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A Design of Superscalar Digital Signal Processor
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ABSTRACT

This paper presents a Digital Signal Processor achieving high through-put for both decision intensive and
computation intensive tasks. The proposed processor employees a multiplier, two ALU and load/store Unit as
operational units. Those four units are controlled and works parallel by superscalar control scheme, which is different
from prior DSP architecture. The performance evaluation was done by implementing AC-3 decoding algorithm and

37.8% improvement was achieved. This study is valuable especially for the consumer electronics applications, which
require very low cost.

Key Words : Superscalar, signal processor, decision intensive task, computation intensive task
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Table 1 Instruction Set

s &0 A2l DSP 24

¥ 2 AC-3 du8lE9 8 Task F3A7F (1 frame,
5.1 channel, bit-rate=448 Kbps, fs=48KHz)
Table 2 Execution Time of AC-3 Algorithm Tasks

Instruction Operation
1 |AND dst, srcl, src2 |Srcl AND scr?2 = dst
2 |OR dst, srcl, src2 Srcl OR scr?2 - dst
3 INOT dst, src NOT src - dst
4 |ADD dst, srcl, src2 |Srcl + scr?2 2 dst
b |SUB dst, srcl, srcZ2  [Srcl - scr2 2 dst
6 [ABS dst, src ABS( src ) = dst
7 INEG dst, src - src = dst
8 |RND dst, src Round( src ) = dst
9 |CMP srcl, src? Set status flag if srcl

>= src2

MULT dst, srcl, src2

Srel x ser?2 > dst

11 [MOVE dst, src Src =2 dst

12 |SHIFT dst, src, value|Shift(src) by value > dst
SHIFT dst, src,|Shift(src) by #value > dst
#value

13|UNPACK dst, value |Extract value bits from
UNPACK dst, #value |FIFO - dst

14 (LDMEMO dst, (addr) [MemO(addr) - dst
LDMEMO dst, #addr

15| LDMEMI1 dst, (addr) |Meml{addr) = dst
LDMEMI1 dst, #addr

16 |STORE src, (addr) |Src 2 Meml(addr)
STORE src, #addr

17 [LOOP (addr) Addr 7}A Counter #yrE
LOOP #addr HbE. o8

18 |CALL (addr) Addr ¢] sub-routine <33
CALL #addr

19 |RETURN Sub-routine o A £

20 |JUMP (addr) Addr 2 PC W7
JUMP #addr

21 |IBRT cond, (addr) Cond Z&7¢| status ¢} YA &

BRT cond, #addr

AL dFsted PC 24

22

BRN cond, (addr)
BRN cond, #addr

RO 2 dFste] PC 24

Cond Z7 o] status & 4=

23

BRD cond, (addr)
BRD cond, #addr

d=/°l tay BWHAE

47

PC

24

MOVEYV dst, #value

16bit value & = dst

25

NOP

NO Operation

LEGEND:

- dst: Destination register
- src. Source Register

- #valuefaddr: HHE F3t g FH dH
- value : Register & %3} gt ¢ €

- (addr): 4 register %2

o=

Decodi Typical DSP Proposed (zain
CCOCNE Process (# of cycles) DSP (96)
(# ~f

bit-unpacking 300 75 75.0
exponent decoding 25,134 12,566 50.0

bit allocation 169,038 384,513 50.0
Mantissa decoding 137,460 109,791 | 20.1
channel de-coupling 8,490 4,686 44 8

Total sum 340,422 211,631 37.8
V. d &

2 =R AE E4H DSP AW ofe} Ao
A7 23 YA E g4 T4 Fdsie =
2AAe F2E A%en FAFAT Aty Zz A
A 4l Q4 Ul 9P A F SR a0
BAl o 2 A FEAIAY. E3 4 AT d X 2H
el e vpolmelel FERE BREE o] 7}

st MAC(Multiplier & Accumulator)E 7|¥to g 3}

= DSPRAL R Abe]Ee Wl glo] Fao] shEs
oo} e ity THRE /1E A% FU MAC ¥
dold Fi A4471E B3 A0EH A2 HgE
F7A7} wlvlshe, A file B8 ZHeA Y fay
o] AE otk FTF BHo] FEH vlolH 9EA

vje) melst: wstdelsh W AHER A A9
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