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A Vector Coprocessor Architecture for Embedded Systems
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We developed a DSP for handheld devices of wireless base-band processing.
The DSP is composed of a scalar CPU and a vector unit. The architecture of
the vector unit inherits that of vector processors for super computers, but we
customized it for embedded systems. We evaluated the processor using several
simple programs. The evaluation showed that our DSP performs 60 to 184
times faster than scalar CPU. The peak performance is 12GOPS@250MHz.
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Fig.1 Parallelizm of applications.
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Fig.2 SIMD architecture and Vector architecture.

(a) SIMD architecture
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Instruction Memory Table 1 ISA summary of VU vector instructions.
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Fig.3 DSP block diagram. Vector Sum by Or HW _ ° _
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Table 2 ISA summary of VU scalar instructions.

Category Instruction
load Scalar Load Word/Halfword/Byte [Immediate]
store Scalar Store Word/Halfword/Byte [Immediate]
add/sub Scalar Add/Sub [Immediate]
shift Scalar Shift Left/Right Logical [Immediate]
Scalar Shift Right Arithmetic [Immediate]
logical Scalar Logical AND/OR/XOR/NOT
set Scalar Set Signed Immediate
Scalar Set Unsigned Immediate Higher/Lower 16bit [with O clear]
Scalar Set VL
cut Scalar Cut [Halfword]
move Scalar Move GR to VSR
Scalar Move VSR to VCR
Scalar Move VCR to VSR
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Table 3 VU specifications.

Item

Description

Number of vector operations
Number of scalar operations
Instruction format

Data format

Support vector length (VL)

113 instructions

40 instructions

32-bit

8/16/32-bit integer/logical
8 (min) to 64 (max)

Register files
Vector register (VR)
Scalar register (VSR)
Mask register (MR)
Control register (VCR)

16-bit x 512 entries
32-bit x 32 entries
2-bit x 512 entries
32-bit x 32 entries

Number of LDST/ALU vector pipelines
Number of MUL/ALU vectot pipelines
Number of scalar pipelines

Number of pipeline stages

SIMD parallelizm (p)

Instruction issue

2

2

1

5

8-op/cycle (for 8 or 16-bit data)
4-op/cycle (for 32-bit data)
in-order 1-inst/cycle

Instruction queue 32bit x 8

Frequency 250MHz

Data memory size 512KB (128KB x 4-bank)
Data memory bus width 128bit

Peak vector performance
Peak vector load/store performance

48-op/cycle; 12GOPS@250MHz
16-op/cycle (256-bit/cycle)
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*MUL/ALU pipeline: 2 (8-wide)
-Vector inst issue: 1-inst/cycle
-Max vector length: 64

-Load latency: 3-cycle

*ALU latency: 1-cycle

-MUL latency: 2-cycle

clock 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

for (=0; j<4; j++) {

= ++

z[i :f*Xi + vl[il;

} Innermost loop

C source code:
for (i=0; i<256; i++) {
2[i] = akx[i] + y[i];

i1: vidh o] 8] 16] 24] 32[ 40] 48] 56} (o] 8] 16] 24] 32 40] 48] 56)
i2: vidh (CoJ 8] 16] 24] 32| 40] 48] 56) PP ———- C
3 vmulesh | L 24) 32] 40] 48] 56)

i4: vaddh MUL latenanl_0 |8 | 16] 24] 32[ 0] 48] 56) (o] 8] 16] 24] 32] 40] 48] s6]

i5: vsth ——{ 0 s [16] 24] 5[ 40[ 48] 56

conflict
04 0O0O0D0OO0OOOODOODO
Fig.4 Example of vector pipeline behavior.
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Vector register file
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Fig.5 Vector register file.
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i1: vadd vr0, vr2, vrd f LT LT LT

vr0, vr2, vrd access

=

vr1, vr3, vrb access

i2: vandh vr4, vr8, vr6
stall

i3: vandh vr5, vr8, vr7 Crrrrerrrirj
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(D 0 D ) o )

r0, vr2, vr4 access
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register conflict
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b) LORETFSERET 56
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Fig.6 Effect of register conflict control between defferent word-length.
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Table 4 Evaluation result.
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