FC JL 8& 5f Js 9p =q SP AR C %" !< %- %F %/ %A %c $K $* $1 $k 4X ?t ;v A0 <B 9T CM :F Mx MQ ;X F3 65 41 IY ED bC <# 65 <x 5~ ET Bg 3X 9) 3X It >p Js 3X 2J @5 @> ?= 8g J? @. 14 G/ 2 7n 8 F| i SP AR C %" !< %- %F %/ %A %c $K $* $1 $k 4X ?t ;v A0 <B 9T CM :F Mx MQ @5 @> ?= 8g Fb MF 9< 35 8= :_ <g N. $N %^ %$ %/ %m %W %m %; %C %5 $O !" L? Na %l %Y %k JB Ns @- ( ILP :Instruction Level Parallelism) $N Cj =P $K $h $j !" @- G= 8~ >e $r ?^ $C $F $$ $k !# $7 $+ $7 $J $, $i !" ILP $O L? Na 4V $N @) 8f 0M B8 4X 78 $* $h $S %G !< %? 0M B8 4X 78 $N B8 :_ $K $h $C $F :8 1& $5 $l $k !# A0 <T $K $h $k 1F 6A $r <h $j =| $/ J} K! $K $O 4{ $K B? $/ $N 8& 5f $, $" $k $b $N $N !" %G !< %? 0M B8 $N $& $A FC $K %U %m !< 0M B8 $O ILP $r Dc 2< $5 $; $k ?< 9o $J %\ %H %k %M %C %/ $H 9M $( $i $l $F $- $? !# 6a G/ !" $3 $N 1F 6A $r <h $j =| $/ <j K! $H $7 $F !" CM M= B, $K 4p $E $/ Ej 5! E* <B 9T $d CM :F Mx MQ $, Ds 0F $5 $l $F $$ $k !# CM M= B, $K 4p $E $/ Ej 5! E* <B 9T $H $O !" <B :] $K 7W ;; $r 9T $C $F CM $r 5a $a $k Be $o $j $K !" >- Mh $N CM $r M= B, $9 $k $3 $H $K $h $C $F 7W ;; $r ?J $a $F $* $/ <j K! $G $" $k !# <g $K C1 0l L? Na %l %Y %k $G $N 8& 5f $, @9 $s $K 9T $o $l $F $$ $k $b $N $N !" J# ?t $N %W %m %; %C %5 $r Ej F~ $7 $F !" J# ?t $N CM M= B, $r F1 ;~ $K 9T $& 8& 5f $b Js 9p $5 $l ;O $a $F $$ $k !# $? $@ $7 !" <g $J Ld Bj E@ $H $7 $F !" B? $/ $N L? Na 4V $K 0M B8 4X 78 $, B8 :_ $9 $k >l 9g !" B? $/ $N Ej 5! E* <B 9T $, I, MW $H $J $k $3 $H !" $^ $? 4V 0c $C $? Ej 5! E* <B 9T $r $d $j D> $9 :] $N %Z %J %k %F %# $, Bg $- $$ $3 $H $, 5s $2 $i $l $k !# 0l J} !" CM :F Mx MQ $O !" <B :] $N 7W ;; $r :F 8= $9 $k $? $a $K I, MW $J F~ NO %G !< %? $* $h $S =P NO %G !< %? $r :F Mx MQ I= $K EP O? $7 $F $* $- !" :F EY F1 $8 7W ;; $r 9T $& >l 9g $K !" ES Cf $N 7W ;; $r <B 9T $9 $k $3 $H $J $/ =P NO %G !< %? CM $r D> $A $K F@ $k $3 $H $K $h $j 9b B. 2= $r ?^ $k <j K! $G $" $k !# <g $J FC D9 $H $7 $F !" L? Na 4V $N 0M B8 4X 78 $N B? >/ $O !" 5! 9= $N J# ;( $5 $K 1F 6A $r 5Z $\ $5 $J $$ $3 $H !" $^ $? F~ NO CM $* $h $S =P NO CM $N Am ?t $N $_ $K $h $C $F %O !< %I %& %’ %" %3 %9 %H $, 7h Dj $5 $l !" >J N, 2D G= $J L? Na ?t $r @) 8B $7 $J $$ $3 $H $, 5s $2 $i $l $k !# $7 $+ $7 !" 0l J} $G !" 0J A0 $K <B 9T $5 $l $? 7k 2L $N $_ $r :F Mx MQ $9 $k $? $a !" F~ NO %G !< %? $, C1 D4 $K JQ 2= $9 $k >l 9g $K $O !" A4 $/ 8z 2L $, L5 $$ !# $5 $i $K !" CM :F Mx MQ 5! 9= $r %O !< %I %& %’ %" $N $_ $G <B 8= $9 $k $K $O !" 4p K\ %V %m %C %/ $N 8! =P $, Fq $7 $/ !" C1 0l L? Na $, BP >] $H $J $k $? $a !" Bg $- $J 8z 2L $, 4| BT $G $- $J $$ !# J# ?t L? Na $r BP >] $H $9 $k $? $a $K $O !" 6a G/ Js 9p $5 $l $F $$ $k $h $& $J !" @l MQ L? Na $* $h $S %3 %s %Q %$ %i $K $h $k ;Y 1g $r A0 Ds $H $9 $k I, MW $, $" $j !" 4{ B8 $N %m !< %I %b %8 %e !< %k $r 9b B. 2= $G $- $J $$ $H $$ $& ?< 9o $J Ld Bj $, ;D $C $? $^ $^ $H $J $C $F $$ $k !# K\ O@ J8 $G $O !" SP AR C ABI(Application Binary Interface) $r Mx MQ $9 $k $3 $H $K $h ii $j !" @l MQ L? Na $r DI 2C $9 $k $3 $H $J $/ !" 4X ?t C1 0L $N CM :F Mx MQ $r 2D G= $H $7 !" $5 $i $K !" JB Ns ;v A0 <B 9T $K $h $j !" F~ NO %G !< %? $, C1 D4 $K JQ 2= $9 $k >l 9g $K $D $$ $F $b 9b B. 2= $r ?^ $C $? !# :F Mx MQ $r 9T $& $? $a $K !" :F Mx MQ I= $H 8F $V 5! 9= $r MQ 0U $7 !" 4X ?t $K BP $9 $k F~ NO %G !< %? $H $7 $F 0z ?t $* $h $S <g 5- 21 FI $_ =P $7 %G !< %? !" $^ $? !" =P NO %G !< %? $H $7 $F <g 5- 21 =q $- 9~ $_ %G !< %? $* $h $S JV $j CM $r EP O? $7 $F $* $/ !# $^ $? !" JB Ns ;v A0 <B 9T $r 9T $& $? $a $K !" DL >o DL $j :F Mx MQ $r 9T $$ $J $, $i L? Na Ns $r <B 9T $9 $k %W %m %; %C %5 (MSP) $H $O JL $K !" @h 9T $7 $F :F Mx MQ I= $X $N EP O? $N $_ $r 9T $& %W %m %; %C %5 (SSP) $r MQ 0U $7 $? !# SSP $O !" :F Mx MQ I= $K EP O? $5 $l $F $$ $k 4X ?t $+ $i !" ;v A0 <B 9T $9 $k 4X ?t $r 1 $D A* Br $7 !" Stride-based M= B, $r 9T $C $F 3F 0z ?t $r M= B, $9 $k $3 $H $K $h $C $F ;v A0 <B 9T $r 3+ ;O $9 $k !# :F Mx MQ $N 8z 2L $K $h $C $F 4X ?t $r 4 <o N‘ $K J, N‘ $7 !" $= $l $> $l $N @- <A $K 9g $o $; $F !" ;v A0 <B 9T $N Dd ;_ $* $h $S :F Mx MQ I= %( %s %H %j F~ $l 49 $( %" %k %4 %j %: %‘ $N @Z $j BX $( $r 9T $C $? !# 0J >e $N $h $& $J 4X ?t CM :F Mx MQ $* $h $S ;v A0 <B 9T 5! 9= $r M- $7 !" L? Na %l %$ %F %s %7 !" %- %c %C %7 %e %_ %9 !" %& %# %s %I %& %_ %9 !" $* $h $S CM :F Mx MQ $K H< $& %l %$ %F %s %7 $r 9M N8 $9 $k SP AR C %7 %_ %e %l !< %? $r <B Au $7 !" %Y %s %A %^ !< %/ %W %m %0 %i %‘ $K $h $k I> 2A $r 9T $C $? !# B, Dj $N 7k 2L !" Stanford-integer %Y %s %A %^ !< %/ $G $O !" JB Ns ;v A0 <B 9T $r 9T $o $J $1 $l $P A4 $/ :F Mx MQ $G $- $J $$ %W %m %0 %i %‘ $, !" ;v A0 <B 9T $K $h $j :G Bg 80% 6a $/ $N L? Na <B 9T %9 %F %C %W ?t $, :o 8: $5 $l $? !# $7 $+ $7 !" SPEC FP95 $G $O !" ;v A0 <B 9T $N 8z 2L $O $[ $H $s $I 8= $l $: !" ;v A0 <B 9T $r 9T $o $J $$ $G :F Mx MQ $9 $k $b $N $N 8z 2L $N $_ $, 8= $l $? !# ;v A0 <B 9T $K $h $k 9b B. 2= $O !" :G Bg $G $b 2% Dx EY $G $" $C $? !# $3 $l $O !" Sp ec FP95 $K $O !" 0z ?t $, C1 D4 $K JQ 2= $9 $k 4X ?t $, >/ $J $$ $3 $H $K 5/ 0x $9 $k $H 9M $( $F $$ $k !# $^ $? !" Standard- integer $N Puzzle $* $h $S T o w ers $G $O !" ;v A0 <B 9T $r 9T $o $J $$ J} $, L? Na <B 9T %9 %F %C %W ?t $N :o 8: N( $, Bg $- $+ $C $? !# $3 $l $O !" ;v A0 <B 9T $r 9T $& $3 $H $K $h $C $F !" K\ Mh :F Mx MQ $G $- $k %( %s %H %j $r >C 5n $7 $F $7 $^ $C $? $? $a $G $" $k !# $^ $? !" :F Mx MQ ;~ $N %* !< %P !< %X %C %I $O !" RB $H %- %c %C %7 %e Fb MF $H $N Hf 3S $, Bg It J, $r @j $a $k $3 $H $b J, $+ $C $? !# Stride-based M= B, 0J 30 $N J} K! $r E, MQ $7 $F ;v A0 <B 9T $N 8z 2L $r >e $2 $i $l $k $+ $I $& $+ !" ;v A0 <B 9T $r 9T $o $J $$ J} $, 9b B. 2= $5 $l $k %W %m %0 %i %‘ $N >l 9g $K !" $$ $+ $K $7 $F ;v A0 <B 9T $r Dd ;_ $9 $k $+ !" $^ $? !" RB $H %- %c %C %7 %e Fb MF $H $N Hf 3S $r 9b B. 2= $9 $k $? $a $K !" $$ $+ $K 9b B. $J RB $r <B 8= $9 $k $+ $, !" :# 8e $N 8& 5f 2] Bj $H $7 $F 5s $2 $i $l $k !# iii F unction Lev el Precomputation on SP AR C Arc hitecture Shingo Masanishi Abstract Recen tly , most commercial micropro cessors dep end on Instruction Level Parallelism(ILP) to impro v e the p erformance . But, control dep endences and data dep endences are ma jor h urdles to exploit the amount of ILP . The tech- nique for remo ving the former barrier has already b een researc hed in many cases, though the ow constraints hav e so far b een considered to b e the seri- ous b ottlenecks to gain ILP . Ho w ev er, recently , the sp eculativ e execution with v alue prediction and v alue reuse attract attentions as the technique for remo v- ing the b ottlenecks. The sp eculativ e execution with v alue prediction is the new technique to ov ercome ow constraints b y predicting the input v alue of the instructions. Although the ma jor v alue prediction fo cus on instruction-level prediction, some researches which apply multi v alue predictions sim ultaneously with multi pro cessors are also b eginning to b e rep orted. The main problems is that many sp eculative executions are needed, if the man y dep endences are exist b et w een man y instructions. Moreov er, the p enalties o ccured b y the wrong sp eculativ e execution are to o large. On the other hand, in the case of v alue reuse tec hnique, input data and output data are registered into the reuse bu�er. If the same input data has b een found in the reuse bu�er when p erforming the same calculation again, the calculation can squashed. As main features, it is men tioned that the num ber of dep endences during instructions do esn’t a�ect the complexity of a mechanism, that the hardware cost is determined only b y the amount of input data and output data, and that the num b er of reusable instructions are not restricted. How ev er, b ecause it reuses only the previos result, when input data c hanges sequentially , it is completely ine�ectiv e. Also, if the mec hanism is implemen ted only by the hardw are, the e�ectiveness will b e smll b ecause it is di�cult to detect basic blo cks instead of a single instruction. Recent researches rep orted some implemen tations based on sp ecial prop osal instructions and supp ort by the compiler. Ho w ev er the problem that the existing load mo dule can not b e iv reused exists. Considering these situations, this pap er prop oses a new reuse tec hnique which do esn’t need an sp ecial prop osal instructions utlizing SP AR C ABI and can improv e the sp eed against the case that input data changes seaquen tially , by parallel precomputation. As informations required to reuse, input data which are arguments and memory read data and output data which are memory write data and return v alues are registered into the reuse bu�er. Moreov er, to p erform parallel precomputation, the additional pro cessors whic h pre-executes functions and register to the reuse bu�er was prepared. A function is selected from the functions registered in the reuse bu�er, and precomputation is executed with predicted argument by Stride-based prediction. The functions are classi�ed into four according to the c haracteristics and the timing of precomputations and the replacement algorithm of reuse bu�er are con trolled according to each function. Considering instruction latency , cache miss p enalty , windows miss p enalt y and reuse latency , I developed a cycle simulator and ev aluated the precompu- tation mec hnism with some b enchmark programs. On the Stanford-integer, ab out a maxim um of 80% of the num b er of instruc- tions executions was reduced for the program which is not reusable at all when precomputation is not p erformed. Ho w ev er, on the SPEC FP95, the e�ect of precomputation is small. The improv emen t in the sp eed b y precomputation was at the maximum as 2%. It is b ecause that there are few functions in whic h the arguments change sequen tially in SPEC FP95. Moreo v er, in Puzzle and T o w- ers, precomputation gains smaller e�ect than normal reuse. It is b ecause the entry which should originally b e reusable w as eliminated b y precomputation. Moreov er, as for the ov erhead of reuse, comparison of RB with cache o ccupied many p ercen tages. These are future w orks whether metho ds other than Stride-based prediction can reduce more cycles or not, and how to stop precomputation in the case of program whic h gains larger p erformance under normal reuse than precomputa- tion, and ho w to construct high-sp eed RB in order to accelerate comparison of RB with cache.

SP AR C %" !< %- %F %/ %A %c $K $* $1 $k 4X ?t ;v A0 <B 9T CM :F Mx MQ L\ <! Bh 1 >O $O $8 $a $K 1 Bh 2 >O => Mh $N Ej 5! !& :F Mx MQ 5; =Q 2 2.1 %" %I %l %9 $K 4X $9 $k Ej 5! E* <B 9T : : : : : : : : : : : : : : : : : : : : : : : : : 2 2.2 CM $K 4X $9 $k Ej 5! E* <B 9T : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 2.2.1 L? Na %l %Y %k $N CM M= B, : : : : : : : : : : : : : : : : : : : : : : : : : 2 2.2.2 %9 %l %C %I %l %Y %k $N CM M= B, : : : : : : : : : : : : : : : : : : : : : : 3 2.3 CM :F Mx MQ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 Bh 3 >O Ej 5! E* <j K! $K $h $k 4X ?t ;v A0 <B 9T J} <0 $N Ds 0F 4 3.1 SP AR C ABI $r Mx MQ $7 $? CM :F Mx MQ : : : : : : : : : : : : : : : : : : : : : : 5 3.2 ;v A0 <B 9T 5! 9= : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 3.3 ;v A0 <B 9T <j =g : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 3.3.1 4X ?t A* Br : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 3.3.2 0z ?t M= B, : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 3.3.3 %( %s %H %j $N F~ $l 49 $( : : : : : : : : : : : : : : : : : : : : : : : : : 12 Bh 4 >O I> 2A 14 4.1 %W %m %; %C %5 %b %G %k : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14 4.2 Stanford-in teger $K $h $k B, Dj : : : : : : : : : : : : : : : : : : : : : : : : : 15 4.3 SPEC FP95 $K $h $k B, Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19 4.4 9M ;! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 Bh 5 >O $* $o $j $K 24 <U <- 24 ;2 9M J8 8% 24

Bh 1 >O $O $8 $a $K 8= :_ <g N. $H $J $C $F $$ $k %W %m %; %C %5 3+ H/ $G $O !" L? Na %l %Y %k JB Ns @- ( ILP :Instruction Level Parallelism) $N Cj =P $K B? $/ $N %3 %9 %H $r Ej F~ $7 $F $$ $k !# %W %m %0 %i %‘ $K Fb :_ $9 $k ILP $r Mx MQ $7 $? L? Na %9 %1 %8 %e !< %j %s %0 <j K! $K $O !" %3 %s %Q %$ %k ;~ $K 9T $& @E E* L? Na %9 %1 %8 %e !< %j %s %0 $d <B 9T ;~ $K 9T $& F0 E* L? Na %9 %1 %8 %e !< %j %s %0 $, $" $k !# ILP $O @) 8f 0M B8 4X 78 $d %G !< %? 0M B8 4X 78 $N B8 :_ $K $h $j Dc 2< $9 $k !# A0 <T $N 1F 6A $r <h $j =| $/ <j K! $K $O !" J, 4t M= B, $r MQ $$ $? Ej 5! E* <B 9T $, $" $j !" $h $j @: EY $N 9b $$ J, 4t M= B, 5! 9= $r Ds 0F $9 $k 8& 5f $, B? ?t $J $5 $l $F $$ $k [14, 15] !# 8e <T $O !" =P NO 0M B8 !" 5U 0M B8 !" %U %m !< 0M B8 $K J, N‘ $9 $k $3 $H $, $G $- !" $3 $N $& $A !" =P NO 0M B8 $H 5U 0M B8 $K $h $k ILP $N Dc 2< $O !" %l %8 %9 %? %j %M !< %_ %s %0 $K $h $j M^ $( $k $3 $H $, $G $- $k !# ;D $k %U %m !< 0M B8 $K 4X $7 $F $O !" CM M= B, $K 4p $E $/ Ej 5! E* <B 9T $H CM :F Mx MQ $K $h $j @- G= 8~ >e $r ?^ $k $3 $H $, $G $- $k !# 8= :_ $N $H $3 $m !" ?t B? $/ 8& 5f $5 $l $F $$ $k L? Na %l %Y %k $G $N CM M= B, 5! 9= [5, 6, 16] $O !" %G !< %? 0M B8 4X 78 $N $" $k L? Na 4V $K $* $$ $F @h 9T L? Na $N <B 9T 7k 2L $r M= B, $7 !" 8e B3 L? Na $r Ej 5! E* $K 3+ ;O $9 $k $b $N $G $" $k !# @h 9T L? Na $N =* N; ;~ $K <B :] $N CM $H M= B, CM $r Hf 3S $7 !" 0l CW $7 $F $$ $l $P M= B, $7 $? 7k 2L $r MQ $$ $k !# $5 $i $K !" J# ?t $N %W %m %; %C %5 $r Ej F~ $7 $F !" J# ?t $N CM M= B, $r F1 ;~ $K 9T $& 8& 5f $b Js 9p $5 $l $F $$ $k [8, 9, 10, 11, 12, 13] !# $7 $+ $7 !" CM M= B, $K 4p $E $/ Ej 5! E* <B 9T $K $O !" 0J 2< $N $h $& $J Ld Bj E@ $, $" $k !# 1. L? Na 4V $K B? $/ $N 0M B8 4X 78 $, $" $k $H !" B? $/ $N Ej 5! E* <B 9T $, I, MW $H $J $k !# 2. M= B, $, 8m $C $? >l 9g !" M= B, $K 4p $E $/ 0l O" $N 1i ;; 7k 2L $r A4 $F L5 8z 2= $9 $k I, MW $, $" $k $? $a !" B? Bg $J %O !< %I %& %’ %" %3 %9 %H $r MW $9 $k !# 0l J} !" CM :F Mx MQ [3, 4] $G $O !" %W %m %0 %i %‘ $N It J, E* $J <B 9T 7k 2L $r :F Mx MQ I= $K J] B8 $7 $F $* $/ !# F1 0l It J, $r :F EY <B 9T $9 $k >l 9g !" F~ NO %G !< %? $, A4 $F F1 $8 $J $i $P C‘ <! <B 9T $r >J N, $7 !" J] B8 $7 $F $* $$ $? <B 9T 7k 2L $r :F Mx MQ $9 $k !# $3 $N J} <0 $N FC D9 $r Ns 5s $9 $k !# 1. L? Na 4V $N 0M B8 4X 78 $N B? >/ $O !" :F Mx MQ 5! 9= $N J# ;( $5 $K 1F 6A $r 5Z $\ $5 $J $$ !# 2. F~ NO CM $* $h $S =P NO CM $N Am ?t $K $N $_ %O !< %I %& %’ %" %3 %9 %H $, 7h Dj $5 $l !" >J N, 2D G= $J L? Na ?t $, @) 8B $5 $l $J $$ !# $? $@ $7 !" 0J A0 $K <B 9T $5 $l $? 7k 2L $N $_ $r :F Mx MQ $9 $k $? $a !" F~ NO %G !< %? $, C1 D4 JQ 2= $9 $k >l 9g $K $O !" A4 $/ 8z 2L $, $J $$ !# $^ $? !" 6a G/ Js 9p $5 $l $F $$ $k CM :F Mx MQ 5! 9= [7] $O !" @l MQ L? Na $* $h $S %3 %s %Q %$ %i $K $h $k ;Y 1g $r A0 Ds $H $7 $F $* $j !" 4{ B8 $N %m !< %I %b %8 %e !< %k $r 9b B. 2= $9 $k $3 $H $, $G $- $J $$ !# 0J >e $N $3 $H $+ $i !" SP AR C ABI $r Mx MQ $7 $? CM :F Mx MQ $r 9T $& $3 $H $K $h $j !" @l MQ 1

L? Na $r I, MW $H $7 $J $$ $@ $1 $G $J $/ !" JB Ns ;v A0 <B 9T $K $h $j !" F~ NO %G !< %? $, C1 D4 $K JQ 2= $9 $k >l 9g $K $D $$ $F $b 9b B. 2= $r ?^ $C $? !# 2 >O $G $O => Mh $N Ej 5! !& :F Mx MQ 5; =Q $K $D $$ $F =R $Y !" 3 >O $G $O Ej 5! E* <j K! $K $h $k 4X ?t ;v A0 <B 9T J} <0 $N Ds 0F $r 9T $& !# 4 >O $G $O K\ J} <0 $N I> 2A $r 9T $& !# Bh 2 >O => Mh $N Ej 5! !& :F Mx MQ 5; =Q 2.1 %" %I %l %9 $K 4X $9 $k Ej 5! E* <B 9T %" %I %l %9 $K 4X $9 $k Ej 5! E* <B 9T $O !" J, 4t M= B, $H %* %Z %i %s %I %" %I %l %9 M= B, $K Bg JL $G $- $k !# J, 4t M= B, $O Bg $- $/ !" @E E* J, 4t M= B, $H F0 E* J, 4t M= B, $K J, N‘ $G $- $k !# @E E* J, 4t M= B, $H $O !" %3 %s %Q %$ %i $, %W %m %0 %i %‘ $r 2r @O $7 J, 4t M= B, $r 9T $$ !" L? Na Cf $K M= B, $7 $? >p Js $r Kd $a 9~ $‘ J} K! $G $" $k !# F0 E* J, 4t M= B, $H $O !" 2a 5n $N J, 4t Mz Nr $r MQ $$ $F J, 4t @h $r M= B, $9 $k J} K! $G $" $k !# %* %Z %i %s %I %" %I %l %9 M= B, $N Be I= E* $J $b $N $H $7 $F Next Line Prefetc h $, $" $k !# $3 $l $O %- %c %C %7 %e $K 4X $9 $k $b $N $G !" $" $k %" %I %l %9 $K %" %/ %; %9 $5 $l $k $H !" 6a $$ >- Mh $= $N <! $N %- %c %C %7 %e %i %$ %s $r ;2 >H $9 $k $H M= B, $9 $k $b $N $G $" $k !# 2.2 CM $K 4X $9 $k Ej 5! E* <B 9T 6a G/ !" CM M= B, $K 4p $E $/ Ej 5! E* <B 9T $K 4X $9 $k 8& 5f $, B? ?t 9T $o $l $F $* $j !" L? Na %l %Y %k $G $N 8& 5f [3, 5, 6, 16] $H %^ %k %A %9 %l %C %I %l %Y %k $N 8& 5f [8, 9, 10, 11] $K Bg JL $5 $l $k !# 2.2.1 L? Na %l %Y %k $N CM M= B, @h 9T L? Na $N 7k 2L $r M= B, !J CM M= B, ) $7 !" 8e B3 L? Na $r Ej 5! E* $K <B 9T $9 $k !# $= $7 $F !" @5 $7 $$ 7k 2L $, H= L@ $7 $? $H $- !" M= B, CM $r 8! >Z $9 $k !# @5 $7 $1 $l $P $= $N $^ $^ <B 9T $r B3 $1 $k $b $N $N !" 8m $C $F $$ $l $P Ej 5! <B 9T $7 $? 1i ;; $r A4 $F L5 8z 2= $9 $k $? $a !" M= B, $N 3N EY 8~ >e $, =E MW 2] Bj $G $" $k !# Last-v alue M= B, F1 $8 L? Na %" %I %l %9 $K $* $1 $k A0 2s $N 1i ;; 7k 2L $r $= $N $^ $^ MQ $$ $k J} K! $G $" $k !# $5 $i $K !" Classi�cation T able( CT ) $r MQ $$ $F !" M= B, %_ %9 $r 8: >/ $5 $; $k 5! 9= $, Ds 0F $5 $l $F $$ $k [6] !# CT $O !" F0 E* $K M= B, 2D $+ IT 2D $+ $r H= CG $9 $k !# Stride-based CM M= B, :G 6a $N 2 2s $N 1i ;; 7k 2L $N :9 J, S tr ide $H :G 6a $N 1i ;; 7k 2L B ase $+ $i !" <! $N M= B, CM $r B ase + S tr ide $H $9 $k J} K! $G $" $k [5] !# 2

#2 %l %Y %k CM M= B, $5 $i $K [5] $O !" F0 E* $K @8 @. $5 $l $k CM $N B? $/ $O ?t <o N‘ !" FC $K 4 <o N‘ $G $" $k $H $$ $& 7k 2L $K Ce L\ $7 !" 2 %l %Y %k CM M= B, 5! 9= $r Ds 0F $7 $F $$ $k !# :G 6a $N 4 <o N‘ $N 1i ;; 7k 2L $H 2a 5n $N M= B, 7k 2L $r 5- 21 $7 $F $* $/ !# 1 CJ 3, L\ $O !" M= B, $9 $k L? Na $N %" %I %l %9 $+ $i !" 5- 21 $7 $F $$ $k 4 <o N‘ $N 1i ;; 7k 2L $r =P NO $9 $k !# 2 CJ 3, L\ $O !" 1 CJ 3, L\ $G =P NO $5 $l $? 4 CM $+ $i !" 2a 5n $N M= B, 7k 2L $r Mx MQ $7 $F !" 1 $D $N CM $r A* Br $9 $k $3 $H $K $h $C $F M= B, CM $r F@ $k !# %O %$ %V %j %C %I M= B, $5 $i $K [5] $O !" Last-v alue M= B, $H Stride-based M= B, !" Stride- based M= B, $H 2 %l %Y %k CM M= B, $N %O %$ %V %j %C %I M= B, $r Ds 0F $7 $F $$ $k !# CM M= B, 5! 9= $N Hf 3S [16] $O !" CM M= B, $N %R %C %H N( $H %_ %9 N( $r B, Dj $7 $F $$ $k !# I= 2.1 $K !" CT $r MQ $$ $? Last-v alue M= B, !" Stride-based M= B, !" 2 %l %Y %k CM M= B, !" Stride- based M= B, $H 2 %l %Y %k CM M= B, $N %O %$ %V %j %C %I M= B, $K $D $$ $F !" %R %C %H N( $H %_ %9 N( $r $^ $H $a $? !# L V+CT Stride 2lev el Hybrid %R %C %H N( 21.7% 29.8% 29.4% 39.9% %_ %9 %R %C %H N( 1.7% 2.9% 3.9% 5.9% I= 2.1: A4 <B 9T L? Na $K BP $9 $k M= B, %R %C %H N( $H %_ %9 N( 2.2.2 %9 %l %C %I %l %Y %k $N CM M= B, %9 %l %C %I %l %Y %k $N CM M= B, $K $O !" 0J 2< $N 3 $D $, 5s $2 $i $l $k !# @) 8f M= B, J# ?t $N %9 %l %C %I $+ $i <! $K <B 9T $9 $k %9 %l %C %I $r A* Br $9 $k $? $a $K MQ $$ $k !# 3F %9 %l %C %I $N J, 4t @h $r M= B, $9 $k $? $a $K $b MQ $$ $k !# %G !< %? 0M B8 M= B, 0[ $J $C $? %9 %l %C %I 4V $N %G !< %? 0M B8 4X 78 $r M= B, $9 $k $? $a $K MQ $$ $k !# L? Na !& %H %l !< %9 %l %Y %k $N CM M= B, L? Na %l %Y %k $N CM M= B, 5! 9= $d !" [11] $, Ds 0F $7 $F $$ $k Incremen t Predictor $N %H %l !< %9 %l %Y %k $N CM M= B, 5! 9= $r MQ $$ $F !" %9 %l %C %I 4V $N !" %G !< %? 0M B8 4X 78 $r 2r >C $9 $k $? $a $K MQ $$ $k !# C1 0l $N %W %m %0 %i %‘ $r J# ?t $N %9 %l %C %I $K J, 3d $7 $F !" JB Ns $K <B 9T $9 $k Nc $r ?^ 2.1 $K <( $9 !# ?^ 2.1 $K <( $9 %W %m %0 %i %‘ $O !" A,B,C,D $N 4 $D $N %9 %l %C %I $K 6h @Z $i $l $k !# A $H B,A $H C,B $H D, C $H D $K $O $= $l $> $l @) 8f 0M B8 4X 78 $, $" $k !# $^ $? !" A $H D $K $O x $r 2p $7 $? %G !< %? 0M B8 4X 78 $, $" $k !# :G =i $K <B 9T $9 $k %9 %l %C %I $H $7 $F A $, %W 3

?^ 2.1: %9 %l %C %I %l %Y %k $G $N CM M= B, <B 9T Nc %m %; %C %5 $K 3d $j Ev $F $i $l $k !# <! $K <B 9T $5 $l $k %9 %l %C %I $O @) 8f M= B, $K $h $j B $H H= CG $5 $l !" B $O JL $N %W %m %; %C %5 $K 3d $j Ev $F $i $l $k !# $5 $i $K <! $K <B 9T $5 $l $k %9 %l %C %I $O D $H M= B, $5 $l $k !# $? $@ $7 !" A $H D $K $O x $r 2p $7 $? %G !< %? 0M B8 4X 78 $, $" $k !# L? Na %l %Y %k $N CM M= B, $d %H %l !< %9 %l %Y %k $N CM M= B, $r MQ $$ $F x $N CM $r M= B, $7 !" A $H D $N JB Ns <B 9T $r 9T $& !# 2.3 CM :F Mx MQ CM :F Mx MQ $O !" CM M= B, $H $O 0c $$ Ej 5! E* <j K! $G $O $J $$ !# L? Na $r %U %’ %C %A $7 !" :F Mx MQ I= $r ;2 >H $7 $F !" $= $N L? Na $N A4 $F $N F~ NO %G !< %? $, :F Mx MQ I= $K EP O? $5 $l $F $$ $k Ev 3: %( %s %H %j $N F~ NO %G !< %? $H 0l CW $7 $F $$ $l $P :F Mx MQ 2D G= $H $J $j !" L? Na <B 9T $, >J N, $5 $l $k !# 0l CW $7 $J $1 $l $P !" DL >o $N <B 9T $, 9T $o $l !" $= $N 7k 2L $r RB $K EP O? $9 $k !# 6a G/ Js 9p $5 $l $F $$ $k 6q BN E* <B 8= J} K! [7] $H $7 $F !" %3 %s %Q %$ %i $, :F Mx MQ $r 9T $& L? Na Ns $r @8 @. $7 !" :G =i $H :G 8e $K !" :F Mx MQ $N $? $a $N @l MQ L? Na $r DI 2C $9 $k !# $5 $i $K $O !" CM M= B, $K 4p $E $/ Ej 5! E* <B 9T $H E} 9g $7 $? 8& 5f [13] $b Js 9p $5 $l $F $$ $k !# Bh 3 >O Ej 5! E* <j K! $K $h $k 4X ?t ;v A0 <B 9T J} <0 $N Ds 0F A0 =R $N CM :F Mx MQ $O !" 2a 5n $N 1i ;; 7k 2L $r :F Mx MQ $9 $k 5; =Q $G $" $k $? $a !" F~ NO %G !< %? $, C1 D4 $K JQ 2= $9 $k >l 9g $K $O !" A4 $/ 8z 2L $, L5 $$ !# F~ NO %G !< %? $N C1 D4 JQ 2= $r M= B, 4

$7 $F !" 1i ;; 7k 2L $r ;v A0 $K EP O? $9 $k $3 $H $, $G $- $l $P !" $5 $i $J $k 9b B. 2= $r ?^ $k $3 $H $, $G $- $k !# $^ $? !" Ej 5! E* 1i ;; 7k 2L $r RB $K JD $8 $3 $a $k $3 $H $K $h $j !" M= B, $, 30 $l $? >l 9g $G $b !" Ej 5! <B 9T $N %- %c %s %; %k F0 :n $r IT MW $H $9 $k $3 $H $, $G $- $k !# 3.1 SP AR C ABI $r Mx MQ $7 $? CM :F Mx MQ CM :F Mx MQ $r 9T $& $K $O !" %W %m %0 %i %‘ $r 9= @. $9 $k L? Na Ns $+ $i !" F~ NO %G !< %? $* $h $S =P NO %G !< %? $, $= $l $> $l L@ 3N $K <h $j =P $; $k $h $& $J 6h 4V $r <h $j =P $9 I, MW $, $" $k !# $5 $i $K !" L? Na 6h 4V $, B? $/ $N L? Na $r $U $/ $s $G $$ $l $P !" :F Mx MQ $N 8z 2L $, 9b $^ $k !# $3 $N $h $& $J M} M3 $+ $i !" K\ O@ J8 $G $O !" 4X ?t $r :F Mx MQ C1 0L $H $7 $? !# SP AR C ABI $K =‘ 5r $7 $? %W %m %0 %i %‘ $G $O !" %a %b %j ;2 >H $K 4X $7 $F 0J 2< $N @- <A $, $" $k !# � Bg 0h JQ ?t $r 3J G< $9 $k %G !< %? NN 0h $H !" 6I =j JQ ?t $r 3J G< $9 $k %9 %? %C %/ NN 0h $K $O !" $= $l $> $l >e 8B $, $" $k !# � L? Na Ns $H Bg 0h JQ ?t $O !" Dc 0L %" %I %l %9 $H >e 5- @- <A $r Mx MQ $7 $F $" $i $+ $8 $a 7h $a $F $* $/ LIMIT $N 4V $K G< $a $i $l $k !# � M- 8z $J %9 %? %C %/ NN 0h $O !" %9 %? %C %/ %] %$ %s %? ( 0J 2< %sp) $+ $i 9b 0L %" %I %l %9 $^ $G $N HO 0O $G $" $k !# � %sp $O !" LIMIT $+ $i 9b 0L %" %I %l %9 $N HO 0O $r 0\ F0 $9 $k !# � LIMIT $+ $i %sp-1 $^ $G $N NN 0h $O L5 8z $G $" $k !# � sav e L? Na $, <B 9T $5 $l $k $H !" %sp $O $h $j Dc 0L %" %I %l %9 $X 0\ F0 $7 !" $= $l $^ $G $N %sp $O !" %U %l !< %‘ %] %$ %s %? ( 0J 2< %fp) $H $J $k !# � restore L? Na $, <B 9T $5 $l $k $H !" %sp $O $= $l $^ $G $N %fp $X 0\ F0 $9 $k !# � %sp $+ $i 9b 0L $X 16 %o !< %I $^ $G $O !" %l %8 %9 %? $N B‘ Hr NN 0h $G $" $j !" 4X ?t $N F~ =P NO $K $O 4X 78 $7 $J $$ !# � %sp+64 $+ $i 1 %o !< %I $O !" 9= B$ BN $r JV $j CM $H $9 $k >l 9g $N 0E L[ E* 0z ?t $N $? $a $N NN 0h $G $" $k !# � %sp+68 $+ $i 6 %o !< %I $O !" 4X ?t $N 0z ?t $N 0l ;~ B‘ Hr 6u 4V $G $" $j !" 4X ?t $N F~ =P NO $K $O 4X 78 $7 $J $$ !# � 4X ?t $N L@ <( E* 0z ?t $O !" :G =i $N 6 8D $O %l %8 %9 %? %o0 $+ $i %o5 $X !" 7 8D L\ 0J 9_ $O %sp+92 $+ $i 9b 0L %" %I %l %9 $X 3J G< $5 $l $k !# � 4X ?t $N %m !< %+ %k JQ ?t $O !" %fp- &A ( &A > 0) $K 3J G< $5 $l $k !# 6q BN E* $K !" %a %$ %s 4X ?t A $, 4X ?t B $r !" $5 $i $K 4X ?t B $, 4X ?t C $r 8F $S $@ $9 >l 9g 5

?^ 3.1: %9 %? %C %/ 35 MW $N Nc $r <( $9 !# $J $* !" 4X ?t C $O %j !< %U 4X ?t $H $9 $k !# ?^ 3.1 $O !" $3 $N >l 9g $N %9 %? %C %/ $N 9= @. ?^ $G $" $k !# 4X ?t A $, <B 9T Cf $G 4X ?t B $, $^ $@ <B 9T $5 $l $F $J $$ >l 9g !" M- 8z $J 6I =j JQ ?t $O !" 9b 0L %" %I %l %9 $+ $i %sp $^ $G $N HO 0O $G $" $k !# B $X $N 0z ?t $O !" :G =i $N 6 8D $O %l %8 %9 %? %o0 !A %o5 $X !" 7 8D L\ 0J 9_ $O %sp+92 0J 9_ $X 3J G< $5 $l $k !# $J $* !" %sp+64 $+ $i 1 %o !< %I $N NN 0h $O !" 4X ?t B $, 9= B$ BN $r JV $j CM $H $9 $k >l 9g $N 9= B$ BN $N @h F, %" %I %l %9 $r 3J G< $9 $k NN 0h $G $" $k !# F~ NO %G !< %? $O !" Bg 0h JQ ?t $H 0z ?t $G $" $k !# 4X ?t B $r 8F $S =P $9 ;~ !" sav e L? Na $, <B 9T $5 $l !" %sp $O $h $j Dc 0L %" %I %l %9 $X 0\ F0 $7 !" $= $l $^ $G $N %sp $O !" %fp $H $J $k !# 4X ?t B $N F~ NO %G !< %? $O !" 0z ?t $^ $? $O Bg 0h JQ ?t $G $" $k $, !" %] %$ %s %? $r 2p $7 $F >e 0L 4X ?t A $N 6I =j JQ ?t $K ;2 >H $9 $k >l 9g $b $" $k !# Bh #7 0z ?t 0J 9_ $, B8 :_ $9 $k >l 9g $9 $k $H !" %fp+92 0J >e $K 3J G< $5 $l $k !# $? $@ $7 !" $3 $N NN 0h $K $O A $N %m !< %+ %k JQ ?t $b 3J G< $5 $l $F $$ $k $? $a !" A $N 6I =j JQ ?t $+ B $N 6I =j JQ ?t $+ $r 6h JL $9 $k $3 $H $O Fq $7 $$ !# A $K $* $$ $F !" %sp+92 0J 9_ $X $N %9 %H %" $, $" $k >l 9g $K Bh 7 0z ?t $, B8 :_ $9 $k $H 9M $( $k !# =P 8= IQ EY $, Dc $$ ;v $, M= A[ $5 $l $k ;v !" $* $h $S 4J C1 $N $? $a !" Bh #7 0z ?t 0J 9_ $, B8 :_ $9 $k 4X ?t $N >l 9g $O :F Mx MQ $N BP >] 30 $H $9 $k $3 $H $K $7 $? !# 4X ?t C $O !" %j !< %U 4X ?t $G $" $k $? $a !" sa v e L? Na $, <B 9T $5 $l $: !" %sp,%fp $O JQ 2= $7 $J $$ !# 4X ?t C $N F~ NO %G !< %? $O !" 0z ?t $^ $? $O Bg 0h JQ ?t $G $" $k $, !" B $N >l 9g $H F1 MM $K !" %] %$ %s %? $r 2p $7 $F >e 0L 4X ?t A !" B $N 6I =j JQ ?t $r ;2 >H $9 $k >l 9g $b $" $k !# $^ 6

$? !" 4X ?t C $N =P NO $O !" Bg 0h JQ ?t !" >e 0L 4X ?t $N 6I =j JQ ?t !" %l %8 %9 %? %o0 $+ %o1 $K 3J G< $5 $l $F $$ $k JV $j CM $G $" $k !# $J $* !" Ib F0 >. ?t E@ $N >l 9g $O !" %l %8 %9 %? %f0 $+ %f1 $K 3J G< $5 $l $k !# $? $@ $7 !" JV $j CM $, 9= B$ BN $N >l 9g $O !" %sp+64 $+ $i $N 1 %o !< %I $K 3J G< $5 $l $F $$ $k %" %I %l %9 $K =q $- 9~ $‘ !# 4X ?t B $r =* N; $9 $k >l 9g $K $O !" restore L? Na $, <B 9T $5 $l !" %sp,%fp $O 85 $N CM $K $J $k !# =P NO $O !" Bg 0h JQ ?t $H %l %8 %9 %? %i0 $+ %i1 $K 3J G< $5 $l $F $$ $k JV $j CM $G $" $k $, !" JV $j CM $, 9= B$ BN $G $" $k >l 9g $K $O !" %fp+64 $+ $i $N 1 %o !< %I $K 3J G< $5 $l $F $$ $k %" %I %l %9 $K =q $- 9~ $‘ !# $J $* !" 4X ?t B <B 9T ;~ $K $* $$ $F !" 4X ?t C $N F~ NO %G !< %? $, !" :F Mx MQ I= $K EP O? $5 $l $F $$ $k %G !< %? $H A4 $F 0l CW $9 $l $P !" CM :F Mx MQ $5 $l 4X ?t C $N <B 9T $, >J N, $5 $l $k !# $3 $N ;~ E@ $G $O !" 4X ?t C $N F~ =P NO %G !< %? $H $7 $F EP O? $9 $Y $- %G !< %? $O !" 4X ?t A !" B $N 6I =j JQ ?t $G $" $k !# 4X ?t C $N 6I =j JQ ?t $r ;2 >H $7 $F $O $J $i $J $$ !# $3 $N 6h JL $K $O !" $5 $- $[ $I =R $Y $? $h $& $K Bh #7 0z ?t 0J 9_ $, B8 :_ $9 $k 4X ?t $r :F Mx MQ $N BP >] 30 $r $9 $k $3 $H $G !" 4X ?t A !" B $N 6I =j JQ ?t $O %sp+92 0J >e !" 4X ?t C $N 6I =j JQ ?t $O %sp+92 0J 2< $H 6h JL $G $- $k !# F1 MM $K !" 4X ?t A <B 9T ;~ $K $* $$ $F $b !" $3 $N ;~ E@ $G $O !" 4X ?t B,C $N F~ =P NO %G !< %? $O 4X ?t A $N 6I =j JQ ?t $G $" $j !" 4X ?t B !" C $N 6I =j JQ ?t $r ;2 >H $7 $F $O $J $i $J $$ !# $3 $N 6h JL $K $b !" %sp+92 $r Mx MQ $9 $k !# $9 $J $o $A !" EP O? 3+ ;O ;~ $N %sp $r 5- 21 $9 $k $3 $H $G EP O? $9 $Y $- %G !< %? $r FC Dj $G $- !" J# ?t %l %Y %k $N EP O? $r F0 ;~ $K 9T $& $3 $H $, $G $- $k !# 3.2 ;v A0 <B 9T 5! 9= %a %b %j $+ $i %W %m %0 %i %‘ $r FI $_ 9~ $_ L? Na $r C‘ <! <B 9T $7 $F $$ $k %W %m %; %C %5 $r Main Stream Pro cesser( 0J 2< MSP ) !" RB $X Ej 5! E* $K F~ NO CM 5Z $S =P NO CM $r EP O? $9 $k %W %m %; %C %5 $r Shadow Stream Pro cesser( 0J 2< SSP ) $H 8F $V $3 $H $K $9 $k !% :F Mx MQ I= $N O@ M} 9= @. $r ?^ 3.2 $K <( $9 !# :F Mx MQ I= $O !" :F Mx MQ %& %# %s %I %& ( 0J 2< R W ) !" 4X ?t 4I M} I= ( 0J 2< RF ) !" :F Mx MQ I= K\ BN ( 0J 2< RB ) $+ $i 9= @. $5 $l $F $$ $k !# R W $O !" 4X ?t $N F~ $l ;R 4X 78 $r I= 8= $7 $F $* $j !" 3F 4X ?t $N RF $H RB $X $N %j %s %/ $r J] ;} $7 $F $$ $k !# RF $O !" 1 %( %s %H %j $, 1 4X ?t $K BP 1~ $9 $k !# $= $l $> $l $N 9= @. MW AG $r 0J 2< $K <( $9 !# v= M- 8z %( %s %H %j $r I= $9 ; 4X ?t %" %I %l %9 = 4X ?t $N @h F, %" %I %l %9 $r I= $9 ; lru= 0l Dj 4| 4V Fb $N 3F 4X ?t Kh $N Am %R %C %H ?t $r <( $9 %+ %& %s %? ; pred dist= M= B, $7 $? CM $N ?J $_ 6q 9g $r <( $9 %+ %& %s %? ; v alue history= Ev 3: RB $G :G 6a ;H MQ $7 $? RB $N index4 8D $r I= $9 ; 7

?^ 3.2: :F Mx MQ I= O@ M} 9= @. read %" %I %l %9 = 4X ?t Kh $N <g 5- 21 FI $_ =P $7 %" %I %l %9 $r I= $9 ; write %" %I %l %9 = 4X ?t Kh $N <g 5- 21 FI $_ =P $7 %" %I %l %9 $r I= $9 !# RB $O 4X ?t Kh $N %V %m %C %/ 9= B$ $H $J $C $F $* $j !" 9= @. MW AG $r 0J 2< $K <( $9 !# v !a M- 8z %( %s %H %j $r I= $9 !( %sp !a %9 %? %C %/ %] %$ %s %? $r I= $9 !( lru !a 0l Dj 4| 4V Fb $N %R %C %H ?t $r I= $9 !( 0z ?t !a 4X ?t $N 0z ?t $N M- 8z @- $r <( $9 v $H CM $r I= $9 !( read %G !< %? !a 4X ?t $N read %G !< %? $N M- 8z @- $r <( $9 v $H CM $r I= $9 !( write %G !< %? !a 4X ?t $N write %G !< %? $N M- 8z @- $r <( $9 v $H CM $r I= $9 !( JV $j CM !a %l %8 %9 %? $K 3J G< $5 $l $k JV $j CM $r I= $9 !# $J $* !" 0J 9_ $O RF $N lru $r rf lru !" RB $N lru $r rb lru $H $9 $k !# 4X ?t 8F $S =P $7 $, :F Mx MQ $G $- $k $+ H] $+ $r H= CG $9 $k $K $O !" 4X ?t $N A4 $F $N F~ NO %G !< %? $H !" RB $K EP O? :Q $N %( %s %H %j $N F~ NO %G !< %? $r Hf 3S $9 $k I, MW $, $" $k !# $J $* !" $3 $N 5! 9= $G $O !" RF $G ;2 >H %" %I %l %9 $r 0l 3g 4I M} $7 !" RB $G $O !" $= $N CM $N $_ $r 4I M} $9 $k $3 $H $G !" J# ?t $N %( %s %H %j $r 0l EY $K Hf 3S 2D G= $H $7 $F $$ $k !# <! $K !" :F Mx MQ I= $N J* M} 9= @. $r ?^ 3.3 $K <( $9 !# 0z ?t $* $h $S <g 5- 21 ;2 >H %G !< %? $H 8

?^ 3.3: :F Mx MQ I= J* M} 9= @. RB $N Fb MF $H $N Hf 3S $K CAM $r ;H MQ $9 $k A[ Dj $H $7 $? !# $^ $: !" (1)RF $N 4X ?t %" %I %l %9 $r ;2 >H $7 $F RF %( %s %H %j $r FC Dj $9 $k !# B3 $$ $F !" (2) 0z ?t $, A4 $F 0l CW $9 $k RB $N %( %s %H %j $r FC Dj $9 $k !# $= $7 $F !" (3)RF $N read %" %I %l %9 $r =g !9 $K <h $j =P $7 !" (4) BP 1~ $9 $k RB $N read %G !< %? $H Hf 3S $9 $k !# A4 $F 0l CW $9 $k %( %s %H %j $, B8 :_ $9 $l $P !" (5))RB $N write %G !< %? $* $h $S (6))RB $N JV $j CM $r <g 5- 21 $* $h $S %l %8 %9 %? $K =q $- 9~ $‘ !# :F Mx MQ $G $- $J $1 $l $P !" F~ NO %G !< %? $* $h $S =P NO %G !< %? $r :F Mx MQ I= $K EP O? $9 $k I, MW $, $" $k !# F~ NO %G !< %? $O !" 0z ?t $H Bg 0h JQ ?t !" $5 $i $K $O %] %$ %s %? $r 2p $7 $? >e 0L 4X ?t $N 6I =j JQ ?t $G $" $k !# $^ $? !" 8= :_ <B 9T Cf $N 4X ?t $N 6I =j JQ ?t $H F~ $l ;R 4X ?t $N 6I =j JQ ?t $H $r 6h JL $9 $k $? $a $K !" %sp $r EP O? $9 $k I, MW $, $" $k !# <g 5- 21 ;2 >H %G !< %? $O !" ;2 >H %" %I %l %9 $r RF $N read %" %I %l %9 $X !" CM $r RB $N read %G !< %? $X EP O? $9 $k !# $3 $N $H $- !" F1 $8 %" %I %l %9 $, write %" %I %l %9 $^ $? $O read %" %I %l %9 $K EP O? $5 $l $F $$ $? $i !" ?7 $? $K EP O? $9 $k I, MW $O L5 $$ !# 0l J} !" =P NO %G !< %? $O !" JV $j CM $^ $? $O Bg 0h JQ ?t $G $" $k !# <g 5- 21 ;2 >H %G !< %? $O !" ;2 >H %" %I %l %9 $r RF $N write %" %I %l %9 $X !" CM $r RB $N write %G !< %? $X EP O? $9 $k !# $3 $N $H $- !" F1 $8 %" %I %l %9 $, write %" %I %l %9 $K EP O? $5 $l $F $$ $? $i !" write %G !< %? $r 99 ?7 $9 $k !# $J $* !" Bg 0h JQ ?t $J $i $S $K %] %$ %s %? $r 2p $7 $? >e 0L 4X ?t $N 6I =j JQ ?t $r FI $_ 9~ $‘ >l 9g !" :G =i $K ;2 >H $9 $k $N $O !" RB $N write %G !< %? $G $" $k !# $= $3 $G FI $_ 9~ $a $J $+ $C $? >l 9g !" RB $N read %G !< %? $r ;2 >H $9 $k !# $5 $i $K $= $3 $G $b FI $_ 9~ $a $J $+ $C $? >l 9g !" %- %c %C %7 %e $r ;2 >H $9 $k !# 9

$5 $F !" ?^ 3.4 $K !" 4X ?t ;v A0 <B 9T 5! 9= $r <( $9 !# SSP $O !" MSP $H $O JL $K R W !" 1i ;; 4o !" %l %8 %9 %? !" %- %c %C %7 %e !" %m !< %+ %k %a %b %j $r ;} $D $, !" <g 5- 21 !" RF !" RB $O A4 %W %m %; %C %5 $G 6& M- $9 $k !# R $O !" %l %8 %9 %? $+ $i $N FI $_ =P $7 $* $h $S RB $X $N EP O? $r I= $9 !# R1 $O !" :F Mx MQ I= $K EP O? :Q $N %" %I %l %9 $+ $i FI $_ =P $9 >l 9g $O !" %- %c %C %7 %e $+ $i $G $O L5 $/ RB $+ $i FI $_ =P $9 $3 $H $r <( $9 !# @h $K write %G !< %? $r ;2 >H $7 !" L5 $1 $l $P read %G !< %? $+ $i FI $_ =P $9 !# R2 $O !" :F Mx MQ I= $K L$ EP O? $N %" %I %l %9 $+ $i FI $_ =P $9 >l 9g $O !" %- %c %C %7 %e $+ $i FI $_ =P $7 RB $X EP O? $r 9T $& $3 $H $r I= $9 !# W $O !" %l %8 %9 %? $* $h $S %- %c %C %7 %e $X $N =q $- 9~ $_ !" $* $h $S RB $X $N EP O? $r <( $9 !# SSP $O !" RF $K EP O? $5 $l $F $$ $k %( %s %H %j $+ $i !" ;v A0 <B 9T $9 $k 4X ?t $r 1 $D A* Br $7 !" BP 1~ $9 $k RB $+ $i 0z ?t $r M= B, $9 $k $3 $H $K $h $C $F ;v A0 <B 9T $r 3+ ;O $9 $k !# SSP $, 4X ?t $r A* Br $7 !" 0z ?t $r M= B, $7 $F 4X ?t $r <B 9T $9 $k $H $- !" 6I =j JQ ?t $r 3J G< $9 $k $? $a $N %9 %? %C %/ $, I, MW $H $J $k !# MSP $N >l 9g $J $i !" <g 5- 21 $K %9 %? %C %/ NN 0h $r 3N J] $G ?^ 3.4: 4X ?t CM ;v A0 <B 9T 5! 9= 10

$- $k $, !" SSP $O !" <g 5- 21 $X =q $- 9~ $s $G $O $J $i $J $$ $N $G !" $3 $N %9 %? %C %/ NN 0h $r 3N J] $9 $k $? $a %m !< %+ %k %a %b %j $, I, MW $G $" $k !# M= B, $5 $l $? L@ <( E* 0z ?t $O %l %8 %9 %? $K 3J G< $5 $l !" 0E L[ E* 0z ?t $O %m !< %+ %k %a %b %j Cf $K :n @. $7 $? %9 %? %C %/ NN 0h $K 3J G< $5 $l $k !# >e 0L 4X ?t $N 6I =j JQ ?t $r ;2 >H $9 $k >l 9g $O !" %m !< %+ %k %a %b %j $r ;2 >H $9 $k !# Bg 0h JQ ?t $r FI $_ =P $9 >l 9g $O !" MSP $H F1 MM $K write %G !< %? !" read %G !< %? !" %- %c %C %7 %e $N =g $G $" $k !# $^ $? !" SSP $O <g 5- 21 $X =q $- 9~ $s $G $O $J $i $J $$ $N $G !" Bg 0h JQ ?t $, write %G !< %? $H $J $C $F $$ $k >l 9g $K $O !" <g 5- 21 $K $O =q $- 9~ $_ $; $: !" RB $N write %G !< %? $N $_ $K =q $- 9~ $_ $r 9T $& !# JV $j CM $O !" D> @\ RB $N JV $j CM $X EP O? $9 $l $P $h $$ !# 4X ?t $N <B 9T $, =* N; $9 $k $H !" MSP $H F1 MM $K EP O? Cf $N RB $r M- 8z $K $7 !" R W $+ $i 3: Ev %( %s %H %j $r :o =| $7 !" ?7 $7 $$ 4X ?t $N <B 9T $r 3+ ;O $9 $k !# $? $@ $7 !" %m !< %+ %k %a %b %j $N %5 %$ %: $K $O >e 8B $, $" $j !" %9 %? %C %/ %5 %$ %: $, $= $N >e 8B $r D6 $( $? >l 9g $K $O !" <B 9T $r BG $A @Z $k !# 3.3 ;v A0 <B 9T <j =g 3.3.1 4X ?t A* Br rf lru $r Mx MQ $9 $k !# SSP $O !" RF $K EP O? $5 $l $F $$ $k 4X ?t $N Cf $+ $i 0l $D $r A* Br $7 $F !" ;v A0 <B 9T $r 9T $& !# ;v A0 <B 9T $7 $F :G $b 9b $$ 8z 2L $, F@ $i $l $k $N $O !" EP O? 2s ?t $, B? $/ %R %C %H ?t $, >/ $J $$ $b $N $G $" $k $H 9M $( $i $l $k !# $^ $? !" 4X ?t <B 9T $K $b ;~ 4V 6I =j @- $, $" $k $N $G !" :G 6a $N EP O? ?t $d %R %C %H ?t $r 9M N8 $9 $k $N $, K> $^ $7 $$ !# 3.3.2 0z ?t M= B, A* Br $5 $l $? 4X ?t $N 0z ?t $r M= B, $9 $k $K $O !" RF $N v alue history $H pred dist $r MQ $$ $k !# v alue history $O !" 4X ?t $4 $H $K :G 6a ;H MQ $7 $? RB $N index $r 4 8D J] ;} $7 $F $$ $k !# v alue history[0] $, :G $b :G 6a ;H MQ $7 $? RB $N index $H $7 $F !" 2 HV L\ $O v alue history[1], 3 HV L\ $O v alue history[2],4 HV L\ $O v alue history[3] $H $9 $k !# 3F !9 $N 0z ?t $K BP $7 $F !" ?^ 3.5 $N $h $& $J M= B, 5! 9= $r 9T $& !# v alue history[i](0 � i � 3) $, ;X $9 RB $N 0z ?t CM $r histor y i $H $9 $k !# B ase = histor y 0 !" S tr ide = histor y 0 � histor y 1 $H $7 $F M= B, CM = B ase + S tr ide � pr ed dist $H $9 $k Stride-based M= B, $G $" $k !# $^ $? !" ?^ 3.5 $N 1& B& $, <( $9 $h $& $K !" histor y 2 � histor y 3 = histor y 1 � histor y 2 $N >l 9g $K $O !" S tr ide = histor y 2 � histor y 3 $H $9 $k !# SSP $O 6u $- $, $" $l $P !" B ase $+ $i N% $l $? CM $b M= B, $5 $; $k !# $7 $+ $7 !" N% $l 2a $. $? CM $r M= B, $7 $F $b !" L5 BL $J %( %s %H %j $, RB $K EP O? $5 $l $k $@ $1 $J $N $G !" @) 8B $9 $k I, MW $, $" $k !# pred dist $O !" M= B, $7 $? CM $N ?J $_ 6q 9g $r <( $9 %+ %& %s %? $G $" $j !" $= $N HO 0O $O 2 � pr ed dist � %W %m %; %C %5 11

?^ 3.5: 0z ?t M= B, ?t � 2 $G $" $k !# 3.3.3 %( %s %H %j $N F~ $l 49 $( $^ $: !" RF $N %( %s %H %j $N F~ $l 49 $( $K $D $$ $F =R $Y $k !# B? $/ $N L? Na $r $U $/ $s $G $$ $k 4X ?t $O :F Mx MQ $N 8z 2L $, 9b $$ $H 8@ $( $k !# $^ $? !" %R %C %H ?t $H EP O? ?t $, B? $$ %( %s %H %j $b 8z 2L $, 9b $$ $H 8@ $( $k !# $h $C $F !" v al ue histor y [0] $, ;X $9 %( %s %H %j $N <B 9T L? Na ?t � r f l r u $r :G >. $K $9 $k %( %s %H %j $r :o =| $9 $k $3 $H $K $7 $? !# :o =| $9 $k %( %s %H %j $K BP 1~ $9 $k RB $N %( %s %H %j $O A4 $F =i 4| 2= $5 $l $k !# B3 $$ $F !" RB $N F~ $l 49 $( $N >l 9g $K $D $$ $F =R $Y $k !# 4X ?t $O <! $N 4 <o N‘ $K J, N‘ $G $- $k $H M= A[ $5 $l $k !# Bh 1 <o 4X ?t %Q %i %a !< %? $, C1 D4 $K JQ 2= $7 !" MSP $@ $1 $N :F Mx MQ $G $O A4 $/ 8z 2L $, L5 $$ $, !" SSP $K $h $k 9b B. 2= $, 2D G= $H 9M $( $i $l $k $b $N !# Bh 2 <o 4X ?t %Q %i %a !< %? $N JQ 2= $, >. $5 $/ !" MSP $@ $1 $N :F Mx MQ $G $b 8z 2L $O $" $k $, !" SSP $G $5 $i $J $k 9b B. 2= $, 2D G= $H 9M $( $i $l $k $b $N !# Bh 3 <o 4X ?t MSP $@ $1 $N :F Mx MQ $G $b 8z 2L $, $" $k $H 9M $( $i $l $k $b $N !# Bh 4 <o 4X ?t %Q %i %a !< %? $N JQ 2= $, IT 5, B’ $G !" MSP $@ $1 $G $O A4 $/ 8z 2L $, L5 $$ $, !" SSP $G $b A4 $/ 8z 2L $, L5 $$ $H 9M $( $i $l $k $b $N !# F~ $l 49 $( J} K! $H $7 $F !" rb lru $r Mx MQ $9 $k !# rb lru $N :G $b >. $5 $J %( %s %H %j $r >C 5n $9 $k J} K! ( 0J 2< LRU) $H !" rb lru $N :G $b Bg $- $J %( %s %H %j $+ $i >C 5n ( 0J 2< FIF O) $9 $k J} K! $r 9M $( $? !# $^ $? !" MSP $G EP O? $5 $l $? %( %s %H %j $r m entry !" SSP $G EP O? $5 $l $? %( %s %H %j $r s en try $H $9 $k !# 12

LRU $O !" 7+ $j JV $7 :F Mx MQ $5 $l $k %( %s %H %j $, ;D $7 !" :F Mx MQ $5 $l $F $$ $J $$ %( %s %H %j $+ $i >C 5n $9 $k $N $G !" FC $K Bh 3 <o 4X ?t $K $O 9% $^ $7 $$ J} K! $G $" $k !# $7 $+ $7 !" <! $N Nc $N >l 9g $K 9% $^ $7 $/ $J $$ !# for ( i = 1; i <= 100; i++ ) for ( j = 1; j <= 100; j++ ) function(i,j !" &a[i][j]); 4X ?t function $O !" Bh 1 <o 4X ?t $G $" $k !# s en try $G $" $j $+ $D MSP $G :F Mx MQ $5 $l $? %( %s %H %j $O !" $3 $l 0J >e $O :F Mx MQ $5 $l $k $3 $H $O L5 $$ $? $a rb lru $O 1 $N $^ $^ $G $" $k !# $H $3 $m $, !" s en try $G $" $j $+ $D MSP $G :F Mx MQ $5 $l $F $$ $J $$ %( %s %H %j $O !" rb lru $O 0 $G $" $k !# LR U $K => $C $F F~ $l 49 $( $r 9T $& $H !" $3 $l 0J >e :F Mx MQ $5 $l $J $$ %( %s %H %j $r M% @h E* $K ;D $9 0l J} $G !" s en try $G $" $j $+ $D MSP $G :F Mx MQ $5 $l $k $O $: $N %( %s %H %j $r !" :F Mx MQ $9 $k A0 $K >C 5n $7 $F $7 $^ $& !# 0l J} !" FIFO $O :G 6a $" $^ $j Mx MQ $7 $F $$ $J $$ %( %s %H %j $r ;D $7 !" :G $b B? $/ Mx MQ $7 $? %( %s %H %j $+ $i >C 5n $9 $k !# Bh 1 <o 4X ?t $K $O 9% $^ $7 $$ J} K! $G $" $k $, !" 7+ $j JV $7 :F Mx MQ $5 $l $k %( %s %H %j $+ $i >C 5n $7 $F $7 $^ $& $? $a !" Bh 3 <o 4X ?t $K $O 9% $^ $7 $/ $J $$ J} K! $G $" $k !# $h $C $F !" LRU $H FIFO $r JX 59 $K 9g $o $; $F @Z $j 49 $( $k ;v $K $7 $? !# A0 =R $7 $? MM $K SSP $O LRU $H $N Aj @- $, 0- $$ $? $a !" LR U $K => $C $F $$ $k >l 9g $O SSP $K $h $k EP O? $O 9T $o $J $$ $3 $H $K $7 $? !# $^ $? !" ?7 $? $J %Q %i %a !< %? $H $7 $F !" fmsp,fssp $r Dj 5A $9 $k !# fmsp $O !" r b l r u � 1 $N m en try $, B8 :_ $9 $l $P 1 !" B8 :_ $7 $J $1 $l $P 0 $H $7 $F !" fssp $O !" r b l r u � 1 $N s entry $, B8 :_ $9 $l $P 1 !" B8 :_ $7 $J $1 $l $P 0 $H $9 $k !# f msp = 1 $J $i $P !" MSP $K $h $C $F EP O? $5 $l $? %( %s %H %j $O >/ $J $/ $H $b 1 EY $O :F Mx MQ $5 $l $F $* $j !" f msp = 0 $J $i $P !" MSP $K $h $C $F EP O? $5 $l $? %( %s %H %j $O A4 $/ :F Mx MQ $5 $l $F $$ $J $$ !# f msp = 0 $+ $D f ssp = 0 $N >l 9g !" Bh 4 <o 4X ?t $H H= CG $9 $k !# f msp = 0 $+ $D f ssp = 1 $N >l 9g $O !" Bh 1 <o 4X ?t $H H= CG $9 $k !# $h $C $F !" F~ $l 49 $( $O FIFO $H $7 $F SSP $r 2T F/ $9 $k !# f msp = 1 $+ $D f ssp = 0 $N >l 9g $O !" Bh 3 <o 4X ?t $H H= CG $9 $k !# $h $C $F !" F~ $l 49 $( $O LR U $H $7 $F SSP $K $h $k EP O? $r 9T $o $J $$ !# f msp = 1 $+ $D f ssp = 1 $N >l 9g !" Bh 2 <o 4X ?t $H H= CG $9 $k !# $h $C $F !" SSP $r 2T F/ $9 $k $, !" C1 =c $K FIFO $K $h $k F~ $l 49 $( $r 9T $& $H !" 7+ $j JV $7 :F Mx MQ $5 $l $k $O $: $N m entry $r M% @h E* $K :o =| $7 $F $7 $^ $& !# $h $C $F !" $3 $N >u 67 $K BP =h $9 $k $? $a $K !" RB $r 2 J, 3d $7 !" m entry !" s entry $, ;H MQ $G $- $k NN 0h $r 6h J, $7 $? >e $G !" m en try $O LR U $K !" s entry $O FIFO $K => $C $F F~ $l 49 $( $r 9T $& !# 13

Bh 4 >O I> 2A K\ >O $G $O !" Bh 3 >O $G Ds 0F $7 $? Ej 5! E* <j K! $K $h $k 4X ?t CM ;v A0 <B 9T J} <0 $r %7 %_ %e %l !< %? $K $h $j <B 8= $7 !" %Y %s %A %^ !< %/ %W %m %0 %i %‘ $r MQ $$ $? @- G= I> 2A $r 9T $& !# 4.1 %W %m %; %C %5 %b %G %k K\ O@ J8 $G $O !" ;v A0 <B 9T $K $h $k CM :F Mx MQ 5! 9= $r Ec :\ $7 $? SP AR C-V8 %" !< %- %F %/ %A %c !& %7 %_ %e %l !< %? $r :n @. $7 $? !# K\ %7 %_ %e %l !< %? $G $O !" I= 4.1 $K <( $9 2> Dj $r $7 $? !# %- %c %C %7 %e 9= @. $d L? Na %l %$ %F %s %7 $O HAL $N SP AR C64 $r ;2 9M $K $7 $? [2] !# $J $* !" :F Mx MQ I= ;2 >H ;~ $K MW $9 $k %5 %$ %/ %k ?t $r @b L@ $9 $k !# :F Mx MQ 2D G= $+ $I $& $+ %- %c %C %7 %e %5 %$ %: 64KB %i %$ %s %5 %$ %: 64Byte %& %’ %$ ?t 4 %- %c %C %7 %e %_ %9 %Z %J %k %F %# 20 %5 %$ %/ %k Register-Window 6 %; %C %H Window %_ %9 %Z %J %k %F %# 20 %5 %$ %/ %k %m !< %I %l %$ %F %s %7 2 %5 %$ %/ %k @0 ?t >h ;; %l %$ %F %s %7 8 %5 %$ %/ %k @0 ?t =| ;; %l %$ %F %s %7 70 %5 %$ %/ %k Ib F0 >. ?t E@ >h ;; %l %$ %F %s %7 4 %5 %$ %/ %k C1 @: EY Ib F0 >. ?t E@ %l %$ %F %s %7 16 %5 %$ %/ %k G\ @: EY Ib F0 >. ?t E@ %l %$ %F %s %7 19 %5 %$ %/ %k R W $N ?< $5 6 RF $N %( %s %H %j ?t 32 RB( 0z ?t ) $H %l %8 %9 %? $N Hf 3S 1 %5 %$ %/ %k RB(read) $H %- %c %C %7 %e $N Hf 3S 1 %5 %$ %/ %k RB(write) $+ $i %- %c %C %7 %e $N =q $- 9~ $_ 1 %5 %$ %/ %k RB( JV $j CM ) $+ $i %l %8 %9 %? $N =q $- 9~ $_ 1 %5 %$ %/ %k SSP $N %m !< %+ %k %a %b %j 64KB I= 4.1: K\ %7 %_ %e %l !< %? $N 2> Dj 14

D4 $Y $k $K $O !" F~ NO %G !< %? $, RB $H 0l CW $7 $F $$ $k $+ 3N G’ $9 $k I, MW $, $" $k !# $5 $i $K !" :F Mx MQ $5 $l $k $H !" JV $j CM $r %l %8 %9 %? $X !" write %G !< %? $r %- %c %C %7 %e $K =q $- 9~ $‘ I, MW $, $" $k !# Nc $H $7 $F !" 0z ?t $, 6 8D !" <g 5- 21 FI $_ =P $7 %G !< %? $, 10 8D $G !" JV $j CM $, 1 8D !" <g 5- 21 =q $- 9~ $_ %G !< %? $, 10 8D $N 4X ?t $r :F Mx MQ $9 $k >l 9g $K $O !" RB $H $N Hf 3S $K 16 %5 %$ %/ %k !" =q $- 9~ $_ :n 6H $K 10 %5 %$ %/ %k $+ $+ $k $H 2> Dj $7 $? !# 4.2 Stanford-in teger $K $h $k B, Dj B, Dj BP >] $K $O !" Stanford-integer %Y %s %A %^ !< %/ $r gcc-2.7.2(-msup ersparc -O2) $K $h $j %3 %s %Q %$ %k $7 !" %9 %? %F %# %C %/ %j %s %/ $K $h $j @8 @. $7 $? %m !< %I %b %8 %e !< %k $r ;H MQ $7 $? !# $? $@ $7 !" FFT $H Queens $K $* $$ $F !" C1 $K F1 $8 =h M} $r 20 2s $H 50 2s 7+ $j JV $7 $F $$ $k :G 30 %k !< %W $O !" :F Mx MQ 8z 2L $, L5 0U L# $K 9b $/ 8= $l $J $$ $h $& 1 2s $H $7 $? !# Stanford-integer $O !" <! $N 10 8D $N %5 %V %k !< %A %s $+ $i 9= @. $5 $l $F $$ $k !# 0J 2< $K $3 $l $i $N 35 MW $* $h $S M= A[ $5 $l $k :F Mx MQ 8z 2L $r =R $Y $k !# Bubble !" FFT $= $l $> $l !" %P %V %k %= !< %H !" 9b B. %U !< %j %( JQ 49 $r 9T $& !# 4X ?t 8F $S =P $7 $O Mp ?t 7W ;; $r 9T $& Bh 1 <o 4X ?t $@ $1 $G $" $k !# $7 $+ $7 !" :o 8: $5 $l $k L? Na %9 %F %C %W ?t $O Bg JQ >. $5 $$ $? $a !" $" $^ $j 9b B. 2= $5 $l $J $$ $H M= A[ $5 $l $k !# Intmm !" Mm $= $l $> $l !" @0 ?t !" Ib F0 >. ?t $N 9T Ns @Q $N 7W ;; $r 9T $& !# :G Fb %k !< %W $, MW AG ?t 40 $N @Q OB $r 5a $a $k Bh 1 <o 4X ?t $r 8F $S =P $7 $F $$ $k $? $a !" MSP $@ $1 $G $O :F Mx MQ $N 8z 2L $O K> $a $J $$ !# $7 $+ $7 !" ;v A0 <B 9T $K $h $C $F Bg $- $/ 9b B. 2= $G $- $k $H M= A[ $5 $l $k !# Perm G[ Ns >e $N CM $r :F 5" E* $K F~ $l 49 $( $k !# 2 CM $r F~ $l 49 $( $k $@ $1 $N Bh 3 <o 4X ?t $, 7+ $j JV $7 8F $S =P $5 $l $F $$ $k !# MSP $@ $1 $G $b :F Mx MQ $N 8z 2L $, F@ $i $l $k $H M= A[ $5 $l $k !# Puzzle 5 � 5 � 5 $N N) J} BN 6u 4V $r 4 <o N‘ $N %T !< %9 $r ;H $C $F Kd $a 9~ $‘ !# 1 � 2 � 4 $N %T !< %9 13 8D !" 1 � 1 � 3 $N %T !< %9 3 8D !" 1 � 2 � 2 $N %T !< %9 1 8D !" 2 � 2 � 2 $N %T !< %9 1 8D $r E, 59 ;H $& !# $^ $: !" %T !< %9 $r Kd $a 9~ $b $& $H $9 $k >l =j $, 6u $$ $F $$ $k $+ $I $& $+ D4 $Y $k 4X ?t $r 8F $S =P $9 !# 6u $$ $F $$ $l $P %T !< %9 $r Kd $a 9~ $‘ 4X ?t $r 8F $S =P $7 !" 6u $$ $F $$ $J $1 $l $P %T !< %9 $r <h $j 30 $9 4X ?t $r 8F $S =P $9 !# 0J >e $N F0 :n $r N) J} BN $, A4 $F Kd $^ $k $^ $G 7+ $j JV $9 !# $3 $l $i $N 4X ?t $O 3’ !" Bh 3 <o 4X ?t $H 9M $( $i $l !" MSP $@ $1 $G $b == J, $J 9b B. 2= $, 4| BT $5 $l $k !# Queens 8 � 8 $N 8k HW L\ $K !" 8 $D $N %/ %$ !< %s $r $* 8_ $$ $K <h $l $J $$ 0L CV $K CV $/ 8 %/ %$ !< %s Ld Bj $r 2r $/ !# %/ %$ !< %s $, G[ CV $G $- $k $+ $I $& $+ $r H= CG $9 $k 4X ?t $, 7+ 15

$j JV $7 8F $S =P $5 $l $k !# G[ CV $G $- $J $$ 0L CV $, A4 $F 0l CW $7 $J $1 $l $P :F Mx MQ $G $- $J $$ !# 0J 2< $N $3 $H $+ $i !" $3 $N 4X ?t $O Bh 4 <o 4X ?t $K 6a $$ $H 9M $( $i $l $k !# 0z ?t $O C1 D4 $K JQ 2= $9 $k $, !" ;v A0 <B 9T $N $? $a $K FI $_ 9~ $s $@ read %G !< %? $, !" MSP $K $h $C $F :F Mx MQ $5 $l $k ;~ $K $O JQ 2= $5 $l $F $$ $k $? $a !" ;v A0 <B 9T $N 8z 2L $O >. $5 $$ $H M= A[ $5 $l $k !# $^ $? !" :# 2s $N 8k HW $O Bg JQ >. $5 $$ $? $a !" :F Mx MQ $5 $l $k 5! 2q $O >/ $J $$ $H M= A[ $5 $l $k !# Quick 5000 8D $N @0 ?t $K BP $7 $F %/ %$ %C %/ %= !< %H $r 9T $& !# %= !< %H $9 $k 4X ?t $r 7+ $j JV $7 8F $S =P $9 $, !" F1 $8 ?t Ns $r %= !< %H $9 $k $3 $H $O L5 $$ $? $a !" MSP $@ $1 $G $O :F Mx MQ $G $- $J $$ $H 9M $( $i $l $k !# $^ $? !" F~ NO %G !< %? $N JQ 2= $, IT 5, B’ $G $" $k $? $a !" ;v A0 <B 9T $N 8z 2L $O >. $5 $$ $H 9M $( $i $l $k !# $h $C $F !" $3 $N 4X ?t $O Bh 4 <o 4X ?t $H 9M $( $i $l !" :F Mx MQ $, $" $^ $j $G $- $J $$ $H M= A[ $5 $l $k !# T o w ers 18 8D $N %G %# %9 %/ $K $h $k %O %N %$ $N Ec Ld Bj $r 2r $/ !# %G %# %9 %/ $r ;} $A >e $2 $k 4X ?t $* $h $S Ec $K G[ CV $9 $k 4X ?t $r 7+ $j JV $7 FI $_ =P $9 !# A‘ :n $7 $h $& $H $9 $k %G %# %9 %/ $N Bg $- $5 $* $h $S Ec $N >u BV $, 0l CW $9 $l $P :F Mx MQ $G $- $k !# %G %# %9 %/ $N ?t $, >/ $J $$ $3 $H $+ $i !" $3 $l $i $N 4X ?t $O Bh 3 <o 4X ?t $H 9M $( $i $l !" MSP $@ $1 $G $b == J, $J 9b B. 2= $, 4| BT $G $- $k !# T rees 5000 8D $N @0 ?t $K BP $7 $F !" #1 8D $: $D MW AG $r A^ F~ $7 $F Fs J, C5 :v LZ $r :n @. $9 $k !# $3 $l $O !" $" $k @a E@ $N MW AG $r x $H $9 $k $H $- !" $= $N :8 It J, LZ Fb $N MW AG $O A4 $F x $h $j Bg $- $/ !" $= $N 1& It J, LZ Fb $N MW AG $O A4 $F x $h $j >. $5 $$ $H $$ $& >r 7o $r K~ $? $9 !# A^ F~ $9 $k >l =j $r C5 $9 4X ?t $r :F 5" E* $K 8F $S =P $9 !# LZ $N >u BV $, A4 $F 0l CW $9 $l $P :F Mx MQ $5 $l $k $, !" #1 8D $: $D =g $K A^ F~ $7 $F $$ $k $? $a !" MSP $@ $1 $G $O :F Mx MQ $G $- $J $$ $H 9M $( $i $l $k !# $^ $? !" LZ $N >u BV $O $" $k Dx EY M= B, 2D G= $H 9M $( $i $l $k $3 $H $+ $i !" $3 $N 4X ?t $O Bh #1 <o 4X ?t $H 9M $( $i $l !" SSP $G $N 9b B. 2= $, 4| BT $5 $l $k !# ?^ 4.1 $K !" :F Mx MQ $r E, MQ $7 $J $$ >l 9g $N Am <B 9T %9 %F %C %W ?t $K BP $9 $k %9 %F %C %W ?t :o 8: N( $r =D <4 $K I= $9 !# 2# <4 $K $O !" RF1 %( %s %H %j $" $? $j $N RB %( %s %H %j ?t $r I= $9 !# MSP1 Bf $r $U $/ $‘ %W %m %; %C %5 ?t $r 2 !" 4 !" 8 Bf $H $7 $F B, Dj $7 $? !# $J $* !" RF $K EP O? 2D G= $J read/write %" %I %l %9 3F !9 $N %( %s %H %j ?t $O 4096 $H $7 $? !# $? $@ $7 !" Bubble !" FFT !" Queens !" Quick $O M= A[ DL $j %9 %F %C %W :o 8: N( $O >. $5 $/ !" :G Bg $G $b 10% L$ K~ $G $" $k $? $a >J N, $7 $? !# Intmm !" Mm !" T rees $O !" %W %m %; %C %5 ?t $, 1 Bf $@ $1 $N >l 9g $G $O $[ $H $s $I :F Mx MQ $5 $l $F $$ $J $$ $, !" %W %m %; %C %5 ?t $, A} $( $k $K $D $l $F 8z 2L $, Bg $- $/ $J $j !" :o 8: N( $O :G Bg Ls 20 !A 75% $H $J $C $F $$ $k !# $3 $l $O !" M= A[ DL $j @Q OB 7W 16

?^ 4.1: Stanford $K $* $1 $k <B 9T %9 %F %C %W :o 8: N( ;; $r 9T $& Bh 1 <o 4X ?t $K $h $k $b $N $G $" $k !# $^ $? !" Puzzle $* $h $S T o w ers $O !" MSP $@ $1 $N J} $, :o 8: N( $O Bg $- $/ !" %W %m %; %C %5 ?t $, >/ $J $$ J} $, :o 8: N( $O Bg $- $/ !" 0l It T o w ers $G $O !" RB %( %s %H %j ?t $, 256 $+ $i 512 $K A} $( $? $K $b 4X $o $i $: :o 8: N( $, 8: >/ $7 $F $$ $k !# ?^ 4.2 $O !" %W %m %; %C %5 ?t =8 !" RB %( %s %H %j ?t =256 $N 9= @. $K $* $$ $F !" :F Mx MQ $5 $l $? 4X ?t $r F~ $l ;R $N ?< $5 $4 $H (L1 !A L6) $K J, N‘ $7 !" :F Mx MQ $r E, MQ $7 $J $$ >l 9g $N L? Na <B 9T %9 %F %C %W ?t $+ $i $N L? Na <B 9T %9 %F %C %W :o 8: N( $r @^ $l @~ %0 %i %U $G !" :F Mx MQ 1 2s $" $? $j $N L? Na <B 9T :o 8: ?t $r K@ @~ %0 %i %U $G I= $7 $? $b $N $G $" $k !# $J $* !" >e C< $r D6 17

?^ 4.2: Stanford $K $* $1 $k ?< $5 $4 $H $N :F Mx MQ %9 %F %C %W ?t $* $h $S <B 9T %9 %F %C %W :o 8: N( $( $k L2-Puzzle $N L? Na <B 9T :o 8: ?t $O 2068.4 $G $" $k !# ?< $5 4 0J >e $N 4X ?t $N %9 %F %C %W :o 8: N( $O $[ $\ 0 $G $" $k $? $a !" ?< $5 3 $^ $G $N 4X ?t $r 9M N8 $K $$ $l $l $P $h $$ $3 $H !" %9 %F %C %W :o 8: N( 5% 0J >e $K 8B Dj $7 $? >l 9g $G $b !" %9 %F %C %W ?t 200 0J >e $N 4X ?t $O IQ HK $K :F Mx MQ $5 $l $F $$ $k $3 $H $, J, $+ $k !# ?^ 4.3 $O !" ?^ 4.2 $H F1 MM $K :F Mx MQ $5 $l $? 4X ?t $r F~ $l ;R $N ?< $5 $4 $H $K J, N‘ $7 !" :F Mx MQ 1 2s $" $? $j $N F~ =P NO ?t $N J? 6Q $r I= $9 !# args $O 0z ?t !" mmrs $O read %G !< %? !" mmws $O write %G !< %? !" retvs $O JV $j CM $r I= $9 !# $J $* !" >e C< $r D6 $( $k L2-Puzzle $O mmrs=226 !" mmws=1 !" retvs=1 $G $" $k !# 0z ?t $O $[ $H $s $I 2 8D 0J 2< $G $" $k $3 $H !" %9 %F %C %W :o 8: N( 5% 0J >e $K 8B Dj $7 $? >l 9g $G $b !" read %" %I %l %9 /write %" %I %l %9 $O 44/8 0J 2< $G $" $k $3 $H !" F~ =P NO Am ?t $O Bg 35 30 0J 2< $G $" $k $3 $H $, J, $+ $k !# $5 $F !" <B :] $N %W %m %; %C %5 9b B. 2= $r I> 2A $9 $k $K $O !" :F Mx MQ ;~ $K $* $1 $k %* !< %P !< %X %C %I $r 9M N8 $9 $k I, MW $, $" $k !# ?^ 4.4 $O !" I= 4.1 $G <( $7 $? %* !< %P !< %X %C %I $r 85 $K $7 $? L? Na %5 %$ %/ %k $N Fb Lu $r <( $9 !# exec $O L? Na %9 %F %C %W ?t !" $= $N B> $O !" cache $O 18

?^ 4.3: Stanford $K $* $1 $k ?< $5 $4 $H $N F~ =P NO ?t %- %c %C %7 %e %_ %9 !" window $O %l %8 %9 %? %& %# %s %I %& %_ %9 !" test $O RB(read %G !< %? ) "* %- %c %C %7 %e Hf 3S !" write $O RB(write %G !< %? ) "* %- %c %C %7 %e =q $- 9~ $_ $N 3F !9 $N %* !< %P !< %X %C %I $r <( $9 !# :8 B& $N K@ %0 %i %U $O :F Mx MQ $r E, MQ $7 $J $$ >l 9g !" 1& B& $O E, MQ $7 $? >l 9g $N 3F !9 $N Fb Lu $r <( $9 !# T o w ers $G $O !" %l %8 %9 %? %& %# %s %I %& %_ %9 $N %* !< %P !< %X %C %I $, :F Mx MQ $K $h $C $F :o 8: $5 $l $F $$ $k !# $^ $? !" :F Mx MQ $K $h $k %* !< %P !< %X %C %I $N Bg H> $O RB "* %- %c %C %7 %e $N Hf 3S $, @j $a $F $$ $k !# 4.3 SPEC FP95 $K $h $k B, Dj Stanford %Y %s %A %^ !< %/ $K $h $k B, Dj $+ $i !" RB %( %s %H %j ?t $O 256 Dx $, E, @Z $G $" $k $H 9M $( $? !# $^ $? !" %W %m %; %C %5 ?t $O #4 Bf $" $l $P ;v A0 <B 9T $N 8z 2L $, 3N G’ $G $- $k $3 $H $, J, $+ $C $? !# SPEC FP95 $G $O >u 67 $, 0[ $J $k $H M= A[ $5 $l $k $, !" %7 %_ %e %l !< %7 %g %s ;~ 4V $r C; =L $9 $k $? $a !" RF $K EP O? 2D G= $J read/write %" %I %l %9 3F !9 $N %( %s %H %j ?t $O 1024 !" RB %( %s %H %j ?t =256 !" %W %m %; %C %5 ?t =1 $* $h $S 4 $H $7 $F B, Dj $r 9T $C $? !# 101.tomcatv %Y %/ %H %k 2= $5 $l $? %a %C %7 %e @8 @. !# #2 <! 85 $N %a %C %7 %e $r 6- 3& $K $= $C $? 7A $G @8 @. $9 $k !# 102.swim :9 J, 6a ;w $K $h $k @u @% <0 $N 5a 2r !# 1024x1024 9T Ns ;H MQ !# 19

?^ 4.4: Stanford $K $* $1 $k <B 9T %5 %$ %/ %k ?t $N Fb Lu 103.su2cor %b %s %F %+ %k %m K! !# AG N3 ;R $N <A NL $r QCD $r Mx MQ $7 $F 5a $a $k !# 104.hydro2d %J %t %# %( !& %9 %H !< %/ %9 J} Dx <0 !# 6d 2O %8 %’ %C %H $N Ld Bj $r N. BN $N %J %t %# %( !& %9 %H !< %/ %9 J} Dx <0 $r Mx MQ $7 $F 2r $/ !# 107.mgrid #3 <! 85 %] %F %s %7 %c %k >l !# #3 <! 85 %] %F %s %7 %c %k >l $N %^ %k %A %0 %j %C %I K! $K $h $k 5a 2r !# 110.applu J| J* 7? !? BJ 1_ 7? $N JP Hy J, J} Dx <0 $N 5a 2r !# 125.turb3d Mp N. $N %b %G %k !# N) J} BN Cf $N Ey J} 6Q <A Mp N. $N %b %G %k $r #1 <! 85 #F #F #T $r Mx MQ $7 $F 2r $/ !# 145.fpppp Gaussian %7 %j !< %: $+ $i H4 $- =P $7 $? NL ;R 2= 3X 7W ;; $N %Y %s %A %^ !< %/ !# Gaussian92 $N Link702 $N #2 EE ;R @Q J, $N F3 4X ?t $r 5a $a $k %k !< %A %s !# 146.wa v e5 %^ %/ %9 %& %’ %k J} Dx <0 !# EE >l Cf $G $N 2Y EE N3 ;R $N 1? F0 $N %7 %_ %e %l !< %7 %g %s !# ?^ 4.5 $O !" :F Mx MQ $r E, MQ $7 $J $$ >l 9g $H Hf 3S $7 $? >l 9g $N L? Na <B 9T %9 %F %C %W $N :o 8: N( $r <( $9 !# :8 B& $N K@ %0 %i %U $O %W %m %; %C %5 ?t =1 !" 1& B& $O %W %m %; %C %5 ?t =4 $N >l 9g $r I= $9 !# Stanford $H $O 0[ $J $j !" %W %m %; %C %5 ?t =1 $N >l 9g $H 4 $N >l 9g $N :o 8: N( $N :9 $O >. $5 $/ :G Bg $G $b 3% L$ K~ $G $" $C $? !# 0J 2< !" ?^ 4.6 !" 4.7 !" 4.8 $K $* $$ $F $O %W %m %; %C 20

?^ 4.5: SPEC FP95 $K $* $1 $k <B 9T %9 %F %C %W :o 8: N( ?^ 4.6: SPEC FP95 $K $* $1 $k ?< $5 $4 $H $N :F Mx MQ %9 %F %C %W ?t $* $h $S <B 9T %9 %F %C %W :o 8: N( 21

?^ 4.7: SPEC FP95 $K $* $1 $k ?< $5 $4 $H $N F~ =P NO ?t ?^ 4.8: SPEC FP95 $K $* $1 $k <B 9T %5 %$ %/ %k ?t $N Fb Lu 22

%5 ?t =4 $N >l 9g $r =R $Y $k !# ?^ 4.7 $K $* $$ $F !" >e C< $r 1[ $( $F $$ $k L1/L3-turb3d $O !" 2545/40130 $G $" $k !# Standord $H $O 0[ $J $j !" ?< $5 #4 0J >e $N 4X ?t $N :o 8: N( $b Bg $- $J 3d 9g $r @j $a $F $$ $k $3 $H $, J, $+ $k !# ?^ 4.7 $K $* $$ $F !" >e C< $r 1[ $( $F $$ $k L1/L3- turb3d $O !" mmrs=282/90 !" mm ws=243/210 !" retvs=2/2 $G $" $k !# $^ $? !" ?^ 4.8 $O %* !< %P !< %X %C %I $r 2C $( $? I> 2A $G $" $k !# Stanford $H Hf 3S $9 $k $H !" test $N 3d 9g $, >. $5 $/ $J $C $F $$ $k $3 $H !" cac he $N 3d 9g $, Bg $- $/ $J $C $F $$ $k $3 $H $, J, $+ $k !# 4.4 9M ;! Puzzle $* $h $S T o w ers $N $h $& $K !" %W %m %; %C %5 ?t $, A} $( $k $K $D $l %5 %$ %/ %k ?t $, :o 8: $9 $k 4X ?t $, $" $k !# $3 $l $O !" Bh 3 <o 4X ?t $N %R %C %H N( $, 8: >/ $7 $? $3 $H $K $h $k !# $3 $N Bh 3 <o 4X ?t $O s entry $b :F Mx MQ $5 $l $k $? $a 8m $C $F Bh 2 <o 4X ?t $H H= CG $5 $l $k !# $b $7 !" Bh 3 <o 4X ?t $H H= CG $7 $F $$ $l $P MSP $O A4 $F $N RB %( %s %H %j $K EP O? $G $- $k $, !" Bh 2 <o 4X ?t $H H= CG $7 $? $? $a !" RB $O m en try !" s en try $, ;H MQ $G $- $k HO 0O $K H> J, $: $D J, $1 $i $l $k !# m entry $O LRU !" s entry $O FIFO $K => $C $F F~ $l 49 $( $k !# s en try $h $j $b !" $= $l $K $h $C $F :o =| $5 $l $? m entry $N J} $, :F Mx MQ 8z 2L $, 9b $+ $C $? $3 $H $, 86 0x $G $" $k !# $^ $? !" Bh 3 <o 4X ?t $O F1 $8 %( %s %H %j $r 7+ $j JV $7 :F Mx MQ $9 $k !# 7+ $j JV $7 :F Mx MQ $5 $l $k $O $: $N s en try $, FIF O $K $h $C $F M% @h E* $K F~ $l 49 $( $i $l $? $3 $H $b 86 0x $H $7 $F 5s $2 $i $l $k !# $H $3 $m $G !" 0l It T o w ers $K $* $$ $F RB %( %s %H %j ?t $, 256 $+ $i 512 $K A} $( $? $K $b 4X $o $i $: !" :o 8: N( $, 8: >/ $7 $F $$ $k 86 0x $O !" RF $K EP O? 2D G= $J read/write %" %I %l %9 $N %( %s %H %j ?t $, ?T $- $? $3 $H $K $h $k !# read/write %" %I %l %9 $, 6K $a $F B? $$ RB %( %s %H %j $, D9 $/ B8 :_ $9 $k $3 $H $K $h $C $F !" M- 8z $J %( %s %H %j $, 8: >/ $7 $? $? $a $G $" $k !# $5 $i $K !" read/write %" %I %l %9 $, 6K $a $F B? $$ RB %( %s %H %j $, B? ?t B8 :_ $9 $k $H !" RB ( ) %- %c %C %7 %e 4V $N Hf 3S !" =q $- 9~ $_ $K $h $k %* !< %P !< %X %C %I $, Bg $- $/ $J $k !# $h $C $F !" 0l 35 $K $O RB %( %s %H %j ?t $O Bg $- $1 $l $P $h $$ $H $O 8@ $$ $- $l $J $$ $3 $H $, J, $+ $k !# Stanford %Y %s %A %^ !< %/ $G $O %W %m %0 %i %‘ $4 $H $K !" MSP $@ $1 $G :F Mx MQ $G $- $k $b $N !" SSP $K $h $j 9b B. 2= $G $- $k $b $N $K L@ 3N $K J, $1 $k $3 $H $, $G $- $? $N $K BP $7 !" SPEC FP95 $G $O MSP $@ $1 $G :F Mx MQ $5 $l $k $b $N $N 8z 2L $7 $+ 8= $l $J $+ $C $? !# $3 $l $O !" SPEC FP95 $K Bh 1 <o 4X ?t $, >/ $J $/ !" Bh 3 <o 4X ?t $* $h $S Bh 4 <o 4X ?t $, B? $+ $C $? $? $a $H ?d B, $7 $F $$ $k !# 23

Bh 5 >O $* $o $j $K K\ 9F $G $O !" CM :F Mx MQ 5; =Q $, 0J A0 $K 1i ;; $5 $l $? <B 9T 7k 2L $7 $+ :F Mx MQ $G $- $J $$ $3 $H $+ $i !" F~ NO %G !< %? $, C1 D4 $K JQ 2= $9 $k >l 9g $b JB Ns ;v A0 <B 9T $K $h $k 9b B. 2= <j K! $r Ds 0F $7 $? !# Stanford $G $O !" JB Ns ;v A0 <B 9T $r 9T $o $J $1 $l $P A4 $/ :F Mx MQ $G $- $J $$ %W %m %0 %i %‘ $b !" ;v A0 <B 9T $K $h $j :G Bg 70% 6a $/ $N %5 %$ %/ %k ?t $, :o 8: $5 $l $? !# $7 $+ $7 !" SPEC FP95 $G $O !" ;v A0 <B 9T $N 8z 2L $O $[ $H $s $I 8= $l $: MSP $@ $1 $G :F Mx MQ $5 $l $k $b $N $N 8z 2L $N $_ $, 8= $l $? !# $3 $l $O !" 0z ?t $, C1 D4 $K JQ 2= $9 $k Bh 1 <o 4X ?t $, $[ $H $s $I 8= $l $J $+ $C $? $3 $H $, 86 0x $G $" $k !# $^ $? !" Standard $G $O !" Bh 3 <o 4X ?t $r 8m $C $F Bh 2 <o 4X ?t $H H= CG $9 $k $3 $H $K $h $j !" ;v A0 <B 9T $r 9T $o $J $$ J} $, 9b B. 2= $5 $l $k %W %m %0 %i %‘ $b $" $C $? !# $^ $? !" :F Mx MQ ;~ $N %* !< %P !< %X %C %I $O !" RB "* %- %c %C %7 %e $N Hf 3S $, Bg It J, $r @j $a $F $$ $? !# :# 8e $N 8& 5f 2] Bj $H $7 $F !" Stride-based M= B, 0J 30 $N J} K! $r E, MQ $7 $F ;v A0 <B 9T $N 8z 2L $r >e $2 $i $l $k $+ $I $& $+ !" ;v A0 <B 9T $r 9T $o $J $$ J} $, 9b B. 2= $5 $l $k %W %m %0 %i %‘ $N >l 9g $K $O $$ $+ $K $7 $F ;v A0 <B 9T $r Dd ;_ $9 $k $+ !" RB "* %- %c %C %7 %e $N Hf 3S $r 9b B. 2= $9 $k $? $a $K $$ $+ $K $7 $F 9b B. $J RB $r <B 8= $9 $k $+ $, 5s $2 $i $l $k !# <U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $C $? IY ED bC <# 65 <x $K ?< ?S $J $k <U 0U $r I= $7 $^ $9 !% $^ $? !$ K\ 8& 5f $K 4X $7 $F E, @Z $J $4 ;X F3 $r ;r $C $? Cf Eg 9/ I’ =u 65 <x !$ KL B< =S L@ =u 65 <x !" ?9 bC 0l O: =u 65 <x !$ 8^ Eg @5 M5 =u <j $K ?4 $+ $i 46 <U $$ $? $7 $^ $9 !% $5 $i $K !$ F| :" $+ $i $4 =u NO D: $$ $? 5~ ET Bg 3X Bg 3X 1! >p Js 3X 8& 5f 2J DL ?. >p Js %7 %9 %F %‘ @l 96 IZ ED 8& 5f << $N =t 7; $K ?4 $h $j 46 <U $$ $? $7 $^ $9 !# ;2 9M J8 8% [1] P aul R.P .: SP AR C Arc hitecture, Assem bly Languege Programming, and C, Prentice-Hall (1999) [2] FUJITSU/HAL SP AR C64-II I User’s Guide, http://www.sparc.com/standards/ (1998) [3] Avinash So dani, Gurindar S Sohi:Understanding the Di�erences Betw een 24

V alue Prediction and Instruction Reuse, MICRO31 (1998) [4] Avinash So dani, Gurindar S Sohi:Dynamic Instruction Reuse, 24th ISCA, pp.194-205 (1997) [5] Kai W ang, Mano j F ranklin:Highly Accurate Data V alue using Hybrid Pre- dictors, MICRO31, pp.281-290 (1998) [6] Lipasti, M.H., Shen, J.P .: Exceeding the Data o w Limit via V alue Predic- tion, MICRO29, pp.226-237 (1996) [7] Connors, D.A., Hwu, W.W.: Compiler-Directed Dynamic Computation Reuse; Rationale and Initial Results, Pro c. MICRO32 (1999) [8] Gurindar S Sohi and Amir Roth: Sp eculativ e Multithreaded Pro cessors, IEEE Computer, V ol.34, No.4, pp.66-73, Apr. (2001) [9] P edro Marcuello, An tonio Gonzalez, Jordi T ub ella: Sp eculative Multh- ithreading Pro cessors, ICS’98 (1998) [10] Pedro Marcuello, Antonio Gonzalez, Jordi T ub ella: V alue Prediction for Sp eculativ e Multhithreaded Architecture, MICRO33, pp269-280, Dec. (2000) [11] L.Condrescu, S.Wills, J.Meindl: Arc hitecture of the Atlas Chip- Multipro cessor:Dynamically P arallelizing Irregular Applications, IEEE T ransactions on Computers, vol.50, no.1, Jan. (2001) [12] Je�ey T.Oplinger, David L.Heine, Monica S.Lam: In Search of Sp eculative Thread-Level Parallelism, P A CT’99 (1999) [13] Y oufeng W u, Dong-Y uan Chen, Jesse F ang: Better Exploration of Region- Level V alue Lo cality with In tegrated Computation Reuse and V alue Pre- diction; ISCA’01, pp.98-108 (2001) [14] S.Manne, A.Klauser and D.Grunw ard: Branc h Predition Using Selectiv e Branch Inv ersion, P A CT’99 (1999) [15] C.-C.Lee, I.-C.K.Chen, and T.N.Mudge: The Bi-Mo de Branc h Preditor, Micro30 (1997) [16] 5H @% 8, Fs , :d 0f =$ 0l , ED Cf 1Q I’ : 2 %l %Y %k !& %9 %H %i %$ %I CM M= B, 5! 9= $N 2D G= @- 8! F$ , >p Js =h M} 3X 2q O@ J8 ;o , vol.41 No.5, pp.1340-1350, May . (2000) 25