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ABSTRACT

This paper proposes balancing scheduling effort more evenly between the compiler and the processor, by introducing independently scheduled
VLIW instructions. Aggressively Packed VLIW (APVLIW) processor is aimed specifically at independent scheduling Very Long Instruction Word
(VLIW) instructions with dependency information. The APVLIW processor independently schedules each instruction within long instructions using
functional unit and dynamic scheduler pairs. Every dynamic scheduler dynamically checks for data dependencies and resource collisions while
scheduling each instruction. This scheduling is especially effective in applications containing loops. We simulate the architecture and show that
the APVLIW processor performs significantly better than the VLIW processor for a wide range of cache sizes and across various numerical
benchmark applications.
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| Register File |

FU: Functional Unit BU: Branch Unit

DS : Dynamic Scheduler BS: Branch Scheduter
1Q: Instruction Queue 1 : Instruction

BTB: Branch Target Buffer ~ DC : Dependency Counter
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Clock Cycles

10111712, 13,1435 I23456789I01|]21314
1w F | DJE. FE B
addy[ F [ DIE
1wl F | DIE. H
mul F | DIEXE
allad F D[ - |- [E
alldy F [ DE
swl D - |E
NoPF | DIF:
swl F | D] - - |F H
NOH F | DlE:
bl F D[ - E:
NOHAF|DIE H
T E|D| - [EXwWr _
addul ¥ [ DI~ |- [EX\WH
IWF | Dl - [ExwH
il D] - JEXEXWH
agdy FI D[ - |- @
alldy F| D] - [E> H
sw] F 1Dl -
Nof F] DIE H
swF[ D] - EXWH
NoR. EJ{DIE H
bl F | D] E
NoH F D[ i
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AREYZE WY EFHL -SE o839 dA2H AHHY
(register renaming), €2 8.3 4 A7 (common subex-
pression elimination)8] A3 #AE A MIPS Z=E
Ao Waz &37s a3z g#Heolg MIPS 2=
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ock)olY ILP &2 7[Eo2 g FEZ3F(loop unrol-
ling), ¥4+ (function inlining) 2 £71% o2 (branch
prediction)®] AL 7|HE& o] §3to] V| EEESY FFH
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Fixed Parameters
processor pipeline four-stage(F, D, EX, WB)
decoded instruction size 4 bytes

integer instruction latency 1 cycle

floating point instruction latency 1~32 cycle(depend on instruction)

data cache size perfect(no miss penalty)
derect mapped

LRU(Least Recently Used)

cache mapping method

cache replacement policy

Variable Parameters

Parameter Default Value

a number of integer unit 2

a number of floating-point unit 2

next long instruction miss penalty | 3
16k bytes

instruction cache size
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Hdo] fdd 2% 8 &/F : Integer instruction/Floating-
point instruction)& YERATH £ AFPo| e AgArte]E o]
dx BAEH degFEe] 2¥7F & XA Hnum-
eric) ZE2IPE WX AR HAIPE o]AL AFHH
ol #¥7} & ZZaYL AP 9ol APVLIW ZZ
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Benchmarks Description 1/F(%)
LIVERMORE || Do loop for various kernel operations 65.3/34.7
MM Matrix Multiply using floating point instructions |68.4/31.6
CLINPACK | Set of linear algebra subroutine 75.7/24.3
WHETSTONE| Loop instructions for arithmetic computation |65.6/34.4
FFT Matrix fourier Transformation 43.3/56.7
(E 2> 2% 3= 37| H|lu
Benchmarks VLIW ¢ VLIWpp VLIW ap
LIVERMORE 1 0.723 0.725
MM 1 0.568 0.591
CLINPACK 1 0.673 0.673
WHETSTONE 1. 0.438 038
FFT 1 0.38 0.400
AVERAGE 1 0557 0554
42 ME % M58
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