FC JL 8& 5f Js 9p =q %m !< %I L? Na $N Ej 5! $r 9T $& %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N @- G= I> 2A ;X F3 65 41 IY ED bC <# 65 <x 5~ ET Bg 3X 9) 3X It >p Js 3X 2J 02 @n ;J J? @. 15 G/ 2 7n 3 F| i %m !< %I L? Na $N Ej 5! $r 9T $& %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N @- G= I> 2A 02 @n ;J Fb MF 9< 35 %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N 9= @. MW AG $N $& $A , >- Mh %/ %m %C %/ B. EY $r @) 8B $9 $k $b $N $H $7 $F 9M $( $i $l $F $$ $k $N $, , %P %$ %Q %9 %m %8 %C %/ $H wakeup %m %8 %C %/ $N CY 1d $G $" $k . %P %$ %Q %9 %m %8 %C %/ $H $O , ALU 4V $G $N %G !< %? E> Aw $r 9T $& %m %8 %C %/ $N $3 $H $G $" $k . $3 $N %m %8 %C %/ $O , G[ @~ CY 1d $K ;Y G[ $5 $l $k $? $a , LSI $N Hy :Y 2= $N 28 7C $r <u $1 $K $/ $$ . $h $C $F , %P %$ %Q %9 %m %8 %C %/ $O , LSI $N Hy :Y 2= $K H< $C $F , 0l AX %/ %j %F %# %+ %k $K $J $C $F $$ $/ $H M= A[ $5 $l $k . $= $3 $G , $3 $N %P %$ %Q %9 CY 1d $N 2r 7h :v $H $7 $F , 1i ;; 4o $N %/ %i %9 %? 2= $, 8& 5f $5 $l $F $$ $k . %/ %i %9 %? 2= $H $O , 0l HL $N %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N %G !< %? %Q %9 $r , FH N) $7 $? J# ?t $N %G !< %? %Q %9 $G 9= @. $9 $k $3 $H $r $$ $& . 0l J} , wakeup %m %8 %C %/ $H $O , F0 E* L? Na %9 %1 %8 %e !< %j %s %0 $N $? $a $K , L? Na $N <B 9T $K I, MW $J %G !< %? $N M- 8z @- $r DI @W $9 $k %m %8 %C %/ $N $3 $H $G $" $k . $3 $N wakeup %m %8 %C %/ $b %P %$ %Q %9 %m %8 %C %/ $H F1 MM $K , G[ @~ CY 1d $K $h $C $F ;Y G[ $5 $l $k $? $a $K , LSI $N Hy :Y 2= $N 28 7C $r <u $1 $K $/ $$ . $^ $? , B> $N 9= @. MW AG $H $O 0[ $J $j , $3 $N %m %8 %C %/ $O J# ?t $N %Q %$ %W %i %$ %s � %9 %F !< %8 $K J, 3d $9 $k $3 $H $, $G $- $J $$ . $h $C $F , wakeup %m %8 %C %/ $b F1 MM $K , LSI $N Hy :Y 2= , %Q %$ %W %i %$ %s $N ?< 2= $K H< $C $F , 0l AX %/ %j %F %# %+ %k $K $J $C $F $$ $/ $H M= A[ $5 $l $k . $3 $N wakeup %m %8 %C %/ $r 9b B. 2= $5 $; $k <j K! $N #1 $D $H $7 $F , 2f !9 $N Ds 0F $7 $? D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $, $" $k . D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 $O , 0M B8 9T Ns $r =L >. 2= $9 $k $3 $H $G , wakeup %m %8 %C %/ $N CY 1d $N 8: >/ $r <B 8= $7 $F $$ $k . $3 $N >l 9g , 0M B8 9T Ns $N =L >. 2= $K $h $k wakeup %m %8 %C %/ $N CY 1d $N 8: >/ $O , IPC $H %H %l !< %I � %* %U $N 4X 78 $K $" $j , IPC $N 0- 2= $r 5v MF HO 0O $K M^ $( $D $D , $I $3 $^ $G CY 1d $r 8: >/ $G $- $k $+ $O , L? Na %& %# %s %I %& $N %( %s %H %j ?t $K $h $C $F 7h $^ $k . K\ 9F $G $O , $3 $N %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $H , D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $r AH $_ 9g $o $; $? 5! 9= $K $D $$ $F 5D O@ $9 $k . %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $O , L? Na %& %# %s %I %& $N 9= @. K! $N 0c $$ $K $h $j , =8 Cf 7?

ii $H J, ;6 7? $K J, N‘ $G $- $k . L? Na %& %# %s %I %& $, J, ;6 $5 $l $F $$ $k >l 9g , 3F %5 %V %& %# %s %I %& $N %( %s %H %j ?t $O 7Z 8: $5 $l , 99 $K wakeup $N CY 1d $b 8: >/ $9 $k $H 9M $( $i $l $k . $7 $+ $7 0l J} $G , $= $N 9= @. $N 0c $$ $+ $i , =8 Cf 7? $O J, ;6 7? $H Hf 3S $7 $F IPC $, 9b $/ $J $k $H 9M $( $i $l $k . $^ $? , N> J} <0 $N Mx E@ $r J; $; ;} $D , 5? ;w J, ;6 7? $H $$ $& J} <0 $b Ds 0F $5 $l $F $$ $k . SPEC %Y %s %A %^ !< %/ $r MQ $$ , %/ %i %9 %? ?t : #2 , 3F %/ %i %9 %? Fb EU ?t : #2 $N %b %G %k $G IPC $r I> 2A $7 $? $H $3 $m , :G Bg $N $b $N $G $b #2 Dx EY $G $" $C $? . $7 $? $, $C $F , $3 $N %b %G %k $G $O #1 $D $N %/ %i %9 %? $G == J, =h M} $G $- , L? Na $r 3d $j ?6 $k $3 $H $N 0U L# 9g $$ $, Gv $l $F $$ $k $H 9M $( $i $l $k . $= $3 $G , $b $& #1 $D $N %/ %i %9 %? $N ;H MQ IQ EY $r 9b $a , %W %m %; %C %5 $N %/ %i %9 %? 2= $K $D $$ $F 9M ;! $9 $k $? $a $K , %m !< %I L? Na $N Ej 5! E* <B 9T $K $h $j IPC $r 8~ >e $5 $; $? . %m !< %I L? Na $N Ej 5! E* <B 9T $H $O , $" $k %9 %H %" L? Na $K B3 $/ %m !< %I L? Na $N , %a %b %j ;2 >H $N [# Kf @- $N Ld Bj $r 4K OB $9 $k $b $N $H $7 $F Ds 0F $5 $l $F $$ $k J} <0 $G $" $k . 6q BN E* $K $O , $^ $: , @h 9T $9 $k %9 %H %" L? Na $H 8e B3 $9 $k %m !< %I L? Na $N %a %b %j %" %I %l %9 $N 0l CW / IT 0l CW $r M= B, $9 $k . $= $N >e $G , IT 0l CW $H M= B, $5 $l $? $b $N $K BP $7 $F , $= $N 8e B3 %m !< %I L? Na $r @h 9T %9 %H %" L? Na $h $j $b @h $K <B 9T $9 $k . $D $^ $j , %m !< %I L? Na $N Ej 5! $r 9T $& $H , L? Na JB Ns @- $, >e $, $j IPC $b 8~ >e $9 $k . $3 $N %m !< %I L? Na Ej 5! <B 9T $r , 0M B8 9T Ns J} <0 $r ;} $D %/ %i %9 %? 2= %W %m %; %C %5 $K E, MQ $9 $k . $= $N >e $G , L? Na %& %# %s %I %& $N 9= @. K! $K $h $C $F J, N‘ $5 $l $k =8 Cf 7? , J, ;6 7? , 5? ;w J, ;6 7? $N #3 J} <0 $K $D $$ $F 5D O@ $9 $k . I> 2A %G !< %? $K $h $k $H , %m !< %I Hs Ej 5! $K BP $9 $k %m !< %I Ej 5! $N IPC $N ?- $S N( $O , 5? ;w J, ;6 7? $, :G $b 9b $+ $C $? $, , IPC $N @d BP CM $K 4X $7 $F $O , =8 Cf 7? $, :G $b Bg $- $+ $C $? . $D $^ $j , J, ;6 7? / 5? ;w J, ;6 7? $h $j $b =8 Cf 7? $N J} $, 9b $$ @- G= $r <( $9 7k 2L $H $J $C $? .

iii Ev aluation of clustered sup erscalar pro cessors with sp eculation of load instructions TSUKASA ASHIKA W A Abstract The dela y of a bypass logic and a wak eup logic among the comp onen ts of a sup erscalar pro cessor are thought as what will restrict the clo ck sp eed in the future. The b ypass logic transmits data among ALUs. This logic is gov erned b y the wire dela y , so it can not get the b ene�t of the miniaturization of LSI. Therefore, the bypass logic will b e muc h more critical with the miniaturization of LSI in the future. The researc h of a clustered sup erscalar pro cessor is b eing done as a measure against the delay time of bypass logic. The clustered means that the data passes of a general sup erscalar pro cessor are made up of indep endent plural data passes. On the other hand, the wak eup logic manages a v ailabilit y of the data for dynamic instruction scheduling. Like the b ypass logic, this w ak eup logic is dom- inated by the wire delay , so it can not receive the b ene�t of the miniaturization of LSI easily . Moreov er, unlike other comp onents of a sup erscalar pro cessor, it can not divide in to tw o or more pip eline stages. Therefore, it is exp ected that the w ak eup logic will b ecome m uc h more critical with the miniaturization of LSI and the deep ening of pip elines from now on. W e ha v e prop osed Direct Dep endence Matrix Based Scheduling Scheme which decreases the delay time of w ak eup logic. It can decrease the delay of w ak eup logic with a dep endence matrix reduction. In this case, the dela y of wak eup logic and IPC ha v e a relation of a trade-o�. It is dep endent on size of in- struction window, ho w far the delay can b e decreased, suppressing aggrav ation of IPC in tolerance level. This pap er describ es the case where our scheduling sc heme based on a di- rect dep endence matrix is applied to clustered sup erscalar pro cessors. The clustered sup erscalar pro cessor can b e classi�ed into tw o types by the di�erence in instruction window structure. They are called the centralized t yp e and the iv decentralized type. In the decen tralized type, the num ber of entries to eac h subwindo w is distributed and the delay time of wak eup also b ecomes shorter. On the other hand, the centralized type will get higher IPC than the decen- tralized type. And the virtual decen tralized type is prop osed, which has b oth types’ go o d p oints. The IPC was at most 2.0 instructions/cycle in 2 clusters mo del which has 2 EUs each. In other words, this sup erscalar pro cessor can deal with the pro- cess by only one cluster, so it don’t hav e to think the dep endence b etw een instructions. In this pap er, to ev aluate the clustered sup erscalar pro cessor, road instructions were excecuted sp eculatively . A sp eculation of load instructions relieves the problem of ambiguous refer- ence to memory for load instructions following a store instruction. Concretely , �rst, it is predicted whether a memory address of a following load instruction coincides with that of a preceding store instruction or not. In case b oth the memory addresses are not the same, the following load instruction will b e exe- cuted b efore the preceding store instruction. Therefore, the instruction parallel will improv e and IPC will rise if load instructions are executed sp eculativ ely . W e applied the load sp eculation to the clustered sup erscalar pro cessor with the direct dep endence matrix. And we discuss the three t yp es in the clustered sup erscalar pro cessor. According to the results, the IPC rate of increase is the highest in the virtual decentralized type, but the absolute v alue of IPC is the largest in the cen tralized type. After all, the cen tralized t yp e has the highest p erformance in the three types.

%m !< %I L? Na $N Ej 5! $r 9T $& %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N @- G= I> 2A L\ <! Bh 1 >O $O $8 $a $K 1 Bh 2 >O %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 4 2.1 %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N 35 MW . . . . . . . . . . . 4 2.2 %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N FC D’ . . . . . . . . . . . 5 Bh 3 >O D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 6 3.1 F0 E* L? Na %9 %1 %8 %e !< %j %s %0 J} <0 . . . . . . . . . . . . . . . . . . . . . . . 6 3.2 D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 . . . . . . . . . . . . . . . . . . 8 3.2.1 0M B8 9T Ns $N 35 MW . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 3.2.2 9T Ns %" %/ %; %9 $N 9b B. 2= . . . . . . . . . . . . . . . . . . . . . . . . 8 Bh 4 >O %/ %i %9 %? 2= $H 9T Ns J} <0 $N AH $_ 9g $o $; 12 4.1 %/ %i %9 %? 2= %W %m %; %C %5 $N J, N‘ . . . . . . . . . . . . . . . . . . . . . . . . . 12 4.2 J, ;6 7? $H 9T Ns J} <0 $N AH $_ 9g $o $; . . . . . . . . . . . . . . . . . . . . . . . 13 4.3 5? ;w J, ;6 7? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14 4.4 3F J} <0 $N FC D’ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15 Bh 5 >O %m !< %I L? Na $N Ej 5! E* <B 9T 16 5.1 %m !< %I L? Na $N Ej 5! E* <B 9T $N GX 7J $H 35 MW . . . . . . . . . . . . . . . . . . 16 5.2 F0 5! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 Bh 6 >O I> 2A 19 6.1 I> 2A %b %G %k . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19 6.2 I> 2A 7k 2L . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20 Bh 7 >O $^ $H $a 23 <U <- 23 ;2 9M J8 8% 24

Bh 1 >O $O $8 $a $K %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N @- G= $O , IPC(Instructions p er Cycle) $H %/ %m %C %/ B. EY $N @Q $G I= $9 $3 $H $, $G $- $k . 8N $K , %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N @- G= $r >e $2 $k $? $a $K $O , IPC 5Z $S %/ %m %C %/ B. EY $r 8~ >e $5 $; $l $P $h $$ . %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N IPC $r :G $b D> @\ E* $K 8~ >e $5 $; $k $? $a $N J} K! $O , L? Na H/ 9T I} ( IW : Issue Width) 5Z $S %& %# %s %I %& � %5 %$ %: ( WS : Windo w Size) $r A} $d $9 $3 $H $G $" $k . <B :] , =i 4| $N %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $O , %H %i %s %8 %9 %? ?t $, 5v $9 HO 0O $G IW, WS $r A} $d $9 $3 $H $K $h $j , Bg I} $K IPC $r 8~ >e $5 $; $F $- $? . $7 $+ $7 8= :_ $G $O , LSI $N Hy :Y 2= $K H< $C $F , %H %i %s %8 %9 %? ?t $G $O $J $/ , %/ %m %C %/ B. EY $, IW, WS $r @) 8B $9 $k <g 0x $H $J $j $D $D $" $k . IW, WS $r A} $d $7 $F $b , C1 =c $K IPC $, 8~ >e $9 $k $o $1 $G $O $J $$ $N $G , $$ $? $: $i $K $3 $l $i $r A} $d $; $P , %/ %m %C %/ B. EY $N Dc 2< $r >7 $- , $+ $( $C $F A4 BN $N @- G= $r 0- 2= $5 $; $k $3 $H $K $J $k . %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N 9= @. MW AG $N $& $A , >- Mh %/ %m %C %/ B. EY $r @) 8B $9 $k $b $N $H $7 $F M= B, $5 $l $F $$ $k $N $, , %* %Z %i %s %I � %P %$ %Q %9 $H , L? Na %9 %1 %8 %e !< %j %s %0 � %m %8 %C %/ $N 0l It $G $" $k wakeup $H 8F $P $l $k %m %8 %C %/ $G $" $k . $3 $l $i $N CY 1d $O , IW, WS $N A} 2C 4X ?t $G M? $( $i $l $k >e , G[ @~ CY 1d $N 1F 6A $r 6/ $/ <u $1 $k . $^ $? G[ @~ CY 1d $O , LSI $N Hy :Y 2= $K H< $C $F , A4 BN $N CY 1d $r ;Y G[ $7 $F $$ $/ $H 9M $( $i $l $F $$ $k [1][2][3]. 0J 2< $K , $3 $l $i $N %m %8 %C %/ $N @b L@ $H , $3 $l $i $N CY 1d $N A} Bg $K BP $9 $k 2r 7h K! $r >R 2p $9 $k . %* %Z %i %s %I � %P %$ %Q %9 $O , ALU 4V $G $N %G !< %? $N E> Aw $r 9T $& . $^ $? , $3 $N %m %8 %C %/ $O G[ @~ CY 1d $K $h $C $F ;Y G[ $5 $l $k $? $a $K , LSI $N Hy :Y 2= $N 28 7C $r <u $1 $K $/ $/ , :# 8e LSI $N Hy :Y 2= $K H< $C $F 0l AX ?< 9o $J 1F 6A $r <u $1 $k $H M= A[ $5 $l $F $$ $k . $= $3 $G , %P %$ %Q %9 CY 1d $N A} Bg $K BP $9 $k 2r 7h :v $H $7 $F , DEC Alpha 21264 $G :N MQ $5 $l $? , 1i ;; 4o $N %/ %i %9 %? 2= $, $" $k [3][4][5][6][7]. %/ %i %9 %? 2= $H $O , 0l HL $N %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N %G !< %? %Q %9 $r , FH N) $7 $? J# ?t $N %G !< %? %Q %9 $G 9= @. $9 $k $3 $H $r $$ $& . JL $N %/ %i %9 %? $K ?6 $j J, $1 $i $l $? #2 $D $N L? Na $O , Mx MQ $9 $Y $- %P %$ %Q %9 $, B8 :_ $7 $J $$ $? $a , B3 $1 $F <B 9T $9 $k $3 $H $, $G $- $J $$ . $= $N $? $a , <B :] $K $= $l $i $N L? Na $, %/ %j %F %# %+ %k � %Q %9 >e $K >h $C $F $7 $^ $C $? >l 9g $K $O , DL >o #1 %5 %$ %/ %k $N %Z %J %k %F %# $, H/ @8 $9 $k . $= $N 0l J} $G , %/ %i %9 %? 2= $9 $k %a %j %C %H $H $7 $F 5s $2 $i $l $k $N $O , %P %$ %Q %9 $N G[ @~ D9 $, ?t J, $N #1 $K C; =L $5 $l $k $3 $H $G $" $k . $3 1

$l $K $h $j , %P %$ %Q %9 %m %8 %C %/ $N CY 1d $r Bg I} $K C; =L $9 $k $3 $H $, $G $- $k . 0l J} wakeup %m %8 %C %/ $H $O , F0 E* L? Na %9 %1 %8 %e !< %j %s %0 $N $? $a $K , L? Na $N H/ 9T $K I, MW $J %G !< %? $N M- 8z @- $r DI @W $9 $k %m %8 %C %/ $N $3 $H $G $" $k . $3 $N %m %8 %C %/ $b G[ @~ CY 1d $K $h $C $F ;Y G[ $5 $l $k $? $a $K , LSI $N Hy :Y 2= $N 28 7C $r <u $1 $K $/ $$ . $^ $? wakeup %m %8 %C %/ $O , B> $N B? $/ $N 9= @. MW AG $H $O 0[ $J $j , J# ?t $N %Q %$ %W %i %$ %s � %9 %F !< %8 $K J, 3d $9 $k $3 $H $, $G $- $J $$ . $h $C $F , wakeup $N CY 1d $O , IW, WS $N A} Bg , LSI $N Hy :Y 2= , %Q %$ %W %i %$ %s $N ?< 2= $K H< $C $F , %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N %/ %m %C %/ B. EY $r @) 8B $9 $k <g MW 0x $N #1 $D $H $J $k $H M= B, $5 $l $k $N $G $" $k . $3 $N wakeup $r 9b B. 2= $5 $; $k J} K! $N #1 $D $H $7 $F , D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $, $" $k [1]. D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $O , %& %# %s %I %& $K 3J G< $5 $l $? :G Bg WS 8D $N L? Na 4V $N 0M B8 4X 78 $r I= $9 , WS 9T WS Ns $N 9T Ns $r MQ $$ $k . $3 $N J} <0 $G $O , $3 $N 9T Ns $r 3J G< $9 $k RAM $r FI $_ =P $9 $@ $1 $G , wakeup $r <B 8= $9 $k $3 $H $, $G $- $k . $^ $? , 9T Ns $N 69 I} 2= $H 8F $V 5; =Q $K $h $j , $3 $N RAM $N <B 8z I} $r Bg I} $K =L >. $9 $k $3 $H $, $G $- $k . IPC $N Dc 2< $O , 69 I} 2= 8e $N 9T Ns $N I} w $K 0M B8 $9 $k . >\ $7 $$ M} M3 $O 8e =R $9 $k $, , 9T Ns $r WS Ns $+ $i w Ns $X $H =L >. $9 $k >l 9g , w L? Na 0J >e N% $l $? #2 $D $N L? Na $O , B3 $1 $F <B 9T $9 $k $3 $H $, $G $- $J $/ $J $k . $= $N $? $a , %/ %i %9 %? 2= $N >l 9g $H F1 MM $K , #1 %5 %$ %/ %k $N %Z %J %k %F %# $, H/ @8 $9 $k $3 $H $, $" $k . $? $@ $7 , w � WS /4 $G $" $l $P , IPC $N Dc 2< $O 1 � 2% Dx EY $K M^ $( $i $l $k $3 $H $, J, $+ $C $F $$ $k . $= $N 0l J} $G , %/ %i %9 %? 2= $N >l 9g $H F1 MM $K , RAM $N G[ @~ D9 $O ?t J, $N #1 $K C; =L $5 $l , $= $N CY 1d $r Bg I} $K C; =L $9 $k $3 $H $, $G $- $k . K\ 8& 5f $G $O , D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 $r %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K <B Au $7 $? 5! 9= $K $* $$ $F 5D O@ $9 $k . %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $O , L? Na %& %# %s %I %& $N 9= @. $K $h $j , =8 Cf 7? $H J, ;6 7? $N #2 $D $K J, N‘ $G $- $k . L? Na %& %# %s %I %& $, J, ;6 $5 $l $F $$ $k >l 9g , 3F %& %# %s %I %& $N %( %s %H %j ?t $b 7Z 8: $G $- , 99 $K wakeup $N CY 1d $b 8: >/ $9 $k $H 9M $( $i $l $k . $7 $+ $7 0l J} $G , $= $N 9= @. $N 0c $$ $+ $i , =8 Cf 7? $O J, ;6 7? $K Hf $Y $F IPC $, 9b $/ $J $k $H 9M $( $i $l $k . $^ $? , $3 $l $i N> J} $N Mx E@ $r J; $; ;} $D 5? ;w J, ;6 7? $H $$ $& J} <0 $b Ds 0F $5 $l $F $$ $k [8]. Bh #6 >O $N I> 2A 7k 2L $G $b =R $Y $k $, , %/ %i %9 %? ?t $, #2 8D $G , 3F %/ %i %9 %? Fb $N EU ?t $, #1 8D $N %b %G %k ( � 1 $H 8F $V ) $G $O , 5? ;w J, ;6 7? $N IPC $O B> #2 9= @. $h $j $b NI 9% $J 7k 2L $r <( $7 $? . $7 $+ $7 , %/ %i %9 %? ?t $, #2 8D $G , 3F %/ %i %9 %? Fb $N EU ?t $, #2 8D $N %b %G %k ( � 2 $H 8F $V ) $G $O , =8 Cf 7? $H Hf 3S $7 $F 5? ;w J, ;6 7? $N M% 0L @- $O $_ $i $l $J 2

$+ $C $? . $3 $l $O , EU ?t $r #2 G\ $K $7 $? $3 $H $G , L? Na %& %# %s %I %& $X $N L? Na 3d $j ?6 $j $N 0U L# 9g $$ $, Gv $l , L? Na 4V $N 0M B8 4X 78 $r 9M N8 $9 $k I, MW @- $, Dc $/ $J $C $? $? $a $H 9M $( $i $l $k . $= $3 $G , $3 $N � 2 %b %G %k $K BP $7 $F , %m !< %I L? Na $N Ej 5! E* <B 9T $r E, MQ $7 , L? Na JB Ns @- $r >e $2 A4 BN $N IPC $r 8~ >e $5 $; $? . $= $N >e $G , =8 Cf 7? , J, ;6 7? , 5? ;w J, ;6 7? $N , $h $j >\ :Y $J Hf 3S $r 9T $C $? . %m !< %I L? Na $N Ej 5! E* <B 9T $K $D $$ $F $O , Bh #5 >O $G >\ $7 $/ =R $Y $k . 0J 2< , Bh #2 >O $G $O , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $D $$ $F >R 2p $7 , Bh #3 >O $G $O , D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $K $D $$ $F =R $Y , $= $N 0M B8 9T Ns $N 9b B. 2= <j K! $K $D $$ $F $b >\ =R $9 $k . Bh #4 >O $G $O , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K , D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $r F3 F~ $9 $k $3 $H $K $D $$ $F =R $Y , =8 Cf 7? , J, ;6 7? , 5? ;w J, ;6 7? $N #3 J} <0 $K $D $$ $F $b @b L@ $9 $k . Bh #5 >O $G $O , %m !< %I L? Na $N Ej 5! E* <B 9T $N GX 7J $H 35 MW $r @b L@ $7 , Bh #4 >O $N %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K BP $7 $F , %m !< %I L? Na $N Ej 5! $r <B 9T $7 $? F0 5! $K $D $$ $F =R $Y $k . Bh #6 >O $G $O , Bh #4 >O $N %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $* $$ $F , Bh #5 >O $G =R $Y $? %m !< %I L? Na $N Ej 5! E* <B 9T $r ;\ $7 $? >l 9g $N I> 2A $r 9T $& . $= $7 $F :G 8e $N Bh #7 >O $G $O K\ 9F $N $^ $H $a $r 9T $& . 3

Bh 2 >O %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $3 $N >O $G $O , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $D $$ $F =R $Y $k . 0l HL $K , IW, WS $, A} $( $k $K $D $l $F %P %$ %Q %9 %m %8 %C %/ $N G[ @~ $O D9 $/ $J $j , G[ @~ $N D9 $5 $, D9 $/ $J $k $K $D $l G[ @~ CY 1d $O Bg $- $/ $J $k . 8N $K , IW $, A} Bg $9 $k $K $D $l $F , %P %$ %Q %9 %m %8 %C %/ $N CY 1d $O :# 8e $^ $9 $^ $9 %/ %j %F %# %+ %k $K $J $k $H M= A[ $5 $l $k . <! $K , $3 $N %P %$ %Q %9 %m %8 %C %/ CY 1d $N 2r 7h J} K! $H $7 $F 8& 5f $5 $l $F $$ $k , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $D $$ $F =R $Y $k . 2.1 %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N 35 MW ?^ 1: %/ %i %9 %? 2= ?^ #1 $K %/ %i %9 %? 2= $N Nc $r <( $9 . ?^ #1 (a) $O #4 L? Na F1 ;~ H/ 9T $N => Mh $N %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $r , ?^ #1 (b) $O #2 8D $N %/ %i %9 %? $G J, 3d $7 $? %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $r <( $7 $F $$ $k . 4

?^ #1 $K $* $$ $F , %U %’ %C %A � %f %K %C %H , %G %3 !< %I � %f %K %C %H , L? Na %& %# %s %I %& , <B 9T %f %K %C %H ( EU : Execution Unit), %l %8 %9 %? � %U %! %$ %k ( RF : Register File) $N =g $K , L? Na $, EA $o $k . $^ $? , ?^ #1 (b) $N LV 3] $1 It J, $, %/ %i %9 %? 2= $7 $F $$ $k $3 $H $r <( $9 . $= $7 $F , ?^ #1 $N B@ @~ $O %m !< %+ %k %Q %9 $r <( $7 $F $* $j , %m !< %+ %k %Q %9 $O $= $l $> $l $N %/ %i %9 %? Fb $G $N $_ %P %$ %Q %9 $5 $l $F $$ $k . 0l HL $K , L? Na H/ 9T I} $, N $N %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $r , n 8D $N %/ %i %9 %? $K J, 3d $9 $k $H , 3F %/ %i %9 %? Fb $N <B 9T %f %K %C %H ?t $O N/n 8D $H $J $j , %/ %i %9 %? 2= $7 $F $$ $J $$ >l 9g $N 1/n G\ $H $J $k . 0l J} $G , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 A4 BN $N L? Na H/ 9T I} $O , 3F %/ %i %9 %? $N L? Na <B 9T I} $r B- $7 9g $o $; $? N $G $" $j , %/ %i %9 %? 2= $9 $k A0 $N $= $l $H JQ $o $i $J $$ . 2.2 %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N FC D’ $= $b $= $b %/ %i %9 %? 2= $H $O , 6q BN E* $K $O , %/ %i %9 %? 4V $K $^ $? $, $k %* %Z %i %s %I � %P %$ %Q %9 $r >J N, $9 $k $3 $H $G $" $k . 8N $K , 0M B8 $9 $k #2 $D $N L? Na $, , JL $N %/ %i %9 %? $K 3d $j ?6 $i $l $k $H , Mx MQ $9 $Y $- %P %$ %Q %9 $, B8 :_ $7 $J $$ $? $a , $= $N #2 $D $N L? Na $O B3 $1 $F <B 9T $9 $k $3 $H $, $G $- $J $$ . $= $7 $F , %/ %i %9 %? 4V $G %G !< %? $r 0z $- EO $9 $K $O , DL >o #1 %5 %$ %/ %k $N %/ %i %9 %? 4V CY 1d (cluster dela y) $r MW $9 $k . <B :] $K 0M B8 4X 78 $K $" $k #2 $D $N L? Na $, %W %m %0 %i %‘ $N %/ %j %F %# %+ %k � %Q %9 >e $K >h $C $F $7 $^ $C $? >l 9g $K $O , #1 %5 %$ %/ %k $N %Z %J %k %F %# $, H/ @8 $9 $k $3 $H $K $J $k . $= $N 0l J} $G , EU $r NC 8D $N %/ %i %9 %? $K J, 3d $9 $k $H , %P %$ %Q %9 $N G[ @~ D9 $O 1/ NC Dx EY $K $^ $G C; =L $5 $l , $= $N CY 1d $r Bg I} $K C; =L $9 $k $3 $H $, $G $- $k [3][4][5][6][7]. :# 8e IW $, A} $( $k $K $D $l $F , %/ %j %F %# %+ %k $H $J $C $F $$ $/ %P %$ %Q %9 %m %8 %C %/ $N CY 1d $r Dc 8: $9 $k >e $G , $3 $N %/ %i %9 %? 2= $N 5; =Q $O $^ $9 $^ $9 =E MW $H $J $C $F $$ $/ $H M= A[ $5 $l $k . 5

Bh 3 >O D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $3 $N >O $G $O , $^ $: F0 E* L? Na %9 %1 %8 %e !< %j %s %0 J} <0 $K $D $$ $F =R $Y , $= $N Cf $G wakeup + sele ct %m %8 %C %/ $N CY 1d $, %/ %j %F %# %+ %k $K $J $k M} M3 $r =R $Y $k . $= $N 8e , $= $N %m %8 %C %/ CY 1d $N 2r 7h K! $N #1 $D $H $7 $F , 2f !9 $, Ds 0F $7 $? D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $K $D $$ $F =R $Y $k . 3.1 F0 E* L? Na %9 %1 %8 %e !< %j %s %0 J} <0 Out-of-Order %9 !< %Q !< %9 %1 !< %i $K $* $1 $k F0 E* L? Na %9 %1 %8 %e !< %j %s %0 $H $O , C< E* $K $$ $( $P , :8 / 1& $N %= !< %9 %* %Z %i %s %I $K BP 1~ $9 $k %P %C %U %! $N %( %s %H %j $K , %G !< %? $, B7 $C $F $$ $k L? Na $r A* Br $9 $k $3 $H $G $" $k . $7 $? $, $C $F , 86 M} E* $K $O , :8 / 1& $N %G !< %? $, ;H MQ 2D G= $+ $I $& $+ $r I= $9 %U %i %0 rdyL/R $N %F !< %V %k $, B8 :_ $7 , %9 %1 %8 %e !< %j %s %0 $K $* $1 $k Cf ?4 E* $J Lr 3d $r 2L $? $9 . F0 E* L? Na %9 %1 %8 %e !< %j %s %0 $N %U %’ !< %: F0 E* L? Na %9 %1 %8 %e !< %j %s %0 $N =h M} $O , 0J 2< $N #5 $D $N %U %’ !< %: $K => $C $F ?J $‘ . L? Na Ip $N 7k 2L $r L? Na Ic $, >C Hq $9 $k $b $N $H $9 $k : 1. r ename : =P NO 0M B8 $d 5U 0M B8 $r F0 E* $K 2r >C $9 $k $3 $H $r L\ E* $K , O@ M} %l %8 %9 %? HV 9f $r , 8D !9 $N %G !< %? $K 3d $j Ev $F $i $l $k ID $K IU $1 BX $( $k =h M} $r r ename $H 8F $V . r ename $O , 3F L? Na $, %U %’ %C %A $5 $l $? 8e , L? Na %& %# %s %I %& $X 3J G< $5 $l $k A0 $K <B 9T $5 $l $k . 2. disp atch : $= $N 8e , L? Na $O L? Na %& %# %s %I %& $K 3J G< $5 $l $k . Ip $, $^ $@ <B 9T $5 $l $F $$ $J $$ >l 9g , Ic $O Ip $N <B 9T $r BT $C $F %& %# %s %I %& Fb $G !X L2 $k !Y . 3. wakeup : <! $N sele ct $K $h $C $F Ip $N H/ 9T $, 5v Bz $5 $l $k $H , Ic $O !X 5/ $3 $5 $l !Y , <+ $i $N H/ 9T $r MW 5a $9 $k . 4. sele ct : rdyL/R $, $H $b $K %; %C %H $5 $l $F $$ $k L? Na $, , 1i ;; 4o $K BP $7 $F H/ 9T $9 $k $3 $H $, $G $- $k L? Na $G $" $k . rdyL/R $, $H $b $K %; %C %H $5 $l $F $$ $k :G Bg WS 8D $N L? Na $N Cf $+ $i , $= $N Fb $N IW 8D $r A* Br $7 , $= $l $i $K H/ 9T 5v 2D $r M? $( $k =h M} $r sele ct $H 8F $V . 5. issue : sele ct $K $h $C $F A* Br $5 $l $? L? Na $O , <B :] $K 1i ;; 4o $K BP $7 $F H/ 9T $5 $l $k . issue $O , 6q BN E* $K $O , L? Na %& %# %s %I %& $r 9= @. $9 $k RAM $+ $i A* Br $5 $l $? L? Na $N >p Js $r FI $_ =P $9 =h M} $G $" $k . 6

?^ 2: L? Na %Q %$ %W %i %$ %s ?^ #2 (L-1) $K , wakeup , sele ct , issue $N L? Na %Q %$ %W %i %$ %s $G $N 0L CV IU $1 $H $= $N F0 :n $N MM ;R $r <( $9 . F1 ?^ $O , MIPS R10000 $N %Q %$ %W %i %$ %s 9= @. $K =‘ $: $k [9]. ?^ Cf , EXEC $O <B 9T $r , RF ! $H ! RF $O $= $l $> $l J* M} %l %8 %9 %? � %U %! %$ %k $K BP $9 $k FI $_ =P $7 $H =q $- La $7 $r I= $9 . F1 ?^ $O , %? %$ %_ %s %0 $, :G $b %/ %j %F %# %+ %k $N >l 9g , $9 $J $o $A , <B 9T $N %l %$ %F %s %7 $, #1 $G $" $k L? Na Ip $N <! $N %5 %$ %/ %k $G Ic $, <B 9T $5 $l $k >l 9g $r <( $7 $F $$ $k . Ip $, @8 @. $7 $? %G !< %? $O , %* %Z %i %s %I � %P %$ %Q %9 $r DL $C $F Ic $N <B 9T $K ;H MQ $5 $l $k . CY 1d $H %Q %$ %W %i %$ %s 2= ?^ #2 (L-2) $K , wakeup $K #1 %5 %$ %/ %k M> J, $K $+ $1 $? >l 9g $N L? Na %Q %$ %W %i %$ %s $N MM ;R $r <( $9 . sele ct $+ $i wakeup $X $N %U %# !< %I %P %C %/ $K $h $j , ( A 2 ) Ip $K BP $9 $k sele ct $, =* $o $C $? 8e $K $7 $+ , ( B 1 ) Ic $K BP $9 $k wakeup $O 3+ ;O $G $- $J $$ . $= $N 7k 2L , Ic $N H/ 9T $O #1 %5 %$ %/ %k CY $l , Ip $H Ic $O B3 $1 $F <B 9T $9 $k $3 $H $, $G $- $J $$ . F1 ?^ $G $O , Ip $, @8 @. $7 $? %G !< %? $O , %* %Z %i %s %I � %P %$ %Q %9 $r DL $k I, MW $O $J $/ , %l %8 %9 %? � %U %! %$ %k $r 2p $7 $F Ic $N <B 9T $K ;H MQ $5 $l $k . $9 $J $o $A , wakeup + sele ct $K #1 %5 %$ %/ %k $h $j B? $/ $N %5 %$ %/ %k ?t $r 3d $j Ev $F $k $3 $H $O , %l %$ %F %s %7 $, #1 $G $" $k 1i ;; 4o ( DL >o $N 9= @. $G $O ALU) $+ $i $N %* %Z %i %s %I � %P %$ %Q %9 $r <h $j =| $/ $3 $H $H Ey 2A $G $" $k . $3 $N >l 9g , IPC $N 0- 2= $O 5 � 15% Dx EY $K $b $J $k $3 $H $, J, $+ $C $F $* $j [1], %/ %m %C %/ B. EY $N 8~ >e $K 8+ 9g $o $J $$ 2D G= @- $, 9b $$ . $3 $N $h $& $J 4Q E@ $+ $i , %l %$ %F %s %7 $, #1 $G $" $k %Q %9 $K 4X $7 $F $O , wakeup $H sele ct $O 9g $o $; $F #1 %5 %$ %/ %k $G <B 9T $5 $l $J $1 $l $P $J $i $J $$ $H $$ $( $k . 8= :_ , %9 !< %Q !< %9 %1 !< %i $N %Q %$ %W %i %$ %s $O $^ $9 $^ $9 ?< $/ $J $k 79 8~ $K $" $k . 7 wakeup $H sele ct $O , 0l HL $K $O %Q %$ %W %i %$ %s 2= $9 $k $3 $H $, $G $- $J $$ $N $G , %Q %$ %W %i %$ %s $, ?< $/ $J $k $H Aj BP E* $K %/ %j %F %# %+ %k $K $J $k . $3 $N $& $A , sele ct $N CY 1d $O , @l $i %2 !< %H CY 1d $+ $i $J $k $? $a , LSI $N Hy :Y 2= $K H< $C $F =g D4 $K C; =L $5 $l $F $$ $/ $H M= B, $5 $l $F $$ $k . 0l J} , wakeup $N CY 1d $O , <g $K RAM $N %o !< %I @~ , %S %C %H @~ , %^ %C %A @~ $J $I $N G[ @~ CY 1d $+ $i $J $k $? $a , LSI $N Hy :Y 2= $N 28 7C $r <u $1 $K $/ $$ . $3 $N $h $& $J M} M3 $+ $i , wakeup $O , LSI $N Hy :Y 2= , %Q %$ %W %i %$ %s $N ?< 2= $K H< $C $F , 0l AX %/ %j %F %# %+ %k $K $J $C $F $$ $/ $H M= B, $5 $l $F $$ $k $N $G $" $k . <! @a $G $O , 0M B8 9T Ns $r MQ $$ $? wakeup $K $D $$ $F >\ =R $9 $k . 3.2 D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 2f !9 $, Ds 0F $7 $? <j K! $G $O , L? Na %& %# %s %I %& Cf $N 3F L? Na 4V $N %G !< %? 0M B8 4X 78 $r D> @\ E* $K I= $9 0M B8 9T Ns $, , %9 %1 %8 %e !< %j %s %0 $K $* $1 $k Cf ?4 E* $J Lr 3d $r 2L $? $9 . 0J 2< $G $O , $3 $N 0M B8 9T Ns $N 35 MW $H , 9T Ns %" %/ %; %9 $N 9b B. 2= <j K! $K $D $$ $F @b L@ $9 $k . 3.2.1 0M B8 9T Ns $N 35 MW ?^ #3 $K 0M B8 9T Ns $N 35 G0 ?^ $r <( $9 . 9T Ns $O , rdyL/R $K 3F #1 $D $: $D MQ 0U $5 $l $? WS � WS $N 9T Ns $G $" $j , BP 3Q MW AG $O ;H MQ $7 $J $$ . L? Na %& %# %s %I %& $N p HV %( %s %H %j $K 3J G< $5 $l $? L? Na Ip $N <B 9T 7k 2L $r , c HV $N L? Na Ic $, >C Hq $9 $k >l 9g , p 9T c Ns $N MW AG $O \1", $= $& $G $J $1 $l $P \0" $H $9 $k . wakeup $K $* $$ $F $O , 3F Ns $G #1 $G $" $k 9T $K BP 1~ $9 $k $9 $Y $F $N L? Na $N H/ 9T $, 5v Bz $5 $l $l $P , $= $N Ns $K BP 1~ $9 $k L? Na $O <B 9T 2D G= $G $" $j , rdyL/R %U %i %0 $r %; %C %H $7 $F $= $N L? Na $r MW 5a $9 $l $P $h $$ . ?^ #3 $K <( $9 Nc $G $O , O" B3 $9 $k #4 $D $N L? Na $, ID = 1 $N %( %s %H %j $+ $i =g $K 3J G< $5 $l $? >l 9g $r I= $7 $F $$ $k . $3 $N >l 9g , Nc $( $P , ID = 1 $N L? Na $, @8 ;: $9 $k $1 $r ID = 2, 3 $N L? Na $, :8 %* %Z %i %s %I $H $7 $F >C Hq $9 $k $N $G , :8 $N 9T Ns $N #1 9T L\ $G $O 2, 3 Ns $N MW AG $, \1" $H $J $k . $= $N B> $N MW AG $b F1 MM $K 5a $a $i $l $k . 3.2.2 9T Ns %" %/ %; %9 $N 9b B. 2= K\ @a $G $O , 9T Ns %" %/ %; %9 $N 9b B. 2= <j K! $H $7 $F , 9T Ns $N J, ;6 2= , B? 3, AX 2= , 69 I} 2= $K $D $$ $F =R $Y $k . $= $l $> $l $N <j K! $O , K\ Mh FH N) $K E, MQ 2D G= $G $" $k $, , AH $_ 9g $o $; $F MQ $$ $k $3 $H $G $h $j 8z 2L $r H/ 4x $9 $k . $= $N $? $a 0J 2< $G $O , >e 5- $N =g $K E, MQ $9 $k $H $$ $& N. $l $G 3F <j K! $K $D $$ $F @b L@ $9 $k . 9T Ns $N J, ;6 2= <B :] $N %W %m %; %C %5 $G $O , @0 ?t ( INT ), %m !< %I / %9 %H %" ( LS ), Ib F0 >. ?t E@ ( FP ) L? Na $N 7O E} $4 $H $K L? Na %& %# %s %I %& $r J, ;6 2= $7 $F $$ $k . $3 $N $h $& $J J, ;6 2= $O , $o 8

?^ 3: 0M B8 9T Ns $N 35 G0 ?^ $: $+ $J IPC $N %Z %J %k %F %# $r 5> @7 $K , %m %8 %C %/ $r Bg I} $K =L >. $G $- $k $? $a , Hs >o $K =E MW $G $" $k . MIPS R10000 $H F1 MM $N J, ;6 2= $r ;\ $7 $? >l 9g $N MM ;R $r ?^ #4 $K <( $9 . R10000 $G $O , INT, LS, FP $N 3F %5 %V %& %# %s %I %& $N H/ 9T I} $H %5 %$ %: $O $= $l $> $l , IW q = IW /3 = 2, WS q = WS /3 = 16 $G $" $k . J, ;6 2= $N 9T Ns $K BP $9 $k Bh 0l $N 8z 2L $O , =q $- 9~ $_ %] !< %H $N :o 8: $G $" $k . INT L? Na $r disp atch $9 $k $H $- $K =q $- 9~ $^ $l $k 9T $O , BP 1~ $9 $k WS q 9T $K @) 8B $5 $l $k . $3 $N It J, $N %; %k $N =q $- 9~ $_ %] !< %H ?t $O , IW $+ $i IW q $X $H 1/3 $K :o 8: $5 $l $k . LS, FP $K $D $$ $F $b F1 MM $G $" $k . $^ $? , R10000 $N $h $& $K INT $N $_ $N %5 %V %& %# %s %I %& $r ;} $D >l 9g , <! 9‘ $G =R $Y $k 9T Ns $N B? 3, AX 2= $, 2D G= $K $J $k . 9T Ns $N B? 3, AX 2= R10000 $N 9= @. $G $O , %l %$ %F %s %7 $, #1 $G $" $k %Q %9 $O , INT $+ $i INT, INT $+ $i LS $N #2 $D $G $" $k . ?^ #4 $G $O , 1F $r IU $1 $? It J, $, $3 $l $K Aj Ev $9 $k . $3 $N It J, $r <h $j =P $7 , $3 $l $r L-1 , ;D $j $r L-2 9T Ns $H 8F $V . L-1 %" %/ %; %9 $O sele ct $H 9g $o $; $F #1 %5 %$ %/ %k 0J Fb $K 9T $& I, MW $, $" $k $, , L-2 $O %Q %9 $N %l %$ %F %s %7 $K 9g $o $; $F E, Ev $K %Q %$ %W %i %$ %s 2= $7 $F $h $$ . ?^ #2 (L-2) $O %l %$ %F %s %7 $, #2 $N >l 9g $K $" $? $k . F1 ?^ $G $O , L-2 $K $O 1.5 %5 %$ %/ %k , $9 $J $o $A , L-1 $N #3 G\ $N ;~ 4V $r $+ $1 $F $* $j , L-2 $, %/ %j %F %# %+ %k $K $J $k 2D G= @- $O 6K $a $F Dc $$ . 0l J} , L-1 $O 85 $N 9T Ns $+ $i Hf $Y $k $H 3J CJ $K >/ NL 2= $5 $l , $= $N J, $@ $1 CY 1d $b C; 9

?^ 4: D> @\ 0M B8 9T Ns $N J, ;6 2= $H B? 3, AX 2= =L $5 $l $k . 99 $K , L-1 $K BP $7 $F $O <! 9‘ $G =R $Y $k 69 I} 2= $r E, MQ $9 $k $3 $H $, $G $- $k . L-1 9T Ns $N 69 I} 2= 0M B8 $9 $k L? Na 4V $N 5w N% $O C; $$ >l 9g $, B? $$ . $3 $N @- <A $r Mx MQ $7 $F , L-1 $r =L >. $7 , 99 $K $= $N CY 1d $r C; =L $9 $k $3 $H $r 9M $( $k . $9 $J $o $A , 3F L? Na %- %e !< $K $* $$ $F , <+ L? Na $N 8e $N w ( 1 � w � WS q - 1 ) 8D $N L? Na $K BP $9 $k %S %C %H $@ $1 $r L-1 $K ;D $7 , $= $l 0J 30 $r L-2 $K 0\ $9 $N $G $" $k . wakeup $O , L? Na 4V $N 5w N% $, w 0J 2< $N >l 9g $K $O L-1 $K $h $C $F , $= $& $G $J $$ >l 9g $K $O L-2 $K $h $C $F 9T $o $l $k . 8e <T $N >l 9g $K $O , #1 %5 %$ %/ %k $N %Z %J %k %F %# $, @8 $8 $k . ?^ #5 $K , WS q = 8, w = 4 $N >l 9g $N L-1 $N =L >. $N MM ;R $r <( $9 . $3 $N ?^ $O , INT $+ $i INT $N It J, $N $_ $G $" $k $, , INT $+ $i LS $N It J, $b F1 MM $G $" $k . :8 $O 85 !9 $N , 1& $, =L >. 8e $N L-1 $G $" $k . 85 $N L-1 9T Ns $+ $i :o =| $5 $l $k %; %k $O , :8 ?^ Cf $G Gv $/ <( $7 $F $" $k . I, MW $J %; %k $r 6k 7A NN 0h $K =8 $a $k $K $O $$ $/ $D $+ $N J} K! $, 9M $( $i $l $k $, , $h $j %/ %j %F %# %+ %k $G $" $k %S %C %H @~ rdyL/R $r C; =L $9 $k $3 $H $r M% @h $7 $F , F1 10

?^ 5: L-1 9T Ns $N 69 I} 2= ?^ 1& $N $h $& $K $9 $k $H $h $$ . w $r L-1 $N I} $H 8F $V $3 $H $K $7 , $3 $N 5; =Q $r L-1 9T Ns $N 69 I} 2= $H $$ $& . ?^ #5 1& $+ $i L@ $i $+ $J $h $& $K , 69 I} 2= $5 $l $? L-1 $N %o !< %I @~ , %S %C %H @~ $O , $= $l $> $l w 8D $N %; %k $K $7 $+ @\ B3 $5 $l $F $$ $J $$ . $7 $? $, $C $F , wakeup $N CY 1d $O , WS $H $O FH N) $K w $K $h $C $F 7h $^ $k . $? $@ $7 , IPC $N 0- 2= $r 5v MF HO 0O $K M^ $( $D $D , I} w $r $I $3 $^ $G >. $5 $/ $G $- $k $+ $O , WS $N Bg $- $5 $K $h $k . $J $* , 3F %5 %V %& %# %s %I %& 4V $G $O , %( %s %H %j >C Hq $N Jb D4 $r B7 $( $k pace-keeping $H 8F $V A‘ :n $, I, MW $G $" $j , %& %# %s %I %& � %( %s %H %j $N ;H MQ 8z N( $, <c 43 0- 2= $9 $k . w � min( WS q /4,64) $G $" $l $P , L-1 %_ %9 $G $O $J $/ , <g $K pace-keeping $K $h $C $F IPC $O Dc 2< $7 , $= $N IPC $N Dc 2< $O 1 � 2% $K M^ $( $i $l $k $3 $H $, J, $+ $C $F $$ $k [1]. 11

Bh 4 >O %/ %i %9 %? 2= $H 9T Ns J} <0 $N AH $_ 9g $o $; $3 $N >O $G $O , Bh #2 >O , Bh #3 >O $G $= $l $> $l =R $Y $? , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K , D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $r AH $_ 9g $o $; $k J} K! $K $D $$ $F =R $Y $k . 4.1 %/ %i %9 %? 2= %W %m %; %C %5 $N J, N‘ %/ %i %9 %? 2= %W %m %; %C %5 $O , L? Na %& %# %s %I %& $N J* M} E* $J 9= @. $K $h $j , Bg $- $/ =8 Cf 7? $H J, ;6 7? $N #2 $D $K J, N‘ $9 $k $3 $H $, $G $- $k . ?^ #6 (a),(b) $O $= $l $> $l =8 Cf 7? , J, ;6 7? $r I= $7 $? $b $N $G $" $k . $3 $N ?^ $+ $i J, $+ $k $h $& $K , =8 Cf 7? $G $O C1 0l $N %m %8 %C %/ $H $7 $F L? Na %& %# %s %I %& $r 9= @. $7 , J, ;6 7? $G $O 3F %/ %i %9 %? $K #1 BP #1 $K BP 1~ $9 $k J# ?t $N %5 %V %& %# %s %I %& $H $7 $F L? Na %& %# %s %I %& $r 9= @. $7 $F $$ $k . $= $7 $F , =8 Cf 7? $G $O L? Na $O C1 0l $N %& %# %s %I %& $+ $i A4 $F $N %/ %i %9 %? $K BP $7 $F H/ 9T $5 $l $k $N $K BP $7 , J, ;6 7? $G $O L? Na $O 3F %5 %V %& %# %s %I %& $+ $i #1 BP #1 $K BP 1~ $9 $k %/ %i %9 %? $K BP $7 $F $N $_ H/ 9T $5 $l $k . $^ $? =8 Cf 7? $H J, ;6 7? $H $G $O , L? Na $r %/ %i %9 %? $K 3d $j ?6 $k %? %$ %_ %s %0 $, 0[ $J $k . $D $^ $j , =8 Cf 7? $G $O L? Na $N 3d $j ?6 $j $O sele ct %U %’ !< %: $K $F 9T $o $l $k $, , J, ;6 7? $G $O 2? $i $+ $N %R %e !< %j %9 %F %# %/ %9 $K 4p $E $$ $F , disp atch %U %’ !< %: $K $F 9T $& I, MW $, $" $k . IPC $O $= $N @: EY $K 0M B8 $9 $k [3][4][5]. $7 $+ $7 , $= $N 0l J} $G , J, ;6 7? $O L? Na %& %# %s %I %& $r J, ;6 2= $9 $k $3 $H $G , %& %# %s %I %& � %m %8 %C %/ $N CY 1d $r :o 8: $9 $k $3 $H $, $G $- $k : � wakeup <! @a $G >\ $7 $/ =R $Y $k . � sele ct $3 $N %m %8 %C %/ $G $O , WS 8D $N L? Na $+ $i IW 8D $r A* Br $9 $k I, MW $, $" $k $b $N $, , n 8D $N %/ %i %9 %? $K J, 3d $9 $k $H WS/n 8D $N L? Na $+ $i IW/n 8D $r A* Br $9 $k $@ $1 $G $h $/ $J $k . sele ct %m %8 %C %/ $N CY 1d $O O (log WS � log IW ) $G M? $( $i $l , WS, IW $N :o 8: $H $b $K , BP ?t %* !< %@ $N 8z 2L $, $" $k [10]. � disp atch, issue %& %# %s %I %& $r 9= @. $9 $k RAM <+ BN $, >. 7? 2= $5 $l $k $? $a , disp atch, issue $N CY 1d $b :o 8: $5 $l $k . $? $@ $7 , $3 $l $i $N =h M} $O wakeup , sele ct $H $O 0[ $J $j , %Q %$ %W %i %$ %s 2= 2D G= $G $" $k $N $G , wakeup + sele ct $H Hf 3S $9 $k $H , $= $N 1F 6A $O 7h Dj E* $G $O $J $$ . 12

?^ 6: %/ %i %9 %? 2= %W %m %; %C %5 $N J, N‘ 4.2 J, ;6 7? $H 9T Ns J} <0 $N AH $_ 9g $o $; 0M B8 $9 $k #2 $D $N L? Na Ip $H Ic $, JL $N %/ %i %9 %? $K 3d $j ?6 $i $l $? >l 9g $K $O , %/ %i %9 %? 4V CY 1d $N $? $a , Ip $H Ic $O B3 $1 $F <B 9T $9 $k $3 $H $O $G $- $J $$ . $7 $? $, $C $F , Ic $K BP $9 $k wakeup + sele ct $b #1 %5 %$ %/ %k $G <B 9T $9 $k I, MW $, $J $/ $J $k . ?^ #2 (L-2) $O , $A $g $& $I $= $N >l 9g $r I= $7 $F $$ $k $H $_ $J $9 $3 $H $b $G $- $k . $3 $N $H $- , F1 ?^ $N $h $& $K Ic $N wakeup + sele ct $K 9g $o $; $F #2 %5 %$ %/ %k $r $+ $1 $F $b , ?7 $? $J %Z %J %k %F %# $, @8 $8 $k $3 $H $O $J $$ . $9 $J $o $A , wakeup + sele ct $r 9g $o $; $F #1 %5 %$ %/ %k $G 9T $& I, MW $, $" $k $N $O , F1 0l $N %/ %i %9 %? $K 3d $j ?6 $i $l $? L? Na 4V $K 8B $i $l $k $N $G $" $k . %/ %i %9 %? 2= %W %m %; %C %5 $N ;} $D $3 $N @- <A $O , J, ;6 7? $K $h $j M- Mx $K F/ $/ . J, ;6 7? $G $O , F1 0l $N %/ %i %9 %? $K 3d $j ?6 $i $l $k L? Na $O F1 0l $N %5 %V %& %# %s %I %& $K 3J G< $5 $l $F $$ $k . $7 $? $, $C $F , F1 0l $N %5 %V %& %# %s %I %& Fb $G $N wakeup + sele ct $O #1 %5 %$ %/ %k $G , JL $N %5 %V %& %# %s %I %& $K $^ $? $, $k wakeup + sele ct $O #2 %5 %$ %/ %k $G <B 9T $9 $k 13

$h $& $K %m %8 %C %/ $r AH $a $P $h $$ . 0l J} , =8 Cf 7? $G $O $3 $N @- <A $r Mx MQ $9 $k $N $O MF 0W $G $O $J $$ . J, ;6 7? $H 9T Ns J} <0 $r AH $_ 9g $o $; $k >l 9g $K $O !" L-1 9T Ns $O 3F %5 %V %& %# %s %I %& $K J, ;6 $7 !" %/ %i %9 %? 4V $N wakeup $O L-2 $G 9T $( $P $h $$ !# J, ;6 7? $H 69 I} 2= J, ;6 7? $H 9T Ns J} <0 $N AH $_ 9g $o $; $O , 69 I} 2= $K BP $7 $F $b M- Mx $K F/ $/ . J, ;6 7? $K $* $1 $k disp atch ;~ $N 3F %5 %V %& %# %s %I %& $K BP $9 $k L? Na $N ?6 $j J, $1 $, $4 $/ $& $^ $/ $$ $/ $H 2> Dj $9 $k $H , L? Na $O 8_ $$ $K 0M B8 4X 78 $K $" $k L? Na $N %0 %k !< %W $K J, $1 $i $l $F , 3F %5 %V %& %# %s %I %& $K CV $+ $l $k $3 $H $K $J $k . 3F %5 %V %& %# %s %I %& Fb $G $N 0M B8 $9 $k L? Na 4V $N 5w N% $O J? 6Q $7 $F 1/ NC Dx EY $K :o 8: $5 $l $k $H 4| BT $G $- $k . $7 $? $, $C $F , L-1 9T Ns $N I} $r w / NC $^ $G :o 8: $7 $F $b , F1 Dx EY $N L-1 %R %C %H N( $r 4| BT $9 $k $3 $H $, $G $- $k . 4.3 5? ;w J, ;6 7? A0 =R $7 $? $h $& $K , wakeup + sele ct $r 9g $o $; $F #1 %5 %$ %/ %k $G 9T $& I, MW $, $" $k $N $O , F1 0l $N %/ %i %9 %? $K 3d $j ?6 $i $l $? L? Na 4V $K 8B $i $l $k . A0 @a $G $O , $3 $N %/ %i %9 %? 2= %W %m %; %C %5 $N @- <A $O , =8 Cf 7? $K 1~ MQ $9 $k $3 $H $O 4J C1 $G $O $J $$ $H =R $Y $? $, , 0J 2< $G $O , $3 $N @- <A $r Mx MQ $G $- $k 5? ;w J, ;6 7? $H $$ $& J} <0 $K $D $$ $F @b L@ $9 $k . ?^ #6 (c) $O , 5? ;w J, ;6 7? $N LO <0 ?^ $G $" $k . 5? ;w J, ;6 7? $O , J* M} E* $K $O =8 Cf 7? $N 0l <o $G $" $k . $9 $J $o $A , L? Na %& %# %s %I %& $O C1 0l $N %m %8 %C %/ $G 9= @. $5 $l , L? Na $O $= $3 $+ $i $9 $Y $F $N %/ %i %9 %? $K BP $7 $F H/ 9T $5 $l $k . $= $N >e $G , L? Na %& %# %s %I %& $N %( %s %H %j $r %/ %i %9 %? $4 $H $K NN 0h J, 3d $7 , 3F NN 0h $4 $H $K L-1 9T Ns $r MQ 0U $9 $k . $9 $J $o $A , F1 $8 NN 0h Fb $K CV $+ $l $? #2 $D $N L? Na $O #1 %5 %$ %/ %k $G wakeup + sele ct $G $- $k $, , 0[ $J $k NN 0h Fb $K CV $+ $l $? #2 $D $N L? Na 4V $N wakeup + sele ct $K $O #2 %5 %$ %/ %k $r MW $9 $k . disp atch ;~ $K $O , 3F NN 0h $K BP $7 $F L? Na $r ?6 $j J, $1 $k I, MW $, $" $k $, , $3 $l $K $O J, ;6 7? $H F1 $8 %" %k %4 %j %: %‘ $r MQ $$ $k $3 $H $, $G $- $k . $= $7 $F , sele ct ;~ $K $O , H/ 9T 2D G= $J L? Na $r 3F %/ %i %9 %? $K 3d $j ?6 $k I, MW $, $" $j , $I $N NN 0h $N L? Na $b $9 $Y $F $N %/ %i %9 %? $K BP $7 $F H/ 9T $G $- $k . $7 $+ $7 , $" $k NN 0h $N L? Na $O , $= $l $K BP 1~ $9 $k %/ %i %9 %? $K M% @h E* $K 3d $j ?6 $l $P $h $/ , %/ %i %9 %? $K 6u $- $, $" $k >l 9g $K $O , JL $N NN 0h $N L? Na $r H/ 9T $9 $k $3 $H $, $G $- $k . 14

4.4 3F J} <0 $N FC D’ 0J 2< $K , 5? ;w J, ;6 7? $N , =8 Cf 7? , J, ;6 7? $K BP $9 $k %a %j %C %H � %G %a %j %C %H $r $^ $H $a $k . %a %j %C %H 5? ;w J, ;6 7? $G $O , L-1 $O J, ;6 7? $H F1 MM , J, 3d $7 $? NN 0h $4 $H $K 3d $j Ev $F $k $? $a , CY 1d $K 4X $7 $F =8 Cf 7? $H Hf 3S $7 $F M- Mx $G $" $k . $^ $? , %/ %i %9 %? $X $N L? Na 3d $j ?6 $j $K 4X $7 $F , 5? ;w J, ;6 7? $O =8 Cf 7? $K disp atch ;~ $N ?6 $j 3d $j $r 2C $( $? $b $N $H $$ $( $k . disp atch ;~ $K 0M B8 4X 78 $r 9M N8 $7 $F L? Na $r 3d $j ?6 $k $3 $H $G , 0M B8 4X 78 $K $" $k L? Na $, F1 0l %/ %i %9 %? $G <B 9T $5 $l $k IQ EY $O , =8 Cf 7? $H Hf 3S $7 $F 9b $/ $J $j , %/ %i %9 %? 4V CY 1d $N H/ @8 IQ EY $, Dc $/ $J $k $H 9M $( $i $l $k . $^ $? , J, ;6 7? $G $O disp atch ;~ $K L? Na $N %/ %i %9 %? $X $N 3d $j ?6 $j $r 7h Dj $9 $k $? $a , %/ %i %9 %? $K 6u $- $, $" $k >l 9g $G $b , BP 1~ %/ %i %9 %? 0J 30 $K $O L? Na $r H/ 9T $9 $k $3 $H $O $G $- $J $$ . $7 $+ $7 , 5? ;w J, ;6 7? $N disp atch ;~ $N %/ %i %9 %? $X $N L? Na 3d $j ?6 $j $O , M% @h EY $r 5a $a $k $@ $1 $G $" $j , :G =* E* $J 7h Dj $O =8 Cf 7? $H F1 MM sele ct ;~ $K 9T $o $l $k . => $C $F , >e 5- $N $h $& $J Ld Bj $O 5/ $3 $i $J $$ . %G %a %j %C %H %a %j %C %H $H $7 $F disp atch ;~ $N L? Na 3d $j ?6 $j $N IU 2C $r 5s $2 $? $, , $= $N @: EY $K $h $C $F $O 5U $K %Z %J %k %F %# $H $J $k $3 $H $, $" $k . $D $^ $j , =8 Cf 7? $G $O L-1 $r MQ $$ #1 %5 %$ %/ %k $G wakeup + sele ct $5 $l $k L? Na $N AH $_ 9g $o $; $, , 5? ;w J, ;6 7? $G $O disp atch ;~ $N 3d $j ?6 $j $G 0[ $J $k NN 0h $K CV $+ $l $k 2D G= @- $, @8 $8 $k . $9 $k $H , 5? ;w J, ;6 7? $G $O 0[ $J $k NN 0h Fb $K CV $+ $l $? #2 $D $N L? Na 4V $N wakeup + sele ct $K $O #2 %5 %$ %/ %k $r MW $9 $k $? $a , IPC $, 0- 2= $9 $k 2D G= @- $, $" $k . 15

Bh 5 >O %m !< %I L? Na $N Ej 5! E* <B 9T $3 $N >O $G $O $^ $: , %m !< %I L? Na $N Ej 5! E* <B 9T $N GX 7J $H 35 MW $r =R $Y , %m !< %I L? Na $N Ej 5! E* <B 9T $N 6q BN Nc $b @b L@ $9 $k . $= $7 $F , A0 >O $G =R $Y $? %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $* $1 $k #3 J} <0 $K BP $7 $F , %m !< %I L? Na $N Ej 5! E* <B 9T $r 9T $C $? F0 5! $K $D $$ $F =R $Y $k . 5.1 %m !< %I L? Na $N Ej 5! E* <B 9T $N GX 7J $H 35 MW %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N @- G= 8~ >e $r K8 $2 $k MW 0x $N #1 $D $K , L? Na 4V $N %G !< %? 0M B8 4X 78 $N Ld Bj $, $" $k . %G !< %? 0M B8 4X 78 $K $O , #2 $D $N %? %$ %W $, B8 :_ $9 $k . #1 $D $O %l %8 %9 %? $r 2p $7 $? 0M B8 4X 78 $G $" $j , $b $& #1 $D $O %a %b %j $r 2p $7 $? 0M B8 4X 78 $G $" $k . $3 $N Fb , %l %8 %9 %? $r 2p $7 $? 0M B8 4X 78 $O , %G %3 !< %I ;~ $K L? Na Fb $N %* %Z %i %s %I � %U %# !< %k %I $r I> 2A $9 $k $3 $H $G 8! =P $9 $k $3 $H $, 2D G= $G $" $k . 0l J} , %a %b %j $r 2p $7 $? 0M B8 4X 78 $O , F1 0l %" %I %l %9 $r ;2 >H $9 $k %a %b %j %" %I %l %9 L? Na 4V $N 0M B8 $H $J $k $, , ;2 >H %" %I %l %9 $, <B 9T ;~ $K $J $i $J $$ $H 7h Dj $5 $l $J $$ $? $a , L? Na %9 %1 %8 %e !< %j %s %0 ;~ $K 8! =P $9 $k $3 $H $O $G $- $J $$ . $7 $? $, $C $F , %G !< %? 0M B8 4X 78 $r K~ $? $9 $3 $H $r J] >Z $9 $k $K $O , $" $k %9 %H %" L? Na $K B3 $/ %m !< %I L? Na $O , @h 9T $9 $k %9 %H %" L? Na $, 40 N; $7 $J $1 $l $P <B 9T $9 $k $3 $H $, $G $- $J $$ , $H $$ $& @) Ls $, I, MW $G $" $k . $3 $l $O , 0[ $J $k %" %I %l %9 $K BP $9 $k 8e B3 %m !< %I L? Na $G $5 $( $b , @h 9T %9 %H %" L? Na $K 0M B8 $9 $k $3 $H $K $J $k . $3 $l $, [# Kf $J %a %b %j ;2 >H $N Ld Bj $G $" $j , L? Na %l %Y %k JB Ns @- (ILP:instruction level parallelism) $r 0z $- =P $9 :] $N Bg $- $J K8 $2 $H $J $C $F $$ $k . $3 $N %a %b %j ;2 >H $N [# Kf @- $N Ld Bj $r 4K OB $9 $k $? $a $K , %m !< %I L? Na $N Ej 5! E* <B 9T $H $$ $& J} <0 $, Ds 0F $5 $l $F $$ $k . $3 $l $O , @h 9T %9 %H %" L? Na $H 8e B3 %m !< %I L? Na $N %" %I %l %9 0l CW / IT 0l CW $r M= B, $7 , IT 0l CW $H M= B, $5 $l $? %m !< %I L? Na $r Ej 5! E* $K <B 9T $9 $k J} <0 $G $" $k . ?^ #7 $r MQ $$ $F 6q BN E* $K @b L@ $9 $k . 0J 2< $G $O @b L@ $r 4J N, 2= $9 $k $? $a , %m !< %I L? Na $H %9 %H %" L? Na $7 $+ $J $$ $b $N $H $9 $k . ?^ #7 $G $O , $" $k ;~ 9o $K $* $1 $k , #4 $D $N %m !< %I / %9 %H %" 1i ;; 4o $N ;H MQ >u 67 , $^ $? , L? Na Ns $N \Ready" $H \Not Ready" $O $= $l $> $l , %m !< %I / %9 %H %" L? Na $N %= !< %9 � %* %Z %i %s %I $, B7 $C $F $$ $k $+ H] $+ $r I= $7 $F $$ $k . $3 $N ;~ 9o $G $O , $1 $N LOAD $O LS 1i ;; 4o $G <B 9T Cf $G $" $k . $= $7 $F , $2 $N STORE, $5 $N LOAD $O %= !< %9 � %* %Z %i %s %I $, B7 $C $F $$ $J $$ $? $a , \Not Ready" >u BV $G $" $k . 0l J} , $3, $4 $N 16

?^ 7: %m !< %I L? Na $N Ej 5! E* <B 9T LOAD $O , 4{ $K %= !< %9 � %* %Z %i %s %I $, Cj =P $5 $l $F $$ $k $? $a \Ready" >u BV $K $" $j , <B 9T BT $A $G $" $k . $3 $3 $G $^ $: , %m !< %I $N Ej 5! $r 9T $o $J $$ >l 9g $r 9M $( $k . >e $G =R $Y $? , $" $k %9 %H %" L? Na $K B3 $/ %m !< %I L? Na $O , @h 9T $9 $k %9 %H %" L? Na $, 40 N; $7 $J $1 $l $P <B 9T $9 $k $3 $H $, $G $- $J $$ , $H $$ $& @) Ls $h $j , \Ready" >u BV $K $" $k $3, $4 $N LOAD $O , \Not Ready" >u BV $K $" $k @h 9T $9 $k STORE $, $^ $@ <B 9T 40 N; $7 $F $$ $J $$ $N $G , LS 1i ;; 4o $K #3 $D $N 6u $- $, $" $k $K $b $+ $+ $o $i $: , <B 9T 3+ ;O $, $G $- $J $$ . $7 $+ $7 , %m !< %I $N Ej 5! $r E, MQ $9 $k >l 9g , @h 9T %9 %H %" L? Na $2:STORE $H , 8e B3 %m !< %I L? Na $3:LO AD, $4:LOAD $H $N %" %I %l %9 0l CW / IT 0l CW $r M= B, $7 , IT 0l CW $H M= B, $5 $l $? $J $i , $3, $4 $N LO AD $O <B 9T $G $- $k . $= $7 $F ;~ 4V $, ?J 9T $7 $F , $2 $N STORE $, \Ready" >u BV $K $J $j , %a %b %j %" %I %l %9 CM $, J, $+ $k $H , $9 $G $K <B 9T $5 $l $? LOAD $N %a %b %j %" %I %l %9 CM $H 0l CW / IT 0l CW $r 3N $+ $a $k . $b $7 , $9 $Y $F IT 0l CW $J $i 2? $b Ld Bj $O $J $/ , 0l CW $7 $F $$ $k $b $N $, $" $l $P , :F EY $= $N LOAD $r <B 9T $9 $k . $3 $l $^ $G $O , %m !< %I L? Na $H %9 %H %" L? Na $7 $+ $J $$ $b $N $H $7 $F OC $r ?J $a $F $- $? $, , <B :] $O B> $K $b L? Na $, $" $j , $b $7 @h 9T %9 %H %" L? Na $H 8e B3 %m !< %I L? Na $N %a %b %j %" %I %l %9 $, 0l CW $7 $F $$ $l $P , $= $N %m !< %I L? Na $H $= $l $K $h $C $F <B 9T 2D G= $H $J $k L? Na $r :F <B 9T $9 $k I, MW $, $" $k . $7 $+ $7 , @h 9T %9 %H %" L? Na $H 8e B3 %m !< %I L? Na $N %a %b %j %" %I %l %9 $, 0l CW $7 $F $$ $k $3 $H $O >/ $J $/ , @h 9T %9 %H %" L? Na $h $j $b @h $K <B 9T $7 $? 8e B3 %m !< %I L? Na $r :F <B 9T $9 $k IQ EY $O >/ $J $$ . 17

5.2 F0 5! %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $* $$ $F , %/ %i %9 %? ?t $, #2 8D $G , 3F %/ %i %9 %? Fb $N EU ?t $, #2 $D $N %b %G %k $K BP $7 $F , %/ %i %9 %? 2= $r ;\ $7 $F $$ $J $$ %Y !< %9 � %b %G %k $r 9M $( $k . $3 $N >l 9g , %Y !< %9 � %b %G %k $N EU ?t $O , #2 � #2 = #4 8D $H $J $k . A0 $K $b =R $Y $? $, , %/ %i %9 %? 2= $H $O , %/ %i %9 %? 4V $N %* %Z %i %s %I � %P %$ %Q %9 $r >J N, $9 $k $3 $H $G $" $j , $3 $l $K $h $j , 6O $+ $J IPC $r 5> @7 $K $7 $F %P %$ %Q %9 $N CY 1d $r Bg I} $K C; =L $9 $k $3 $H $, $G $- $k . $D $^ $j , %/ %i %9 %? 2= $r $7 $F $$ $J $$ %b %G %k $N IPC $O , %/ %i %9 %? 2= $r $7 $F $$ $k %b %G %k $N IPC $h $j $b B? >/ 9b $/ $J $k . <! >O $N I= #1 $h $j , $3 $N %/ %i %9 %? 2= $r $7 $F $$ $J $$ %Y !< %9 � %b %G %k $K BP $7 $F , SPEC %Y %s %A %^ !< %/ $r MQ $$ $F IPC $N I> 2A $r 9T $C $? $H $3 $m , :G Bg $N $b $N $G $b Ls 2.3 $G $" $C $? . $3 $N %Y !< %9 � %b %G %k $K BP $7 $F %/ %i %9 %? 2= $r ;\ $7 $? >l 9g ( %/ %i %9 %? ?t !’ #2 , EU ?t !’ #2 ) $O , >e 5- $N $3 $H $r F’ $^ $( $k $H , IPC $O J? 6Q $7 $F #2 $0 $i $$ $K $J $k $H MF 0W $K M= A[ $G $- $k . $= $7 $F , $3 $N >l 9g , J, ;6 7? , 5? ;w J, ;6 7? $h $j $b , =8 Cf 7? $N IPC $N J} $, 9b $/ $J $k $H 9M $( $i $l $k . 0J 2< $K $= $N M} M3 $r =R $Y $k . J? 6Q $7 $F IPC $, #2 A0 8e $G , 3F %/ %i %9 %? Fb 1i ;; 4o ?t $, #2 $D $J $i , I> 2A $K MQ $$ $k %Y %s %A %^ !< %/ � %W %m %0 %i %‘ $N 0l O" $N L? Na $O , #1 $D $N %/ %i %9 %? $@ $1 $G $b $[ $\ <B 9T $G $- $k , $H 9M $( $i $l $k . $D $^ $j , L? Na $r %/ %i %9 %? $K 3d $j ?6 $k I, MW @- $, >/ $J $/ $J $j , L? Na 4V $N 0M B8 4X 78 $r 9M N8 $; $: $K , C1 =c $K 6u $$ $F $$ $k %/ %i %9 %? $K L? Na $r 3d $j ?6 $k =8 Cf 7? $N J} $, , B> $N #2 J} <0 $h $j $b 9b $$ IPC $, F@ $i $l $k $H M= B, $G $- $k . $= $3 $G , $b $& 0l J} $N %/ %i %9 %? $N ;H MQ IQ EY $b 9b $a $F I> 2A $r 9T $& $? $a $K , %m !< %I L? Na $K Ej 5! E* <B 9T $r ;\ $9 $3 $H $G A4 BN $N IPC $r 8~ >e $5 $; $? . 18

Bh 6 >O I> 2A K\ >O $G $O , SimpleScalar %D !< %k %; %C %H (ver.2.0)[11] $K BP $7 $F , Bh #4 >O $G =R $Y $? %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N 3F J} <0 $K 0M B8 9T Ns J} <0 $r E, MQ $7 $? $b $N $r <B Au $7 , SPEC %Y %s %A %^ !< %/ $r MQ $$ $F IPC $N I> 2A $r 9T $C $? . 6.1 I> 2A %b %G %k %Y !< %9 � %b %G %k %Y !< %9 � %b %G %k $O , INT L? Na , LS L? Na , FP L? Na $N $= $l $> $l $K %5 %V %& %# %s %I %& $r ;} $C $F $* $j , $= $N H/ 9T I} $H %& %# %s %I %& � %5 %$ %: $O , $= $l $> $l , 4, 32 $G $" $k . A4 BN $N H/ 9T I} $O 4 � 3 = 12 $G $" $k $, , %U %’ %C %A I} $O 8 $G $" $k . L? Na / %G !< %? J, N% #1 <! , 5Z $S , E} 9g #2 <! %- %c %C %7 %e $N MF NL , %i %$ %s � %5 %$ %: , %l %$ %F %s %7 $O , $= $l $> $l 32KB, 64B, 2 %5 %$ %/ %k , 5Z $S 8MB, 64B, 8 %5 %$ %/ %k $G $" $k . #2 <! %- %c %C %7 %e � %_ %9 ;~ $K $O , :G =i $N %o !< %I $K 32 %5 %$ %/ %k , 8e B3 %o !< %I $K $O 6 %5 %$ %/ %k / %o !< %I $r MW $9 $k . J, 4t M= B, $K $O , Mz Nr D9 12, %( %s %H %j ?t 4K $N gshare $r MQ $$ $? . $3 $N %b %G %k $r � 2 $H 8F $V $3 $H $K $7 , %U %’ %C %A I} , H/ 9T I} , %& %# %s %I %& � %5 %$ %: $H EU ?t $r H> J, $K $7 $? %b %G %k $r � 1 $H 8F $V . K\ 8& 5f $N I> 2A $O <g $K � 2 %b %G %k $G $" $k . %/ %i %9 %? 2= $3 $N %b %G %k $K BP $7 , %/ %i %9 %? ?t NC = 2 $N %/ %i %9 %? 2= $r ;\ $7 $? . INT, LS, FP L? Na $N $= $l $> $l $N EU $r #2 $D $N %/ %i %9 %? , 0 $H 1 $K J, 3d $9 $k . 3F %/ %i %9 %? Fb $N INT, LSEU 4V $N %P %$ %Q %9 $O 40 A4 7k 9g $H $7 , %/ %i %9 %? 4V CY 1d $O 1 %5 %$ %/ %k $H $7 $? . L? Na $N 3d $j ?6 $j 3F J} <0 $N %/ %i %9 %? $X $N L? Na 3d $j ?6 $j $O , 0J 2< $N %" %k %4 %j %: %‘ $K 4p $E $/ !’ � =8 Cf 7? !’ L? Na $N 3d $j ?6 $j $O , sele ct ;~ $G $" $j , $h $j 8E $$ L? Na $+ $i %/ %i %9 %? 0 $N EU $K M% @h E* $K 3d $j ?6 $k . %/ %i %9 %? 0 $, 6u $$ $F $$ $J $1 $l $P , %/ %i %9 %? 1 $N EU $K 3d $j ?6 $k . � J, ;6 7? !’ L? Na $N 3d $j ?6 $j $O , disp atch ;~ $G $" $k . %U %’ %C %A $5 $l $? L? Na 4V $K $* $$ $F , 0M B8 85 $H $J $k L? Na $, B8 :_ $9 $k >l 9g $K $O , $3 $l $H F1 $8 L? Na %& %# %s %I %& $K 3d $j ?6 $k . 0M B8 $7 $J $$ L? Na , $b $7 $/ $O %= !< %9 � %* %Z %i %s %I $, 4{ $K Mx MQ 2D G= $H $J $C $F $$ $k L? Na $O , M% @h E* $K %/ %i %9 %? 0 $K 3d $j ?6 $k . 19

� 5? ;w J, ;6 7? !’ disp atch ;~ $N %/ %i %9 %? $X $N L? Na 3d $j ?6 $j $O , J, ;6 7? $H F1 $8 $G $" $k . $7 $+ $7 , $3 $N disp atch ;~ $N L? Na 3d $j ?6 $j $O M% @h EY $r 5a $a $k $@ $1 $G $" $j , :G =* E* $J 7h Dj $O =8 Cf 7? $H F1 MM sele ct ;~ $G $" $k . $3 $N sele ct ;~ $N L? Na 3d $j ?6 $j $G $O , $" $k NN 0h $N L? Na $O , $= $l $K BP 1~ $9 $k %/ %i %9 %? $K 9b $$ M% @h =g 0L $r ;} $D $b $N $H $9 $k . 6.2 I> 2A 7k 2L ?^ 8: IPC N( , =8 Cf 7? (CT), 5? ;w J, ;6 7? (VDT), J, ;6 7? (DT), � 1 w $O L-1 9T Ns $N I} $G $" $k . %/ %i %9 %? 2= %W %m %; %C %5 $N 3F J} <0 , $D $^ $j , =8 Cf 7? (CT:Centralized T yp e), 5? ;w J, ;6 7? (VDT:Virtual Decentralized Type), J, ;6 7? (DT:Decen tralized Type) $K $* $$ $F , 69 I} 2= $r 9T $o $J $$ >l 9g ( =8 Cf 7? !’ w = 32, 5? ;w J, ;6 7? / J, ;6 7? !’ w = 16) $K $D $$ $F Hf 3S $7 $? . ?^ #8 , ?^ #9 $N 2# <4 $O , I> 2A $K MQ $$ $? SPEC %Y %s %A %^ !< %/ $H , A4 %Y %s %A %^ !< %/ $K $* $1 $k J? 6Q , =D <4 $O , %/ %i %9 %? 2= $r 9T $o $J $$ >l 9g ( %Y !< %9 � %b %G %k ) $K BP $9 $k , %/ %i %9 %? 2= %W %m %; %C %5 $N #3 20

?^ 9: IPC N( , 3F J} <0 ( Hs Ej 5! / Ej 5! ), � 2 I= 1: IPC, %Y !< %9 � %b %G %k , � 2 Program IPC Program IPC gcc 1.300556 lisp 1.817902 compress 2.131910 m88ksim 2.166313 go 1.541727 p erl 1.762126 ijpg 2.307741 v ortex 2.066653 J} <0 $N IPC Hf N( $r <( $7 $? . $^ $? , ?^ #9 $O , #8 $D $N %Y %s %A %^ !< %/ � %W %m %0 %i %‘ $K BP $7 $F , :8 $+ $i =g $K , =8 Cf 7? (CT NS: %m !< %I Hs Ej 5! ;~ ), =8 Cf 7? (CT S: %m !< %I Ej 5! ;~ ), 5? ;w J, ;6 7? (VDT NS: %m !< %I Hs Ej 5! ;~ ), 5? ;w J, ;6 7? (VDT S: %m !< %I Ej 5! ;~ ), J, ;6 7? (DT NS: %m !< %I Hs Ej 5! ;~ ), J, ;6 7? (DT S: %m !< %I Ej 5! ;~ ) $N IPC Hf N( $r I= $7 $? %0 %i %U $G $" $k . $^ $? I= #1 $O , � 2 $K $* $1 $k %Y !< %9 � %b %G %k $N , 3F %Y %s %A %^ !< %/ � %W %m %0 %i %‘ $K $* $1 $k IPC $r $^ $H $a $? $b $N $G $" $k . $3 $l $i $N CM $O %m !< %I $N Ej 5! $r 9T $C $F $$ $J $$ 21

>l 9g $N IPC CM $G $" $k . Bh #5 >O $G %m !< %I L? Na $N Ej 5! $r $7 $? F0 5! $K $D $$ $F $N @b L@ $G $O , $3 $N I= #1 $r MQ $$ $? . ?^ #8 , #9 $G $O , $9 $Y $F $N %0 %i %U $N IPC Hf N( $O 100% $h $j >. $5 $/ $J $C $F $$ $k . $3 $l $O A0 >O $G $b =R $Y $? $, , EU $N %/ %i %9 %? 2= $K $h $C $F , %P %$ %Q %9 CY 1d $r Bg I} $K C; =L $7 $F $* $j , $= $N Be =~ $H $7 $F IPC $N 8: >/ $, H< $& . $= $N $? $a , %/ %i %9 %? 2= %b %G %k $r Hs %/ %i %9 %? 2= %b %G %k $G @5 5, 2= $9 $l $P , IPC Hf N( $, 100% L$ K~ $H $J $k $N $O Ev A3 $G , %/ %i %9 %? 2= %W %m %; %C %5 $G $O , $= $N IPC Dc 2< 0J >e $N , %P %$ %Q %9 %m %8 %C %/ $K $* $1 $k CY 1d C; =L $, 4| BT $G $- $k . $^ $: , ?^ #8 $G $O , � 1 $N %b %G %k $K BP $9 $k #3 J} <0 $N , %/ %i %9 %? 2= $7 $F $$ $J $$ %Y !< %9 � %b %G %k $G @5 5, 2= $7 $? IPC Hf N( $r I= $7 $F $$ $k . F1 ?^ $O , L-1 9T Ns $N 69 I} 2= $r 9T $o $J $$ >l 9g $K $D $$ $F Hf 3S $7 $? $b $N $G $" $k $, , 5? ;w J, ;6 7? $O B> #2 9= @. $h $j $b NI 9% $J 7k 2L $r <( $7 $F $$ $k . $3 $N >l 9g , =8 Cf 7? $h $j 5? ;w J, ;6 7? $O J? 6Q $G 6.0% NI 9% , $^ $? J, ;6 7? $O 4.8% 0- 2= $9 $k 7k 2L $H $J $C $? . $D $^ $j F1 ?^ $G $O , 5? ;w J, ;6 7? $N M% 0L @- $, L@ 3N $G $" $j , Bh #4 >O $G =R $Y $? 5? ;w J, ;6 7? $N %a %j %C %H $, 6/ D4 $5 $l $? 7k 2L $H 9M $( $i $l $k . $7 $+ $7 , ?^ #9 $+ $i J, $+ $k $h $& $K , � 2 $N %b %G %k $G $O =8 Cf 7? , 5? ;w J, ;6 7? , J, ;6 7? $N =g $K 9b $$ IPC $r <( $7 $F $$ $k . %m !< %I L? Na $N Ej 5! E* <B 9T $r 9T $& $H , J? 6Q $7 $F IPC Hf N( $, >e $, $k $N $, J, $+ $k . %m !< %I L? Na $N Ej 5! $r $7 $F $$ $k $K $b $+ $+ $o $i $: , gcc, compress $N $h $& $K IPC Hf N( $, 2< $, $C $F $$ $k $N $, $" $k $, , $3 $l $O $" $/ $^ $G %/ %i %9 %? 2= $7 $F $$ $J $$ %b %G %k $G @5 5, 2= $7 $? $? $a $G $" $C $F , IPC $N @d BP CM $= $N $b $N $O , %m !< %I $N Ej 5! $r $7 $? >l 9g , A4 $F $N J} <0 $G 8~ >e $7 $? . K\ 8& 5f $O <g $K � 2 $N %b %G %k $K $D $$ $F $N I> 2A $G $" $C $? $N $G , ?^ #9 $K $D $$ $F 9M ;! $9 $k . <B 83 %G !< %? $, F@ $i $l $k A0 $O , F1 ?^ $N av erage $N $h $& $K , 5? ;w J, ;6 7? $N IPC Hf N( $, B> J} <0 $h $j $b >e >: $9 $k $@ $m $& $H M= A[ $G $- $? . M} M3 $H $7 $F , 5? ;w J, ;6 7? $N %m !< %I Ej 5! A0 $N IPC Hf N( $N Dc $5 $d , %m !< %I Ej 5! $K $h $k L? Na JB Ns @- $N 8~ >e $G , %/ %i %9 %? $X $N L? Na 3d $j ?6 $j $K $* $1 $k =E MW EY $N A} 2C $, 5s $2 $i $l $k . $7 $+ $7 , <B :] $O 5? ;w J, ;6 7? $N IPC Hf N( $N 8~ >e $b 8+ $i $l $? $, , $= $l $G $b =8 Cf 7? $N IPC $K $O 5Z $P $J $+ $C $? . F1 ?^ $h $j J, $+ $k $, , =8 Cf 7? $N IPC Hf N( $b 8~ >e $7 $F $* $j , =8 Cf 7? $N @- G= $N 9b $5 $, $& $+ $, $( $k . 22

Bh 7 >O $^ $H $a K\ 9F $G $O $^ $: , %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $N 9= @. MW AG $N $& $A , >- Mh %/ %m %C %/ B. EY $r @) 8B $9 $k $b $N $H $7 $F 9M $( $i $l $k , %P %$ %Q %9 %m %8 %C %/ $H wakeup %m %8 %C %/ $K $D $$ $F , $J $< $= $l $i $, >- Mh %/ %m %C %/ B. EY $r @) 8B $9 $k $N $+ $K $D $$ $F =R $Y $? . $= $7 $F , $= $l $i $N CY 1d $K BP $7 $F Ds 0F $5 $l $F $$ $k J} <0 $K $D $$ $F $= $l $> $l @b L@ $7 $? . 6q BN E* $K $O , %P %$ %Q %9 %m %8 %C %/ $N CY 1d $K BP $7 $F $O , %9 !< %Q !< %9 %1 !< %i $N %/ %i %9 %? 2= $H $$ $& 8& 5f $, $5 $l $F $* $j , wakeup %m %8 %C %/ $N CY 1d $K BP $7 $F $O , 2f !9 $N Ds 0F $7 $? D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $, $" $k . $= $N @b L@ $r $7 $? >e $G , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K BP $7 $F , D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 $r E, MQ $9 $k >l 9g $K $D $$ $F =R $Y $? . $= $7 $F , %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $* $1 $k #3 J} <0 , $D $^ $j , =8 Cf 7? , J, ;6 7? , 5? ;w J, ;6 7? $N 9= @. $r @b L@ $7 , $3 $l $i $N FC D’ $K $D $$ $F $b =R $Y $? . <B :] $K , %/ %i %9 %? 2= %W %m %; %C %5 $N #3 J} <0 $K BP $7 $F IPC I> 2A $r $9 $k $H , � 1 $N %b %G %k $G $O , A4 $F $N %Y %s %A %^ !< %/ � %W %m %0 %i %‘ $K BP $7 $F , 5? ;w J, ;6 7? $O =8 Cf 7? $h $j $b NI 9% $J 7k 2L $r <( $7 $? . $7 $+ $7 , � 2 $N %b %G %k $G $O , =8 Cf 7? $H Hf 3S $7 $F 5? ;w J, ;6 7? $N M% 0L @- $O 8+ $i $l $J $+ $C $? . $3 $l $O , EU ?t $r #2 G\ $K $7 $? $3 $H $G , L? Na 3d $j ?6 $j $N 0U L# 9g $$ $, Gv $l , L? Na $N 0M B8 4X 78 $r 9M N8 $9 $k I, MW @- $, Dc $/ $J $C $? $? $a $H 9M $( $i $l $k . $= $3 $G , � 2 $N %b %G %k $K BP $7 $F %m !< %I L? Na $N Ej 5! E* <B 9T $r 9T $$ , L? Na JB Ns @- $r 9b $a , IPC $r 8~ >e $5 $; $? >e $G , =8 Cf 7? , J, ;6 7? , 5? ;w J, ;6 7? $N @- G= $r :F EY Hf 3S $7 , #3 J} <0 $N FC D’ $r $h $j >\ $7 $/ D4 $Y $? . $= $N 7k 2L , %m !< %I L? Na $N Hs Ej 5! ;~ ! Ej 5! ;~ $N IPC A} 2C N( $O , 5? ;w J, ;6 7? $, :G $b 9b $/ $J $C $? $, , IPC $N @d BP CM $K 4X $7 $F $O , %m !< %I Hs Ej 5! ;~ / Ej 5! ;~ $H $b , =8 Cf 7? $, :G $b Bg $- $J CM $r <( $7 $? . $D $^ $j , %m !< %I $N Ej 5! $r 9T $C $F L? Na JB Ns @- $r 8~ >e $5 $; , $b $& JR J} $N %/ %i %9 %? $N ;H MQ IQ EY $r 9b $a $F $b , J, ;6 7? , 5? ;w J, ;6 7? $h $j , %7 %s %W %k $K L? Na $r 3d $j ?6 $C $? =8 Cf 7? $N J} $, M% $l $F $$ $? $3 $H $r <( :6 $7 $F $$ $k . :# 8e $N 6= L# $" $k I> 2A $H $7 $F , L? Na JB Ns @- $N 9b $$ %W %m %0 %i %‘ $N ;H MQ $d , %m !< %I L? Na $N Ej 5! E* <B 9T 0J 30 $N J} K! $G IPC $r 8~ >e $5 $; $? :] $N 3F J} <0 $N Hf 3S $b 9M $( $i $l $k . 23

<U <- K\ 8& 5f $r ?J $a $k $K Ev $? $j , B? $/ $N 8f ;X F3 $r ;r $o $j $^ $7 $? IY ED bC <# 65 <x $K ?< $/ 46 <U $N 0U $r I= $7 $^ $9 . $^ $? , F| :" $h $j G. ?4 $K ;X F3 $7 $F 2< $5 $j , K\ Js 9p =q $N :n @. $K BP $7 $F $b B? Bg $J $k =u 8@ $r D: $- $^ $7 $? 8^ Eg @5 M5 ;a $K ?4 $h $j 46 <U CW $7 $^ $9 . $= $7 $F , F| :" $h $j 5; =Q E* , @: ?@ E* $K ;Y 1g $7 $F 2< $5 $j , ?t B? $/ $N =u 8@ $r D: $$ $? IY ED 8& 5f << $N 3’ MM $K 46 <U CW $7 $^ $9 . ;2 9M J8 8% [1] 8^ Eg @5 M5 , @> Ln 8- 8g , %0 %’ %s %O %$ %O !< , eQ N< 7D , Cf Eg 9/ I’ , ?9 bC 0l O: , KL B< =S L@ , IY ED bC <# : %9 !< %Q !< %9 %1 !< %i $N $? $a $N 9b B. $J F0 E* L? Na %9 %1 %8 %e !< %j %s %0 J} <0 , >p Js =h M} 3X 2q O@ J8 ;o : %O %$ %Q %U %) !< %^ %s %9 %3 %s %T %e !< %F %# %s %0 %7 %9 %F %‘ , V ol.42, No.SIG 9(HPS 3), pp.77-92(2001). [2] P alac harla, S., Jouppi, N.P . and Smith, J.E.: Quan tifying the Complexity of Sup erscalar Pro cessors, T ec hnical Rep ort, Univ. of Wisconsin-Madison (1996). [3] P alac harla, S., Jouppi, N.P . and Smith, J.E.: Complexit y-E�ectiv e Su- p erscalar Pro cessors, Pr o c. 24th Int’l Symp. on Computer Ar chite ctur e (ISCA24) (1997). [4] Kemp, G.A. and F ranklin, M.: PEWs: A Decentralized Dynamic Scheduler for ILP Pro cessing, Pr o c. Int. Conf. on Par al lel Pr o c essing (1996). [5] F ark as, K.I., Chow, P ., Jouppi, N.P . and V ranesic, Z.: The Multicluster architecture: Reducing cycle time through partitioning, Pr o c. 30th Int’l Symp. on Micr o ar chite ctur e (1997). [6] Keller, J.: The 21264: A Sup erscalar Alpha Pro cessor with Out-of-Order Execution, Pr o c. 9th Annual Micr opr o c essor F orum (1996). [7] >. NS NI B@ O: , 0B F# =( <y , Eg ED =S IW : %G !< %? %U %m !< � %0 %i %U $N :G D9 %Q %9 $K Ce L\ $7 $? %/ %i %9 %? 2= %9 !< %Q %9 %+ %i � %W %m %; %C %5 $K $* $1 $k L? Na H/ 9T 5! 9= : JB Ns =h M} %7 %s %] %8 %& %‘ JSPP2001 (2001). [8] >. @> >- ?M , >. ED N_ , @> Ln 8- 8g , 8^ Eg @5 M5 , Cf Eg 9/ I’ , ?9 bC 0l O: , KL B< =S L@ , IY ED bC <# : %/ %i %9 %? 2= %9 !< %Q !< %9 %1 !< %i � %W %m %; %C %5 $K $* $1 $k D> @\ 0M B8 9T Ns 7? %9 %1 %8 %e !< %j %s %0 J} <0 : JB Ns =h M} %7 %s %] %8 %& %‘ JSPP2002 (2002). 24

[9] Y eager, K. C.: The MIPS R10000 Sup erscalar Micropro cessor, IEEE Mi- cr o , No.4, pp.28-40 (1996). [10] Henry , D.S., Kuszmaul, B.C., Loh, G.H. and Sami, R.: Circuits for Wide- Window Sup erscalar Pro cessors, Pr o c. 27th Int’l Symp. on Computer Ar- chite ctur e (ISCA27) (2000). [11] SimpleSc alar LLC: http://www.simplesc alar.c om/. 25