FC JL 8& 5f Js 9p =q 4X ?t !? %k !< %W $N :F Mx MQ $* $h $S ;v A0 <B 9T $K $h $k 9b B. 2= ;X F3 65 41 IY ED bC <# 65 <x 5~ ET Bg 3X 9) 3X It >p Js 3X 2J 3^ 86 42 Th J? @. 15 G/ 2 7n 3 F| i 4X ?t !? %k !< %W $N :F Mx MQ $* $h $S ;v A0 <B 9T $K $h $k 9b B. 2= 3^ 86 42 Th 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 $$ $k !# CM $N 6I =j @- $r Mx MQ $7 !" %G !< %? 0M B8 $r 2r >C $9 $k 9b B. 2= <j K! $H $7 $F !" CM M= B, $K 4p $E $/ Ej 5! <B 9T !" $* $h $S 6h 4V :F Mx MQ $, $" $k !# CM M= B, $K 4p $E $/ Ej 5! <B 9T $H $O !" 2a 5n $N <B 9T 7k 2L $r ;2 9M $K $7 $F :# 8e $N 7k 2L $r M= B, $7 !" $3 $N CM $r F~ NO $H $9 $k 8e B3 L? Na $r Ej 5! E* $K <B 9T $9 $k $3 $H $K $h $j !" 8e B3 L? Na $N BT $A ;~ 4V $r C; =L $9 $k 9b B. 2= <j K! $G $" $k !# $? $@ $7 !" M= B, $r 8m $C $? >l 9g $K Ej 5! E* $K <B 9T $7 $? 7k 2L $r L5 8z 2= $7 !" :F <B 9T $9 $k I, MW $, $" $j !" <: GT ;~ $N %Z %J %k %F %# $, Bg $- $$ $H $$ $& 7g E@ $, $" $k !# $3 $l $K BP $7 $F 6h 4V :F Mx MQ $O !" 0l EY <B 9T $7 $? L? Na Ns $N F~ NO $H =P NO $r 5- 21 $7 !" :F $S F1 0l L? Na Ns $r <B 9T $9 $k :] $K F~ NO $, F1 $8 $G $" $k >l 9g $K !" 5- 21 $7 $F $* $$ $? 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 $$ !# 6h 4V :F Mx MQ $N <B 8= J} K! $H $7 $F $O %O !< %I %& %’ %" $N $_ $K $h $k $b $N !" %3 %s %Q %$ %i $K $h $k $b $N !" %O !< %I %& %’ %" $H %3 %s %Q %$ %i $, 6( D4 $9 $k $b $N !" $N 3 $D $, $" $k !# %O !< %I %& %’ %" $N $_ $G $O 4p K\ %V %m %C %/ $N 8! =P $, Fq $7 $/ !" C1 0l L? Na $, BP >] $H $J $k $? $a !" Bg $- $J 8z 2L $r 4| BT $G $- $J $$ !# %3 %s %Q %$ %i C1 FH $K $h $k $b $N $O !" 4{ B8 $N %O !< %I %& %’ %" $r MQ $$ $k $3 $H $, $G $- $k $b $N $N !" :F Mx MQ $K ;~ 4V $, $+ $+ $k $H $$ $& 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 $$ $& 7g E@ $, $" $k !# $? $@ $7 !" %O !< %I %& %’ %" $N $_ $K $h $k :F Mx MQ $N >l 9g $G $b !" FC Dj $N ABI(Application Binary In terface) $r 2> Dj $9 $k $3 $H $K $h $j !" <B 9T ;~ $K 4p K\ %V %m %C %/ $r @Z $j =P $9 $3 $H $, $G $- $k $H 9M $( $i $l $k !# K\ O@ J8 $G $O !" SP AR C ABI $K => $& %W %m %0 %i %‘ $r BP >] $H $7 !" @l MQ L? Na $r DI 2C $9 $k $3 $H $J $/ 6h 4V :F Mx MQ $r <B 8= $9 $k %O !< %I %& %’ %" 5! 9= $r Ds 0F $7 !" I> 2A $r 9T $C $? !# 4X ?t $* $h $S %k !< %W 9= B$ $r L? Na 6h 4V C1 0L $H $7 !" 6h 4V :F Mx MQ $r E, MQ $9 $k $K $" $? $j :F Mx MQ I= $r MQ $$ $? !# :F Mx MQ I= $H $O !" 6h 4V :F Mx MQ $K I, MW $J >p Js $r 5- 21 $7 $F $* $/ I= $G $" $j !" F~ =P NO 5- 21 I= (RB) !" 4X ?t 4I M} I= (RF) !" :F Mx MQ %& %$ %s %I %& (R W) $+ $i 9= @. $5 $l $k !# $^ $: !" L? Na 6h 4V $N F~ NO $* $h $S =P NO $N >p Js $r EP O? $9 $k RB $K $O !" L? Na 6h 4V $, 4X ?t $N >l 9g !" F~ NO CM $H $7 $F 0z ?t $H <g 5- 21 FI $_ =P $7 $r !" =P NO CM $H $7 $F JV ii $j CM $H <g 5- 21 =q $- 9~ $_ $r 5- 21 $7 !" %k !< %W $N >l 9g $K $O !" $5 $i $K ;2 >H $7 $? %l %8 %9 %? $b 4^ $a F~ =P NO >p Js $H $7 $F 5- 21 $7 !" %( %s %H %j $N F~ $l BX $( $K $O !" LR U %" %k %4 %j %: %‘ $r MQ $$ $? !# $^ $? !" 3F L? Na 6h 4V $4 $H $K <g 5- 21 $+ $i FI $_ =P $7 $? 1 $D $N %G !< %? $H !" $= $N %" %I %l %9 $K BP 1~ $9 $k RB $N A4 %( %s %H %j $H $N Hf 3S $r 0l EY $K 9T $& CAM 5! 9= $r A[ Dj $7 !" <g 5- 21 FI $_ =P $7 $H <g 5- 21 =q $- 9~ $_ $N %" %I %l %9 $r 4I M} $9 $k $? $a $K RF $r @_ $1 $? !# $5 $i $K !" 4X ?t $d %k !< %W $N B? =E 9= B$ $N 0l 3g :F Mx MQ $r 2D G= $H $9 $k $? $a $K !" $I $N L? Na 6h 4V $, $I $N L? Na 6h 4V $r 8F $S =P $7 $? $+ $N >p Js $r 5- 21 $9 $k R W $r @_ $1 $? !# $^ $? !" 2a 5n $N <B 9T 7k 2L $r 5- 21 $9 $k $@ $1 $N C1 =c $J :F Mx MQ $G $O 9b B. 2= $G $- $J $$ %W %m %0 %i %‘ $N =h M} $r 9b B. 2= $9 $k $? $a $N JB Ns ;v A0 <B 9T 5! 9= $r <B 8= $7 $? !# 6h 4V :F Mx MQ $r 9T $& %W %m %; %C %5 (MSP) $H $O JL $K !" F~ NO CM $r M= B, $7 $F L? Na 6h 4V $r Ej 5! E* $K ;v A0 <B 9T $r 9T $& %W %m %; %C %5 (SSP) $r J# ?t 8D @_ $1 !" RB %( %s %H %j $N @8 B8 ;~ 4V $h $j $b F1 0l %Q %i %a %? $, =P 8= $9 $k 4V 3V $, D9 $$ >l 9g $d !" L? Na 6h 4V $N %Q %i %a %? $, C1 D4 $K JQ 2= $7 B3 $1 $k >l 9g $K $* $$ $F $b RB $r M- 8z 2= $7 $? !# ?t 2s $N ;n 9T $N 7k 2L !" MSP $K $h $k <B 9T IQ EY $, 9b $/ !" $+ $D !" SSP $N ;v A0 <B 9T $K $h $j EP O? $5 $l $? %( %s %H %j $N :F Mx MQ IQ EY $b 9b $$ L? Na 6h 4V $r 7Q B3 $7 $F SSP $N <B 9T BP >] $H $7 $? !# $5 $i $K !" F0 E* $K JQ 2= $9 $k EP O? IQ EY $d :F Mx MQ IQ EY $r GD 0. $9 $k $? $a $K !" 0l Dj 4| 4V $K $* $1 $k EP O? $* $h $S :F Mx MQ $N >u 67 $r %7 %U %H %l %8 %9 %? $r MQ $$ $F 5- O? $7 $? !# MSP $H SSP $G $O RB %( %s %H %j $r ;H $$ J, $1 $F $* $j !" SSP $N <B 9T $K $h $j EP O? $5 $l $? RB %( %s %H %j $O FIFO $K $h $k F~ $l BX $( $r 9T $C $? !# 0J >e $N $h $& $J 5! 9= $r M- $7 !" L? Na %l %$ %F %s %7 !" %- %c %C %7 %e %_ %9 !" %& %# %s %I %& %_ %9 !" $* $h $S :F Mx MQ $K H< $& %l %$ %F %s %7 $r 9M N8 $7 $? SP AR C %7 %_ %e %l !< %? $r 3+ H/ $7 !" Stanford-integer %Y %s %A %^ !< %/ $K $h $k I> 2A $r 9T $C $? !# I> 2A $N 7k 2L !" :G Bg 75% $N %5 %$ %/ %k ?t $r :o 8: $G $- $k $3 $H $, $o $+ $C $? !# $^ $? !" %W %m %0 %i %‘ $K $h $C $F $O :F Mx MQ $K $h $C $F %l %8 %9 %? %& %# %s %I %& %_ %9 $, Bg I} $K 8: $i $; $k $3 $H $d !" :F Mx MQ $, %- %c %C %7 %e %_ %9 $K Bg $- $J 1F 6A $r 5Z $\ $5 $J $$ $3 $H $, L@ $i $+ $K $J $C $? !# 0l J} !" :F Mx MQ $N 8z 2L $O %Y %s %A %^ !< %/ %W %m %0 %i %‘ $K $h $C $F $P $i $D $- $, $" $j !" F~ NO CM $N %Q %? !< %s $, KD Bg $G $" $k %W %m %0 %i %‘ $d !" F~ NO $, IT 5, B’ $K JQ 2= $7 B3 $1 $k %W %m %0 %i %‘ $K $D $$ $F $O !" 8z 2L $r >e $2 $k $? $a $K 99 $J $k 2~ NI $, I, MW $G $" $k $3 $H $, $o $+ $C $? !# iii A Sp eedup T ec hnique with F unction / Lo op Reuse and Precomputation Hirohisa KASAHARA Abstract Recen t studies ha v e demonstrated that v alue lo cality is observed in gen- eral programs. Man y researc hes on region reuses and v alue sp eculation are rep orted for impro ving the p erformance of micropro cessors b y exploiting v alue lo calit y . V alue sp eculation is a technique that sp eculatively starts the following instructions with predicted input v alues, and collapses the waiting time by the intrinsic data dep endencies among the series of instructions. Though, when the predicted v alues turn out to b e incorrect, the results should b e squashed and the instructions sp eculatively executed should b e re-executed. On the other hand, region reuse is a tec hnique that memorizes the input and the output while executing the series of instructions, and reuses the result later. When the program counter encounters the same region with the same input as memorized b efore, the correct result is retriev ed immediately without actual execution of the region. Thus, no p enalties b y the cancellation required in sp eculative executions are o ccurred. Three t yp es of tec hniques are considered to implement the region reuse. First is hardware implemen tation. Second is the compiler implementation that generates the sequence of normal instructions for softw are reuse. Third is co op eration of hardware and compiler that generates the sp ecial purp ose instructions for hardware reuse. In case of the hardware implementation, recognition of the basic blo ck is very di�cult. The instruction- level reuse may b e easy to implemen t, but the e�ectiveness is relatively low. In case of the compiler implemen tation, general pro cessors can b e used, but the o v erhead of reuse b ecomes large. On the other hand, the co op eration of hardware and compiler can reuse large region lik e basic blo cks, but can’t sp eed the existing load mo dules. In con trast to these techniques, I exploit SP AR C ABI (Application Binary Interface), and prop ose the hardware mechanism that enables the reuse of large regions without any sp ecial purp ose instructions. Also I ev aluate the e�ectiveness with some b enchmark programs. T o implement the region reuse, I select functions and lo ops as reuse regions, iv and assume a hardware structure so called reuse bu�er. Reuse bu�er consists of RB, RF, R W and memorizes the information required for reuse. RB holds the input and the output of the region. F or function reuse, the arguments and the read data from memory are stored as input, and the return v alue and the write data for memory are stored as output. F or lo op reuses, the all referred registers in eac h iteration are stored as input or output. The replacement algorism for RB is based on LRU. I supp osed a CAM structure to compare the all rows of RB en try with the v alues on the same registers or memory lo cations. RF holds the memory addresses to read/write. R W holds the relations b et w een caller and callee in order to enable the multilev el region reuse. Precomputation shows the e�ectiv eness against such region that the simple reuse technique has no e�ects. With a combination of the simple reuse mec h- anism provided by MSP (Main Stream Pro cessor) and the parallel precompu- tation mec hanism pro vided by SSPs (Shadow Stream Pro cessors), I make RB e�ective despite the in terv al of the argument reapp earance is longer than the lifetime of RB en try or the arguments are linearly changed. The precomputa- tion is contin ued on the region that the result of the trial executing shows go o d hit ratio of RB. T o follow the dynamic b ehavior of the program, the status of memorization and reuse is stored in the shift register attached to eac h RF. W e divide RB entry in to t w o blo c ks and assign SSP’s blo c k with FIF O algorithm. Considering instruction latency , cac he miss p enalt y , windo w miss p enalt y and reuse latency , I dev elop ed a cycle sim ulator and ev aluated the reuse mecha- nism with Stanford-in teger. I found that the maximum ratio of eliminated cycle reached to 75% in Stanford-in teger programs. Moreov er, it is shown that m ul- tilevel reuse can reduce window miss ov erhead signi�cantly on some programs and that reuse do es not a�ect the cache miss ov erhead. On the other hand, the e�ects of reuse are not stable and it is necessary to develop the technique for programs whose inputs take v arious v alues, and in which the input pattern changes irregularly .

4X ?t !? %k !< %W $N :F Mx MQ $* $h $S ;v A0 <B 9T $K $h $k 9b B. 2= L\ <! Bh 1 >O $O $8 $a $K 1 1.1 GX 7J : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1 1.2 4X O" 8& 5f : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 2 Bh 2 >O 6h 4V :F Mx MQ 3 2.1 :F Mx MQ I= $N 9= @. : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3 2.2 4X ?t :F Mx MQ 5! 9= $N F0 :n : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5 2.3 4X ?t $H %k !< %W $N N‘ ;w @- : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 2.4 RF $* $h $S RB $N 3H D% : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6 2.5 %k !< %W :F Mx MQ 5! 9= $N F0 :n : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7 Bh 3 >O ;v A0 <B 9T 7 3.1 MSP $H SSP : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8 3.2 F~ NO $N M= B, : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 3.3 RB %( %s %H %j $N F~ $l BX $( : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9 3.4 L? Na 6h 4V $N A* Br : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10 Bh 4 >O I> 2A 11 4.1 %W %m %0 %i %‘ C1 0L $N I> 2A : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11 4.2 L? Na 6h 4V C1 0L $N %9 %F %C %W ?t $N I> 2A $H J, @O : : : : : : : : : : : : : : : : : 14 4.3 9M ;! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 23 Bh 5 >O $^ $H $a 24 <U <- 24 ;2 9M J8 8% 24

Bh 1 >O $O $8 $a $K 1.1 GX 7J 6h 4V :F Mx MQ $H $O !" =P 8= $7 $? L? Na 6h 4V $K BP $7 !" F~ NO $* $h $S 7k 2L $r J] B8 $7 $F $* $/ $3 $H $K $h $j !" :F EY F1 0l $N F~ NO $K :] $K !" L? Na $r <B 9T $9 $k $3 $H $J $/ J] B8 $5 $l $? 7k 2L $r MQ $$ $F !" 9b B. 2= $r 9T $& <j K! $G $" $k !# 6h 4V :F Mx MQ $N <B 8= $K $O !" $^ $: !" %3 %s %Q %$ %i $K $h $k @l MQ L? Na $N DI 2C $r 9T $& J} K! $, $" $2 $i $l $k !# @l MQ L? Na $r ;H MQ $9 $k $N $O !" @l MQ $G $J $$ L? Na $+ $i F@ $i $l $k >p Js $N $_ $G $O !" %W %m %; %C %5 $, 4p K\ %V %m %C %/ $r @Z $j =P $9 $3 $H $, Fq $7 $$ $? $a $G $" $k !# $3 $N J} <0 $G $O !" @l MQ $N %3 %s %Q %$ %i $, @8 @. $9 $k %m !< %I %b %8 %e !< %k $N $_ !" 9b B. 2= $9 $k $3 $H $, $G $- $k !# K\ O@ J8 $G $O !" 0l HL E* $K %m !< %I %b %8 %e !< %k $, ABI(Application Binary In terface) $K => $C $F :n @. $5 $l $k $3 $H $r Mx MQ $7 !" 4{ B8 %m !< %I %b %8 %e !< %k $X $N E, MQ $r 2D G= $H $9 $k !# SP AR C ABI $r ;H MQ $7 !" 4X ?t $d %k !< %W $N F~ =P NO $r FC Dj $9 $k $3 $H $K $h $j !" %3 %s %Q %$ %i $K $h $k @l MQ L? Na $N Kd $a 9~ $_ $r IT MW $H $7 $? !# $5 $i $K !" L? Na 6h 4V $N B? =E 9= B$ $r F0 E* $K GD 0. $9 $k $3 $H $K $h $j !" 4X ?t Fb 6I =j %l %8 %9 %? $d %9 %? %C %/ >e $N 6I =j JQ ?t $r :F Mx MQ $K $* $1 $k F~ =P NO CM $+ $i GS =| $7 !" 8z N( 8~ >e $K 9W 8% $9 $k !# FC $K !" 4X ?t $K $D $$ $F $O !" 4X ?t $N J# ;( $5 $K 4X $o $i $: !" :G Bg 6 $N %l %8 %9 %? F~ NO !" :G Bg 4 $N %l %8 %9 %? =P NO !" $* $h $S !" 6I =j JQ ?t $r 4^ $^ $J $$ :G >. 8B EY $N <g 5- 21 CM $N EP O? $K $h $j :F Mx MQ 5! 9= $, <B 8= $G $- $k [16] !# $^ $? !" 2a 5n $N F~ NO $* $h $S 7k 2L $r ;2 >H $9 $k $@ $1 $N :F Mx MQ $G $O !" L? Na $r <B 9T $9 $k $4 $H $K %Q %i %a %? $, JQ 2= $9 $k $H $- $K !" 8z 2L $, 4| BT $G $- $J $$ !# $= $3 $G !" %Q %i %a %? $, C1 D4 $K JQ 2= $9 $k $H $- $K $b DI ?o $9 $k $? $a $K !" >- Mh $N F~ NO CM M= B, $r 9T $$ !" ;v A0 <B 9T $7 !" 7k 2L $r :n @. $7 $F $* $/ $3 $H $K $h $j !" :F Mx MQ $r M- 8z 2= $r ?^ $k !# %Q %i %a %? C1 D4 JQ 2= $K DI ?o $9 $k 9b B. 2= <j K! $K !" CM M= B, $K 4p $E $/ Ej 5! <B 9T $, $" $j B? $/ $N 8& 5f $, 9T $o $l $F $$ $k !# CM M= B, $K 4p $E $/ Ej 5! <B 9T $H $O !" 8e B3 L? Na $N F~ NO $r M= B, $7 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 <j K! $G $" $k !# M= B, $, @5 $7 $1 $l $P <B 9T ;~ 4V $r C; =L $9 $k $b $N $N !" M= B, $r 8m $C $? >l 9g !" Ej 5! E* $K <B 9T $7 $? 7k 2L $r L5 8z 2= $7 :F $S <B 9T $9 $k I, MW $, $" $k $? $a !" <: GT ;~ $K %Z %J %k %F %# $, $" $j !" L? Na 6h 4V $, Bg $- $/ $J $k $H !" $3 $N %Z %J %k %F %# $b Bg $- $/ $J $k !# $3 $l $K BP $7 K\ J} <0 $G $O !" <: GT ;~ $K %Z %J %k %F %# $, H/ @8 $7 $J $$ $H $$ $& FC D9 $, $" $k !# 0J 2< $G $O !" $^ $: !" 4X ?t $r C1 0L $H $9 $k :F Mx MQ $N <B 8= J} K! $r @b L@ $7 !" $5 $i $K !" :F Mx MQ $r %k !< %W $K E, MQ $9 $k $? $a $N 5! G= 3H D% $K $D $$ $F =R $Y $k !# <! $K ;v A0 <B 9T 5! 9= $K $D $$ $F @b L@ $7 !" :G 8e $K Stanford %Y %s %A %^ !< %/ $r MQ $$ $F I> 2A $r 9T $$ !" $= $N I> 2A $K 1

BP $9 $k J, @O $r >\ =R $9 $k !# 1.2 4X O" 8& 5f L? Na 4V $K 0M B8 4X 78 $, B8 :_ $9 $k >l 9g $G $b !" @h 9T L? Na Ns $N <B 9T 7k 2L $r M= B, $7 !" 8e B3 L? Na Ns $N Ej 5! E* <B 9T $r 3+ ;O $9 $k $3 $H $K $h $j !" L? Na %l %Y %k $N JB Ns EY $r 3N J] $9 $k 8& 5f $, ?t B? $/ 9T $o $l $F $$ $k [1, 2] !# $5 $i $K !" J# ?t $N M= B, CM $K 4p $E $- !" J# ?t $N %W %m %; %C %5 $r Ej F~ $7 $F 9b B. 2= $r ?^ $k Ej 5! E* %^ %k %A %9 %l %C %I <B 9T $K 4X $9 $k 8& 5f $b Js 9p $5 $l $F $$ $k [3, 4, 5] !# $7 $+ $7 $J $, $i !" CM M= B, $K 4p $E $/ Ej 5! E* <B 9T $r 9T $& >l 9g !" M= B, $, @5 $7 $+ $C $? $+ $I $& $+ $r >o $K 8! >Z $9 $k I, MW $, $" $k $? $a !" @h 9T L? Na Ns $N <B 9T ;~ 4V $= $N $b $N $r :o 8: $9 $k $3 $H $O $G $- $J $$ !# $3 $N $? $a !" 87 L) $J 8! >Z $, I, MW $H $J $k CM $= $N $b $N $r Ej 5! BP >] $H $9 $k $N $G $O $J $/ !" Ej 5! E* %^ %k %A %9 %l %C %I <B 9T 5! 9= $r Mx MQ $7 $F %m !< %I L? Na $r ;v A0 <B 9T $7 !" 8z 2L E* $J %W %j %U %’ %C %A 5! 9= $H $7 $F Mx MQ $9 $k 8& 5f $, Js 9p $5 $l $F $$ $k [6] !# 0l J} !" :F Mx MQ [7, 8, 9, 10] $O !" %W %m %0 %i %‘ $N 0l It J, $K 4X $9 $k F~ =P NO CM $r I= $K EP O? $7 $F $* $/ !# F1 $8 2U =j $r :F EY <B 9T $9 $k $H $- !" F~ NO CM $, 4{ CN $N >l 9g $K $O !" @5 $7 $$ =P NO CM $r =V ;~ $K 5a $a $k $3 $H $, $G $- $k !# K\ J} <0 $N FC D9 $O !" F~ NO CM $5 $( 0l CW $9 $l $P !" <B 9T 7k 2L $r 8! >Z $9 $k I, MW $, $J $$ E@ $G $" $k !# I{ <! E* $J 8z 2L $H $7 $F !" >i D9 $J %m !< %I !? %9 %H %" L? Na $d >C Hq EE NO $r :o 8: $G $- $k $3 $H $b Js 9p $5 $l $F $$ $k [11, 12] !# Connors $i [13] $O !" %3 %s %Q %$ %i $, @Z $j =P $7 $? :F Mx MQ 6h 4V $b MQ $$ !" 5- 21 2D G= $J F~ =P NO %l %8 %9 %? ?t $r 3F !9 #8 $H $9 $k I= $r MQ 0U $7 !" SPEC %Y %s %A %^ !< %/ %W %m %0 %i %‘ $r 10% $+ $i 60% C; =L $7 $F $$ $k !# $? $@ $7 !" <g 5- 21 >e $N CM $O :F Mx MQ $N BP >] 30 $H $7 $F $$ $k $? $a !" E, MQ HO 0O $, 8B $i $l $k !# Huang $i [8, 14] $O !" :F Mx MQ 6h 4V Fb $K JD $8 $? %l %8 %9 %? (dead register) $r %O !< %I %& %’ %" $K EA C# $7 !" =P NO CM $H $7 $F $N EP O? $r M^ @) $9 $k $h $& GCC $r 2~ NI $7 !" %3 %s %Q %$ %i $N ;Y 1g $r <u $1 $? 4p K\ %V %m %C %/ $N :F Mx MQ $K $h $j !" SPEC %Y %s %A %^ !< %/ %W %m %0 %i %‘ $N <B 9T ;~ 4V $r 1% $+ $i 14% C; =L $7 $F $$ $k !# 5- 21 2D G= $J %l %8 %9 %? CM $O !" F~ NO #5 !" =P NO #6 !" <g 5- 21 CM $O !" F~ NO #4 !" =P NO #3 $r 2> Dj $7 $F $$ $k !# W u $i [15] $O !" :F Mx MQ $H Ej 5! $r AH $_ 9g $o $; $? J} K! $H $7 $F !" F1 MM $K %3 %s %Q %$ %i $, :F Mx MQ $N 6h 4V $N @Z $j =P $7 $r 9T $$ !" <B 9T ;~ $K :F Mx MQ 2D G= $G $" $k >l 9g $K $O :F Mx MQ $r 9T $$ !" :F Mx MQ IT 2D G= $G $" $k >l 9g $K $O :F Mx MQ 6h 4V $N =P NO CM $r M= B, $7 $F 8e B3 6h 4V $N <B 9T $r Ej 5! E* $K 3+ ;O $9 $k 8& 5f $r Js 9p $7 $F $$ $k !# $? $@ $7 !" =P NO CM $N M= B, $, $O $: $l $? >l 9g !" 8e B3 6h 4V $N Ej 5! E* <B 9T $r %- %c %s %; %k $7 $J $1 $l $P $J $i $: !" $3 $N $? $a $N 5! 9= $N %3 %9 %H $d %* !< %P !< %X %C %I $, Ld Bj $K $J $k !# $3 $l $i $K BP $7 !" K\ O@ J8 $G $O !" :F Mx MQ 6h 4V $N !V F~ NO CM !W $r M= B, $N BP >] $H $7 $F $* $j !" <: GT $7 $? Ej 5! 2

E* <B 9T $r %- %c %s %; %k $7 $F :F <B 9T $9 $k I, MW $, $J $$ !# Bh 2 >O 6h 4V :F Mx MQ K\ >O $G $O !" $^ $: !" SP AR C ABI $K 4p $E $$ $F 5- =R $5 $l $? %W %m %0 %i %‘ $K BP $7 $F !" 4X ?t C1 0L $N :F Mx MQ $r E, MQ $9 $k 5! 9= $K $D $$ $F @b L@ $9 $k !# 4X ?t :F Mx MQ 5! 9= $O !" 4X ?t $N F~ =P NO >p Js $r :F Mx MQ I= $r MQ $$ $F 5- 21 $7 !" F1 0l 4X ?t $, F1 0l F~ NO CM $K $h $j 8F $S =P $5 $l $? >l 9g $K 4X ?t $N =h M} $r >J N, $9 $k !# $3 $N $? $a !" 4X ?t $N F~ NO $d =P NO $, 2? $G $" $k $+ $N FC Dj $r MW $9 $k !# 0l HL $N %W %m %0 %i %‘ $K $* $$ $F $O !" 4X ?t Fb $G 4X ?t $, 8F $P $l $k $J $I !" B? =E 9= B$ $r 7A @. $9 $k $3 $H $, $" $k !# 4X ?t A $, 4X ?t B $r 8F $V >l 9g !" A $+ $i B $X $N 0z ?t $O B $X $N F~ NO !" JV $j CM $O B $+ $i $N =P NO $K $J $k !# A $N 6I =j JQ ?t $O !" A $N F~ =P NO $G $O $J $$ $b $N $N !" %] %$ %s %? $r DL $8 $F B $N F~ =P NO $K $J $j F@ $k !# B $N 6I =j JQ ?t $O !" A !" B $$ $: $l $N $N F~ =P NO $K $b $J $i $J $$ !# $^ $? !" Bg 0h JQ ?t $O !" A !" B $N $I $A $i $N F~ =P NO $K $b $J $j F@ $k !# 0J 2< $K !" :F Mx MQ I= $N 9= @. $H 4X ?t :F Mx MQ 5! 9= $N F0 :n $K $D $$ $F =R $Y $k !# $^ $? !" 4X ?t :F Mx MQ $H %k !< %W :F Mx MQ $N N‘ ;w @- $r >R 2p $7 !" :F Mx MQ 5! 9= $N %k !< %W $X $N E, MQ K! $K $D $$ $F @b L@ $9 $k !# 2.1 :F Mx MQ I= $N 9= @. :F Mx MQ I= $H $O !" 4X ?t $N F~ NO $* $h $S =P NO $N >p Js $r 5- 21 $7 $F $* $/ I= $G $" $k !# :F Mx MQ %& %$ %s %I %& (R W) !" 4X ?t 4I M} I= (RF) !" F~ =P NO 5- 21 I= (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 !# 6q BN E* $K $O !" 8= :_ <B 9T Cf $+ $D EP O? Cf $N RF $* $h $S RB $N 3F %( %s %H %j $r %9 %? %C %/ 9= B$ $H $7 $F J] ;} $9 $k !# $3 $N MM ;R $r ?^ 1 $K <( $9 !# $J $* !" R W $N %( %s %H %j ?t $O M- 8B $G $" $k $b $N $N !" 0l EY $K EP O? 2D G= $J B? =E EY $r 1[ $( $F 4X ?t $, 8F $S =P $5 $l $? :] $K $O !" 30 B& $N 4X ?t $+ $i =g <! EP O? $r Cf ;_ $7 !" $h $j Fb B& $N 4X ?t $r R W %( %s %H %j $K 2C $( $k $3 $H $K $h $j !" B? =E 9= B$ $K DI ?o $9 $k !# $^ $? !" $" $k 4X ?t $N <B 9T $* $h $S EP O? Cf $K !" :F Mx MQ 2D G= $J 4X ?t $K Ax 6x $7 $? >l 9g $O !" EP O? :Q $_ $N F~ =P NO $r $= $N $^ $^ EP O? Cf %( %s %H %j $K DI 2C $9 $k $3 $H $K $h $j !" R W $N ?< $5 $r 1[ $( $k B? =E :F Mx MQ $r 2D G= $H $9 $k !# 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 !# ?^ 2 $K 3

?^ 1: :F Mx MQ %& %# %s %I %& (R W) #1 $D $N 4X ?t $r :F Mx MQ $9 $k $? $a $K I, MW $J %O !< %I %& %’ %" 9= @. $r <( $9 !J 4X ?t :F Mx MQ $G $O !" ?^ Cf $N LV 3] $1 It J, $r ;H MQ $7 $J $$ !K !# 3F %( %s %H %j @h F, $N %U %i %0 V $O !" 3F %( %s %H %j $, !V EP O? 2D G= !W !V EP O? Cf !W !V EP O? :Q !W $N $I $N >u BV $K $" $k $+ $r I= $9 !# LR U %+ %& %s %? $O !" RF %( %s %H %j $N F~ $l 49 $( $N $? $a $N %R %s %H $H $7 $F MQ $$ $i $l $k !# F~ =P NO 5- 21 I= (RB) $O !" 0z ?t (V: %( %s %H %j >u 67 !" V al.: CM ) !" <g 5- 21 CM (Mask: FI $_ =P $7 %G !< %? !? =q $- 9~ $_ %G !< %? $N M- 8z %P %$ %H !" V al.: CM ) !" JV $j CM (V: %( %s %H %j >u 67 !" V al.: CM ) $* $h $S !" 4X ?t 8F $S =P $7 D> A0 $N %sp $N CM $r J] ;} $9 $k !# 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 !# FI $_ =P $7 %" %I %l %9 $O RF $, 0l 3g 4I M} $7 !" %^ %9 %/ $* $h $S CM $O RB $, 4I M} $9 $k $N $O !" FI $_ =P $7 %" %I %l %9 $N Fb MF $H RB $N J# ?t %( %s %H %j $r CAM $K $h $j 0l EY $K Hf 3S $9 $k 9= @. $r 2D G= $H $9 $k $? $a $G $" $k !# RB 3F %( %s %H %j @h F, $N %U %i %0 4

?^ 2: 4X ?t 4I M} I= (RF) !" F~ =P NO 5- 21 I= (RB) V $* $h $S LR U %+ %& %s %? $O RF $N >l 9g $H F1 $8 $h $& $K MQ $$ $i $l $k !# 2.2 4X ?t :F Mx MQ 5! 9= $N F0 :n 4X ?t $r 8F $S =P $9 call $b $7 $/ $O jmpl L? Na $, <B 9T $5 $l $k $H !" :F Mx MQ 5! 9= $O 4X ?t $N @h F, %" %I %l %9 $, RF $K EP O? $5 $l $F $$ $k $+ $I $& $+ $r D4 :: $9 $k !# EP O? $5 $l $F $$ $? >l 9g $K $O !" $= $N 4X ?t $K BP 1~ $9 $k RB $+ $i !" 0z ?t $, 40 A4 $K 0l CW $9 $k %( %s %H %j $r A* Br $7 !" 4X O" $9 $k <g 5- 21 %" %I %l %9 $9 $J $o $A >/ $J $/ $H $b #1 $D $N Mask $, M- 8z $G $" $k FI $_ =P $7 %" %I %l %9 $r $9 $Y $F ;2 >H $7 !" 0l CW Hf 3S $r 9T $& !# $9 $Y $F $N F~ NO $, 0l CW $7 $? >l 9g $K !" EP O? :Q $N =P NO !J JV $j CM !" Bg 0h JQ ?t !" >e 0L 4X ?t $N 6I =j JQ ?t !K $r =q $- La $9 $3 $H $K $h $j !" 4X ?t $N <B 9T $r >J N, $9 $k $3 $H $, $G $- $k !# RB $K $9 $Y $F $N F~ NO $, 0l CW $9 $k %( %s %H %j $, EP O? $5 $l $F $$ $J $$ >l 9g !" 0z $- B3 $$ $F 4X ?t K\ BN $N <B 9T $r 3+ ;O $9 $k !# 6I =j JQ ?t $r =| 30 $7 $J $, $i !" 0z ?t !" JV $j CM !" Bg 0h JQ ?t $* $h $S >e 0L 4X ?t $N 6I =j JQ ?t $K 4X $9 $k F~ =P NO >p Js $r EP O? $7 $F $$ $/ !# FI $_ =P $7 $, @h 9T $7 $? 0z ?t %l %8 %9 %? $O 4X ?t $N F~ NO $H $7 $F !" $^ $? !" JV $j CM %l %8 %9 %? $X $N =q $- 9~ $_ $O 4X ?t $N =P NO $H $7 $F EP O? $9 $k !# $= $N B> $N %l %8 %9 %? ;2 >H $O EP O? $9 $k I, MW $, $J $$ !# <g 5- 21 ;2 >H $b F1 MM $K !" FI $_ =P $7 $, @h 9T $7 $? %" %I %l %9 $K $D $$ $F $O F~ NO !" =q $- 9~ $_ $O =P NO $H $7 $F EP O? $9 $k !# 4X ?t $+ $i I| 5" $9 $k $^ $G $K <! $N 4X ?t $r 8F $S =P $7 $? $j !" EP O? $9 $Y $- F~ =P NO $, F~ =P NO I= $N MF NL $r 1[ $( $? !" 0z ?t $N Bh 7 %o !< %I $r 8! =P $7 $? !" $" $k $$ $O !" ES Cf $G %7 %9 %F %‘ %3 !< %k $d 3d $j 9~ $_ $, H/ @8 $7 $? $J $I $N Ld Bj $, H/ @8 $7 $? >l 9g !" EP O? $r Cf ;_ $9 $k !# I| 5" $r <( $9 jmpl L? Na $K $h $C $F 4X ?t 8F $S =P $7 $, =* N; $9 $k $H !" RB $N >u BV $r !V EP O? Cf !W $+ $i !V EP O? :Q !W $K JQ 99 $9 $k !# :G 8e $K $3 $N RB %( %s %H 5

?^ 3: 4X ?t $H %k !< %W $N N‘ ;w @- %j $N %$ %s %G %C %/ %9 $r R W $+ $i 9_ $m $7 !" RB $X $N EP O? $r 40 N; $9 $k !# $^ $? !" RF $K 4X ?t %" %I %l %9 $, EP O? $5 $l $F $$ $J $$ >l 9g $O !" RF %( %s %H %j $N EP O? $+ $i 9T $& !# RF $d RB $, $9 $Y $F Kd $^ $C $F $$ $k >l 9g $K $O !" LRU %" %k %4 %j %: %‘ $K => $C $F 4{ B8 $N %( %s %H %j $r DI $$ =P $9 !# 2.3 4X ?t $H %k !< %W $N N‘ ;w @- <! $K !" :F Mx MQ 5! 9= $N %k !< %W $X $N E, MQ K! $K $D $$ $F =R $Y $k !# 4X ?t $H %k !< %W $N N‘ ;w @- $r ?^ 3 $K <( $9 !# 4X ?t $N >l 9g !" 4X ?t 8F $S =P $7 $K $h $j 6h 4V $r G’ CN $7 !" 8F $S =P $7 L? Na $N J, 4t @h $+ $i I| 5" L? Na $^ $G $r 6h 4V C1 0L $H $7 $? !# F1 MM $K !" %k !< %W $N :] $K $O !" ;O $^ $j $r %k !< %W Kv $N 8e J} J, 4t L? Na $K $h $j G’ CN $7 !" 8e J} J, 4t L? Na $N J, 4t @h $+ $i F1 $8 8e J} J, 4t L? Na $^ $G $r 6h 4V $H $9 $k !# $3 $N $h $& $K !" %k !< %W $O 4X ?t $H 6h 4V $N ;O $^ $j J} $3 $= 0[ $J $k $b $N $N !" %k !< %W :F Mx MQ $r <B 8= $9 $k $? $a $K $O !" ?7 $7 $$ 5! 9= $r 9= @. $9 $k I, MW $O $J $/ !" 4X ?t $H F1 MM $K L? Na 6h 4V $N F~ =P NO $r EP O? $9 $l $P $h $$ !# 2.4 RF $* $h $S RB $N 3H D% :F Mx MQ $r %k !< %W $K E, MQ $9 $k $K $" $? $j !" >e =R $7 $? 4X ?t $H %k !< %W $N N‘ ;w @- $K $h $j !" :F Mx MQ 5! 9= $= $N $b $N $N 2~ NI $O IT MW $G $" $k !# $7 $+ $7 !" RF $* $h $S RB $N 3H D% $, I, MW $G $" $k !# %k !< %W Fb $N 6I =j JQ ?t $O ABI $G $O 5, Dj $5 $l $J $$ $? $a !" 4X ?t :F Mx MQ ;~ $K $O 6h J, $9 $k $3 $H $, $G $- $k 6I =j JQ ?t $N EP O? $r %k !< %W :F Mx MQ $G $O =| 30 $9 $k $3 $H $, $G $- $J $$ !# $3 $l $h $j !" $^ $: !" %k !< %W :F Mx MQ $K $* $$ $F $O !" ;2 >H $7 $? %l %8 %9 %? $* $h $S 6

<g 5- 21 %" %I %l %9 $N $9 $Y $F $r F~ =P NO $H $7 $F I= $K EP O? $9 $k I, MW $, $" $k !# $^ $? !" %k !< %W $, :F Mx MQ 2D G= $G $" $C $? :] $K !" 0z ?t $d JV $j CM 0J 30 $N %l %8 %9 %? $N CM $* $h $S J, 4t $N I> 2A $r 9T $& $? $a >r 7o %3 !< %I (Regs !" CC) !" %k !< %W =* N; ;~ $N J, 4t J} 8~ (tak en/not) $N >p Js $, I, MW $H $J $k !# $3 $N $? $a !" 4X ?t 4I M} I= (RF) $* $h $S F~ =P NO 5- O? I= (RB) $K 3H D% $r ;\ $9 !# ?^ 2 $N LV 3] $1 It J, $, %k !< %W $N :F Mx MQ $N $? $a $K DI 2C $7 $? EP O? 9‘ L\ $G $" $k !# RF $N 9‘ L\ (F/L) $O !" 4X ?t $H %k !< %W $N 6h JL $r $9 $k $? $a $K ;H MQ $7 !" (End) $K $O %k !< %W $N =* N; %" %I %l %9 $r 3J G< $9 $k !# 2.5 %k !< %W :F Mx MQ 5! 9= $N F0 :n 8e J} J, 4t L? Na $, @. N) $9 $k $H !" :F Mx MQ 5! 9= $O !" 8e J} J, 4t $9 $k A0 $K J, 4t @h %" %I %l %9 $, RF $K EP O? $5 $l $F $$ $k $+ $I $& $+ D4 $Y $k !# EP O? $5 $l $F $$ $? >l 9g $K $O !" BP 1~ $9 $k RB $+ $i !" %l %8 %9 %? F~ NO CM $, 40 A4 $K 0l CW $9 $k %( %s %H %j $r A* Br $7 !" 4X O" $9 $k <g 5- 21 %" %I %l %9 $r $9 $Y $F ;2 >H $7 !" 0l CW Hf 3S $r 9T $& !# $9 $Y $F $N F~ NO $, 0l CW $7 $? >l 9g $K !" EP O? :Q $N =P NO !J %l %8 %9 %? $* $h $S <g 5- 21 =P NO CM !K $r =q $- La $9 $3 $H $K $h $j !" %k !< %W $N <B 9T $r >J N, $9 $k $3 $H $, $G $- $k !# :F Mx MQ $7 $? >l 9g !" RB $K EP O? $5 $l $F $$ $k J, 4t J} 8~ $K 4p $E $$ $F !" $5 $i $K <! %k !< %W $K 4X $7 $F F1 MM $N =h M} $r 7+ $j JV $9 !# 0l J} !" <! %k !< %W $, :F Mx MQ IT 2D G= $G $" $l $P !" <! %k !< %W $N <B 9T $r 3+ ;O $9 $k !# ;2 >H $7 $? %l %8 %9 %? $* $h $S <g 5- 21 %" %I %l %9 $r EP O? $7 $F $$ $/ !# %k !< %W $, 40 N; $9 $k 0J A0 $K 4X ?t $+ $i I| 5" $7 $? $j !" 4X ?t :F Mx MQ ;~ $K $" $2 $? Ld Bj $, H/ @8 $9 $k $H !" EP O? $r Cf ;_ $9 $k !# EP O? Cf $N %k !< %W $K BP 1~ $9 $k 8e J} J, 4t L? Na $N 8! =P $K $h $j %k !< %W $N 40 N; $r 3N G’ $9 $k $H !" %k !< %W =* N; ;~ $N J, 4t J} 8~ $N >p Js $r EP O? $7 RB $N >u BV $r !V EP O? Cf !W $+ $i !V EP O? :Q !W $K JQ 99 $9 $k !# :G 8e $K $3 $N RB %( %s %H %j $N %$ %s %G %C %/ %9 $r R W $+ $i 9_ $m $7 !" RB $X $N EP O? $r 40 N; $9 $k !# Bh 3 >O ;v A0 <B 9T 4X ?t $d %k !< %W $N :F Mx MQ $G $O !" RB %( %s %H %j $N @8 B8 ;~ 4V $h $j $b F1 0l %Q %i %a %? $, =P 8= $9 $k 4V 3V $, D9 $$ >l 9g $d !" %Q %i %a %? $, C1 D4 $K JQ 2= $7 B3 $1 $k >l 9g $K 8z 2L $, 4| BT $G $- $J $$ !# $= $3 $G !" %W %m %; %C %5 $r J# ?t 8D @_ $1 !" M= B, $r $7 $? >- Mh $N F~ NO CM $r MQ $$ !" L? Na 6h 4V $N ;v A0 <B 9T $r $9 $k !# $3 $N 7k 2L $r RB $K EP O? $7 $F $* $/ $3 $H $K $h $j !" :F Mx MQ $N M- 8z 2= $r ?^ $k !# 7

?^ 4: JB Ns ;v A0 <B 9T 5! 9= 3.1 MSP $H SSP $3 $l $^ $G $K @b L@ $7 $? :F Mx MQ $r 9T $& %W %m %; %C %5 !J Main Stream Pro cessor !’ 0J 2< MSP $H N, $9 $k !K $H $O JL $K !" L? Na 6h 4V $N ;v A0 <B 9T $K $h $j RB %( %s %H %j $r M- 8z 2= $9 $k %W %m %; %C %5 !J Shado w Stream Pro cessor !’ 0J 2< SSP $H N, $9 $k !K $r J# ?t 8D @_ $1 $k $3 $H $K $h $j !" $5 $i $J $k 9b B. 2= $r ?^ $C $? !# ;v A0 <B 9T 5! 9= $N 35 MW $r ?^ 4 $K <( $9 !# RF !" RB !" <g 5- 21 $O A4 %W %m %; %C %5 $, 6& M- $9 $k !# R W !" 1i ;; 4o !" %l %8 %9 %? !" %- %c %C %7 %e $O 3F %W %m %; %C %5 $4 $H $K FH N) $7 $F @_ $1 $k !# GK @~ $O !" MSP $* $h $S SSP $, RB $K BP $7 $F F~ =P NO $r EP O? $9 $k %Q %9 $r <( $7 $F $$ $k !# ;v A0 <B 9T $G $O !" MSP $* $h $S SSP $K BP $7 $F !" $$ $+ $K <g 5- 21 0l 4S @- $r J] $D $+ $, 2] Bj $H $J $k !# FC $K !" M= B, $7 $? F~ NO %Q %i %a %? $K 4p $E $$ $F L? Na 6h 4V $r <B 9T $9 $k >l 9g !" <g 5- 21 $K =q $- 9~ $‘ CM $, MSP $H SSP $G 0[ $J $k !# $3 $l $r 2r 7h $9 $k $? $a $K !" ?^ 4 $K <( $9 $h $& $K !" SSP $O !" RB $X $N EP O? BP >] $H $J $k <g 5- 21 ;2 >H $K $O RB !" $^ $? !" $= $N B> $N 6I =j E* $J ;2 >H $K $O SSP $4 $H $K @_ $1 $? 6I =j %a %b %j $r ;H MQ $9 $k $3 $H $H $7 !" %- %c %C %7 %e $* $h $S <g 5- 21 $X $N =q $- 9~ $_ $r IT MW $H $7 $? !# $b $A $m $s !" MSP $, <g 5- 21 $K BP $7 $F =q $- 9~ $_ $r 9T $C $? >l 9g $K $O !" 8

?^ 5: RB $N J, 3d BP 1~ $9 $k SSP $N %- %c %C %7 %e %i %$ %s $, L5 8z 2= $5 $l $k !# 6q BN E* $K $O !" RB $X $N EP O? BP >] $N $& $A !" FI $_ =P $7 $, @h 9T $9 $k %" %I %l %9 $K $D $$ $F $O !" <g 5- 21 $r ;2 >H $7 !" MSP $H F1 MM $K %" %I %l %9 $* $h $S CM $r RB $X EP O? $9 $k !# 0J 8e !" <g 5- 21 $G $O $J $/ RB $r ;2 >H $9 $k $3 $H $K $h $j !" B> $N %W %m %; %C %5 $+ $i $N >e =q $- $K $h $k L7 =b $N H/ @8 $r Hr $1 $k $3 $H $, $G $- $k !# 6I =j E* $J ;2 >H $K $D $$ $F $O !" FI $_ =P $7 $, @h 9T $9 $k $3 $H $O !" JQ ?t $r =i 4| 2= $; $: $K ;H $& $3 $H $K Aj Ev $7 !" CM $O IT Dj $G $h $$ $3 $H $+ $i !" <g 5- 21 $r ;2 >H $9 $k I, MW $O $J $$ !# $J $* !" 6I =j %a %b %j $N MF NL $O M- 8B $G $" $j !" 4X ?t %U %l !< %‘ $N Bg $- $5 $, 6I =j %a %b %j $r 1[ $( $? >l 9g $J $I !" <B 9T $r 7Q B3 $G $- $J $$ >l 9g $O !" ;v A0 <B 9T $r BG $A @Z $k !# $^ $? !" ;v A0 <B 9T $N 7k 2L $O <g 5- 21 $K =q $- 9~ $^ $l $J $$ $? $a !" ;v A0 <B 9T 7k 2L $r ;H $C $F !" $5 $i $K <! $N ;v A0 <B 9T $r 9T $& $3 $H $O $G $- $J $$ !# 3.2 F~ NO $N M= B, ;v A0 <B 9T $K :] $7 $F $O !" RB $N ;H MQ Mz Nr $K 4p $E $$ $F >- Mh $N F~ NO $r M= B, $7 !" SSP $X EO $9 I, MW $, $" $k !# $3 $N $? $a $K !" RF $N 3F %( %s %H %j $4 $H $K >. $5 $J %W %m %; %C %5 $r @_ $1 !" MSP $d SSP $H $O FH N) $K F~ NO M= B, CM $r 5a $a $k $3 $H $K $9 $k !# 6q BN E* $K $O !" :G 8e $K =P 8= $7 $? 0z ?t !J B !K $* $h $S :G 6a =P 8= $7 $? 2 AH $N 0z ?t $N :9 J, !J D !K $K 4p $E $$ $F !" %9 %H %i %$ %I M= B, $r 9T $& !# $J $* !" B + D $K 4p $E $/ L? Na 6h 4V $N <B 9T $O MSP $, $9 $G $K 3+ ;O $7 $F $$ $k $H 9M $( $k !# SSP $, N Bf $N >l 9g !" MQ 0U $9 $k F~ NO M= B, CM $O !" B + D � 2 $+ $i B + D � ( N + 1) $N HO 0O $H $7 $? !# 3.3 RB %( %s %H %j $N F~ $l BX $( 3F RF %( %s %H %j $, #1 $D $N L? Na 6h 4V $K BP 1~ $7 !" F~ NO $H =P NO $N BP 1~ 4X 78 $, RB $K EP O? $5 $l $k !# $3 $N $H $- !" MSP $H SSP $, RB %( %s %H %j $r $I $N $h $& $K ;H $$ J, $1 $k 9

?^ 6: L? Na 6h 4V A* Br 5! 9= $+ $, 2] Bj $H $J $k !# L? Na 6h 4V $O !" Bg $- $/ !" MSP $N $_ $G $b :F Mx MQ $N 8z 2L $, $" $k $b $N $H !" G[ Ns $r 07 $& %k !< %W $N $h $& $K MSP $G $O 8z 2L $, $J $$ $b $N $K $o $+ $l $k $H 9M $( $i $l $k !# A0 <T $G $" $l $P !" LRU $K $h $k F~ $l BX $( !" 8e <T $G $" $l $P !" FIFO $K $h $k F~ $l BX $( $, M- 8z $G $" $k !# $7 $+ $7 !" $" $k L? Na 6h 4V $N @- <A $, $$ $: $l $G $" $k $+ $r F0 E* $+ $D D> $A $K H= CG $9 $k $3 $H $O Fq $7 $$ $? $a !# 8D !9 $N RF $K B0 $9 $k RB %( %s %H %j $r MSP MQ $H SSP MQ $H $K J, 3d $7 !" $= $l $> $l LRU $H FIFO $K $h $j F~ $l BX $( $k $3 $H $K $9 $k !# A0 @a $K $* $$ $F =R $Y $? $h $& $K !" F~ NO M= B, CM $O N AH $G $" $j !" SSP $, EP O? 8e !" MSP $, D> $A $K Mx MQ $9 $k $3 $H $r A[ Dj $7 $F !" SSP MQ $K 3d $j Ev $F $k %( %s %H %j ?t $O N � 2 $H $7 $F $* $/ !# $3 $N MM ;R $r ?^ 5 $K <( $9 !# 3.4 L? Na 6h 4V $N A* Br <! $K !" $I $N L? Na 6h 4V $r SSP $K <B 9T $5 $; $k $+ $, 2] Bj $G $" $k !# F1 0l %Q %i %a %? $, =P 8= $9 $k 4V 3V $, D9 $$ L? Na 6h 4V $d !" %Q %i %a %? $, C1 D4 $K JQ 2= $7 B3 $1 $k L? Na 6h 4V $K BP $7 $F 8z 2L $, $" $k $3 $H $, M= A[ $5 $l $k $b $N $N !" 3F !9 $N L? Na 6h 4V $N @- <A $d <B :] $N 8z 2L $N M- L5 $O !" ;v A0 $K $O $o $+ $i $J $$ !# $3 $N $? $a !" RF $K ?7 5, $K EP O? $5 $l $? L? Na 6h 4V $K $D $$ $F $O !" D> $A $K SSP $K $h $k ?t 2s J, $N ;v A0 <B 9T $r ;n $_ $k $3 $H $K $7 $? !# ?t 2s $N ;n 9T $N 7k 2L !" MSP $K $h $k EP O? IQ EY $, 9b $/ !" $+ $D !" SSP $, EP O? $7 $? %( %s %H %j $N :F Mx MQ IQ EY $b 9b $$ RF $r 7Q B3 $7 $F SSP $N <B 9T BP >] $H $9 $k !# F0 E* $K JQ 2= $9 $k EP O? IQ EY $d :F Mx MQ IQ EY $r GD 0. $9 $k $? $a $K !" 0l Dj 4| 4V $K $* $1 $k EP O? $* $h $S :F Mx MQ $N >u 67 $r %7 %U %H %l %8 %9 %? $K 5- O? $9 $k !# RF $4 $H $K IU 2C $7 $? >. $5 $J %W %m %; %C %5 $, E =( 2a 5n $N :o 8: %9 %F %C %W ?t ) � ( EP O? 2s ?t ) � ( :F Mx MQ 2s ?t ) $r 7W ;; $7 !" 3F SSP $, !" E $, :G Bg $H $J $k RF $r A* Br $9 $k !# $3 $N MM ;R $r ?^ 6 $K <( $9 !# 10

Bh 4 >O I> 2A I> 2A $K $O Stanford-in teger $r MQ $$ $? !# Stanford-in teger $O 10 <o N‘ $N %W %m %0 %i %‘ $+ $i @. $k !# $= $l $> $l $N %W %m %0 %i %‘ $K $D $$ $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 !" I> 2A $r 9T $C $? !# 3F %Q %i %a %? $r I= #1 $K <( $9 !# RB 8! :w $N %7 %_ %e %l !< %7 %g %s $K $O B? Bg $J %3 %9 %H $r MW $9 $k $? $a !" RF $" $? $j $N RB %( %s %H %j ?t $r 8= <B E* $J 256 $H $7 $? !# 0l J} !" RB $N 2# I} $K 4X $o $k <g 5- 21 %" %I %l %9 ?t $K $D $$ $F $O !" %7 %_ %e %l !< %7 %g %s $, 2D G= $J 8B $j Bg $- $/ $7 !" FI $_ =P $7 $H =q $- 9~ $_ $= $l $> $l $r 1024 %" %I %l %9 $H $7 $F B, Dj $7 $? !# %l %8 %9 %? $N Fb MF $H RB Fb $N %l %8 %9 %? F~ NO CM $N Hf 3S $K $O #1 %5 %$ %/ %k !" %- %c %C %7 %e $H RB Fb $N <g 5- 21 F~ NO CM !J :G Bg 1024 %" %I %l %9 !K $N Hf 3S $O #1 %o !< %I $" $? $j #1 %5 %$ %/ %k $H 2> Dj $7 $? !# $J $* !" Hf 3S ;~ $K %- %c %C %7 %e %_ %9 $r 8! =P $7 $? >l 9g $K $O !" DL >o $N %- %c %C %7 %e %_ %9 $H F1 $8 %Z %J %k %F %# $, @8 $8 $k !# :F Mx MQ ;~ $N =q $- 9~ $_ $O !" RB Fb $N <g 5- 21 =P NO CM !J :G Bg 1024 %" %I %l %9 !K $+ $i %- %c %C %7 %e $X $O #1 %o !< %I $" $? $j #1 %5 %$ %/ %k !" RB Fb $N %l %8 %9 %? =P NO CM $+ $i MSP $N %l %8 %9 %? $X $O #1 %5 %$ %/ %k $r MW $9 $k $H 2> Dj $7 $? !# 4.1 %W %m %0 %i %‘ C1 0L $N I> 2A MSP $N $_ !J MSP !K !" MSP $* $h $S 3 Bf $N SSP !J MSP+SSP*3 !K $H !" 4X ?t $N $_ !J F !K !" 4X ?t $* $h $S %k !< %W !J F+L !K $r AH $_ 9g $o $; $? 4 DL $j $N B, Dj >r 7o $K $h $j I> 2A $r 9T $C $? !# ?^ 7 $K DL >o <B 9T ;~ $N Am <B 9T L? Na %9 %F %C %W ?t !J %l %$ %F %s %7 $, #2 0J >e $N ?^ 7: MSP $, <B 9T $7 $? L? Na %9 %F %C %W ?t 11

I= 1: %7 %_ %e %l !< %7 %g %s ;~ $N %Q %i %a !< %? D-Cache 64 Kb ytes Line Size 64 b ytes W a ys 4 Cache Miss 20 cycles Register Windo w 4 sets Register Windo w Miss 20 cycles/set Load Latency 2 cycles Integer Mult. 8 cycles Integer Div. 70 cycles Floating Add/Mult. 4 cycles Single Div. 16 cycles Double Div. 19 cycles R W Depth 4 RF En try 32 Read Address 1024/RF W rite Address 1024/RF RB En try 256/RF RB(Reg.)-Register Compare 1 cycle RB(Read)-Cache Compare 4 b ytes/cycle (Additional 20 cycles on eac h cac he miss.) RB(W rite) ! Cac he W rite 4 b ytes/cycle RB(Reg.) ! Register W rite 1 cycle SSP Lo cal Memory 64 Kb ytes 12

L? Na $O %l %$ %F %s %7 $r 2C ;; !K $r 1 $H $7 $? >l 9g $N MSP $N <B 9T L? Na %9 %F %C %W ?t $N Hf $r <( $9 !# T rees $G $O ;v A0 <B 9T $K %k !< %W $r 2C $( $k $H @- G= $, Dc 2< $9 $k $3 $H $r =| $- !" $* $* $‘ $M NI 9% $J 7k 2L $, F@ $i $l $F $$ $k !# :G Fb %k !< %W $, G[ Ns MW AG $N @Q OB 7W ;; $G $" $k Intmm $* $h $S Mm $G $O ;v A0 <B 9T !" %k !< %W Cf $K :F 5" 8F $S =P $7 $, $" $k Queens $G $O %k !< %W :F Mx MQ !" %k !< %W Fb $K 4X ?t 8F $S =P $7 $, $J $$ FFT $G $O %k !< %W ;v A0 <B 9T !$ :F 5" 8F $S =P $7 $, B? $$ T o w ers $G $O 4X ?t :F Mx MQ $, !" $= $l $> $l 9b B. 2= $K Bg $- $/ 9W 8% $7 $F $$ $k !# $^ $? !" %k !< %W $H :F 5" 8F $S =P $7 $, J# ;( $J F~ $l ;R $H $J $C $F $$ $k Puzzle $G $O :G Bg $G 90% 6a $/ $N L? Na %9 %F %C %W ?t :o 8: $K @. 8y $7 $F $$ $k !# $5 $F <B :] $K 9b B. 2= $r C# @. $9 $k $K $O !" :F Mx MQ $K H< $& %* !< %P %X %C %I $r 8+ 6K $a $k I, MW $, $" $k !# ?^ 8 $O !" L? Na %9 %F %C %W ?t !J exec !K $K !" Register Compare $* $h $S Cache Compare ;~ $K $+ $+ $k %5 %$ %/ %k ?t !J test !K !" Cache W rite $* $h $S Register W rite ;~ $K $+ $+ $k %5 %$ %/ %k ?t !J write !K !" %- %c %C %7 %e %_ %9 !J cache-miss !K !" %l %8 %9 %? %& %# %s %I %& %_ %9 !J reg-windo w !K $N 3F %* !< %P %X %C %I $r 2C $( $? %5 %$ %/ %k ?t $N Fb Lu $G $" $k !# :8 B& K@ %0 %i %U $O DL >o <B 9T ;~ !" 1& B& K@ %0 %i %U $O !V MSP+SSP*3 F+L !W $N Fb Lu $G $" $k !# T o w ers $G $O :F Mx MQ $K $h $j 4X ?t :F 5" 8F $S =P $7 $, 8: >/ $7 $? 7k 2L !" %l %8 %9 %? %& %# %s %I %& %_ %9 $, Bg I} $K 8: >/ $7 $F $$ $k !# :F Mx MQ $N %* !< %P %X %C %I $N Bg It J, $O test $, @j $a $F $$ $k !# RB(Read) "N Cache Compare $N %9 %k !< %W %C %H $r 4byte/cycle $+ $i 8byte/cycle $K A} 2C $5 $; $k $J $I !" Hf 3S $N 9b B. 2= $, =E MW 2] Bj $G $" $k $H 8@ $( $k !# $^ $? !" %- %c %C %7 %e %_ %9 $N A} 2C $K $h $k @- G= Dc 2< $O $[ $H $s $I $J $+ $C $? !# ?^ 8: MSP $, <B 9T $7 $? %5 %$ %/ %k ?t (Stanford). 13

4.2 L? Na 6h 4V C1 0L $N %9 %F %C %W ?t $N I> 2A $H J, @O %W %m %0 %i %‘ $4 $H $N :o 8: %9 %F %C %W $N Hf N( $K $O !" Bg $- $J 0c $$ $, B8 :_ $7 $? !# $^ $? !" 0l It $N %W %m %0 %i %‘ $G $O !" ;v A0 <B 9T $K %k !< %W $r 2C $( $? >l 9g !" @- G= Dc 2< $, @8 $8 $? !# 0J 2< $G $O !" %W %m %0 %i %‘ Fb $N L? Na 6h 4V C1 0L $G $N MSP $N <B 9T L? Na %9 %F %C %W ?t $r I> 2A $9 $k $3 $H $K $h $j !" Ld Bj $N 86 0x $r D4 :: $9 $k !# 0J 2< $K %W %m %0 %i %‘ $4 $H $K ?^ <( $7 $? !" L? Na 6h 4V C1 0L $G $N MSP $N :o 8: %9 %F %C %W ?t $N I> 2A $O !" A0 @a $H F1 MM !" MSP $N $_ !J MSP !K !" MSP $* $h $S 3 Bf $N SSP !J MSP+SSP*3 !K $H !" 4X ?t $N $_ !J F !K !" 4X ?t $* $h $S %k !< %W !J F+L !K $r AH $_ 9g $o $; $? 4 DL $j $N B, Dj >r 7o $G 9T $C $F $$ $k !# =D <4 $O :o 8: $7 $? %9 %F %C %W ?t $r I= $9 !# L? Na 6h 4V $, 4X ?t $N >l 9g $O !" ( 4X ?t L> ).F !" %k !< %W $N >l 9g $O !" ( %k !< %W $r J] ;} $9 $k 4X ?t L> ).L $H I= 5- $7 $? !# Intmm @0 ?t MW AG $+ $i $J $k #2 $D $N 9T Ns $N @Q $r 7W ;; $9 $k !# Stanford-in teger $G $O !" 9T !" Ns $H $b $K 40 $N 9T Ns $r MQ $$ $k !# 7W ;; 7k 2L $O ?7 $7 $$ 2 <! 85 G[ Ns $K 3J G< $5 $l $F $$ $/ $? $a !" ;v A0 <B 9T $r MQ $$ $J $1 $l $P !" :F Mx MQ $N 8z 2L $O $J $$ !# 2r 9T Ns $N (i,j) MW AG $r 5a $a $k 4X ?t rInnerpro duct $, !" i !" j $, $= $l $> $l 1 $+ $i 40 $^ $G ?d 0\ $9 $k #2 =E %k !< %W $N Cf $G 8F $P $l $k !# $7 $+ $7 !" 4X ?t rInnerpro duct $K $* $$ $F !" 8z 2L $r == J, $K =P $9 $? $a $K $O !" B? $/ $N FI $_ 9~ $_ %" %I %l %9 $* $h $S =q $- 9~ $_ %" %I %l %9 $N 3J G< >l =j $, I, MW $K $J $j !" A0 @a $N %7 %_ %e %l !< %7 %g %s $G $O 40% $N %9 %F %C %W ?t :o 8: $K $H $I $^ $C $? !# $? $@ $7 !" %" %I %l %9 3J G< $N 2U =j $r 1024 $+ $i 2048 $K ?^ 9: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J Intmm !K 14

A} $d $9 $H !" $3 $N Ld Bj $O 2r 7h $5 $l !" 60% $N %9 %F %C %W ?t :o 8: $, 2D G= $G $" $C $? !# $3 $l $O !" Intmm Cf $N 90% $N %9 %F %C %W ?t $r C4 $& 4X ?t rInnerpro duct $, 8F $S =P $5 $l $? :] $K !" 3 2s Cf 2 2s $O :F Mx MQ $5 $l $k $3 $H $K $h $k $b $N $G $" $k !# SSP $r 3 Bf @_ $1 $F $$ $k K\ I> 2A $G $O !" M} A[ E* $K $O 4 2s Cf 3 2s :F Mx MQ $5 $l $k $Y $- $G $" $k $b $N $N !" F~ NO CM $N M= B, $, @5 3N $K 9T $o $l $k $^ $G $K ;~ 4V $r MW $9 $k $? $a !" 3 2s Cf 2 2s $N :F Mx MQ $K $H $I $^ $C $F $$ $k !# %Q %i %a %? $, @~ 7A $K JQ 2= $9 $k 4| 4V $, D9 $/ $J $l $P !" $[ $\ 4 2s Cf 3 2s :F Mx MQ $5 $l $k $H 9M $( $i $l $k !# $^ $? !" ?^ 9 $K <( $9 DL $j !" 4X ?t $* $h $S %k !< %W $N ;v A0 <B 9T $r 9T $& $H !" 4X ?t rInnerpro duct Fb $N %k !< %W $, :F Mx MQ $5 $l $k $b $N $N !" rInnerpro duct $O $3 $N %k !< %W $N $_ $+ $i @. $j !" 4X ?t $, :F Mx MQ $5 $l $k $H $- $H !" Fb It $N %k !< %W $, :F Mx MQ $5 $l $k $H $- $G $O !" $[ $\ F1 Ey $N %9 %F %C %W ?t $, :o 8: $5 $l $F $$ $k !# Mm Ib F0 >. ?t E@ ?t $+ $i $J $k #2 $D $N 9T Ns $N @Q $r 7W ;; $9 $k !# MW AG $N 7? $, 0[ $J $k $@ $1 $G !" %W %m %0 %i %‘ $N K\ <A $O Intmm $H F1 MM $G $" $k !# $d $O $j !" %" %I %l %9 3J G< $N 2U =j $r 1024 $+ $i 2048 $K A} $d $9 $H !" %W %m %0 %i %‘ A4 BN $+ $i 8+ $F 60% $N %9 %F %C %W ?t $r :o 8: $9 $k $3 $H $, $G $- $k !# ?^ 10 $K <( $9 4X ?t Rand $O !" 7W ;; $K MQ $$ $k #2 $D $N 9T Ns $N 9= @. $K ;H MQ $5 $l $k 4X ?t $G $" $j !" ;v A0 <B 9T $r MQ $$ $F :F Mx MQ $r E, MQ $9 $k $3 $H $, 2D G= $G $" $k !# 6q BN E* $K $O !" Rand $O Bg 0h JQ ?t $r FI $_ =P $7 !" CM $r JQ 99 $7 $? $N $A $K =q $- 9~ $‘ 4X ?t $G $" $j !" <! 2s $K 8F $S =P $9 Rand $K 8B $j !" ;v A0 ?^ 10: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J Mm !K 15

<B 9T $, 2D G= $G $" $k !# %W %m %0 %i %‘ In tmm $K $* $$ $F $b 4X ?t Rand $, B8 :_ $7 $? $K $b $+ $+ $o $i $: !" :F Mx MQ $, E, MQ $5 $l $J $+ $C $? $N $O !" 4X ?t Rand $, C; $$ 4V 3V $G 8F $P $l $? $? $a !" SSP $N ;v A0 <B 9T $N 40 N; A0 $K !" Rand $K BP 1~ $9 $k RB %( %s %H %j $N 8! :w $, 9T $o $l $? $H $$ $& M} M3 $+ $i $G $" $k !# %W %m %0 %i %‘ Mm $N >l 9g $O !" CM $, Ib F0 >. ?t E@ ?t $K $J $C $? $3 $H $K $h $j !" Rand $, 8F $P $l $k 4V $N 7W ;; $K B? $/ $N %9 %F %C %W ?t $r MW $7 $? $? $a !" SSP $K $h $k ;v A0 <B 9T $, M- 8z $H $J $C $F $$ $? !# Quick %/ %$ %C %/ %= !< %H $r 9T $& !# %= !< %H $O 4X ?t Quicksort $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 $/ !" 4X ?t Quicksort $K :F Mx MQ $, E, MQ $5 $l $k $3 $H $O $J $$ !# 4X ?t Quicksort Fb $K $* $$ $F $b !" A0 =P $N 4X ?t Rand $, 5000 8D $N MW AG $+ $i $J $k ?t Ns $r 9= @. $9 $k :] $K 8F $P $l $k !# 4X ?t Rand $N <B 9T $, @j $a $k %9 %F %C %W ?t $N 3d 9g $O !" 4X ?t Quic ksort A4 BN $N 10% $K C# $7 !" Rand $N <B 9T 2s ?t $, ;v A0 <B 9T $K $h $j 4 J, $N 3 :o 8: $5 $l $? 7k 2L !" %W %m %0 %i %‘ Quicksort A4 BN $N 7.5% $N %9 %F %C %W ?t $r :o 8: $9 $k $3 $H $, $G $- $? !# 4X ?t Rand $, 4X ?t $N $_ $N ;v A0 <B 9T $G $O 9b B. 2= $G $- $J $$ M} M3 $O !" SSP $, Rand $N ;v A0 <B 9T $r 40 N; $9 $k A0 $K !" Rand $K BP 1~ $9 $k RB %( %s %H %j $N 8! :w $, 9T $o $l $k $? $a $G $" $k !# %k !< %W ;v A0 <B 9T $K $h $k !" Rand $N ;v A0 <B 9T $, M- 8z $G $" $C $? $N $O !" Rand $r 4^ $‘ %k !< %W :F Mx MQ $K H< $& %* !< %P %X %C %I $K $h $j !" <! 2s $N Rand 8F $S =P $7 0J A0 $K !" SSP $, ;v A0 <B 9T $r 40 N; $7 $? $? $a $G $" $k !# $3 $3 $G !" ?^ 11: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J Quic k !K 16

Rand $O !" Bg 0h JQ ?t $r FI $_ =P $7 !" CM $r JQ $( $F =q $- 9~ $‘ $@ $1 $N 4X ?t $G $" $j !" <! 2s $N 8F $S =P $7 $^ $G $K SSP $N ;v A0 <B 9T $, =* N; $7 $5 $( $9 $l $P !" Kh 2s $N 8F $S =P $7 $K $* $$ $F !" :F Mx MQ $r E, MQ $G $- $k $O $: $G $" $k !# $7 $+ $7 $J $, $i !" 4 J, $N 3 $N :o 8: $K $H $I $^ $C $F $$ $k $N $O !" L? Na 6h 4V $N <B 9T 40 N; ;~ $N 4 2s $K 1 2s $@ $1 !" SSP $N ;v A0 <B 9T $, 3+ ;O $5 $l $J $$ $? $a $G $" $j !" :# 8e !" 2~ A1 $9 $Y $- 2] Bj $G $" $k !# $^ $? !" ?^ 11 $K <( $9 Quicksort.L(1) !" Quic ksort.L(2) $O !" $= $l $> $l %Q %i %a %? $N %$ %s %/ %j %a %s %H !" %G %/ %j %a %s %H $r 9T $& %k !< %W $G $" $j !" ;v A0 <B 9T $K $h $k %k !< %W :F Mx MQ $, E, MQ $G $- $k !# 0J >e $N $h $& $K !" Quic k $O %k !< %W ;v A0 <B 9T $K $h $j 9b B. 2= $5 $l $k $b $N $N !" :F Mx MQ $, M- 8z $G $O $J $$ %k !< %W $d 4X ?t $, B8 :_ $9 $k $? $a !" L? Na %9 %F %C %W ?t $N :o 8: N( $O 15% $K $H $I $^ $k !# Bubble %P %V %k %= !< %H $r 9T $& !# 4X ?t 8F $S =P $7 $r H< $o $: $K %= !< %H $r 9T $& $? $a !" 4X ?t :F Mx MQ $N 8z 2L $O $J $$ !# ?^ 12 $K <( $9 %k !< %W Bubble.L(2) $N 6h 4V $G $O !" ?t Ns $N NY F1 ;N $r Hf 3S $7 !" $= $N Bg >. $K $h $j ?t CM $r F~ $l BX $( $k F0 :n $r 9T $& !# ?t Ns Fb $N F1 $8 2U =j $G $N Hf 3S $, !" JB $S $N Ey $7 $$ ?t Ns $K BP $7 $F <B 9T $5 $l $k $3 $H $O $J $/ !" :F Mx MQ $N $_ $G $O <B 9T $r >J $/ $3 $H $O $G $- $J $$ $, !" ;v A0 <B 9T $r ;H MQ $9 $l $P !" A0 2s $N %k !< %W $K $* $$ $F ?t Ns $N JB $S $K JQ 2= $, $J $$ $H $- $N $_ !" :o 8: $, 2D G= $K $J $k !# K\ I> 2A $G $O !" %i %s %@ %‘ CM $N MW AG $+ $i @. $k !" D9 $5 500 $N ?t Ns $r MQ $$ $F !" 6h 4V Bubble.L(2) $N <B 9T 2s ?t $, 6 J, $N 1 :o 8: $5 $l $F $$ $k !# :G 30 %k !< %W Bubble.L(1) ?^ 12: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J Bubble !K 17

$O !" JB $S $N Ey $7 $$ ?t Ns $G <B 9T $5 $l $k $3 $H $, $[ $\ $J $$ $? $a !" :F Mx MQ $N 8z 2L $O $J $$ !# $^ $? !" 4X ?t Rand $N <B 9T $O !" Quic ksort $N $H $- $H F1 MM !" %k !< %W ;v A0 <B 9T $K $h $j 9b B. 2= $5 $l $F $$ $k !# Perm :F 5" E* $K G[ Ns >e $N CM $N F~ $l BX $( $r 9T $& %W %m %0 %i %‘ $G $" $k !# G[ Ns >e $N 2 CM $r F~ $l BX $( $k 4X ?t Sw ap $, 2? EY $b 8F $S =P $5 $l $k !# 2 CM $N >l =j $H CM $, 0l CW $9 $l $P :F Mx MQ $, 2D G= $H $J $k !# K\ %W %m %0 %i %‘ $G $O !" G[ Ns $N D9 $5 $, C; $/ !" 2 CM $N >l =j $H CM $O 252 %Q %? !< %s $7 $+ B8 :_ $7 $J $$ !# => $C $F !" RB %( %s %H %j $N F~ $l BX $( $O IT MW $G $" $j !" 0l EY RB $K EP O? $7 $? %Q %? !< %s $O !" 0J 9_ I, $: :F Mx MQ $5 $l $k !# 4X ?t Swap $O 50000 2s 0J >e 8F $P $l $k $b $N $N !" 252 2s $7 $+ <B 9T $5 $l $J $$ !# 4X ?t Swap $r Kh 2s <B 9T $7 $? $H $- $N %9 %F %C %W ?t $O !" %W %m %0 %i %‘ A4 BN $N %9 %F %C %W ?t $N 27% $K Aj Ev $7 !" $3 $N 3d 9g $@ $1 !" 9b B. 2= $G $- $? $3 $H $K $J $k !# $^ $? !" ;v A0 <B 9T $r MQ $$ $k $H !" <B <A MSP $, ;H MQ $G $- $k RB %( %s %H %j ?t $, $o $: $+ $K 8: >/ $9 $k $N $G !" RB $K $9 $Y $F $N %Q %? !< %s $r EP O? $7 $F $* $/ $3 $H $, $G $- $J $/ $J $j !" Swap $N <B 9T 2s ?t $, <c 43 A} 2C $9 $k !# $^ $? !" :F 5" 8F $S =P $7 $N $" $k 4X ?t Perm ute $K 4X $7 $F $O !" :F 5" $5 $l $J $$ >r 7o $N $H $- $N $_ !" ;v A0 <B 9T $r MQ $$ $F :F Mx MQ $G $- $k !# $? $@ $7 !" :F 5" $5 $l $J $$ >l 9g !" Perm ute <+ BN $N %9 %F %C %W ?t $, >. $5 $/ $J $k $? $a !" Bg $- $J :o 8: $O $G $- $J $$ !# ?^ 13: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J P erm !K 18

T o w ers %O %N %$ $N Ec Ld Bj $r 2r $/ %W %m %0 %i %‘ $G $" $k !# %k !< %W $, B8 :_ $7 $J $$ $? $a $K !" %k !< %W :F Mx MQ $N 8z 2L $O $J $$ !# <g $K T o w ers $G $O !" %G %# %9 %/ $r ;} $A >e $2 $k 4X ?t Pop $* $h $S %G %# %9 %/ $r CV $/ 4X ?t Push $, 8F $S =P $5 $l $k !# $3 $l $i $N 4X ?t $O !" %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 $$ $k %G %# %9 %/ $N ?t ) $, 0z ?t $G $" $k !# $3 $N F~ NO CM $N %Q %? !< %s ?t $O 8B $i $l $F $* $j !" :F Mx MQ $N 8z 2L $O Bg $- $$ !# I> 2A $K ;H MQ $7 $? Ec $N 9b $5 $r 14 $H $9 $k T o w ers $G $O !" 4X ?t Pop $* $h $S 4X ?t Push $, $= $l $> $l 16400 2s 8F $S =P $5 $l $k $N $K BP $7 !" F~ NO %Q %? !< %s $O $= $l $> $l 160 Dx EY $G $" $k $? $a !" N> 4X ?t $N <B 9T $K $+ $+ $k %9 %F %C %W ?t $r 99% :o 8: $9 $k $3 $H $, $G $- $k !# $5 $i $K ;v A0 <B 9T $, 4X ?t Pop $K BP $7 $F M- 8z $G $" $k !# $? $@ $7 !" 4X ?t :F Mx MQ $K $h $j !" 8F $S =P $5 $l $? 4X ?t P op $N 99% $O <B 9T $5 $l $J $$ $? $a !" A4 BN $+ $i 8+ $? ;v A0 <B 9T $N 8z 2L $O Hs >o $K >. $5 $$ !# $^ $? !" ?^ 14 $K <( $9 Mov e $O !" 4X ?t Pop $* $h $S 4X ?t Push $r 8F $S =P $7 $F %G %# %9 %/ $N 0\ F0 $r 9T $& 4X ?t $G $" $j !" %O %N %$ $N Ec Ld Bj $G $O F1 $8 >u 67 $G $N F1 $8 F0 :n $O B8 :_ $7 $J $$ $? $a !" :F Mx MQ $K $h $j %9 %F %C %W ?t $r :o 8: $9 $k $3 $H $O IT 2D G= $G $" $k !# ;v A0 <B 9T 5! 9= $r MQ $$ $? :] $b !" F~ NO CM $N M= B, $, :$ Fq $G $" $k $? $a $K !" %9 %F %C %W ?t $r :o 8: $G $- $J $$ !# 4X ?t Mov e $r 8F $V 4X ?t tow er $K $* $$ $F $b !" :F Mx MQ $K $h $k 9b B. 2= $O IT 2D G= $G $" $k !# ?^ 14 Cf $N Getelement $O !" 3F %G %# %9 %/ $, J] ;} $7 $F $$ $k !" #1 $D >e $K B8 :_ $9 $k %G %# %9 %/ $X $N >p Js $r =q $- 49 $( ?^ 14: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J T o w ers !K 19

$k 4X ?t $G $" $k !# F~ NO CM $N %Q %? !< %s $, 8B $i $l $F $$ $k $? $a !" :F Mx MQ $r E, MQ $G $- $k $b $N $N !" <B 9T %9 %F %C %W ?t $O >. $5 $$ !# Puzzle N) J} BN 6u 4V $N Cf $K M? $( $i $l $? %T !< %9 $r $D $a $F $$ $/ %Q %: %k $r 2r $/ !# @. 8y $9 $k $^ $G ;n 9T :x 8m $9 $k $? $a !" %T !< %9 $r $D $a $k 4X ?t Place $H 30 $9 4X ?t Remo v e $* $h $S !" %T !< %9 $r $D $a $k $3 $H $, 2D G= $G $" $k $+ H] $+ D4 :: $9 $k 4X ?t Fit $, 2? EY $b 8F $P $l $k !# %T !< %9 $N <o N‘ $H $D $a $h $& $H $9 $k >l =j $N >u 67 $, 0l CW $9 $l $P :F Mx MQ $, 2D G= $G $" $k !# $3 $l $i $N A‘ :n $, 7+ $j JV $5 $l $k $? $a !" 4X ?t :F Mx MQ $N $_ $G $b 8z 2L $, Bg $- $/ 8= $l !" 75% $N L? Na %9 %F %C %W ?t $r :o 8: $9 $k $3 $H $, $G $- $k !# %T !< %9 $r $D $a $k ;n 9T $r 9T $& 4X ?t T rial Fb $N %k !< %W $G $O !" 7W ;; $O <B 9T $5 $l $: !" 0J >e $N 3 $D $N 4X ?t $, 8F $S =P $5 $l $k !# $^ $: !" 4X ?t Fit $, 8F $P $l !" $= $N 7k 2L $K $h $j 4X ?t Place $* $h $S 4X ?t Remov e $N 8F $S =P $7 $, 7h Dj $9 $k !# Place $* $h $S Remov e $N 8F $S =P $7 $, <B 9T $5 $l $: !" Fit $, :F Mx MQ 2D G= $N >l 9g $N $_ !" T rial Fb $N %k !< %W $r 6h 4V C1 0L $H $9 $k :F Mx MQ $, 2D G= $G $" $k !# $3 $l $K $h $j !" T rial Fb $N %k !< %W $r :F Mx MQ $9 $k >l 9g $K :o 8: $5 $l $k L? Na %9 %F %C %W ?t $O !" 4X ?t Fit $N $_ $r <B 9T $9 $k :] $N %9 %F %C %W ?t $K $[ $\ Ey $7 $$ !# $3 $N $? $a !" T rial Fb $N %k !< %W $K :F Mx MQ $r E, MQ $9 $k $3 $H $K $h $k 8z 2L $O $[ $H $s $I $J $$ !# 4X ?t Fit $G $O !" N) J} BN 6u 4V Fb $N >p Js $r ;2 >H $7 $F $$ $/ :] $K %Q %i %a %? $, C1 D4 JQ 2= $9 $k %k !< %W ( ?^ 15 Cf !" Fit.L) $, ;H MQ $5 $l !" %k !< %W ;v A0 <B 9T $N 8z 2L $, Bg $- $$ !# $3 $N 7k 2L !" Puzzle $N <B 9T %9 ?^ 15: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J Puzzle !K 20

%F %C %W ?t $r 90% :o 8: $7 $? $9 $k $3 $H $, $G $- $? !# $^ $? !" 4X ?t Place $* $h $S 4X ?t Remov e $K $* $$ $F $b F1 MM $N %k !< %W $, ;H MQ $5 $l $k $b $N $N !" ?o ;~ !" N) J} BN 6u 4V Fb $N >p Js $r =q $- 49 $( $k $? $a !" %k !< %W ;v A0 <B 9T $N 8z 2L $O >. $5 $+ $C $? !# Queens 8 $D $N %/ %$ !< %s $r $* 8_ $$ $, <h $l $J $$ 0L CV $K CV $/ 8 %/ %$ !< %s Ld Bj $r 2r $/ !# %/ %$ !< %s $r CV $1 $k $+ $I $& $+ $N H= Dj $9 $k 4X ?t T ry $, !" :F 5" E* $K 8F $S =P $5 $l $k !# CV $1 $J $$ >l =j $N >u 67 $, 0l CW $9 $l $P :F Mx MQ $, 2D G= $G $" $k !# 4X ?t T ry Fb $N %k !< %W $r 6h 4V C1 0L $H $9 $l $P !" F1 0l %Q %i %a %? $N =P 8= $, B? $/ $J $j !" :F Mx MQ $N 8z 2L $b Bg $- $/ $J $k !# $? $@ $7 !" $$ $: $l $N >l 9g $b !" SSP $N <B 9T $N :] $K !" F~ NO CM $r @5 $7 $/ M= B, $9 $k $3 $H $O :$ Fq $G $" $j !" ;v A0 <B 9T $K $h $k %9 %F %C %W ?t :o 8: $O IT 2D G= $G $" $k !# ?^ 16 $K <( $9 %k !< %W Doit.L $O =i 4| @_ Dj ;~ $K F0 :n $7 !" %Q %i %a %? $, C1 D4 JQ 2= $9 $k $? $a $K ;v A0 <B 9T $r MQ $$ $F %k !< %W :F Mx MQ $, E, MQ $G $- $k $b $N $N !" L? Na %9 %F %C %W ?t $O >. $5 $$ !# T rees %R !< %W %= !< %H $r 9T $& !# %N !< %I $r %D %j !< $N :, $K DI 2C $7 $F %= !< %H $9 $k 4X ?t $, 7+ $j JV $7 8F $P $l $k !# $7 $+ $7 !" %N !< %I $r DI 2C $9 $k ;~ E@ $G $N %D %j !< $O >o $K %= !< %H $5 $l $? >u BV $G $" $j !" F1 $8 >u BV $+ $D F1 $8 CM $N %N !< %I DI 2C $, H/ @8 $9 $k $3 $H $O $" $j $( $: !" :F Mx MQ $N 8z 2L $O $J $$ !# $? $@ $7 !" %W %m %0 %i %‘ Fb $G 8F $S =P $5 $l $k 4X ?t mallo c $K :F Mx MQ $* $h $S ;v A0 <B 9T $, E, MQ $G $- $F $$ $k !# ?^ 16: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J Queens !K 21

?^ 17 Cf $N 4X ?t Rand $d 4X ?t mallo c $r =| $/ L? Na 6h 4V $O !" $$ $: $l $b 4X ?t mallo c Fb $G 8F $S =P $5 $l !" %k !< %W :F Mx MQ $d ;v A0 <B 9T $, E, MQ $G $- $F $$ $k !# 4X ?t mallo c $K ;v A0 <B 9T $r MQ $$ $F 4X ?t $N $_ $N :F Mx MQ $r E, MQ $7 $? >l 9g !" M} A[ E* $K 4 J, $N 3 $N <B 9T 2s ?t $r :o 8: $G $- $k !# %k !< %W ;v A0 <B 9T $r MQ $$ $? >l 9g $K :o 8: ?t $, 8: >/ $9 $k 86 0x $O !" 4X ?t mallo c Fb $K B? =E %k !< %W $, B8 :_ $7 R W $N ?< $5 $r 1[ $( $k $? $a $G $" $k !# B? =E %k !< %W $, <B 9T $5 $l $J $$ >l 9g $N $_ !" mallo c $K B? =E :F Mx MQ $, E, MQ $G $- $k !# $3 $N $? $a !" T rees $K BP $7 $F ;v A0 <B 9T $N %k !< %W 9= B$ $X $N E, MQ $r 9T $& $H !" ?^ 7 $K <( $7 $? $H $* $j !" L? Na %9 %F %C %W ?t $, A} 2C $9 $k !# R W $, J] ;} $9 $k B? =E 9= B$ $N 8B 3& $r $h $j ?< $/ $9 $k $H !" %k !< %W ;v A0 <B 9T $N >l 9g $K $* $$ $F $b !" 4X ?t mallo c $N :F Mx MQ $, 2D G= $K $J $j !" :F Mx MQ $r E, MQ $7 $J $$ >l 9g $K BP $7 !" %W %m %0 %i %‘ A4 BN $G L? Na %9 %F %C %W ?t $r 40% :o 8: $G $- $k !# $^ $? !" 4X ?t Rand $N <B 9T $O Quic ksort $N $H $- $H F1 MM $K !" %k !< %W ;v A0 <B 9T $K $h $j :o 8: $5 $l $k !# FFT 9b B. %U !< %j %( JQ 49 $r 9T $& !# %W %m %0 %i %‘ Fb $K $O 4X ?t $, B8 :_ $; $: !" <g $K %k !< %W $r MQ $$ $F 7W ;; $, <B 9T $5 $l $k !# %k !< %W ;v A0 <B 9T $r E, MQ $9 $k $3 $H $K $h $j !" :G 30 %k !< %W Fft.L(1) $H $= $N Fb It %k !< %W Fft.L(2) $N <B 9T 2s ?t $O $= $l $> $l 50% Dx EY $K :o 8: $5 $l $k !# %P %? %U %i %$ 1i ;; $r 9T $& :G Fb %k !< %W Fft.L(3) $b ;v A0 <B 9T $K $h $j !" :o 8: %9 %F %C %W ?t $, Bg $- $/ $J $k !# %W %m %0 %i %‘ $N FC @- >e !" %k !< %W $N %Q %i %a %? $N JQ 2= $, @~ 7A E* $G $" $j !" %Q %i %a %? $N C1 D4 JQ 2= $K DI ?o $9 $k K\ ;v A0 <B 9T $K ?^ 17: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J T rees !K 22

?^ 18: L? Na 6h 4V JL :o 8: %9 %F %C %W ?t !J FFT !K $* $$ $F !" $3 $N :o 8: N( $O BE Ev $J 7k 2L $G $" $k !# $^ $? !" ?^ 18 $K <( $9 Oscar.L $O =i 4| %Q %i %a %? $r @_ Dj $9 $k :] $K MQ $$ $i $l $k %k !< %W $G $" $j !" 4X ?t Cos $O !" M> 89 $N CM $r 5a $a $k :] $K ;H MQ $5 $l $k !# $= $l $> $l !" %Q %i %a %? $, C1 D4 JQ 2= $9 $k $? $a $K !" ;v A0 <B 9T $N 8z 2L $, Bg $- $$ !# 4.3 9M ;! Bg 0h JQ ?t $N =q $- 49 $( $J $I $K $h $j !" <! 2s J, $N ;v A0 <B 9T $7 $+ 8z 2L $, $J $$ >l 9g $K !" $$ $/ $D $+ $N Ld Bj E@ $, $" $2 $i $l $k !# $^ $: !" L? Na 6h 4V $, 8F $P $l $k 4V 3V $, C; $$ $? $a $K !" ;v A0 <B 9T $, 4V $K 9g $o $J $$ $3 $H $, $" $k !# Nc $( $P !" Intmm Fb $N 4X ?t Rand $N >l 9g !" SSP $, @5 $7 $/ ;v A0 <B 9T $r 9T $C $F $$ $k $b $N $N !" ;v A0 <B 9T 40 N; 0J A0 $K 4X ?t $, 8F $S =P $5 $l !" RB %( %s %H %j $N D4 :: $, <B 9T $5 $l $k !# $3 $N $? $a L5 BL $K $J $C $F $$ $k SSP <B 9T $r $$ $+ $K M- 8z $J $b $N $H $9 $k $+ $, 2] Bj $G $" $k !# $^ $? !" <! 2s $N 8F $S =P $7 $^ $G $K SSP $N ;v A0 <B 9T $, 40 N; $7 !" :F Mx MQ $N E, MQ $, 2D G= $G $" $k >l 9g $K $* $$ $F $b !" Quicksort $* $h $S Bubblr Fb $N 4X ?t Rand $N $h $& $K !" L? Na 6h 4V $N <B 9T 40 N; ;~ $N 4 2s $K 1 2s !" SSP $N ;v A0 <B 9T $, 3+ ;O $5 $l $J $$ Nc $, B8 :_ $9 $k !# $3 $l $i $N Ld Bj $K $* $1 $k !" ;v A0 <B 9T 5! 9= $N 2~ A1 $, :# 8e $N 2] Bj $G $" $k !# 23

Bh 5 >O $^ $H $a K\ O@ J8 $G $O !" ABI $r Mx MQ $7 $? 4X ?t $d %k !< %W $+ $i $J $k L? Na 6h 4V $K :F Mx MQ $* $h $S ;v A0 <B 9T $r E, MQ $9 $k 9b B. 2= <j K! $r Ds 0F $7 !" 4{ B8 %m !< %I %b %8 %e !< %k $N 9b B. 2= !" C1 D4 JQ 2= $K DI ?o !" Ej 5! $N %- %c %s %; %k $N GS =| !" %W %m %0 %i %_ %s %0 ;~ $N D> @\ Mx MQ $r 2D G= $H $7 $? !# Stanford-in teger $r MQ $$ $F %5 %$ %/ %k %7 %_ %e %l !< %? $K $h $k @- G= I> 2A $r 9T $C $? 7k 2L !" %W %m %0 %i %‘ $K $h $j 8z 2L $, 0[ $J $k $b $N $N !" :G Bg 75% $N %5 %$ %/ %k ?t $r :o 8: $G $- $k $3 $H $, $o $+ $C $? !# :# 8e $N 2] Bj $H $7 $F !" SPEC2000 $G $N I> 2A !" $^ $? !" M} A[ $I $* $j $K :F Mx MQ $5 $l $J $$ It J, $N !" ;v A0 <B 9T 5! 9= $N :F 9M $J $I $K $h $k 2~ A1 $, $" $2 $i $l $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 !" ?9 bC 0l O: =u 65 <x !" 8^ Eg @5 M5 =u <j !" DE M8 8x 6G =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] M.H.Lipasti and J.P .Shen. Exceeding the Data o w Limit via V alue Pre- diction. 29th MICR O,pp.226-237,1996. [2] K.W ang and M.F ranklin. Highly Accurate Data V alue Prediction using Hybrid Predictors. 30th MICRO,pp.281-290,1997. [3] L.Co drescu,D.S.Wills and J.Meindl. Architecture of the A tlas Chip- Multipro cessor: Dynamically Parallelizing Irregular Applications. IEEE T rans. on Comp.,V ol.50,No.1,pp.67-82,2001. [4] G.S.Sohi and A.Roth. Sp eculative Multithreaded Pro cessors. IEEE Comp.,V ol.34,pp.66-73,2001. [5] P .Marcuello and A.Gonzalez. Thread-Spa wning Schemes for Sp eculativ e Multithreading. 8th HPCA 2002. [6] J.D.Collins,H.W ang,D.M.T ullsen,C.Hughes,Y.F.Lee,D.La v ery and J.P .Shen. 24

Sp eculativ e Precomputaion: Long-range Prefetc hing of Delinquent Loads. 28th ISCA,pp.14-25,2001. [7] A.So dani and G.S.Sohi. Dynamic Instruction Reuse. 24th ISCA,pp.194- 205,1997. [8] J.Huang and D.J.Lilja. Exploiting Basic Blo ck V alue Lo cality with Blo c k Reuse. 5th HPCA 1999. [9] A.Gonzalez,J.T ubella and C.Molina. T race-Lev el Reuse. ICPP ,1999. [10] =E ED Bg 2p , >. @n MN J? , ;3 ED 9n <y , Cf Eg 9/ I’ , IY ED bC <# : L? Na >v $_ 9~ $_ , %G !< %? Ej 5! $* $h $S :F Mx MQ 5; =Q $r MQ $$ $? Jav a 2> A[ %^ %7 %s $N 9b B. 2= , >p Js =h M} 3X 2q O@ J8 ;o : %O %$ %Q %U %) !< %^ %s %9 %3 %s %T %e !< %F %# %s %0 %7 %9 %F %‘ ,HPS1,pp.13-18,2000. [11] J.Y ang and R.Gupta. Load Redundancy Remo v al through Instruction Reuse. ICPP ,2000. [12] J.Y ang and R.Gupta. Energy-e�cien t load and store reuse. ISLPED,pp.72- 75,2001. [13] D.A.Connors,H.C.Hunter,B.C.Cheng and W.W.Hwu. Hardw are Supp ort for Dynamic Activ ation of Compiler-Directed Computation Reuse. 9th ASPLOS,pp.222-223,2000. [14] J.Huang and D.J.Lilja. Extending V alue Reuse to Basic Blo cks with Com- piler Supp ort. IEEE T rans.on Comp.,V ol.49,No.4,pp.331-347,2000. [15] Y.W u,D.Y.Chen and J.F ang. Better Exploration of Region-Lev el V alue Lo calit y with Integrated Computation Reuse and V alue Prediction. 28th ISCA,pp.98-108,2001. [16] Cf Eg 9/ I’ , =o J} >! Li , @5 @> ?= 8g , 8^ Eg @5 M5 , ?9 bC 0l O: , KL B< =S L@ , IY ED bC <# : 4X ?t CM :F Mx MQ $* $h $S JB Ns ;v A0 <B 9T $K $h $k 9b B. 2= 5; =Q , >p Js =h M} 3X 2q O@ J8 ;o : %O %$ %Q %U %) !< %^ %s %9 %3 %s %T %e !< %F %# %s %0 %7 %9 %F %‘ ,HPS5,pp.1-12,Sep.2002. 25