Vol. 43 No. 5

goooooooo

Packed SIMD OO UO0OODO0OODDODOOOODOOOO
O00000/000000000000000000
guobooobogobbobbd

0pooft
0 t4

oo
o o O

o O
o o O

0 7T2,T3
gt

O0000OPacked SIMDOOOUOODOOOOOODDOOOODDOOOODOOO/O00D0ODOOOODO
go0oo0ooooooooooooooooooboOoboooobooobooooboOOobObOooOoO0Ooo0o
gooooooOoOoooOooooOo0OboO0OoOoO0b0OO0O0O0b0O0OO0O0O0O0O00C0O000000000
obooooooooooOoooOoOooOoOoOobOOoOOobOOoboOOOOO0OOOO0OOOObOOoOoOOooOOoo
000O0Packed SIMDOOOOOOOOOOOOOOOODOOOOODOOOODOOOOODOODOO
gooodoooooOoOoooOoOOO0OCocooOooOooooaon

May 2002

A Hardware Unit Generation Algorithm for a Hardware/Software
Cosynthesis System of Digital Signal Processor Cores
with Packed SIMD Type Instructions

YUICHIRO MIYAOKA,* NOZOMU TOGAWA, 213 MASAO YANAGISAWAT4
and TATSUO OHTSUKI

This paper proposes a hardware unit generation algorithm for a hardware/software cosyn-
thesis system of digital signal processors with packed SIMD type instructions. Given a set
of instructions, the proposed algorithm extracts a set of subfunctions to be required by the
hardware unit and generates more than one architecture candidates for hardware units. The
algorithm also outputs the estimated area and delay of each of the generated hardware units.
The execution time of the proposed algorithm is very short and thus it can be easily incorpo-
rated into the processor core synthesis system. Experimental results demonstrate effectiveness

and efficiency of the alogorithm.
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Table 1 Basic instructions.

ADD, SUB, SRA, SRL,
SLL, AND, OR, XOR,
MUL, DIV, SLT, SEQ,
SNE, COM2, MAC, INC,
DEC, ADDI, SUBI, SRAI,
SRLI, SLLI, ANDI, ORI,
XORI, MULI, DIVI

Arithmetic and logic
operation

LDX, LDY, STX, STY,
LDRX, LDRY, STRX, STRY,
LDXI, LDYI, STXI, STYI,
LDIX, LDIY, STIX, STIY,
MV, IMM

Load and store

BEQ, BNE, BZ, BNZ,
Jump Jp, LOOP, RPT, CALL,
RET, NOP, HLT

Parallel load and store LDPX, STPX

0 2 Packed SIMD 00O
Table 2 Packed SIMD type instructions.

Arithmetic operation ADD, SUB, MUL, MAC
Shift operation SRA, SLA, SLL
Bit extend/extract operation | EXTD, EXTR

Others EXCH
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Fig.1 n operations for k-bits data.
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Operation
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Fig.2 n/2 extended operations for k-bits data.
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Fig.3 Bits extended operation.
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04 0000000
Fig.4 Bits extracted operation.

05 0000
Fig.5 Exchange operation.
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Fig.6 A hardware/software cosynthesis system and
hardware unit generation.
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Fig.7 Architecture templates. (a) The template for a

packed SIMD type functional unit. (b) The tem-
plate for an addressing unit. (c¢) The template for a

hardware loop unit.
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Fig.8 Assignment of subfunctional units to subfunctions

in an architecture template.
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Fig.9 A hardware unit generation system.
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Fig.10 An algorithm of the architecture configuration
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03 Oooooooooooo
Table 3 Given instruction set (add operation).

goooooooo

add add_1_us
add_1_uriw add_1_ulils
add_2_uw add_2_us
add_2_urilw add_2_ulls
add-4_uw add-4_us
add_4_uriw add_4_ulils
add_2h_u add_21_u
add_2h_ul8 add_21_ul8
add_4h_u add_41_u
add_4h_ul8 add_41_ul8
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Fig.11 Results of a packed SIMD type adding unit.
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Table 4 Subfunctional units used in the architecture

template for the instruction set.
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Table 5 Given instruction set (mul operation).

mul_2_sw mul_2_ss

mul_4_sw mul_4_ss
mul_2_sr7w mul_2_sré4s

mul_4_srédw mul_4_srds
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Table 6 Subfunctional units used in the architecture
template for the instruction set.
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Fig.12 Results of a packed SIMD type multiplying unit.
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Table 7 Given instruction set (mac operation).

mac_1_uw mac_1_us
mac_2_uw mac_2_us
mac_-2h_u mac_21_u
mac_4_uw mac_4_us
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Table 8 Subfunctional units used in the architecture
template for the instruction set.
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Fig. 13 Results of a packed SIMD type MAC unit.
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