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Si consideri il seguente kernel-benchmark LLL3 (Lawrence Livermoore Loop #3).

int X[2000], Z[2000];
int Loop3(int n, int *X int *Y) {
int i, Q
Q=0
for (i =0, i <n; ++i) {
Q= Xi] * Z[i];
return(Q;
mai n()
int n, k, i, V;
n = 1000; V = 0;
for (k = 0; k < 1000; ++k) {
X[ k] = 222; Z[k] = 222;
for (i =0; i < 100; ++i) {

V = Loop3(n, X

}
}

1) Scrivereil corrispondente codice assembly MIPS utilizzando solo e unicamente istruzioni dalla

tabella riportata qua sotto.
2) Cdcolareil tempo di esecuzione del codice tradotto a punto precedente su un processore con
frequenza di clock pari a2 GHz, assumendo i seguenti valori per il CPI di ciascuna categoria di

istruzioni: aritmetico-logiche 1, branch 3, load-store 2.

MIPS instructions

2);

Instruction Example Meaning Comments

add add  $1, $2, $3 $1=%$2+$3 3 operands; exception possible
subtract sub  $1,$2, $3 $1=%2-%3 3 operands; exception possible
add immediate addi  $1, $2, 100 $1 =$2+ 100 + congtant; exception possible
subtract immediate subi  $1,$2, 100 $1=%$2- 100 - constant; exception possible
multiplication mult $1, $2 Hi,Lo= $1 x $2 64-bit Signed Product ; result in Hi,Lo
divison div $1, $2 Hi=$1%%$2 Lo=$1/%$2 Signed division

move from Hi nfhi $1 $1 =Hi Create copy of Hi

move from Lo nflo $1 $1=Lo Create copy of Lo

and and $1, $2, $3 $1=%$2& $3 3 register operands, Logical AND
or or $1,$2, $3 $1=%$2|$3 3 register operands; Logical OR
nor nor $1, $2, $3 $1 =1($2 | $3) 3 register operands, Logical NOR
xor xor $1, $2, $3 $1=%$2"$3 3 register operands, Logical XOR
and immediate andi  $1, $2, 100 $1=$2& 100 Logical AND regiger, constant

or immediate ori $1, $2, 100 $1=$2]100 Logical OR register, constant

xor immediate xori  $1,$2, 100 $1=%$2" 100 Logical XOR regi ster, congtant
shift left logica sl | $1, $2, 10 $1=$2<< 10 Shift left by congtant

shift right logical srl $1, $2, 10 $1=%$2>>10 Shift right by constant

load word I w $1, 100( $2) $1 = Memory[$2+100] Data from memory to register

load byte I b $1,100( $2) $1 = Memory[$2+100] Data from memory to register

load byte unsigned | bu $1, 100( $2) $1 = Memory[$2+100] Data from mem. to reg.; no sign extension
store word sw $1, 100( $2) Memory[$2+100] = $1 Data from register to memory
sore byte sh $1, 100( $2) Memory[$2+100] = $1 Data from register to memory

load upper immediate | ui $1, 100 $1 =100* 256 Load congtant in upper 16bits
branch on equal beq $1, $2, 100 if ($1 == $2) go to PC+4+100 Equal test; PC relative branch
branch on not equal bne  $1,$2,100 if ($1!=$2) goto PC+4+100 Not equal test; PC relaive

et on lessthan slt $1, $2, $3 if($2<$3)$1=1e$1=0 Compare | ess than; 2's complement
set on lessthan immediate slti %1, $2, 100 if ($2<100)$1=1;edse$1=0 Compare < congant; 2's complement
et on lessthan unsigned sltu  $1,%$2, $3 if($2<$3)$1=1,ed$1=0 Compare | ess than; natural number
et on lessthanimm. unsgned | SItiu $1, $2, 100 if ($2<100)$1=1;els$1=0 Compare constant; natural number
jump 10000 go to 10000 Jump to target address

jump register r $31 go to $31 For switch, procedure return

jump and link al 10000 $31 = PC + 4;go to 10000 For procedure call

Register Usage

Name Register Number Usage

$zero 0 the congtant value 0

$0-$s7 16-23 Saved

$t0-$t9 8-15,24-25 Temporaries

$a0-$a3 4-7 Arguments

$vO-$v1 2-3 Results

$fp, $sp, $ra, $gp 30,29,31,28 Frame pointer, stack pointer, return address, global pointer




