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Abstract

This project is to develop a programmable
digital signal processor (programmable DSP or
DSP processor) for wireless communications,
which features. (1) high performance (>
2,000MOPS), (2) good code density, (3) low
power (<ImW/MOP), and (4) configurability.
Various architectures of the state-of-the-art DSP
processors are surveyed and we have proposed a
new variable-length VLIW DSP with SIMD
capability.  We have also constructed its
instruction set simulator (I1SS) and evaluated the
performance to execute several DSP kernels,
including DLMS, motion estimation, and Viterbi
decoding. Theresults are very promising.
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VLIW
tap

cOL cOH
1 oL ¢TH clL c1H
2
3 Load x[i]
4 Load w[0]
5 [ ylil +=x[i *wio] | [ Load x[i-1] T
6 w[0] += x[i-1] * err Load w[1] {13
7 Store w[0]
8 [ yli] += x[i-1] * w[1] [ Load x[i-2] |
9 w[1] += x[i-2] * err Load w[2]
10 Store w[1] T

11 YT = X2 * Wiz | [Coad xii-3] |

P WI2] += x[i-3] * e Load w03l 9 ]
13 Store w[2]

14 [ y[i] += x[i-3] * w(3] [ Load x[i-4] |

15 W3] += x[i-4] * err Load w[4]
16 Store w[3]

17 [ y[i] += x[i-4] * w[4] [ Load x[i-5] |

18 w[4] += X[i-5] * err Load w[5]
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b. Viterbi

Viterbi add, compare,
and select (ACYS)

SIMD
ACS
DSP
Scalar unit AGU ALU

1 sh r11 r3 8 addv a0 al a2
2 sh rll r4 10 addia a3 a3 4 nminv a2 a3
3 sh rll r4 12 addia a0 a0 8 subv a0 al a2
4 sh rll r3 14 mnv a2 a5

5 addi r10 r10 8 addia a5 a5 4 addv a0 al a2
6 Ilwrl0 r1 0 mnv a2 a3

7 sub rOrlr2 addia a0 a0 8 subv a0 al a2
8 addia a3 a3 4 nminv a2 a5

9 lwrl0 r3 4 addia a5 a5 4 addv a0 a4 a2
10 sub r0O r3 r4 addia a3 a3 4 nminv a2 a3

11 shrll1rl1 0 addia a0 a0 8 subv a0 a4 a2
12 shrllr2 2 mnv a2 a5

13 shrillr2 4 addia a5 a5 4 addv a0 a4 a2
14 shrllrl 6 nova a3 13100 nminv a2 a3

15 nmova a0 13000 subv a0 a4 a2
16 nmova a5 13016 minv a2 a5

Viterbi

c. Motion estimation
Mean absolute error (MAE)

motion
estimation
M-1N-1
MAE= Y la,,~b,,
m=0 n=0
am,n bm,n

pixel

Scalar Unit AGU ALU(SIMD)
sub ri1rlrl nmova a0 10000

mova al 10128

mova a2 20000

nmova a3 30000
addi r1rl1 1 subv a0 al a2
addi rl1 r2 -16 addia a0 a0 8 absv a2 a2
bne r2 rO MAE addia al al 8 addv a2 a3 a3
addi r1r1 1 subv a0 al a2
addi rl1 r2 -16 addia a0 a0 8 absv a2 a2

bne r2 rO MAE addia al al 8 addv a2 a3 a3

MAE

motion estimation
MAE

0.75

MAE
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Program Sequencing and Scalar Operations

No operation nop

Jump junp | abel

Jump and link jal 1abel

Jump register jr ro

Branch equal beq r0 r1 I abel
Branch not equal bne r0 r1 | abel

Load byte or half word or word

Ib(lh Iw r0 rl offset

Store byte or half word or word

sb(sh sw) r0 rl1 offset

Add or subtract two operands

add(sub) rO r1 r2

Add immediate value

addi rOrl imm

Multiply two operations

mult rOrl

Move multiplication result high part to register nfhi rl
Move multiplication result low part to register nflorl
Various logical operations and(or xor) r0Orlr2

Logical shift right or left

sli(srl) rO r1 shant

Arithmetic shift right

srar0rl

Set less than

slt rOrlr2

Set less than immediate

slti rOrlr2

End of program

end

ALU Operations

Absolute value with SIMD

absv a0 al

Add or subtract two memory datawith SIMD

addv(subv) a0 al a2

Maximum or minimum with SIMD

maxv(mnv) a0 al a2

Variablelogical operations with SIMD

andv(orv xorv) a0 al a2

Load 32-hit value from memory

132v a0 cOH

Load 16-hit value from memory

116v a0 c00

Store 40-bit reg to 32 or 16-bit mem with rounding

sr32v(sr1l6v) a0 cOH

MAC Operations

Multiply-accumul ate

macv cOH c1H c2H

Multiply-accumul ate unsigned

macuv cOH cl1lH c2H

Permutation Operations

Permute four memory value in any order

AGU Operations

[ Perm a0 1230

Add two address register

adda a0 al a2

Add constant value to address register

addi a a0 al of fset

Move constant value to address register

nmova a0 of fset
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