FC JL 8& 5f Js 9p =q SP AR C %" !< %- %F %/ %A %c $K $* $1 $k 4X ?t CM :F Mx MQ 5! 9= ;X F3 65 41 IY ED bC <# 65 <x 5~ ET Bg 3X 9) 3X It >p Js 3X 2J =o J} >! Li J? @. 14 G/ 2 7n 8 F| i SP AR C %" !< %- %F %/ %A %c $K $* $1 $k 4X ?t CM :F Mx MQ 5! 9= =o J} >! Li Fb MF 9< 35 :G 6a $N 8& 5f $K $h $j !" %W %m %0 %i %‘ $K $O CM $N 6I =j @- $, B8 :_ $9 $k $3 $H $, ;X E& $5 $l $F $$ $k !# CM $N 6I =j @- $r Mx MQ $7 !" %G !< %? 0M B8 $r 2r >C $9 $k 9b B. 2= <j K! $H $7 $F !" CM M= B, $K 4p $E $/ Ej 5! <B 9T !" $* $h $S CM :F Mx MQ $, $" $k !# CM M= B, $K 4p $E $/ Ej 5! <B 9T $H $O !" 2a 5n $N <B 9T 7k 2L $r ;2 9M $K $7 $F :# 8e $N 7k 2L $r M= B, $7 !" $3 $N CM $r F~ NO $H $9 $k 8e B3 L? Na $r Ej 5! E* $K <B 9T $9 $k $3 $H $K $h $j !" 8e B3 L? Na $N BT $A ;~ 4V $r C; =L $9 $k 9b B. 2= <j K! $G $" $k !# $? $@ $7 !" M= B, $r 8m $C $? >l 9g $K Ej 5! E* $K <B 9T $7 $? 7k 2L $r L5 8z 2= $7 !" :F <B 9T $9 $k I, MW $, $" $j !" <: GT ;~ $N %Z %J %k %F %# $, Bg $- $$ $H $$ $& 7g E@ $, $" $k !# $3 $l $K BP $7 $F CM :F Mx MQ $O !" 0l EY <B 9T $7 $? L? Na Ns $N F~ NO $H =P NO $r 5- 21 $7 !" :F $S F1 0l L? Na Ns $r <B 9T $9 $k :] $K F~ NO $, F1 $8 $G $" $k >l 9g $K !" 5- 21 $7 $F $* $$ $? CM $r MQ $$ $F L? Na Ns $N <B 9T $r >J N, $9 $k 9b B. 2= <j K! $G $" $j !" L? Na <B 9T $N L5 8z 2= $H $$ $C $? %Z %J %k %F %# $, H/ @8 $7 $J $$ !# CM :F Mx MQ $N <B 8= J} K! $H $7 $F $O %O !< %I %& %’ %" $N $_ $K $h $k $b $N !" %3 %s %Q %$ %i $K $h $k $b $N !" %O !< %I %& %’ %" $H %3 %s %Q %$ %i $, 6( D4 $9 $k $b $N !" $N 3 $D $, $" $k !# %O !< %I %& %’ %" $N $_ $G $O 4p K\ %V %m %C %/ $N 8! =P $, Fq $7 $/ !" C1 0l L? Na $, BP >] $H $J $k $? $a !" Bg $- $J 8z 2L $r 4| BT $G $- $J $$ !# %3 %s %Q %$ %i C1 FH $K $h $k $b $N $O !" 4{ B8 $N %O !< %I %& %’ %" $r MQ $$ $k $3 $H $, $G $- $k $, !" CM :F Mx MQ $K ;~ 4V $, $+ $+ $k $H $$ $& 7g E@ $, $" $k !# $^ $? !" @l MQ L? Na $r DI 2C $7 !" %O !< %I %& %’ %" $H %3 %s %Q %$ %i $, 6( D4 $9 $k $b $N $O !" 4p K\ %V %m %C %/ $J $I !" D9 $$ L? Na Ns $r BP >] $H $9 $k $3 $H $, $G $- $k $b $N $N !" 4{ B8 $N %m !< %I %b %8 %e !< %k $r 9b B. 2= $G $- $J $$ $H $$ $& 7g E@ $, $" $k !# $? $@ $7 !" %O !< %I %& %’ %" $N $_ $K $h $k CM :F Mx MQ $N >l 9g $G $b !" FC Dj $N ABI(Application Binary Interface) $r 2> Dj $9 $k $3 $H $K $h $j !" <B 9T ;~ $K 4p K\ %V %m %C %/ $r @Z $j =P $9 $3 $H $, $G $- $k $H 9M $( $i $l $k !# 0J >e $N $3 $H $+ $i !" K\ O@ J8 $G $O !" SP AR C ABI $K => $& %W %m %0 %i %‘ $r BP >] $H $7 !" 4X ?t $r C1 0L $H $9 $k $3 $H $K $h $j !" @l MQ L? Na $r DI 2C $9 $k $3 $H $J $/ CM :F Mx MQ $r <B 8= $9 $k %O !< %I %& %’ %" 5! 9= $r Ds 0F $7 !" I> 2A $r 9T $C $? !# CM :F Mx MQ $N $? $a $K I, MW $J >p Js $r EP O? $9 $k $? $a $K RB( :F Mx MQ I= ) $r @_ $1 !" F~ NO CM $H $7 $F 0z ?t $H <g 5- 21 FI $_ =P $7 $r !" =P NO CM $H $7 $F JV $j CM $H <g 5- 21 =q $- 9~ $_ $r 5- 21 $9 $k $3 $H $H $7 $? !# $^ $? !" 3F 4X ?t $4 $H $K <g 5- 21 $+ $i FI $_ =P $7 $? 1 $D $N %G !< %? $H !"

ii $= $N %" %I %l %9 $K BP 1~ $9 $k RB $N A4 %( %s %H %j $H $N Hf 3S $r 0l EY $K 9T $& CAM 5! 9= $r A[ Dj $7 !" <g 5- 21 FI $_ =P $7 $H <g 5- 21 =q $- 9~ $_ $N %" %I %l %9 $r 4I M} $9 $k $? $a $N RF( 4X ?t 4I M} I= ) $r @_ $1 $? !# $5 $i $K !" F~ $l ;R $N 4X ?t $N 0l 3g :F Mx MQ $r 2D G= $H $9 $k $? $a $K !" $I $N 4X ?t $, $I $N 4X ?t $r 8F $S =P $7 $? $+ $N >p Js $r 5- 21 $9 $k R W( :F Mx MQ %& %# %s %I %& ) $r @_ $1 $? !# RB %( %s %H %j $O !" %R %C %H 2s ?t $N >. $5 $$ $b $N !" RF %( %s %H %j $O %R %C %H 2s ?t $H >J N, $G $- $k %9 %F %C %W ?t $N @Q $N >. $5 $$ $b $N $r $= $l $> $l M% @h $7 $F DI $$ =P $9 $h $& $J CV $- 49 $( %" %k %4 %j %: %‘ $H $7 $? !# $^ $? !" %R %C %H 2s ?t $, B? $$ $b $N $N !" $7 $P $i $/ $N 4V ;H $o $l $F $$ $J $$ %( %s %H %j $, ;D $k $N $r KI $0 $? $a $K !" %R %C %H 2s ?t $O RB $d RF $N ;2 >H 2s ?t $, 0l Dj $K C# $9 $k $4 $H $K =i 4| 2= $9 $k $h $& $K $7 $? !# 0J >e $N $h $& $J 4X ?t CM :F Mx MQ 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 $7 $? SP AR C %7 %_ %e %l !< %? $r 3+ H/ $7 !" %Y %s %A %^ !< %/ %W %m %0 %i %‘ $K $h $k I> 2A $r 9T $C $? !# B, Dj $N 7k 2L !" Stanford-integer $K $* $$ $F $O !" Perm $G $O 8.2% !" Puzzle $G $O 63.3% !" T o w ers $G $O 51.3% !" SPEC CINT95 $K $* $$ $F $O !" 124.m88ksim $G $O 23.1% !" 126.gcc $G $O 12.6% !" 130.li $G $O 23.9% !" 134.p erl(primes) $G $O 20.1% !" 147.vortex $G $O 27.6% $N 9b B. 2= $r <B 8= $G $- $k $3 $H $, L@ $i $+ $K $J $C $? !# $3 $N 7k 2L $h $j !" CM :F Mx MQ $O 7+ $j JV $7 =h M} $r H< $J $& %$ %s %? %W %j %? $d %7 %_ %e %l !< %? !" CM $N 6I =j @- $, B8 :_ $9 $k %* %V %8 %’ %/ %H ;X 8~ %W %m %0 %i %‘ $J $I $K E, $7 $F $$ $k $3 $H $b J, $+ $C $? !# $^ $? !" %W %m %0 %i %‘ $K $h $C $F $O CM :F Mx MQ $K $h $C $F %& %# %s %I %& %_ %9 $, :G Bg $G 20% $[ $I 8: $i $; $k $3 $H $d !" CM :F Mx MQ $, %- %c %C %7 %e %_ %9 $K Bg $- $J 1F 6A $r 5Z $\ $5 $J $$ $3 $H !" %& %# %s %I %& %_ %9 $, Bg I} $K 8: >/ $7 $F $$ $k %W %m %0 %i %‘ $O A4 BN $H $7 $F $N CM :F Mx MQ $N 8z 2L $b 9b $$ $H $$ $& Aj 4X 4X 78 $, $" $k $3 $H $b L@ $i $+ $K $J $C $? !# $= $N 0l J} $G !" CM :F Mx MQ $N 8z 2L $O %Y %s %A %^ !< %/ $K $h $C $F $P $i $D $- $, $" $j !" 8z 2L $, A4 $/ $J $$ %W %m %0 %i %‘ $b $" $k $3 $H !" $^ $? !" F~ NO CM $N %Q %? !< %s $, KD Bg $G $" $k 2h A| =h M} $d !" F~ NO $, JQ 2= $7 B3 $1 $k %2 !< %‘ $J $I $N %W %m %0 %i %‘ $K $O 8z 2L $, >. $5 $$ $H $$ $& 7g E@ $b L@ $i $+ $K $J $C $? !# 2a 5n $N <B 9T 7k 2L $r 5- 21 $9 $k $@ $1 $N C1 =c $J :F Mx MQ $G $O 9b B. 2= $G $- $J $$ %W %m %0 %i %‘ $N =h M} $r 9b B. 2= $9 $k $? $a $K $O !" F~ NO CM $r M= B, $7 $F 4X ?t $r Ej 5! E* $K <B 9T $7 !" $= $N 7k 2L $r A0 $b $C $F RB $K EP O? $7 $F $* $/ $J $I $N <j K! $, 9M $( $i $l $k !# $3 $N $h $& $J 2~ NI $K $D $$ $F $O :# 8e $N 2] Bj $G $" $k !# iii F unction Lev el Reuse on SP AR C Arc hitec h ture Katsuy a OGA T A Abstract Recen t studies hav e demonstrated that v alue lo calit y presen ts in many pro- grams. Computation reuse and v alue prediction techniques are prop osed for improving micropro cessor p erformance b y exploiting v alue lo calities and col- lapsing data dep endencies. V alue prediction is a technique that reduces the waiting time b y executing next instructions sp eculativ ely with the predicted input v alues based on previous results. Though, if the prediction turns out to b e incorrect, sp eculative results should b e squashed and all instructions should b e re-executed. On the other hand, computation reuse is a tec hnique that holds the inputs and outputs of previous execution instances of a computation. When the same computation is encountered later with same inputs, the held results are retriev ed and used directly without actually executing the computation. Then, no p enal- ties lik e cancellation are o ccured. F or the implmentation of reuse, there are three wa ys. First, hardware implementation only . Second the compiler generates the ob jects for reuse. Third, compiler supp orts the sp ecial purp ose instructions for reuse that are executed by hardw are directly . By hardware implementation only , recognizing the basic blo ck is v ery di�cult. And since its target is a single instruction only , only few cycles is reused. By compiler, existing hardware can b e used, but computation reuse tak es long time. By compiler and hardware, instructions as basic blo ck can b e reused, but existing load mo dules are out of services. Even if by hardware implementation only , by supp osing sp eci�c ABI(Application Binary In terface), the basic blo c k w ould b e recognized when executing. F or these reasons, this pap er prop oses function lev el reuse machanism on SP AR C architecture without any sp ecial purp ose instructions and ev aluates its e�ects. RB(Reuse Bu�er) holds informations required for reuse. Arguments and memory read data are stored as inputs, and return v alues and memory write data are stores as outputs of eac h function. Then, I supp osed CAM mechanism iv for comparison all RB entry ab out one address in every function and memory read data. And RF holds memory read/write address. R W holds relations b et w een caller and callee functions. The minimum referenced and reused RB entry is replaced �rst. And the RF en try that the pro duct of reused coun t and reduced steps is minimum is replaced �rst. In order to preven t the entry which is not used for a long time are remaining, hit coun ters are cleared when RB or RF access reac hes to a constant. Considering instruction latency , cac he miss p enalt y , windo w miss p enalt y and reuce latency , I dev elop ed a cycle simulator and ev aluated the reuse mech- anism. On the Stanford-integer, 8.2% of cycles of Perm are reduced, 63.3% of Puzzle and 51.3% of T o w ers. And on the SPEC INT95, 23.1% of 124.m88ksim, 12.6% of 126.gcc, 23.9% of 134.p erl(primes) and 27.6% of 147.v ortex. F rom these results, computation reuse is suitable for interpreter or sim ulator pro- grams which include rep eting computing, or ob ject-oriented programs which include v alue lo calit y . Moreo v er, the following facts were found. 1)20% of the window miss ov er- head will b e reduced. 2)Reuse do es not a�ect for cac he miss ov erhead. 3)On the programs on which reuse can reduce many window miss ov erhead, man y net cycles w ould b e reduced. On the other hand, the e�ects of reuse are not stable and on some b ench- mark, no cycle will b e reduced. And it is declared that this implementation cannot reduce many cycles on image pro cessing programs, whose imputs take v arious v alues, and game programs, in which the input pattern c hanges coutin- uously . In order to reduce cycles of these programs, executing functions sp eculatively based on input prediction and registering its result in RB will b e e�ective. The ev aluation of such technique is the future w ork.

SP AR C %" !< %- %F %/ %A %c $K $* $1 $k 4X ?t CM :F Mx MQ 5! 9= L\ <! Bh 1 >O $O $8 $a $K 1 Bh 2 >O => Mh $N Ej 5! <B 9T $H CM :F Mx MQ 2 2.1 CM M= B, $K 4p $E $/ Ej 5! <B 9T : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 2.2 CM :F Mx MQ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 Bh 3 >O SP AR C ABI(Application Binary In terface) $N 35 MW 4 3.1 %l %8 %9 %? %& %# %s %I %& : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4 3.2 %9 %? %C %/ : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 3.3 4X ?t <B 9T : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 3.3.1 4X ?t 8F $S =P $7 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 3.3.2 4X ?t K\ BN $N <B 9T : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 3.3.3 I| 5" : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 3.4 SP AR C ABI $r Mx MQ $7 $? CM :F Mx MQ : : : : : : : : : : : : : : : : : : : : : : 7 3.4.1 0z ?t : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 3.4.2 <g 5- 21 FI $_ =P $7 : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 3.4.3 <g 5- 21 =q $- 9~ $_ : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 3.4.4 JV $j CM : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 Bh 4 >O 4X ?t CM :F Mx MQ 5! 9= $N Ds 0F 9 4.1 :F Mx MQ I= $N 9= @. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 4.2 :F Mx MQ 5! 9= $N F0 :n : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 4.2.1 4X ?t 8F $S =P $7 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 4.2.2 4X ?t K\ BN $N <B 9T : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 4.2.3 I| 5" : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 4.2.4 :F Mx MQ I= $N %( %s %H %j CV $- 49 $( %" %k %4 %j %: %‘ : : : : : : : : : 12 Bh 5 >O I> 2A 12 5.1 %O !< %I %& %’ %" 9= @. $N 2> Dj : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12 5.2 %Y %s %A %^ !< %/ %W %m %0 %i %‘ $N 35 MW $H M= A[ $5 $l $k 7k 2L : : : : : : : : : : 13 5.2.1 Stanford-integer : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13

5.2.2 SPEC CINT95 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15 5.3 B, Dj 7k 2L : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 5.3.1 Stanford-integer : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17 5.3.2 SPEC CINT95 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18 5.4 9M ;! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20 Bh 6 >O $* $o $j $K 21 <U <- 22 ;2 9M J8 8% 22

Bh 1 >O $O $8 $a $K %W %m %; %C %5 $N 9b B. 2= $N K8 $2 $K $J $k MW 0x $K $O !" %G !< %? 0M B8 $d @) 8f 0M B8 $, $" $k !# $3 $l $i $r 2r >C $9 $k $? $a $K !" %9 !< %Q !< %9 %+ %i $d VLIW $, 9M 0F $5 $l !" %G !< %? 0M B8 $O %l %8 %9 %? %j %M !< %_ %s %0 $d %l %8 %9 %? 3d $j IU $1 $N 9) IW !" $^ $? !" @) 8f 0M B8 $O J, 4t M= B, $d >r 7o IU $- <B 9T $J $I $K $h $j 7Z 8: $5 $l $F $- $? !# 0l J} !" :G 6a $N 8& 5f $G $O !" %W %m %0 %i %‘ $K $O CM $N 6I =j @- $, B8 :_ $9 $k $3 $H $, ;X E& $5 $l $F $$ $k [1, 2] !# 6q BN E* $K $O !" load L? Na $, F1 $8 CM $r <h $j =P $9 $3 $H $d !" store L? Na $, F1 $8 CM $r =q $- 9~ $‘ $3 $H $G $" $k !# $3 $N $h $& $J L? Na $O !" K\ Mh !" %3 %s %Q %$ %i $K $h $j :o =| $5 $l $k $Y $- $G $" $k $b $N $N !" 40 A4 $K 8! =P $9 $k $3 $H $O !" $^ $@ $G $- $F $$ $J $$ !# CM $N 6I =j @- $r Mx MQ $7 $F %G !< %? 0M B8 $r 2r >C $9 $k 9b B. 2= <j K! $K $O !" CM M= B, $K 4p $E $/ Ej 5! <B 9T [1, 2, 3, 4, 5] $d CM :F Mx MQ [6, 7, 8, 9, 10, 11] $, $" $j !" B? $/ $N 8& 5f $, 9T $o $l $F $$ $k !# $^ $? !" $= $N N> J} $r AH $_ 9g $o $; $? <j K! $K $D $$ $F $b 8& 5f $5 $l $F $$ $k [12, 13] !# CM M= B, $K 4p $E $/ Ej 5! <B 9T $H $O !" 2a 5n $N <B 9T 7k 2L $r ;2 9M $K $7 $F :# 8e $N 7k 2L $r M= B, $7 !" $3 $N CM $r F~ NO $H $9 $k 8e B3 L? Na $r Ej 5! E* $K <B 9T $9 $k $3 $H $K $h $j !" 8e B3 L? Na $N BT $A ;~ 4V $r C; =L $9 $k 9b B. 2= <j K! $G $" $k !# M= B, CM $, @5 $7 $1 $l $P %5 %$ %/ %k ?t $, 8: >/ $9 $k !# $7 $+ $7 !" 8m $C $? >l 9g $K $O Ej 5! E* $K <B 9T $7 $? 7k 2L $r L5 8z 2= $7 !" :F <B 9T $9 $k I, MW $, $" $k $? $a !" <: GT ;~ $N %Z %J %k %F %# $, Bg $- $$ !# $3 $l $K BP $7 $F CM :F Mx MQ $O !" 0l EY <B 9T $7 $? L? Na Ns $N F~ NO $H =P NO $r 5- 21 $7 !" :F $S F1 0l L? Na Ns $r <B 9T $9 $k :] $K F~ NO $, F1 $8 $G $" $k >l 9g !" 5- 21 $7 $F $* $$ $? =P NO CM $r MQ $$ $F L? Na Ns $N <B 9T $r >J N, $7 !" 9b B. 2= $9 $k !# CM M= B, $K 4p $E $/ Ej 5! <B 9T $H 0[ $J $j !" <: GT ;~ $K %Z %J %k %F %# $, H/ @8 $7 $J $$ !# CM :F Mx MQ $N <B 8= J} K! $O !" %O !< %I %& %’ %" $N $_ $K $h $k $b $N [8] !" %3 %s %Q %$ %i $, 4{ B8 $N L? Na $r MQ $$ $F CM :F Mx MQ $r 9T $& %* %V %8 %’ %/ %H $r @8 @. $9 $k $b $N !" @l MQ L? Na $r DI 2C $7 !" %O !< %I %& %’ %" $H %3 %s %Q %$ %i $, 6( D4 $9 $k $b $N [7, 9] !" $N 3 $D $K J, N‘ $G $- $k !# :F Mx MQ $N C1 0L $H $7 $F $O !" C1 0l L? Na [6, 8] $d !" 4p K\ %V %m %C %/ [9, 11] $, 0l HL E* $G $" $k !# K\ O@ J8 $G $O !" SP AR C %" !< %- %F %/ %A %c $K $* $$ $F !" 4X ?t $r C1 0L $H $9 $k CM :F Mx MQ $r @l MQ L? Na $J $7 $K <B 8= $9 $k %O !< %I %& %’ %" 5! 9= $N Ds 0F $* $h $S I> 2A $r 9T $C $? !# Bh 2 >O $G $O !" => Mh $N Ej 5! <B 9T $H CM :F Mx MQ $K $D $$ $F =R $Y $k !# Bh 3 >O $G $O SP AR C ABI $N 35 MW $r =R $Y $k !# Bh 4 >O $G $O SP AR C ABI $r Mx MQ $9 $k 4X ?t CM :F Mx MQ 5! 9= $N 9= @. $* $h $S F0 :n $K $D $$ $F =R $Y !" Bh 5 >O $G $O %O !< %I %& %’ %" 9= @. $N 2> Dj !" I> 2A 7k 2L $* $h $S 1

9M ;! $K $D $$ $F =R $Y $k !# Bh 2 >O => Mh $N Ej 5! <B 9T $H CM :F Mx MQ K\ >O $G $O CM M= B, $K 4p $E $/ Ej 5! <B 9T $H CM :F Mx MQ $r Hf 3S $7 $J $, $i !" => Mh 5; =Q $r @b L@ $9 $k !# 2.1 CM M= B, $K 4p $E $/ Ej 5! <B 9T L? Na %" %I %l %9 $K 4X $7 $F Ej 5! E* <j K! $r E, MQ $9 $k 9b B. 2= <j K! $H $7 $F !" J, 4t M= B, $, 5s $2 $i $l $k !# J, 4t L? Na $, $I $A $i $K J, 4t $9 $k $+ $r M= B, $7 !" $= $N M= B, $K 4p $E $$ $F 8e B3 $9 $k L? Na $r Ej 5! E* $K <B 9T $9 $k !# L? Na J, 4t $N J} 8~ $K $O Hs >o $K JP $j $, $" $j !" 2a 5n 2 2s Dx EY $N J, 4t Mz Nr >p Js $r MQ $$ $F == J, $K M= B, 2D G= $G $" $k $H 8@ $o $l $F $$ $k [14] !# C1 =c $J %O !< %I %& %’ %" 5! 9= $K $h $j <B 8= $G $- !" Bg $- $J 8z 2L $, F@ $i $l $k $? $a !" B? $/ $N >& MQ %W %m %; %C %5 $, :N MQ $7 $F $$ $k !# CM M= B, $K 4p $E $/ Ej 5! <B 9T $H $O !" %" %I %l %9 $G $O $J $/ %G !< %? CM $= $N $b $N $K Ce L\ $9 $k 9b B. 2= <j K! $G $" $k !# 6q BN E* $K $O 2a 5n $N Mz Nr $K 4p $E $$ $F L? Na Ns $N <B 9T 7k 2L $r M= B, $9 $k !# M= B, CM $O 8e B3 L? Na $N F~ NO $H $J $j !" 8e B3 L? Na Ns $, Ej 5! E* $K <B 9T $5 $l $k !# M= B, $N C1 0L $K $O !" 1 L? Na $d 4p K\ %V %m %C %/ $, B? $/ MQ $$ $i $l $k !# M= B, J} K! $K $O !" :G 6a $N <B 9T 7k 2L $r $= $N $^ $^ ;H $& Last-V alue M= B, [4] !" :G 6a $N <B 9T 7k 2L $N :9 J, $r MQ $$ $F 30 A^ $9 $k %9 %H %i %$ %I M= B, !" :G 6a $N 4 <o N‘ $N 1i ;; 7k 2L $H 2a 5n $N M= B, 7k 2L $r MQ $$ $k 2 %l %Y %k CM M= B, !" $3 $l $i $r AH $_ 9g $o $; $? %O %$ %V %j %C %I M= B, $J $I $, $" $k [3] !# CM M= B, $K 4p $E $/ Ej 5! <B 9T $O !" %G !< %? 0M B8 $r 7Z 8: $9 $k [2] !# => $C $F !" %G !< %? 0M B8 $, Ld Bj $H $J $k %9 !< %Q !< %9 %+ %i $d VLIW $J $I $N 5; =Q $H AH $_ 9g $o $; $k $3 $H $K $h $j !" Bg $- $J 8z 2L $r H/ 4x $9 $k [5] !# M= B, CM $, @5 $7 $1 $l $P !" 8e B3 L? Na $, @h 9T L? Na $r BT $D ;~ 4V $, C; =L $5 $l $k !# $7 $+ $7 !" M= B, $, 8m $C $? >l 9g $K $O !" Ej 5! E* $K <B 9T $7 $? L? Na $r A4 $F L5 8z 2= $7 !" @5 $7 $$ F~ NO CM $r MQ $$ $F $d $j D> $9 I, MW $, $" $k !# $3 $N $? $a !" Ej 5! <B 9T $r E, MQ $7 $J $+ $C $? >l 9g $h $j $b <B 9T ;~ 4V $, D9 $/ $J $k $3 $H $, $" $k !# $^ $? !" M= B, CM $, @5 $7 $+ $C $? $+ $I $& $+ $r >o $K 8! >Z $9 $k I, MW $, $" $k $? $a !" %O !< %I %& %’ %" $, J# ;( $K $J $k $H $$ $& 7g E@ $, $" $k !# 2

2.2 CM :F Mx MQ CM :F Mx MQ $H $O !" 0l EY <B 9T $7 $? L? Na Ns $N F~ NO $H =P NO $r 5- 21 $7 !" :F $S F1 $8 F~ NO $r MQ $$ $F F1 $8 L? Na Ns $r <B 9T $7 $h $& $H $7 $? ;~ $K !" 5- 21 $7 $F $* $$ $? =P NO CM $r MQ $$ $F L? Na <B 9T $r >J N, $9 $k 9b B. 2= <j K! $G $" $k !# M= B, $N <: GT $K $h $k L5 8z 2= $r I, MW $H $7 $J $$ $H $$ $& FC D9 $, $" $k !# <B 8= J} K! $O !" 0J 2< $N 3 $D $K J, N‘ $G $- $k !# %O !< %I %& %’ %" $N $_ $K $h $k $b $N L? Na C1 0L $N :F Mx MQ $K MQ $$ $i $l $k !# %3 %s %Q %$ %i $, 4{ B8 $N L? Na $r MQ $$ $F CM :F Mx MQ $r 9T $& %* %V %8 %’ %/ %H $r @8 @. $9 $k $b $N <g 5- 21 >e $K :F Mx MQ I= $r ;} $D I, MW $, $" $k $? $a :F Mx MQ I= $X $N %" %/ %; %9 $, CY $/ !" :F Mx MQ $K ;~ 4V $, $+ $+ $k $H $$ $& 7g E@ $, $" $k !# @l MQ L? Na $r DI 2C $7 !" %O !< %I %& %’ %" $H %3 %s %Q %$ %i $, 6( D4 $9 $k $b $N 4{ B8 $N %m !< %I %b %8 %e !< %k $r 9b B. 2= $G $- $J $$ 7g E@ $, $" $k !# $^ $? !" CM :F Mx MQ $N C1 0L $O !" 0J 2< $N 2 $D $K J, N‘ $G $- $k !# C1 0l L? Na $r C1 0L $H $9 $k J} K! 3F L? Na $N %* %Z %i %s %I $H 1i ;; 7k 2L !" %m !< %I / %9 %H %" L? Na $N >l 9g $O $5 $i $K %* %Z %i %s %I %" %I %l %9 $r :F Mx MQ I= $K 3J G< $7 $F $* $/ !# L? Na %G %3 !< %I ;~ $K F~ NO CM $H :F Mx MQ I= $N Hf 3S $r 9T $C $F :F Mx MQ 2D G= $+ $I $& $+ $N H= Dj $r 9T $$ !" :F Mx MQ $, 2D G= $G $" $l $P :F Mx MQ I= $N =P NO CM $N Fb MF $K => $C $F %l %8 %9 %? $d <g 5- 21 $X =q $- 9~ $‘ !# 1i ;; $d <g 5- 21 FI $_ =P $7 $r :o 8: $9 $k $3 $H $K $h $k 9b B. 2= $, 4| BT $G $- $k !# $? $@ $7 !" 0l EY $K ?t %5 %$ %/ %k Dx EY $N 9b B. 2= $K $H $I $^ $j !" Bg I} $J 9b B. 2= $O K> $a $J $$ !# A4 $F $N L? Na $r BP >] $H $7 $? $b $N [8] $d %m !< %I / %9 %H %" L? Na $N $_ $r BP >] $K $7 $? $b $N [6] $, 8& 5f $5 $l $F $$ $k !# L? Na Ns $r C1 0L $H $9 $k J} K! L? Na Ns $N F~ NO CM ( %l %8 %9 %? $N CM $* $h $S <g 5- 21 $+ $i FI $_ =P $7 $? CM ) $* $h $S =P NO CM ( %l %8 %9 %? $* $h $S <g 5- 21 $X =q $- 9~ $s $@ CM ) $r :F Mx MQ I= $K 3J G< $7 $F $* $/ !# F1 $8 L? Na Ns $r :F EY <B 9T $9 $k :] $K !" F~ NO CM $, A4 $F F1 $8 $G $" $k $+ H] $+ $r Hf 3S $7 !" 0l CW $7 $? >l 9g !" :F Mx MQ I= $K 3J G< $7 $F $* $$ $? =P NO CM $K => $C $F %l %8 %9 %? $* $h $S <g 5- 21 $X $N =q $- 9~ $_ $r 9T $& !# C1 0l L? Na $r C1 0L $H $9 $k J} K! $H 0[ $J $j !" 0l EY $K J# ?t $N L? Na $N =h M} $r >J N, $9 $k $3 $H $, $G $- $k !# $H $3 $m $G !" L? Na Ns $N C1 0L $K $O !" 4p K\ %V %m %C %/ $, 9M $( $i $l $k !# $7 $+ $7 !" %O !< %I %& %’ %" $K $h $k 4p K\ %V %m %C %/ $N @Z $j =P $7 $O Fq $7 $$ !# K\ 8& 5f $G $O @l MQ L? Na $r DI 2C $9 $k $3 $H $J $/ !" B? $/ $N L? Na $r 4^ $‘ 6h 4V $r MF 0W $K FC Dj $9 $k $? $a $K !" SP AR C ABI $r Mx MQ $7 !" 4X ?t $r :F Mx MQ $N C1 0L $H $9 $k $3 $H $K $7 $? !# 3

Bh 3 >O SP AR C ABI(Application Binary In ter- face) $N 35 MW K\ >O $G $O !" 4X ?t 8F $S =P $7 $K 4X $9 $k SP AR C ABI[15] $N 35 MW $K $D $$ $F =R $Y !" 4X ?t 8F $S =P $7 $, $I $N $h $& $K 9T $o $l $k $+ $K $D $$ $F @b L@ $9 $k !# $^ $? !" $$ $+ $K $7 $F :F Mx MQ $K I, MW $J >p Js $r <} =8 $9 $k $+ $K $D $$ $F =R $Y $k !# 3.1 %l %8 %9 %? %& %# %s %I %& %W %m %0 %i %‘ $O >o $K 0J 2< $N 4 <o N‘ $N %l %8 %9 %? $r ;H MQ $9 $k $3 $H $, $G $- $k !# global %l %8 %9 %? (%g0{7) $I $N 4X ?t $+ $i $b >o $K %" %/ %; %9 $G $- $k %l %8 %9 %? $G $" $j !" Bg 0h JQ ?t $N 3J G< $K ;H $o $l $k !# %g0 $N Fb MF $O >o $K 0 $G $" $k !# out %l %8 %9 %? (%o0{7) %o0{5 $O 0z ?t $r EO $9 $? $a !" $^ $? !" :n 6H MQ $K MQ $$ $i $l $k !# %o0 $O JV $j CM $r <u $1 <h $k $? $a $K MQ $$ $i $l $k !# %o6(%sp) $O 3.2 $K $* $$ $F >\ =R $9 $k %9 %? %C %/ %] %$ %s %? $H $7 $F MQ $$ $i $l $k !# %o7 $O 4X ?t 8F $S =P $7 $N :] $K !" 4X ?t $r 8F $S =P $7 $? call L? Na $b $7 $/ $O jmpl L? Na $N %" %I %l %9 $r J] B8 $9 $k !# lo cal %l %8 %9 %? (%l0{7) A4 $F %m !< %+ %k JQ ?t $d :n 6H MQ $K MQ $$ $i $l $k !# in %l %8 %9 %? (%i0{7) %i0{5 $O 4X ?t $, 0z ?t $r <u $1 <h $k ;~ $K MQ $$ $i $l $k !# %i0 $* $h $S %i1 $O JV $j CM $N 3J G< >l =j $H $7 $F $b MQ $$ $i $l $k !# %i6(%fp) $O 3.2 $K $* $$ $F >\ =R $9 $k %U %l !< %‘ %] %$ %s %? $H $7 $F MQ $$ $i $l $k !# %i7 $O 4X ?t 8F $S =P $7 $N :] $K !" <+ 4X ?t $r 8F $S =P $7 $? call L? Na $N %" %I %l %9 $r J] ;} $9 $k !# SP AR C %" !< %- %F %/ %A %c $G $O !" 4X ?t 8F $S =P $7 ;~ $N %Q %i %a !< %? $N <u $1 EO $7 $K :] $7 $F !" <g 5- 21 $r 2p $9 I, MW $, $J $$ $h $& !" %l %8 %9 %? %& %# %s %I %& $r 5, Dj $7 $F $$ $k !# ?^ 1 $K <( $9 $h $& $K !" 3F %& %# %s %I %& $O %i !" %l !" %o $+ $i 9= @. $5 $l !" %i $O NY @\ %& %# %s %I %& $N %o $H F1 0l !" $^ $? !" %o $O H? BP B& $N NY @\ %& %# %s %I %& $N %i $H F1 0l $N %l %8 %9 %? $H $J $C $F $$ $k !# %l $O 3F %& %# %s %I %& $K 8G M- $G $" $k !# 8= :_ $N %& %# %s %I %& $O !" CWP(Current Window P oin ter) %l %8 %9 %? $N Fb MF $K $h $j ;X Dj $9 $k $3 $H $, $G $- $k !# CWP $N CM $O sa v e L? Na $K $h $C $F %$ %s %/ %j %a %s %H $5 $l !" restore L? Na $K $h $C $F %G %/ %j %a %s %H $5 $l $k !# ?^ 1 $G $O CWP $, %$ %s %/ %j %a %s %H $5 $l $k $H %& %# %s %I %& $, #0 $+ $i #1 $K @Z $j BX $o $k !# 0J A0 $K %o $H $7 $F ;2 >H $7 $? %l %8 %9 %? $O %i $H $J $j !" 0J A0 $N %l $H %i $O ;H MQ $G $- $J $/ $J $k !# Be $o $j $K !" ?7 $7 $/ %l $H %o $, 3d $j Ev $F $i $l $k !# CWP $, %G %/ %j %a %s %H $5 $l $k $H !" 5U $K 0J A0 $N %i $, %o $H $J $j !" 0J A0 $N %l $H %o $N Be $o $j $K ?7 $7 $$ %l $H %i $, 3d $j Ev $F $i $l $k !# 4

?^ 1: %l %8 %9 %? %& %# %s %I %& $N 9= @. ( %& %# %s %I %& ?t =8 $N >l 9g ) sav e L? Na $K $h $j 3d $j Ev $F $i $l $? %l %8 %9 %? $N Fb MF $O !" restore L? Na $r <B 9T $9 $k $^ $G $O J] B8 $5 $l $k !# $7 $+ $7 !" sav e L? Na $, B3 $/ $H !" %l %8 %9 %? %& %# %s %I %& $, $" $U $l !" ?7 $? $J %l %8 %9 %? $r 3d $j Ev $F $k $3 $H $, $G $- $J $/ $J $k !# $3 $N >l 9g $K $O %& %# %s %I %& %* !< %P %U %m !< 3d 9~ $_ $, H/ @8 $7 !" %l %8 %9 %? $N Fb MF $, 8e =R $9 $k %9 %? %C %/ $X J] B8 $5 $l $k !# $^ $? !" restore L? Na $, B3 $/ $H !" %" %s %@ %U %m !< 3d 9~ $_ $, H/ @8 $7 !" %9 %? %C %/ $K J] B8 $5 $l $? CM $, %l %8 %9 %? $K La $5 $l $k !# %* !< %P %U %m !< $H %" %s %@ %U %m !< $K :] $7 $F $O <g 5- 21 ;2 >H $, @8 $8 $k $? $a !" %W %m %0 %i %‘ $N <B 9T $, CY $l $k !# K\ O@ J8 $G $O F~ $l ;R $N 4X ?t $r $^ $H $a $F :F Mx MQ $9 $k $3 $H $K $h $j !" 4X ?t 8F $S =P $7 $r :o 8: $7 !" %& %# %s %I %& %* !< %P %U %m !< $d %" %s %@ %U %m !< $K $h $k @- G= $N Dc 2< $r M^ $( $k $3 $H $r A@ $C $F $$ $k !# 3.2 %9 %? %C %/ %9 %? %C %/ $O 0J 2< $N MQ ES $K MQ $$ $i $l $k !# � %& %# %s %I %& %* !< %P %U %m !< $, 5/ $3 $C $? ;~ $K %l %8 %9 %? $N CM $r J] B8 $9 $k !# � JV $j CM $, 9= B$ BN $N >l 9g $K 9= B$ BN $X $N %] %$ %s %? $r 3J G< $9 $k !# 5

� 0z ?t $N 0l ;~ B‘ Hr � 4X ?t 8F $S =P $7 $N :] $K Bh 7 %o !< %I 0J 9_ $N 0z ?t $r 3J G< $9 $k !# � %m !< %+ %k JQ ?t $r 3J G< $9 $k !# %9 %? %C %/ $O !" <g 5- 21 $N >e 0L %" %I %l %9 $+ $i 2< 0L %" %I %l %9 $K 8~ $+ $C $F ?- $S $k !# M- 8z $J %9 %? %C %/ $N 2< 8B %" %I %l %9 $O !" %9 %? %C %/ %] %$ %s %? $H 8F $P $l $k %o6(%sp) $K 3J G< $5 $l $k !# ?^ 2 $K <( $9 $h $& $K !" sa v e L? Na $, <B 9T $5 $l $k $H !" @Q $^ $l $k 4X ?t %U %l !< %‘ $N Bg $- $5 J, $@ $1 %o6(%sp) $O 8: >/ $7 !" 85 $N %o6(%sp) $N CM $O %U %l !< %‘ %] %$ %s %? $H 8F $P $l $k %i6(%fp) $K 3J G< $5 $l $k !# restore L? Na $N >l 9g $O 5U $N A‘ :n $, 9T $o $l $k !# $^ $? 0l HL E* $K !" Bg 0h JQ ?t $N $? $a $N %G !< %? 0h $H %9 %? %C %/ $N $? $a $N %G !< %? 0h $K $O 3F !9 >e 8B $, @_ $1 $i $l $k !# $= $N $? $a !" <g 5- 21 >e $K $* $$ $F $3 $l $i 2 $D $N NN 0h $K $O 6- 3& $, B8 :_ $9 $k !# $3 $N 6- 3& $r LIMIT $H 8F $V $3 $H $K $7 !" 0J 8e !" Bg 0h JQ ?t $H 6I =j JQ ?t $N 6h JL $N $? $a $K MQ $$ $k !# ?^ 2: %9 %? %C %/ 3.3 4X ?t <B 9T 4X ?t C1 0L $N CM :F Mx MQ $r @b L@ $9 $k $? $a $K !" 0z ?t $* $h $S L? Na %" %I %l %9 $N <u $1 EO $7 J} K! $K $D $$ $F =R $Y $k !# 3.3.1 4X ?t 8F $S =P $7 4X ?t $O !" call L? Na !" $^ $? $O !" Bh 2 %* %Z %i %s %I $, %o7 $G $" $k jmpl L? Na $K $h $j 8F $S =P $5 $l $k !# 8= :_ $N PC(Program Coun ter) $N CM $, %o7 $K 3J G< $5 $l !" PC $, 4X ?t $N @h F, %" %I %l %9 $K =q $- 49 $( $i $l $k !# SP AR C %" !< %- %F %/ %A %c $G $O !" J, 4t @h $N L? 6

Na $r <B 9T $9 $k A0 $K J, 4t L? Na $N <! %" %I %l %9 $N L? Na $, <B 9T $5 $l $k !# L? Na $N <B 9T =g $O !" 1)call $b $7 $/ $O jmpl L? Na !( 2)call $b $7 $/ $O jmpl $N <! %" %I %l %9 $N L? Na !( 3) 4X ?t $N @h F, $N L? Na !( $H $J $k !# 0z ?t $O %o0{5 $K F~ $k !# 0z ?t $, 7 %o !< %I 0J >e $" $k >l 9g $K $O !" %9 %? %C %/ $, ;H MQ $5 $l $k !# $3 $N >l 9g !" Bh 7 %o !< %I $O %sp+92 $K !" Bh 8 %o !< %I $O %sp+96 $K 3J G< $5 $l $k !# 0J 9_ $N 0z ?t $b F1 MM $K %9 %? %C %/ $K @Q $^ $l $k !# 3.3.2 4X ?t K\ BN $N <B 9T Leaf 4X ?t $r =| $/ 4X ?t $O sav e L? Na $r 4^ $‘ !# sa v e L? Na $N <B 9T $K $h $j !" %i0{5 $K 0z ?t !" %i6(%fp) $K 0J A0 $N %9 %? %C %/ %] %$ %s %? !" %i7 $K call L? Na <+ ?H $N %" %I %l %9 $, 3J G< $5 $l $k !# Bh 7 %o !< %I 0J 9_ $N 0z ?t $O %fp+92 0J 9_ $K 3J G< $5 $l $k !# 3.3.3 I| 5" Leaf 4X ?t $r =| $/ 4X ?t $O !" Bh 1 %* %Z %i %s %I $, %i7+ &A ( &A !d 0) $G $" $j !" Bh 2 %* %Z %i %s %I $, %g0 $G $" $k jmpl L? Na !" $* $h $S !" $= $l $K B3 $/ restore L? Na $K $h $j =* N; $9 $k !# $3 $N ;~ !" %i7 $K $O 4X ?t 8F $S =P $7 ;~ $N PC $N CM $, 3J G< $5 $l $F $$ $k !# %g0 $O >o $K 0 $G $" $k $? $a !" $3 $N jmpl L? Na $G $O 8= :_ $N PC $N CM $O J] B8 $5 $l $J $$ !# JV $j CM $O !" 1 %o !< %I $N >l 9g %i0 !" 2 %o !< %I $N >l 9g %i0{1 $K 3J G< $5 $l $k !# restore L? Na $N <B 9T $K $h $j !" JV $j CM $O %o0 $* $h $S %o1 $K F~ $k !# $J $* !" Ib F0 >. ?t E@ ?t $N >l 9g $O %f0 $* $h $S %f1 !# 3H D% G\ @: EY Ib F0 >. ?t E@ ?t $N >l 9g $O $5 $i $K %f2 $* $h $S %f3 $K F~ $k !# $H $3 $m $G !" 4X ?t 8F $S =P $7 $r ;} $? $J $$ leaf 4X ?t $O !" A0 =R $N 4X ?t $H $O 9= @. $, 0[ $J $k !# sa v e L? Na $* $h $S restore L? Na $O $J $/ !" $^ $? !" I| 5" $K $O !" Bh 1 %* %Z %i %s %I $, %o7+ &A ( &A !d 0) $G $" $k jmpl L? Na $, MQ $$ $i $l $k !# 0z ?t $O %o0{5 $N $^ $^ $G MQ $$ $i $l !" JV $j CM $O %o0 $* $h $S %o1 $K 3J G< $5 $l $k !# 3.4 SP AR C ABI $r Mx MQ $7 $? CM :F Mx MQ K\ @a $G $O !" SP AR C ABI $r Mx MQ $7 $F !" $I $N $h $& $K $7 $F CM :F Mx MQ $r 9T $& $+ $K $D $$ $F =R $Y $k !# $? $@ $7 !" 0J 2< $O !" BP >] $H $J $k 4X ?t $, leaf 4X ?t $G $J $$ >l 9g $N 5- =R $G $" $k !# BP >] 4X ?t $, leaf 4X ?t $N >l 9g $K $O !" %i $r %o $K !" %sp $r %fp $K $= $l $> $l FI $_ 49 $( $k !# 3.4.1 0z ?t 8F $S =P $5 $l $? 4X ?t B& $+ $i 8+ $k $H !" Bh 6 %o !< %I $^ $G $N 0z ?t $O %i0{5 $K !" Bh 7 %o !< %I 0J 9_ $N 0z ?t $O %fp+92 0J 9_ $K F~ $C $F $$ $k !# $^ $? !" JV $j CM $, 9= B$ BN $G $" $k >l 9g $K $O !" %] %$ %s %? $, %fp+64 $K F~ $C $F $$ $k !# 4X ?t Fb $K $* $$ $F !" 3: Ev %l %8 %9 %? $d %9 %? %C %/ $+ $i $N FI $_ =P $7 $r 9T $C $? >l 9g !" 0z ?t $N 2D G= @- $, $" $k !# 0l J} !" CM $, FI $_ =P $5 $l 7

$k A0 $K =q $- 9~ $s $@ >l 9g $O 0z ?t $G $O $J $$ !# $? $@ $7 !" Bh 7 %o !< %I 0J 9_ $N 0z ?t $N ;2 >H $O %fp Aj BP $G 9T $o $l $k $H $O 8B $i $J $$ $? $a !" >e 0L 4X ?t $N 6I =j JQ ?t $H $N 6h JL $, $D $+ $J $$ !# $= $3 $G >e 0L 4X ?t $K $h $C $F %sp+92 0J 9_ $K =q $- 9~ $^ $l $? >l 9g $K Bh 7 %o !< %I 0J 9_ $N 0z ?t $, B8 :_ $9 $k $H H= CG $9 $k !# K\ O@ J8 $G $O !" 4J C1 $N $? $a $H !" 0z ?t $, 7 %o !< %I 0J 9_ $K 5Z $V >l 9g $O >/ $J $$ $H $N 9M $( $+ $i !" 0z ?t $, 7 %o !< %I 0J >e $N >l 9g $O 4X ?t CM $N :F Mx MQ $r E, MQ $7 $J $$ $3 $H $H $7 $? !# 3.4.2 <g 5- 21 FI $_ =P $7 0l HL $K !" <g 5- 21 $+ $i $N FI $_ =P $7 %G !< %? $O 4X ?t $N <B 9T $K 1F 6A $r 5Z $\ $9 !# $7 $+ $7 !" 0J 2< $K <( $9 %" %I %l %9 $K BP $9 $k <g 5- 21 FI $_ =P $7 %G !< %? $O !" :F Mx MQ $K $H $C $F IT MW $G $" $k !# LIMIT 0J >e !" 8F $S =P $7 ;~ %sp+92 L$ K~ $N %" %I %l %9 <+ 4X ?t $d 2< 0L 4X ?t $N 6I =j JQ ?t !" $^ $? $O JV $j CM $G $" $k 9= B$ BN $X $N %] %$ %s %? $G $" $k !# A0 <T $O :F Mx MQ <+ BN $K IT MW $J >p Js $G $" $j !" 8e <T $O 0z ?t $H $7 $F EP O? $9 $k $N $G !" $$ $: $l $b <g 5- 21 FI $_ =P $7 %G !< %? $H $7 $F $N EP O? $O IT MW $G $" $k !# $J $* !" $3 $N H= JL $r 2D G= $H $9 $k $? $a $K !" RB $O 3F 4X ?t 8F $S =P $7 ;~ $N %sp $N CM $r 5- 21 $7 $F $* $/ I, MW $, $" $k !# 0l EY =q $- 9~ $_ $, $" $C $? %" %I %l %9 FI $_ =P $5 $l $? CM $O 4X ?t $N <B 9T $K $h $C $F @8 @. $5 $l $? CM $G $" $j !" IT MW $G $" $k !# 3.4.3 <g 5- 21 =q $- 9~ $_ 0l HL $K !" <g 5- 21 $X $N =q $- 9~ $_ $O 4X ?t $N <B 9T 7k 2L $G $" $k !# $7 $+ $7 <g 5- 21 FI $_ =P $7 F1 MM !" 0J 2< $K <( $9 %" %I %l %9 $K BP $9 $k =q $- 9~ $_ $O :F Mx MQ $K $H $C $F IT MW $G $" $k !# LIMIT 0J >e !" 8F $S =P $7 ;~ %sp+92 L$ K~ $N %" %I %l %9 <g 5- 21 FI $_ =P $7 F1 MM !" <+ 4X ?t $d 2< 0L 4X ?t $N 6I =j JQ ?t !" $^ $? $O JV $j CM $G $" $k 9= B$ BN $X $N %] %$ %s %? $G $" $j !" <g 5- 21 =q $- 9~ $_ %G !< %? $H $7 $F $N EP O? $O IT MW $G $" $k !# 3.4.4 JV $j CM K\ O@ J8 $G $O !" JV $j CM $, G\ @: EY Ib F0 >. ?t E@ ?t $G $" $k 4X ?t $O B8 :_ $7 $J $$ $H 2> Dj $7 $? !# $3 $N >l 9g !" 8F $S =P $5 $l $? 4X ?t $+ $i $N JV $j CM $O %i0{1 !" $^ $? $O %f0{1 $K 3J G< $5 $l $k !# 3: Ev $9 $k %l %8 %9 %? $X $N =q $- 9~ $_ $, $" $k >l 9g !" JV $j CM $N 2D G= @- $, $" $k !# JV $j CM $, 9= B$ BN $N >l 9g $K $O %] %$ %s %? $, %fp+64 $K 3J G< $5 $l $k $, !" $3 $N CM $O 4X ?t 8F $S =P $7 ;~ $K EO $5 $l $? $b $N $G $" $j !" 0z ?t $H $7 $F EP O? $9 $k !# $^ $? !" 9= B$ BN $N K\ BN $O <g 5- 21 >e $K B8 :_ $7 $F $$ $k $? $a !" =q $- 9~ $_ $, 5/ $3 $C $? :] $K !" <g 5- 21 =q $- 9~ $_ %G !< %? $H $7 $F EP O? $5 $l $k !# 8

Bh 4 >O 4X ?t CM :F Mx MQ 5! 9= $N Ds 0F K\ O@ J8 $G $O 3 >O $K =R $Y $? SP AR C ABI $K 4p $E $$ $F 5- =R $5 $l $? %W %m %0 %i %‘ $K BP $7 !" 4X ?t C1 0L $N CM :F Mx MQ $r E, MQ $9 $k 5! 9= $r Ds 0F $9 $k !# K\ 5! 9= $O 4X ?t $N F~ =P NO >p Js $r :F Mx MQ I= $K 5- 21 $7 !" F1 0l F~ NO CM $K $h $j F1 0l 4X ?t $, 8F $S =P $5 $l $? >l 9g $K 4X ?t $N =h M} $r >J N, $9 $k !# K\ >O $G $O !" :F Mx MQ I= $N 9= @. $H :F Mx MQ 5! 9= $N F0 :n $K $D $$ $F =R $Y $k !# 4.1 :F Mx MQ I= $N 9= @. 4X ?t $N F~ NO $* $h $S =P NO >p Js $r 5- 21 $7 $F $* $/ I= $, :F Mx MQ I= $G $" $k !# :F Mx MQ I= $O !" :F Mx MQ %& %# %s %I %& (R W) !" 4X ?t 4I M} I= (RF) !" :F Mx MQ I= K\ BN (RB) $+ $i 9= @. $5 $l $k !# :F Mx MQ %& %# %s %I %& (R W) $O !" F~ $l ;R $N 4X ?t $r :F Mx MQ $9 $k $? $a $K !" $I $N 4X ?t $, $I $N 4X ?t $r 8F $S =P $7 $? $+ $r J] ;} $9 $k !# 3F %( %s %H %j $O RF $* $h $S RB $N 3F %( %s %H %j $N %$ %s %G %C %/ %9 $r J] ;} $9 $k ( ?^ 3) !# 4X ?t 4I M} I= (RF) $O !" RB $K EP O? $5 $l $F $$ $k 4X ?t $N %" %I %l %9 !" RB %( %s %H %j $K 6& DL $9 $k <g 5- 21 FI $_ =P $7 %" %I %l %9 $* $h $S =q $- 9~ $_ %" %I %l %9 $r J] ;} $9 $k ( ?^ 4) !# 3F %( %s %H %j @h F, $N %U %i %0 V $O !" 3F %( %s %H %j $N 6u $- >u 67 $r I= $9 !# LRU %+ %& %s %? $O !" 8e =R $9 $k RF %( %s %H %j $N CV $- 49 $( $N $? $a $K MQ $$ $i $l $k !# :F Mx MQ I= K\ BN (RB) $O !" F~ NO $G $" $k 0z ?t $H <g 5- 21 FI $_ =P $7 %G !< %? !" =P NO $G $" $k ?^ 3: :F Mx MQ %& %# %s %I %& (R W) 9

?^ 4: 4X ?t 4I M} I= (RF) $H :F Mx MQ I= K\ BN (RB) JV $j CM $H <g 5- 21 =q $- 9~ $_ %G !< %? !" $* $h $S !" 4X ?t $, 8F $S =P $5 $l $? ;~ $N %sp $N CM $r J] ;} $9 $k ( ?^ 4) !# 3F %( %s %H %j @h F, $N %U %i %0 V $O 3F %( %s %H %j $, !V EP O? 2D G= !W !V EP O? Cf !W !V EP O? :Q !W $N $I $N >u BV $K $" $k $+ $r I= $9 !# 1 $D $N 4X ?t $" $? $j $N RB %( %s %H %j ?t $O 0l Dj $G $" $j !" 4X ?t $N JB $S =g $O RF $H 0l CW $9 $k !# $^ $? !" <g 5- 21 FI $_ =P $7 $* $h $S =q $- 9~ $_ %G !< %? $N %" %I %l %9 $O RF $, J] ;} $7 $F $* $j !" F1 0l 4X ?t $K $* $1 $k %" %I %l %9 $O Ns $4 $H $K F1 0l $G $" $k !# $= $l $> $l $N %G !< %? $N %5 %$ %: $O 4 %P %$ %H $G $" $j !" <g 5- 21 FI $_ =P $7 %G !< %? $H =q $- 9~ $_ %G !< %? $N M- 8z %P %$ %H $r MASK CM $K $h $C $F I= $9 !# o�set $K I| 5" @h %" %I %l %9 $N %* %U %; %C %H $r J] B8 $9 $k !# I| 5" @h %" %I %l %9 $O 4X ?t $r 8F $S =P $7 $? call $b $7 $/ $O jmpl L? Na $N %" %I %l %9 $K o�set CM $r 2C $( $? $b $N $H $J $k !# LRU %+ %& %s %? $O 8e =R $9 $k RB %( %s %H %j $N CV $- 49 $( $N $? $a $K MQ $$ $i $l $k !# :F Mx MQ I= $K 4X $9 $k %Q %i %a !< %? $r 0J 2< $K Ns 5s $9 $k !# $= $l $> $l !" RFSIZE:RF $, J] ;} $9 $k %( %s %H %j ?t $N :G Bg !( RBSIZE:RB $, 1 4X ?t $" $? $j J] ;} $9 $k %( %s %H %j ?t $N :G Bg !# RB $N %( %s %H %j $N Am ?t $O RFSIZE*RBSIZE 8D $H $J $k !( RFPUR GETIME:RF $N LRU %+ %& %s %? $r %/ %j %" $9 $k 4V 3V !# RF $N ;2 >H 2s ?t $, $3 $N CM $K C# $9 $k $4 $H $K %+ %& %s %? $, %/ %j %" $5 $l $k !( RBPUR GETIME:RB $N LRU %+ %& %s %? $r %/ %j %" $9 $k 4V 3V !# RB $N ;2 >H 2s ?t $, $3 $N CM $K C# $9 $k $4 $H $K %+ %& %s %? $, %/ %j %" $5 $l $k !( MMRMAX:RB1 %( %s %H %j $, J] ;} $9 $k <g 5- 21 FI $_ =P $7 %G !< %? $N :G Bg ?t !( MMWMAX:RB1 %( %s %H %j $, J] ;} $9 $k <g 5- 21 =q $- 9~ $_ %G !< %? $N :G Bg ?t !( $G $" $k !# 10

4.2 :F Mx MQ 5! 9= $N F0 :n K\ @a $G $O !" :F Mx MQ 5! 9= $N F0 :n !" $* $h $S !" RF $H RB %( %s %H %j $N CV $- 49 $( %" %k %4 %j %: %‘ $K $D $$ $F =R $Y $k !# 4.2.1 4X ?t 8F $S =P $7 4X ?t $r 8F $S =P $9 call $b $7 $/ $O jmpl L? Na $, <B 9T $5 $l $k $H !" :F Mx MQ 5! 9= $O 4X ?t %" %I %l %9 $, RF $K EP O? $5 $l $F $$ $k $+ $I $& $+ D4 $Y $k !# 4X ?t %" %I %l %9 $, EP O? $5 $l $F $$ $J $$ >l 9g $O !" RF $K EP O? $9 $k !# A4 $F $N RF $, Kd $^ $C $F $$ $k >l 9g $K $O !" 4.2.4 $K <( $9 CV $- 49 $( %" %k %4 %j %: %‘ $K => $C $F 4{ B8 $N %( %s %H %j $r DI $$ =P $9 !# EP O? $5 $l $F $$ $? >l 9g $K $O !" F~ NO CM >r 7o $G $" $k 0z ?t $* $h $S <g 5- 21 FI $_ =P $7 %G !< %? $, 0l CW $9 $k RB %( %s %H %j $, B8 :_ $9 $k $+ $I $& $+ $r D4 $Y $k !# 3: Ev $9 $k %( %s %H %j $, $" $C $? >l 9g $K $O !" RB $K EP O? $5 $l $F $$ $k JV $j CM $* $h $S <g 5- 21 =q $- 9~ $_ %G !< %? $K => $C $F !" %l %8 %9 %? $* $h $S <g 5- 21 $N CM $r =q $- 49 $( !" PC $N CM $r I| 5" @h %" %I %l %9 $K =q $- 49 $( $k !# :F Mx MQ $G $- $J $$ >l 9g $K $O !" $^ $: !" >u BV $, !V EP O? 2D G= !W $G $" $k RB $r C5 $7 $F =i 4| 2= $7 !" >u BV $r !V EP O? Cf !W $K JQ $( $k !# A4 $F $N %( %s %H %j $, !V EP O? :Q !W $N >l 9g $O !" 4.2.4 $K <( $9 CV $- 49 $( %" %k %4 %j %: %‘ $K => $C $F 4{ B8 $N %( %s %H %j $r DI $$ =P $9 !# <! $K !" %sp $N CM $r RB $K EP O? $9 $k !# :G 8e $K !" EP O? $r 3+ ;O $7 $? RB %( %s %H %j $N %$ %s %G %C %/ %9 $r R W $K @Q $‘ !# R W $, 0l GU $K $J $C $? >l 9g $O !" :G $b >e 0L $N 4X ?t $r R W $+ $i :o =| $7 !" $= $N 4X ?t $N EP O? $r BG $A @Z $j !" RB %( %s %H %j $N >u BV $r !V EP O? 2D G= !W $K JQ $( $k !# 4.2.2 4X ?t K\ BN $N <B 9T 4X ?t $N :F Mx MQ $, $G $- $J $$ >l 9g !" 0z $- B3 $$ $F 4X ?t K\ BN $N <B 9T $r 3+ ;O $9 $k !# %l %8 %9 %? $d <g 5- 21 $r ;2 >H $9 $k $? $S $K !" 3.4 $K <( $7 $? H= JL J} K! $K => $C $F F~ NO CM $d =P NO CM $r RB $X EP O? $9 $k !# $? $@ $7 !" <g 5- 21 $N ;2 >H $O >e 0L 4X ?t $N F~ =P NO $G $b $" $k $N $G !" R W $K %$ %s %G %C %/ %9 $, J] ;} $5 $l $F $$ $k A4 $F $N RB $K $D $$ $F !" EP O? $, I, MW $+ $I $& $+ $N H= JL $r 9T $$ !" I, MW $G $" $l $P EP O? $9 $k !# $^ $? !" Bh 7 %o !< %I 0J 9_ $N 0z ?t $, $" $k >l 9g $d !" trap L? Na $K $h $C $F %7 %9 %F %‘ %3 !< %k $, 5/ $3 $C $? >l 9g $K $O !" R W $K %$ %s %G %C %/ %9 $, J] ;} $5 $l $F $$ $k A4 $F $N RB %( %s %H %j $N EP O? $r BG $A @Z $j !" $= $l $> $l $N %( %s %H %j $N >u BV $r !V EP O? 2D G= !W $K JQ $( $k !# 4.2.3 I| 5" Bh 1 %* %Z %i %s %I $, %i7(leaf 4X ?t $N >l 9g $O %o7) $G $" $j !" Bh 2 %* %Z %i %s %I $, %g0 $G $" $k jmpl L? Na $K $h $C $F 4X ?t 8F $S =P $7 $, =* N; $9 $k $H !" RB $X $N EP O? $O 40 N; $9 $k !# $^ $: !" RB $N >u BV $r !V EP O? Cf !W $+ $i !V EP O? :Q !W $K JQ $( $k !# <! $K !" EP O? $, 40 N; $7 $? 11

RB %( %s %H %j $N %$ %s %G %C %/ %9 $r R W $+ $i 9_ $m $9 !# $3 $N <j B3 $- $, 40 N; $9 $k $H EP O? $7 $? %( %s %H %j $O M- 8z $H $J $j !" 0J 9_ !" :F Mx MQ $K MQ $$ $k $3 $H $, $G $- $k !# 4.2.4 :F Mx MQ I= $N %( %s %H %j CV $- 49 $( %" %k %4 %j %: %‘ RB $b $7 $/ $O RF $K %( %s %H %j $r DI 2C $7 $F $$ $/ $H !" $$ $: $l RF $d RB $O 0l GU $K $J $k !# $5 $i $K EP O? $9 $k $? $a $K $O !" 4{ B8 $N %( %s %H %j $r DI $$ =P $9 I, MW $, @8 $8 $k !# K\ @a $G $O !" :F Mx MQ 5! 9= $K $* $1 $k CV $- 49 $( %" %k %4 %j %: %‘ $K $D $$ $F =R $Y $k !# A4 $F $N RF %( %s %H %j $K $O LRU %+ %& %s %? $, IU $$ $F $$ $k !# LR U %+ %& %s %? $N =i 4| CM $O 0 $G $" $j !" $= $N RF %( %s %H %j $, J] ;} $9 $k 4X ?t $N RB $N %R %C %H $K $h $C $F %$ %s %/ %j %a %s %H $5 $l $k !# $^ $? !" :G 8e $K EP O? $b $7 $/ $O ;H MQ $7 $? RB %( %s %H %j $N %9 %F %C %W ?t $b J] ;} $7 $F $$ $k !# %R %C %H 2s ?t $N B? $$ %( %s %H %j $d >J N, $G $- $k %9 %F %C %W ?t $N B? $$ %( %s %H %j $O M- MQ $G $" $k $H 9M $( !" LRU %+ %& %s %? $H %9 %F %C %W ?t $N @Q $, :G >. $N $b $N $r M% @h $7 $F DI $$ =P $9 !# $7 $+ $7 !" $7 $P $i $/ %R %C %H $7 $F $$ $J $$ 4X ?t $O :# 8e $b %R %C %H $9 $k 2D G= @- $, Dc $$ $H H= CG $7 !" RF $X $N ;2 >H $, 0l Dj 2s ?t (RFPURGETIME) $K C# $9 $k $H LRU %+ %& %s %? $r %/ %j %" $9 $k !# F1 MM $K !" A4 $F $N RB %( %s %H %j $K $b LR U %+ %& %s %? $, $" $k !# LRU %+ %& %s %? $N =i 4| CM $O 0 $G $" $j !" RB %( %s %H %j $N %R %C %H $* $h $S EP O? $K $h $C $F %$ %s %/ %j %a %s %H $5 $l $k !# %R %C %H 2s ?t $N B? $$ %( %s %H %j $O M- MQ $G $" $k $H 9M $( !" LRU %+ %& %s %? $N CM $, :G >. $N $b $N $r M% @h $7 $F DI $$ =P $9 !# $7 $+ $7 !" RF $N >l 9g $H F1 MM $N H= CG $+ $i !" F1 0l 4X ?t $G $" $k RB %( %s %H %j $N ;2 >H $, 0l Dj 2s ?t (RBPURGETIME) $K C# $9 $k $H LRU %+ %& %s %? $r %/ %j %" $9 $k !# Bh 5 >O I> 2A 5.1 %O !< %I %& %’ %" 9= @. $N 2> Dj 0z ?t $* $h $S <g 5- 21 FI $_ =P $7 %G !< %? $H RB $N Fb MF $H $N Hf 3S $K $O CAM $r MQ $$ $k $3 $H $r A[ Dj $7 !" %O !< %I %& %’ %" 9= @. $r ?^ 5 $N $h $& $K 2> Dj $7 $? !# 8F $S =P $5 $l $h $& $H $9 $k 4X ?t $, :F Mx MQ 2D G= $+ $I $& $+ $N H= Dj $* $h $S :F Mx MQ $N <j =g $O 0J 2< $N DL $j $G $" $k !# 1. 4X ?t %" %I %l %9 $, 0l CW $9 $k RF %( %s %H %j $r C5 $9 !# 2. 0z ?t $, A4 $F 0l CW $9 $k RB %( %s %H %j $r C5 $9 !# 3. >/ $J $/ $H $b 0l $D $N MASK CM $, M- 8z $G $" $k RF $N FI $_ =P $7 %" %I %l %9 $K $D $$ $F !" RB $N CM $H <g 5- 21 $N Hf 3S $r 9T $& !# 12

?^ 5: :F Mx MQ I= $N %O !< %I %& %’ %" 9= @. 4. MASK CM $, M- 8z $G $" $k A4 $F $N CM $, 0l CW $7 $? >l 9g $K $O !" =q $- 9~ $_ %G !< %? $H JV $j CM $r <g 5- 21 $* $h $S %l %8 %9 %? $K 3J G< $9 $k !# 5. PC $N CM $r 4X ?t $r 8F $S =P $7 $? call $b $7 $/ $O jmpl L? Na $N %" %I %l %9 $K o�set $N CM $r 2C $( $? $b $N $H $9 $k !# 0J >e $h $j !" $3 $l $i $N F0 :n $K MW $9 $k %5 %$ %/ %k ?t $r I= 1 $N $h $& $K 2> Dj $7 $? !# $3 $N $h $& $J %7 %_ %e %l !< %? $r :n @. $7 !" I> 2A $r 9T $C $? !# 5.2 %Y %s %A %^ !< %/ %W %m %0 %i %‘ $N 35 MW $H M= A[ $5 $l $k 7k 2L I> 2A $K $O Stanford-in teger $* $h $S SPEC CINT95 $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 $? !# 0J 2< $G $O !" 3F %W %m %0 %i %‘ $N 35 MW $* $h $S M= A[ $5 $l $k :F Mx MQ $N 8z 2L $K $D $$ $F =R $Y $k !# 5.2.1 Stanford-integer Stanford-integer $O 0J 2< $N 10 <o N‘ $N %5 %V %k !< %A %s $+ $i @. $k %W %m %0 %i %‘ $G $" $k !# Stanford-integer $N $= $l $> $l $N %5 %V %k !< %A %s $r 0l $D $N %W %m %0 %i %‘ $H $7 $F %3 %s %Q %$ %k $7 D> $7 !" 10 8D $N %W %m %0 %i %‘ $H $7 $F B, Dj $r 9T $C $? !# $? $@ $7 !" FFT $H Queens $K $O F1 $8 =h M} $r $= $l $> $l 20 2s $H 50 2s 7+ $j JV $9 %k !< %W $, $" $j !" $= $N $^ $^ $G $O L5 0U L# $K :F Mx MQ $N 8z 2L $, 9b $/ $J $k $? $a !" N> J} $H $b =h M} $r 1 2s $@ $1 9T $& $h $& $K %W %m %0 %i %‘ $r JQ 99 $7 $? !# 0J 2< $K $= $l $> $l $N %W %m %0 %i %‘ $N 35 MW $* $h $S M= A[ $5 $l $k :F Mx MQ 13

I= 1: %7 %_ %e %l !< %? $N 3F %Q %i %a !< %? %G !< %? %- %c %C %7 %e MF NL 64Kbyte %i %$ %s %5 %$ %: 64byte %& %’ %$ ?t 4 %- %c %C %7 %e %_ %9 %Z %J %k %F %# 20cycle %l %8 %9 %? %& %# %s %I %& %& %# %s %I %& ?t 6 %& %# %s %I %& %_ %9 %Z %J %k %F %# 20cycle L? Na %l %$ %F %s %7 %m !< %I %l %$ %F %s %7 2cycle @0 ?t >h ;; !7 8cycle @0 ?t =| ;; !7 70cycle Ib F0 >. ?t E@ 2C 8: 1i ;; !7 4cycle C1 @: EY Ib F0 >. ?t E@ =| ;; !7 16cycle G\ @: EY Ib F0 >. ?t E@ =| ;; !7 19cycle :F Mx MQ I= R W $N :G Bg ?t 6 0z ?t Hf 3S 1cycle <g 5- 21 FI $_ =P $7 %G !< %? $H %- %c %C %7 %e $N Hf 3S 4byte/cycle <g 5- 21 =q $- 9~ $_ %G !< %? $+ $i %- %c %C %7 %e $X $N =q $- 9~ $_ 4byte/cycle JV $j CM =q $- 9~ $_ 1cycle $N 8z 2L $K $D $$ $F =R $Y $k !# Perm :F 5" E* $K G[ Ns >e $N CM $N F~ $l BX $( $r 9T $& !# G[ Ns >e $N 2 CM $r F~ $l BX $( $k 4X ?t $, 2? EY $b 8F $P $l $k !# 2 CM $N >l =j $H CM $, 0l CW $9 $l $P :F Mx MQ $, 2D G= $G $" $j !" $" $k Dx EY $O :F Mx MQ $N 8z 2L $, $" $k $H M= A[ $5 $l $k !# T o w er %O %N %$ $N Ec Ld Bj $r 2r $/ !# %G %# %9 %/ $r CV $/ 4X ?t $* $h $S ;} $A >e $2 $k 4X ?t $, 2? EY $b 8F $P $l $k !# %G %# %9 %/ $N Bg $- $5 $H A‘ :n $7 $h $& $H $9 $k Ec $N >u BV ( 0l HV >e $K $" $k %G %# %9 %/ $N Bg $- $5 !" @Q $^ $l $F $$ $k %G %# %9 %/ $N ?t ) $, 0l CW $9 $l $P :F Mx MQ $, 2D G= $G $" $j !" == J, $K :F Mx MQ $N 8z 2L $, 8= $l $k $3 $H $, M= A[ $5 $l $k !# 14

Queen 8 $D $N %/ %$ !< %s $r $* 8_ $$ $, <h $l $J $$ 0L CV $K CV $/ 8 %/ %$ !< %s Ld Bj $r 2r $/ !# %/ %$ !< %s $r CV $1 $k $+ $I $& $+ $N H= Dj $9 $k 4X ?t $, 2? EY $b 8F $P $l $k !# CV $1 $J $$ >l =j $N >u 67 $, 0l CW $9 $l $P :F Mx MQ $, 2D G= $G $" $k !# $7 $+ $7 !" %A %’ %9 HW $O $5 $[ $I Bg $- $/ $J $$ $N $G !" :F Mx MQ $, $G $- $? $H $7 $F $b Bg $- $J 8z 2L $O K> $a $J $$ $H M= A[ $5 $l $k !# Intmm,Mm $= $l $> $l @0 ?t !" Ib F0 >. ?t $N 9T Ns @Q $r 7W ;; $9 $k !# 7W ;; 7k 2L $O ?7 $7 $$ 2 <! 85 G[ Ns $K 3J G< $5 $l $F $$ $/ $? $a !" :F Mx MQ $N M> CO $O $J $$ $H M= A[ $5 $l $k !# Puzzle N) J} BN 6u 4V $N Cf $K M? $( $i $l $? %T !< %9 $r $D $a $F $$ $/ %Q %: %k $r 2r $/ !# @. 8y $9 $k $^ $G ;n 9T :x 8m $9 $k $? $a !" %T !< %9 $r $D $a $k 4X ?t $H 30 $9 4X ?t $, 2? EY $b 8F $P $l $k !# %T !< %9 $N <o N‘ $H $D $a $h $& $H $9 $k >l =j $N >u 67 $, 0l CW $9 $l $P :F Mx MQ $, 2D G= $G $" $k !# F1 $8 A‘ :n $, 7+ $j JV $5 $l !" :F Mx MQ $N 8z 2L $, Bg $- $/ 8= $l $k $3 $H $, M= A[ $5 $l $k !# Quick %/ %$ %C %/ %= !< %H $r 9T $& !# %= !< %H $O 4X ?t $r :F 5" E* $K 8F $S =P $9 $3 $H $K $h $C $F 9T $o $l $k $, !" F1 $8 ?t Ns $r 7+ $j JV $7 %= !< %H $9 $k $3 $H $O $J $/ !" :F Mx MQ $N 8z 2L $O $J $$ $H M= A[ $5 $l $k !# T ree %R !< %W %= !< %H $r 9T $& !# %N !< %I $r %D %j !< $N :, $K DI 2C $7 $F %= !< %H $9 $k 4X ?t $, 7+ $j JV $7 8F $P $l $k !# $7 $+ $7 !" %N !< %I $r DI 2C $9 $k ;~ E@ $G $N %D %j !< $O >o $K %= !< %H $5 $l $? >u BV $G $" $j !" F1 $8 >u BV $K F1 $8 CM $N %N !< %I $r DI 2C $9 $k $3 $H $, $" $j $( $: !" :F Mx MQ $N 8z 2L $O $J $$ $H M= A[ $5 $l $k !# Bubble %P %V %k %= !< %H $r 9T $& !# 4X ?t 8F $S =P $7 $r H< $o $: $K %= !< %H $r 9T $& $? $a !" :F Mx MQ $N 8z 2L $O $J $$ $H M= A[ $5 $l $k !# FFT 9b B. %U !< %j %( JQ 49 $r 9T $& !# 0l $D $N 4X ?t $, 8F $P $l $k $@ $1 $G $" $j !" :F Mx MQ $N 8z 2L $O $J $$ $H M= A[ $5 $l $k !# 5.2.2 SPEC CINT95 SPEC CINT95 $O 0J 2< $N 8 <o N‘ $N %W %m %0 %i %‘ $+ $i @. $k !# $= $l $> $l $N %W %m %0 %i %‘ $O ref,train,test $N 3 $D $+ $i @. $j !" ref $, :G $b <B 9T ;~ 4V $, D9 $/ !" test $, :G $b C; $$ !# K\ O@ J8 $G $O %7 %_ %e %l !< %7 %g %s ;~ 4V C; =L $N $? $a $K test $r MQ $$ $? !# 099.go 9q :] %i %s %/ $N 0O 8k $N %W %m %0 %i %‘ !# NY @\ $9 $k 6u Gr NN 0h $d 0B A4 $J NN 0h !" 4m 81 $J NN 0h !" NY @\ $9 $k NN 0h !" L\ $J $I $N >u 67 $r %j %9 %H $G 5- 21 $7 $F $* $j !" $= $N %j %9 %H $N A‘ :n ( DI 2C !" :o =| !" A4 >C 5n !" %3 %T !< !" %^ !< %8 ) $, =h M} $N H> J, 0J >e $r @j $a $k !# :F Mx MQ $N $? $a $K $O %j %9 %H $N >u BV $, !" DI 2C $d :o =| $G $O 0l It !" $= $l 0J 30 $G $O A4 It 0l CW $9 $k I, MW $, $" $k $? $a !" :F Mx MQ $G $- $k 6I LL $, >/ $J $/ !" 8z 2L $O >. $5 $$ $H M= A[ $5 $l $k !# 15

124.m88ksin %b %H %m !< %i 88100 %^ %$ %/ %m %W %m %; %C %5 $N %7 %_ %e %l !< %? !# %7 %_ %e %l !< %? >e $G <B 9T $9 $k %W %m %0 %i %‘ $K %G !< %? 0M B8 $, $" $C $? >l 9g $K !" 8e B3 L? Na $, $I $l $@ $1 BT $D I, MW $, $" $k $+ $r 7W ;; $9 $k 4X ?t $H !" L? Na <B 9T $4 $H $K %V %l !< %/ %] %$ %s %H $N H= Dj $r 9T $& 4X ?t $, !" <B 9T L? Na ?t $N H> J, 0J >e $r @j $a $k !# A0 <T $N F~ NO $O <B 9T Cf $N L? Na $N >u BV $G $" $j !" =P NO $O BT $D $Y $- %5 %$ %/ %k ?t $G $" $k $? $a !" :F Mx MQ $, 2D G= $G $" $k !# 8e <T $N F~ NO $O L? Na $N %" %I %l %9 $G $" $j !" =P NO $O H= Dj 7k 2L $G $" $k !# %V %l !< %/ %] %$ %s %H $, B8 :_ $7 $? >l 9g $O I8 =‘ =P NO $b $7 $/ $O %U %! %$ %k $X $N =P NO $, H/ @8 $9 $k $N $G :F Mx MQ $G $- $J $$ !# B8 :_ $7 $J $+ $C $? >l 9g $O :F Mx MQ $, 2D G= $G $" $k !# %7 %_ %e %l !< %? >e $G <B 9T $9 $k %W %m %0 %i %‘ $K %k !< %W $, B? $$ >l 9g $K :F Mx MQ $N 8z 2L $, 9b $/ $J $k $3 $H $, M= A[ $5 $l $k !# 126.gcc GNU C %3 %s %Q %$ %i $N %P !< %8 %g %s 2.5.3 !# 8F $P $l $k 4X ?t $K JP $j $O $J $$ $, !" F1 $8 J8 ;z Ns $N %3 %s %Q %$ %k $r 7+ $j JV $9 >l 9g $, $" $j !" :F Mx MQ $N 8z 2L $, $" $k Dx EY 8= $l $k $3 $H $, M= A[ $5 $l $k !# 129.compress %a %b %j >e $G $N %U %! %$ %k $N 05 =L $* $h $S ?- D% $r 9T $& !# <g 5- 21 $N =i 4| 2= $, <B 9T L? Na ?t $N Bg It J, $r @j $a $k !# $3 $N 4X ?t $O 69000 8D $N Bg 0h JQ ?t $r 0l EY $K =i 4| 2= $9 $k $? $a !" RB $K EP O? $9 $k $3 $H $, $G $- $: !" :F Mx MQ $G $- $J $$ !# <! $K <B 9T L? Na ?t $, B? $$ $N $O !" %3 !< %I $r 0l $D FI $_ 9~ $s $G $= $N %3 !< %I $, EOF $+ $I $& $+ $r H= Dj $7 !" EOF $G $J $1 $l $P F~ NO $r $= $N $^ $^ JV $9 4X ?t $G $" $k !# F~ NO $H $J $k %3 !< %I $N <o N‘ $O $5 $[ $I B? $/ $J $$ $? $a !" $3 $N 4X ?t $K BP $7 $F $O == J, $K :F Mx MQ $N 8z 2L $, $" $k $H ;W $o $l $k !# A4 BN $H $7 $F $" $k Dx EY $N 8z 2L $, M= A[ $5 $l $k !# 130.li Lisp %$ %s %? !< %W %j %? !# =h M} $N H> J, 6a $/ $, J8 ;z Ns $N FI $_ 9~ $_ $H <0 I> 2A $G @j $a $i $l $k !# J8 ;z Ns $N FI $_ 9~ $_ $O trap L? Na $r H< $& $? $a !" :F Mx MQ $G $- $J $$ !# <0 I> 2A $O F1 $8 <0 $r 7+ $j JV $7 I> 2A $9 $k >l 9g $, $" $j !" :F Mx MQ $, 2D G= $G $" $k !# A4 BN $H $7 $F $O $" $k Dx EY $N 8z 2L $, 8= $l $k $3 $H $, M= A[ $5 $l $k !# 132.ijp eg %a %b %j >e $G $N 2h A| 05 =L $* $h $S ?- D% $r 9T $& !# <B 9T $N Bg It J, $O 2h A| $N NL ;R 2= $* $h $S %3 %5 %$ %s JQ 49 !" %@ %& %s %5 %s %W %j %s %0 !" RGB $+ $i YCC $X $N JQ 49 !" %O %U %^ %s Id 9f 2= !" 5U NL ;R 2= $* $h $S 5U %3 %5 %$ %s JQ 49 $r 9T $& 3F 4X ?t $K $h $C $F @j $a $i $l $k !# $3 $l $i $N 4X ?t $O 8*8 %T %/ %; %k $r BP >] $H $7 !" ?’ $N ?< EY $O 16 %S %C %H $G $" $k !# $= $N $? $a F~ NO CM $, 0l CW $9 $k 2D G= @- $O Dc $/ !" :F Mx MQ $N 8z 2L $O Gv $$ $H M= A[ $5 $l $k !# 134.p erl P erl $N %$ %s %? %W %j %? !# J# ?t $N J8 ;z Ns $, M? $( $i $l !" $= $l $> $l $N J8 ;z Ns $N J8 ;z $N =g HV $r %i %s %@ %‘ $K F~ $l BX $( $k jum ble %9 %/ %j %W %H $H AG ?t $r 5a $a $k 16 prime %9 %/ %j %W %H $r <B 9T $9 $k !# mallo c 4X ?t $, B? $/ 8F $P $l $k !# mallo c 4X ?t $O 7+ $j JV $7 8F $P $l $? >l 9g $G $" $C $F $b 7k 2L $O Bg 0h JQ ?t $N NN 0h $N >u BV $K 0M B8 $9 $k $? $a !" 0z ?t $, F1 $8 $G $b JV $j CM $O 0l CW $; $: !" :F Mx MQ $G $- $J $$ !# %W %m %0 %i %‘ A4 BN $N :F Mx MQ $N 8z 2L $O %$ %s %? %W %j %? >e $G <B 9T $9 $k %9 %/ %j %W %H $N <o N‘ $K 0M $k !# jumble $G $O <g 5- 21 >e $N CM $N F~ $l BX $( $, IQ HK $K 5/ $3 $k $, !" C1 0l J8 ;z Ns $, BP >] $G $J $$ $? $a !" $" $^ $j :F Mx MQ $N 8z 2L $O $J $$ $H M= A[ $5 $l $k !# prime $G $O F~ NO $K BP $7 $F @5 5, I= 8= $r MQ $$ $F ?t ;z $N It J, $@ $1 $r Cj =P $7 $F $+ $i AG ?t $N H= Dj $r 9T $& !# F~ NO $5 $l $k J8 ;z Ns $O A4 $F F1 $8 $h $& $J %Q %? !< %s $G $" $k $? $a $K !" ?t ;z $N Cj =P $N It J, $G :F Mx MQ $, 2D G= $G $" $j !" B? >/ $N 8z 2L $, M= A[ $5 $l $k !# 147.vortex %* %V %8 %’ %/ %H ;X 8~ %G !< %? %Y !< %9 !# %* %V %8 %’ %/ %H ;X 8~ %W %m %0 %i %‘ $K $* $$ $F $O !" Dj ?t $b %* %V %8 %’ %/ %H 2= $9 $k $? $a $K !" CM $N 6I =j @- $, @8 $8 $k !# $h $C $F $" $k Dx EY $N 8z 2L $, M= B, $5 $l $k !# 5.3 B, Dj 7k 2L 5.3.1 Stanford-integer $^ $: !" %5 %$ %: $N >. $5 $$ Stanford-integer $r MQ $$ $F 7W B, $r 9T $C $? !# FFT,Mm,Intmm, Bubble,Quick,T ree $K $D $$ $F $O M= A[ $7 $? DL $j A4 $/ 8z 2L $, $J $+ $C $? $? $a !" %0 %i %U $O >J N, $7 $? !# $^ $: !" RBSIZE $* $h $S RBPUR GETIME $H :o 8: N( $N 4X 78 $K $D $$ $F <( $9 !# RB Fb $K 5- 21 $G $- $k %( %s %H %j ?t $G $" $k RBSIZE !" $* $h $S CV $- 49 $( %" %k %4 %j %: %‘ $K $* $$ $F LRU %+ %& %s %? $r %/ %j %" $9 $k 4V 3V $G $" $k RBPURGETIME $H :o 8: N( $N 4X 78 $K $D $$ $F I> 2A $r 9T $C $? !# 7k 2L $r ?^ 6{9 $K <( $9 !# RBSIZE,RBPUR GETIME 0J 30 $N %Q %i %a !< %? $O !" RFSIZE=32,MMRMAX=1024,MMWMAX=1024 $H $7 $? !# I> 2A $K $O !" :F Mx MQ $r 9T $o $J $+ $C $? >l 9g $K MW $9 $k %5 %$ %/ %k ?t $K BP $9 $k !" >J N, $G $- $k %5 %$ %/ %k ?t $N Hf $r MQ $$ $? !# Stanford-integer $G $O !" RBSIZE $, 256 $" $l $P == J, $J 8z 2L $, $" $k !# $^ $? !" $3 $N 7k 2L $+ $i RBPURGETIME $O RBSIZE $N 2 G\ $H $9 $k $3 $H $K $7 $? !# 0J 2< $G $O RBPURGETIME $O RBSIZE $N 2 G\ $H $9 $k !# $3 $N 7k 2L $K Jo $$ !" RFPUR GETIME $b RFSIZE $N 2 G\ $H $7 $? !# <! $K MMRMAX,MMWMAX $H :o 8: N( $N 4X 78 $r D4 $Y $? !# MMRMAX $H :o 8: N( $N 4X 78 $r ?^ 10 $K !" MMWMAX $H :o 8: N( $N 4X 78 $r ?^ 11 $K <( $9 !# MMRMAX, MMWMAX 0J 30 $N %Q %i %a !< %? $O RFSIZE=32,RBSIZE=512 $H $7 $? !# 17

?^ 6: Perm ?^ 7: Puzzle ?^ 8: Queens ?^ 9: T o w ers ?^ 10: MMRMAX $H :o 8: N( $N 4X 78 ?^ 11: MMWMAX $H :o 8: N( $N 4X 78 Stanford-integer $K $* $$ $F $O MMRMAX $O 150 $[ $I $" $l $P == J, $J 8z 2L $, $" $k !# $^ $? !" MMWMAX $O Puzzle 0J 30 $G $O 50 $[ $I $" $l $P == J, $G $" $k $, !" Puzzle 4X ?t $K $* $$ $F == J, $J 8z 2L $r =P $9 $? $a $K $O !" 1000 !A 2000 $[ $I I, MW $H $J $k $3 $H $, J, $+ $C $? !# 5.3.2 SPEC CINT95 B3 $$ $F SPEC CINT95 $K $h $k I> 2A $r 9T $C $? !# Stanford-integer $N 7k 2L $r F’ $^ $( !" RFSIZE=32,RBSIZE=256 $H $7 $? !# MMRMAX $H MMWMAX $r Ey $7 $/ $7 $F JQ 2= $5 $; $? ;~ $N :o 8: N( $H $N 4X 78 $r ?^ 12 $K <( $9 !# CM $O Stanford-integer $N >l 9g 18

?^ 12: CINT I= 2: MMRMAX $* $h $S MMWMAX $H %& %# %s %I %& %_ %9 2s ?t $N 4X 78 :F Mx MQ 64 128 256 512 1024 $J $7 126.gcc 897076 792804 786106 780362 775004 771388 (100) (88.4) (87.6) (87.0) (86.4) (86.0) 130.li 5512368 5378576 5284514 5083052 4757450 4625798 (100) (97.6) (95.9) (92.2) (86.3) (83.9) 134.p erl 27383 20961 20929 20925 20923 20939 (prime) (100) (76.5) (76.4) (76.4) (76.4) (76.5) 147.vortex 16841217 15391291 14757091 13967097 13826801 13829533 (100) (91.4) (87.6) (82.9) (82.1) (82.1) F1 MM !" :F Mx MQ $r 9T $o $J $+ $C $? >l 9g $K MW $9 $k %5 %$ %/ %k ?t $K BP $9 $k !" >J N, $G $- $k %5 %$ %/ %k ?t $N Hf $G $" $k !# 132.ijp eg $G CM $, Ii $K $J $C $F $$ $k $N $r =| $1 $P !" A4 $F $N %Y %s %A %^ !< %/ $K $* $$ $F 8z 2L $, =P $F $$ $k !# FC $K 130.li,134.p erl(prime),124.m88ksim,147.v ortex $G $O :G Bg $G 20% 0J >e $N 9b $$ 8z 2L $, F@ $i $l $? !# $[ $H $s $I $N %Y %s %A %^ !< %/ $G $O MMRMAX $* $h $S MMWMAX $N CM $, Bg $- $/ $J $k $K => $C $F :F Mx MQ $N 8z 2L $O 9b $/ $J $C $F $$ $k !# 19 compress $O MMRMAX $* $h $S MMWMAX $N Bg $- $5 $K 1F 6A $r <u $1 $F $$ $J $$ !# CINT A4 BN $H $7 $F $O MMRMAX $* $h $S MMWMAX $N CM $O 512 $[ $I $" $l $P == J, $J 8z 2L $, F@ $i $l $k $3 $H $, J, $+ $C $? !# $^ $? !" $3 $N ;~ $N %- %c %C %7 %e %_ %9 $* $h $S %& %# %s %I %& %_ %9 $N 2s ?t $b 7W B, $7 $? !# %- %c %C %7 %e %_ %9 $K $D $$ $F $O :F Mx MQ $r 9T $C $? >l 9g $H 9T $o $J $+ $C $? >l 9g $K Bg $- $J :9 $O $J $+ $C $? !# %& %# %s %I %& %_ %9 $K $D $$ $F $N 7k 2L $r I= 2 $K <( $9 !# >e CJ $N ?t CM $O MMRMAX $* $h $S MMWMAX $N CM $G $" $j !" %+ %C %3 Fb $O :F Mx MQ $r 9T $o $J $+ $C $? >l 9g $N CM $K BP $9 $k 3d 9g $G $" $k !# $J $* !" JQ 2= $N $J $+ $C $? 129.compare,132.ijp eg,134.p erl(jumble),099.go $* $h $S 85 !9 $N %& %# %s %I %& %_ %9 ?t $, >/ $J $+ $C $? 124.m88ksim $K $D $$ $F $O >J N, $7 $? !# <( $7 $? A4 $F $N %Y %s %A %^ !< %/ $K $* $$ $F !" MMRMAX $* $h $S MMWMAX $, A} 2C $9 $k $K => $C $F %& %# %s %I %& %_ %9 ?t $, $* $* $‘ $M 8: >/ $7 $F $* $j !" :G Bg $G 20% A0 8e $N %& %# %s %I %& %_ %9 $, >J N, $5 $l $F $$ $k !# 5.4 9M ;! Stanford-integer $K $* $$ $F $O !" :F Mx MQ $N 8z 2L $N $" $k %W %m %0 %i %‘ $H $J $$ %W %m %0 %i %‘ $N 7k 2L $K Bg $- $J :9 $, @8 $8 $? !# $3 $l $O $= $l $> $l $N %W %m %0 %i %‘ $N %5 %$ %: $, >. $5 $/ !" 4X ?t $, >/ $J $$ $? $a $G $" $k $H 9M $( $i $l $k !# Stanford-integer $N B> $N %Y %s %A %^ !< %/ $K Hf $Y $F !" Puzzle $G $O == J, $K 8z 2L $r =P $9 $? $a $K I, MW $J MMRMAX $N CM $, 6K C< $K Bg $- $$ !# $3 $l $O !" Puzzle $K B? $/ $N %" %I %l %9 $+ $i $N <g 5- 21 FI $_ =P $7 $r H< $& 4X ?t $, B8 :_ $7 !" $= $l $> $l $N 4X ?t $, 0[ $J $C $? %" %I %l %9 $N CM $r FI $_ =P $9 $? $a $G $" $k !# $3 $N $h $& $J 4X ?t $G $O !" RBSIZE $r Bg $- $/ $7 $? $H $7 $F $b !" RF $K EP O? $G $- $k %" %I %l %9 ?t $K 8B $j $, $" $k $? $a $K !" :F Mx MQ $N 8z 2L $O >e >: $7 $J $$ !# SPEC CINT95 $K $* $$ $F !" MMRMAX $* $h $S MMWMAX $N CM $r Bg $- $/ $7 $9 $. $k $H :F Mx MQ $N 8z 2L $, 0- 2= $9 $k >l 9g $, $" $k !# $3 $l $O EP O? $G $- $k <g 5- 21 FI $_ =P $7 $* $h $S =q $- 9~ $_ $N ?t $, A} 2C $9 $k $3 $H $K H< $C $F RB $K EP O? $G $- $k 4X ?t $N ?t $, A} $( $k $? $a $K !" $= $l $i $N EP O? $* $h $S <g 5- 21 CM Hf 3S $N 2s ?t $, A} $( $k $N $K BP $7 !" :F Mx MQ $G $- $k 4X ?t $N ?t $, A} 2C $7 $F $$ $J $$ $? $a $G $" $k !# $3 $N $3 $H $+ $i !" MMRMAX $* $h $S MMWMAX $N CM $O $" $^ $j Bg $- $/ $7 $9 $. $J $$ J} $, $h $$ $H 9M $( $i $l $k !# 129.com- press $G $O !" MMRMAX $* $h $S MMWMAX $N CM $r JQ 2= $5 $; $F $b :F Mx MQ $N 8z 2L $K JQ 2= $O @8 $8 $F $$ $J $$ !# $3 $l $O 4X ?t $N ?t $, >/ $J $/ !" MMRMAX $* $h $S MMWMAX $, A} 2C $7 $F $b EP O? $G $- $k 4X ?t $N ?t $, A} $( $J $$ $? $a $H 9M $( $i $l $k !# 20

?^ 2 $K <( $7 $? $h $& $K !" :F Mx MQ $K $h $C $F %& %# %s %I %& %_ %9 $, 8: >/ $9 $k %Y %s %A %^ !< %/ $O A4 $F 20% A0 8e $N 8: >/ $r 8+ $; $F $* $j !" :F Mx MQ $K %& %# %s %I %& %_ %9 $r 8: $i $9 8z 2L $, $" $k $H $$ $& $3 $H $, 8@ $( $k !# $^ $? !" %& %# %s %I %& %_ %9 $, Bg I} $K 8: >/ $7 $F $$ $k %Y %s %A %^ !< %/ $O A4 BN $H $7 $F $N :F Mx MQ $N 8z 2L $b 9b $/ $J $C $F $$ $k $H $$ $& Aj 4X 4X 78 $, 8+ $i $l $k !# $3 $l $K BP $7 !" :F Mx MQ $O %- %c %C %7 %e %_ %9 $K Bg $- $J 1F 6A $r 5Z $\ $5 $J $$ !# 0J >e $N 7k 2L $h $j !" 4X ?t C1 0L $N CM :F Mx MQ $O %W %m %0 %i %‘ $N <B 9T $r 9b B. 2= $G $- $k $H 8@ $( $k !# $7 $+ $7 !" %W %m %0 %i %‘ $K $h $C $F 8z 2L $O $^ $A $^ $A $G $" $j !" 0B Dj $7 $? 8z 2L $r F@ $i $l $k $H $O 8@ $$ Fq $$ !# 7+ $j JV $7 =h M} $r H< $& %$ %s %? %W %j %? $d %7 %_ %e %l !< %? $J $I $N %W %m %0 %i %‘ $d !" CM $K 6I =j @- $N B8 :_ $9 $k %* %V %8 %’ %/ %H ;X 8~ %W %m %0 %i %‘ $K $D $$ $F $O :F Mx MQ $N 8z 2L $, 9b $$ $, !# F~ NO CM $N %Q %? !< %s $, KD Bg $G $" $k 2h A| =h M} $d !" >u 67 $, 9o 0l 9o $H JQ 2= $7 !" F~ NO CM $, @d $( 4V $J $/ JQ 2= $9 $k %2 !< %‘ $J $I $N %W %m %0 %i %‘ $G $O :F Mx MQ $N 8z 2L $O Dc $/ $J $C $F $$ $k !# $3 $l $i $N %W %m %0 %i %‘ $r 9b B. 2= $9 $k $? $a $K $O !" F~ NO CM $r M= B, $7 $F 4X ?t $r Ej 5! E* $K <B 9T $7 !" $= $N 7k 2L $r RB $K A0 $b $C $F EP O? $7 $F $* $/ !" $J $I $N <j K! $r AH $_ 9g $o $; $F $$ $/ I, MW $, $" $k $H 9M $( $i $l $k !# Bh 6 >O $* $o $j $K K\ O@ J8 $G $O !" SP AR C %" !< %- %F %/ %A %c $K $* $$ $F !" 4X ?t $r C1 0L $H $9 $k CM :F Mx MQ $r @l MQ L? Na $J $7 $K <B 8= $9 $k %O !< %I %& %’ %" 5! 9= $N Ds 0F $* $h $S I> 2A $r 9T $C $? !# CM :F Mx MQ $r 9T $& $3 $H $K $h $j !" %5 %$ %/ %k ?t $K $7 $F Stanford-integer $G $O :G Bg $G 63.3% !" SPEC CINT $G $O :G Bg $G 27.6% $N 9b B. 2= $, 2D G= $G $" $k $3 $H $, L@ $i $+ $K $J $C $? !# $^ $? !" :F Mx MQ $K $h $C $F :G Bg $G 20% 6a $/ $N %& %# %s %I %& %_ %9 $r 8: $i $; $k $H $$ $& $3 $H !" CM :F Mx MQ $O %- %c %C %7 %e %_ %9 $K 1F 6A $r 5Z $\ $5 $J $$ $H $$ $& $3 $H !" %& %# %s %I %& %_ %9 $, Bg I} $K 8: >/ $7 $F $$ $k %W %m %0 %i %‘ $O A4 BN $H $7 $F $N CM :F Mx MQ $N 8z 2L $b 9b $$ $H $$ $& Aj 4X 4X 78 $, $" $k $3 $H $b J, $+ $C $? !# FC $K !" 7+ $j JV $7 =h M} $r H< $& %$ %s %? %W %j %? $d %7 %_ %e %l !< %? $J $I $N %W %m %0 %i %‘ $d !" CM $K 6I =j @- $, B8 :_ $9 $k %* %V %8 %’ %/ %H ;X 8~ %W %m %0 %i %‘ $G $N :F Mx MQ $N 8z 2L $O 9b $/ !" $3 $N <o $N %W %m %0 %i %‘ $, :F Mx MQ $K E, $7 $F $$ $k $H $$ $& $3 $H $b J, $+ $C $? !# $7 $+ $7 !" :F Mx MQ $N 8z 2L $O %W %m %0 %i %‘ $K $h $C $F $^ $A $^ $A $G $" $j !" 0B Dj $7 $? 8z 2L $r F@ $i $l $k $H $O 8@ $$ Fq $$ !# F~ NO $N %Q %? !< %s $, KD Bg $G $" $k 2h A| =h M} $N $h $& $J %W %m %0 %i %‘ $d !" F~ NO $, JQ 2= $7 B3 $1 $k %2 !< %‘ $N $h $& $J %W %m %0 %i %‘ $K BP $7 $F $O !" %Q %i %a !< %? $r $I $N $h $& $K @_ Dj $7 $F $b :F Mx MQ $N 8z 2L $O >e $, $i $: !" 5U $K M> 7W $J RB %" %/ %; %9 21

$, A} $( $k $? $a $K !" <B 9T B. EY $O Dc 2< $9 $k !# 2a 5n $N <B 9T 7k 2L $r 5- 21 $9 $k $@ $1 $G $" $k 8= :_ $N :F Mx MQ 5! 9= $N 9= B$ $G $O !" $3 $l $i $N %W %m %0 %i %‘ $N 9b B. 2= $O K> $a $J $$ !# $7 $+ $7 !" F~ NO CM $N M= B, $r 9T $C $F 4X ?t $r ;v A0 <B 9T $7 !" $= $N 7k 2L $r A0 $b $C $F :F Mx MQ I= $K 5- 21 $9 $k $3 $H $K $h $C $F 9b B. 2= $G $- $k 2D G= @- $, $" $j !" $3 $l $O :# 8e $N 2] Bj $G $" $k !# <U <- K\ 8& 5f $N 5! 2q $r M? $( $F $/ $@ $5 $C $? !" IY ED bC <# 65 <x $K ?< $/ 46 <U $N 0U $r I= $7 $^ $9 !# $^ $? !" K\ 8& 5f $K 4X $7 $F E, @Z $J $4 ;X F3 $r ;r $C $? Cf Eg 9/ I’ =u 65 <x !" KL B< =S L@ =u 65 <x !" ?9 bC 0l O: =u 65 <x !" 8^ Eg @5 M5 =u <j $K ?< $/ 46 <U $$ $? $7 $^ $9 !# $5 $i $K !" F| :" CH $+ $/ 8f J\ Z% 2< $5 $C $? 5~ ET Bg 3X 9) 3X It >p Js 3X 2J IY ED 8& 5f << $N =t 7; $K ?4 $h $j 46 <U $$ $? $7 $^ $9 !# ;2 9M J8 8% [1] Lipasti, M., Wilk erson, C. and Shen, J.: V alue Lo calit y and Load V alue Prediction, Senvnth Int’l Conf. on Ar chite ctur al Supp ort for Pr o gr amming L anguages and Op er ating Systems , pp. 138{147 (1996). [2] Lipasti, M. H. and Shen, J. P .: Exceeding the Data ow Limit via V alue Prediction, International Symp osium on Micr o ar chite ctur e , pp. 226{237 (1996). [3] W ang, K. and F ranklin, M.: Highly Accurate Data V alue Prediction Us- ing Hybrid Predictors, International Symp osium on Micr o ar chite ctur e , pp. 281{290 (1997). [4] Lipasti, M. H. and Shen, J. P .: Exceeding the Data ow Limit via V alue Prediction, International Symp osium on Micr o ar chite ctur e , pp. 226{237 (1996). [5] Nakra, T., Gupta, R. and So, M.: V alue prediction in VLIW Machines, International Symp osium on Computer A chite ctur e (1999). [6] Onder, S. and Gupta, R.: Load and Store Reuse Using Register File Con- tents, International Confer enc e on Sup er c omputing , pp. 289{302 (2001). [7] Connors, D. and Hwu, W.: Compiler-Directed Dynamic Computation 22

Reuse: Rationale and Initial Results, Pr o c e e dings of the 32nd Annual In- ternational Symp osium on Micr o ar chite ctur e , pp. 158{169 (1999). [8] So dani, A. and Sohi, G. S.: Dynamic Instruction Reuse, Pr o c e e dings of the 24th International Symp osium on Computer Ar chite ctur e , pp. 194{205 (1997). [9] Huang, J. and Lilja, D. J.: Exploiting Basic Blo ck V alue Lo calit y with Blo c k Reuse, HPCA5 , pp. 106{114 (1999). [10] Costa, A., F ranca, F. and Filho, E.: The Dynamic T race Memoization Reuse T ec hnique, International Confer enc e on Par al lel Ar chite ctur es and Compilation T e chniques (2000). [11] Gonzalez, A., T ubella, J. and Molina, C.: T race-Lev el Reuse, International Confer enc e on Par al lel Pr o c essing, Septemb er 1999 (1999). [12] So dani, A. and Sohi, G. S.: Understanding the Di�erences Betw een V alue Prediction and Instruction Reuse, International Symp osium on Micr o ar- chite ctur e , pp. 205{215 (1998). [13] W u, Y., Chen, D.-Y. and F ang, J.: Better Exploration of Region-Level V alue Lo cality with integrated Computation Reuse and V alue Prediction, ISCA28, July 2001 (2001). [14] IY ED bC <# : %3 %s %T %e !< %? %" !< %- %F %/ %A %c , 4] A1 (1994). [15] Paul, R.: SP AR C Architecture, Assem bly Language Programming, & C (1994). 23