal Processor

(ASSP) is dramatically growing. Once algorithms have

been fixed, custom Application-Specific Integrated Circuit

(ASIC) chips have been implemented to reduce the cost,

size, and power consumption of systems. However,

custom ASIC solutions have been found inadequate to

upgrade standards since they should be redesigned. With

the rapid increase in clock speed it has become feasible to

keep the functionality entirely in a programmable DSP,

greatly improving time-to-market and allowing faster

changes and upgrades. ASSP can compromise advantages

of custom ASIC chips and general DSP chips [1][2][3]. In

other words, ASSP chips adopt high performance and low

power of ASIC chips and flexibility of DSP chips. 

Multimedia signal processing technology has been

developed with the progress of semiconductor technology.

Technology related to multimedia signal processing has

been standardized as MPEG-2, MPEG-4, H.261, H.263,

etc. Recently, the Joint Video Team (JVT) announced

H.264/AVC in Dec. 2003 [4]. The new video coding

standard H.264/AVC can provide twice as much as higher

compression efficiency than MPEG-4. However, it is hard

to implement H.264/AVC since it requires 10 times more

hardware complexity for an encoder, and 2 times more

hardware complexity for a decoder than those of MPEG-4.

H.264/AVC has a number of control parts that has been

implemented using programmable processors, such as

ARM and DSP [5], and computation-intensive parts have

been designed using hardwired accelerators. 

Existing DSPs has various application specific

instructions for multimedia algorithms. However, newly

adopted features of H.264/AVC, previous instructions are

not efficient to support H.264/AVC. This paper shortly

introduces new features of H.264/AVC. Then it proposes

novel instructions and their hardware architecture to

efficiently implement the new features on ASSP.

This paper is organized as follows. Section 2 analyzes

H.264/AVC and describes existing DSP instructions to

implement multimedia standards. Section 3 proposes novel

instructions and their hardware architectures, and Section

4 explains performance comparisons. Finally, Section 5
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contains concluding remarks.

II. Existing DSP Instructions for
Video Signal Processing

Existing DSPs support various instructions to execute

packed operations between two registers. These operations

are used for various video signal processing, such as

motion estimation and compensation, DCT/IDCT, etc.

TMS320c6x of Texas Instruments supports special

instructions for multimedia signal processing, such as

SUBABS4, AVGx, etc [6]. The SUBABS4 instruction

calculates absolute differences of four pairs of the packed

data. The AVG4 instruction calculates averages of the

packed data in two registers. After addition operations of

four packed data, four results are shifted a bit to the left for

division, and 0.5 is added to each result for rounding.

TMS320c6x series also supports the DOTPU4 instruction

which calculates the dot product between four sets of

packed 8 bit values. The values in both src1 and src2 are

treated as unsigned, 8 bit packed data. The 32 bit unsigned

result is written into dst. Four clock cycles are required to

execute this instruction. Fig. 1 shows the operation flow of

the DOTPU4 instruction.

DCT has a regular computation flow, while motion

estimation/compensation and entropy coding have control

based computations. TMS320c55x has a coprocessor for

DCT computations, and it requires 2.8 MIPS for DCT

computations to achieve a processing speed of 30 fps for

the QCIF format. TMS320c6x having eight function units

requires 1.1 MIPS to implement DCT of 30 QCIF fps

video data using DSP instructions [7].

In entropy coding, the code word is obtained based on

the number of successive zeros in the input bit stream in

the code word table. Moreover, packed compare

operations are required. To execute these operations,

TMS320c64x supports the LMBD and CMPEQ/GT/LT

instructions, and the Blackfin DSP of Analog Device

supports the ONES instruction [7][8]. The LMBD

instruction counts the number of zeros in a register. The

CMPEQ/GT/LT instructions compare pairs of 8 bits or 16

bit packed data.

III. Novel DSP Instruction and Their
Hardware Architecture

This section describes ASSP instructions and their

hardware architectures for H.254/AVC codecs.

1. Proposed Instructions for In-loop Deblocking Filter,

Intra-prediction and Entropy Coding

The in-loop filter is used to eliminate blocking artifacts

as mentioned in Section 2. Fig. 2 shows 8 pixels of

neighboring 4 x 4 blocks. The 8 pixel values are decided

according to the boundary strength (bS), which represents

the difference of two neighboring blocks, using p0 ~ p3

and q0 ~ q3. The equations calculating pixel values are

defined in the specification [4]. The equations can be

classified into five categories as follows.

p2+p1+p0 (1) 

p2+2×p1+2×p0 (2) 

2×p3+3×p2+p1+p0 (3) 

2×p1+p0 (4) 

(p0+q0+1)>>1 (5) 

p0 ~ p3 are the packed data in a register, and q0 ~ q3

are also the packed data in another register. Then, equation

(1) shows additions of three packed data in one register.

Equation (2) represents one bit shift left operations of two

data followed by additions of three packed data in the

same register. Equation (3) shows one bit shift left

operation of data and a multiplication operation of data
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Fig. 1. DOTPU4 instruction in TMS320c64x.



followed by additions of four packed data. Equation (4)

shows one bit shift left operation of the packed data

followed by an addition of two packed data. Equation (5)

shows an addition of the most significant byte (MSB) of

one register and least significant byte (LSB) of the other

register followed by one bit shift operation. 

Even though these computations are packed operations,

these operations do not occur between two registers as

shown in Fig. 2, but they occur between the packed data

within the same register.

As mentioned in Section 2, the intra-prediction

eliminates redundancy of intra-frame and inter-frame,

which has few redundancies between two frames. Fig. 3

shows an identification of samples for 4x4 intra prediction.

a ~ p of Fig. 3 are predicted using A ~ Q according to the

equations defined in the specification [4] and some of

equations are represented in equation (6). In equation (6),

A, B, C, represent pixel values, a pixel value is represented

using 8 bits.

CAVLC of entropy coding requires calculating the

number of ones or zeros in a codeword. These operations

can perform the packed compared operation followed by

the packed addition operations. These packed additions are

not the additions between registers but the additions of the

packed data within a register. As described in Section 2,

existing DSPs support only packed operations between two

registers. A large number of instruction cycles is required

to implement the in-loop deblocking filter, intra-prediction

and CAVLC with the existing packed instructions, which

execute packed operations between two registers. Hence,

H.264/AVC may require a new instruction to execute

packed operations within a register.

Fig.4 shows the proposed three horizontal addition

(hadd) instructions. 
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Fig. 2. Block boundary.

Fig. 3. Identification of samples for 4 x 4 intra prediction. Fig. 4. Proposed instructions for packed additions within one register.

dst = hadd(src)
dst = hadd(src:mask)
dst = hadd(src:mask1.mask2).

(a) dst = hadd(src)

(b) dst = hadd(src:mask)

(c) dst = hadd(src:mask1.mask2)



Three hadd instructions are as follows. The proposed

instructions in Fig. 4(a) pack a 32 bit register into four 8

bit data, add four packed data, and then saturate the result

to 8 bit data. Fig. 4(b) is similar with Fig. 4(a). However,

the packed data, which is selected by a mask, is one bit

shifted to the left. In Fig. 4(c), mask1 selects the data to be

added, and mask2 selects the data to be shifted. Intra-

prediction, entropy coding, and equations (1), (2), (4), (5)

of the in-loop deblocking filter can be implemented using

the proposed instructions. Equation (3) can be

implemented using the packed multiplication instruction

such as the DOTPU4 instruction of TMS320c6x or the

PMUL of proposed ASSP. Equations (1), (2), (4), (5) can

also be implemented using existing packed multiplication

instructions. However DOTPU4 instruction requires four

clock cycles since the multiplication should be executed

2. Proposed Instructions for Integer Transform

The 4 x 4 integer transform can be performed using the

forward transform as shown in Fig. 5(a). The forward

transform is performed for four rows of four packed data.

Then, the forward transform is performed again for four

columns of four packed data to get the results of the 4 x 4

integer transform. Fig. 5(b) represents an inverse

transform. Similarly, the 4x4 inverse integer transform can

be executed using the operations in Fig. 5(b).

This paper proposes novel instructions to efficiently

execute the forward/inverse 4x4 integer transform as

follows.

dst = fTRAN (src)

dst = iTRAN (src).

Each instruction performs the operation of Fig. 5 (a)

and (b). These instructions read a 32 bit general register in

one register file, which consists of four 32 bit registers,

and execute the operation flow in Fig. 5. Then, the results

are written in another register files consisting of four 32 bit

registers. These instructions can be implemented using

existing adders and eight additional 2 x 1 multiplexers.

3. Hardware Architecture for Proposed Instructions

Fig. 6 shows the Arithmetic Logic Unit (ALU) for the

proposed instructions. Switching Logic 1, 2, and 3 which

only consist of eight 2 x 1 multiplexers and two 1 x 2 de-

multiplexers, are only the additional hardware for the

proposed instructions. 1 bit shift operation in Figure 4 is

executed using a multiplexer. One ALU can perform one

horizontal addition instruction. Only two continuous ALU

operations can execute fTRAN and iTRAN instructions.
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Fig. 5. Operation flow of 4 x 4 integer transform.

(a) 1-D forward transform

(b) 1-D inverse transform

Fig. 6. ALU for the proposed instructions.



IV. Performance Comparisons

Several key blocks for generating intra-predictors of

the in-loop deblocking filter are coded using the proposed

instructions and the same blocks are also coded using

existing instructions of TMS320c64x. The proposed

architecture can reduce the number of clock cycles for

several key blocks for generating intra-predictors about

40% than TMS320c6x. Hence, the total number of clock

cycles taken to execute in-loop deblocking filter can be

reduced about 20 ~ 25% since several coded blocks take

about 34% of total computation cycles. TMS320C64x

supports the DOTPU4 instruction that executes packed

multiplications of two registers and adds four results in

four cycles. The computation cycles of TMS320c64x can

be reduced, since it supports the DOTPU4 instruction.

Hence, other DSPs, which do not support the special

instruction, require more instructions. 

The fTRAN and iTRAN instructions can be executed

in one cycle. Hence, 12 clock cycles are required to

execute the 4x4 integer transform using the proposed

instructions and about 1,140,480 instructions for 30 frames

((24 cycles x 16 blocks) x 99 macro blocks x 30 frame) are

required for QCIF images, since a QCIF image has 99

16x16 macro blocks. Table I shows the number of the

required instructions for 30 frames on existing DSPs and

the proposed ASSP. The proposed ASSP having the

special instructions can be more efficient than the

implementation using instructions of 55x (SW) and using a

coprocessor of 55x (HW) for the integer transform.

TMS320c64x has a VLIW architecture and has eight

function units while the proposed architecture requires

only two 32 bit adders.

V. Conclusions

This paper proposes efficient instructions and their

hardware architecture to implement the in-loop deblocking

filter, intra-prediction, entropy coding, and integer

transform of H.264/AVC. Three hadd instructions can

execute various packed additions within a register.

Performance comparisons shows that the number of clock

cycles can be reduced about 20 ~ 25% compared with the

existing DSP for the in-loop deblocking filter. The

additional hardware requires only eight 2 x 1 multiplexers

and two 1 x 2 demultiplexer. This paper also proposes new

instructions, fTRAN and iTRAN, for the integer

transform. The integer transform can be implemented

using much smaller hardware size compared with existing

DSPs.
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