


int tick(unsigned *new, unsigned *old, unsigned *instruction) {

int i;

new[hlAXSTAGES-2] = instruction[MAXSTAGES-1] ; /x optimized first iteration x/

for (i = MAXSTAGES - 2; i > O; i--) {

unsigned int a = old[i], b = instruction[i];

if (a & b) /* if overlap . . . */

return O; /* . . . then report hazard */

new[i-1] = a I b; /* otherwise combine vectors and shift */

3
if (old[O] & instruction[O]) /* optimized last iteration */

return O;

return 1;

}

Figure5: Optimized Code to Interpret Resource Vectors

The automata are much faster than their pre-

decessors. A typical implementation of fixed-

length resource vectors accepts three resource

vectors: one for the instruction, another for

the current composite, and an empty one for

the new composite. An optimized implemen-

tation is given in Figure 5. For the MIPS

R3000/R3010 pipeline, which requires 37-stage

vectors, this code takes 329 cycles to detect a

structural hazard onaMIPSR3000, a.ssumingno

cache misses. A more sophisticated implemen-

tationmight implement variable-length resource

vectors, but even it can’t average better than a

fixed-length implementation of 5-stage vectors,

which takes 50 cycles.

Analogous code using our automaton replaces

the resource vectors with integers andthefunc-

tion with an expression:

newstate = dfa[oldstate] [instruction] ;

It takes 9 cycles, and schedulers that test several

instructions before picking the best can amortize

the cost of one subscript calculation with

/* done once */

t emp = dfa[oldstate];

. . .

I* done repeatedly *I

newstate ‘ temp [instruction] ;

and average as few as 4 cycles per test.
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R3000/R3010 Description

pc+epc+lr RD ALU DIVA 15 ALU-3 MEM WB FWB+f .d.
pc+epc+lr RL) ALU DIV-8 ALU-3 MEkl WB FWB+f _d.

pc+epc+lr RD ALU MEM WB FWB+f .d.

pc+epc+ir RD ALU MUL-2 ALU MEM WB FWB+f .d.

pc+epc+ir RD ALU MUL’3 ALU MEM WB FWB+f _d.
pc+epc+ir RD ALU-2 MEM WB FWB+f_d.

pc+epc+ir RD ALU-3 MEM WB FWB+f _d.

pc+epc+ir RD C+ALU MEM WB FWB.

pc+epc+ir rd+pc+epc alu mem r.d+wb.

pc+epc+ir rd+pc+epc alu mem nb.

pc+epc+ir rd+pc+epc alu r-3 I+mem wb

pc+epc+ir rd alu C+S+MEM WB FWB.

pc+epc+ir rd alu MEM WB FWB+f _d.

pc+epc+ir rd alu lo+mem wb.

pc+epc+ir rd alu mem+hi wb.

pc+epc+ir rd alu mem r_d+wb.

pc+epc+ir rd alu mem ub.

pc+epc+ir rd alu r_t+mem wb.

pc+epc+ir rd lo+alu+hi lo+hi”li.

pc+epc+ir rd lo+alu+hi lo+hi-34.

j al

j
bgt zal

Ctcl

lWCI

mtlo

mthi

add

sb

lW1

mult

div

B R4000 FPU Description

EX . mov. s

U S+A A+R R+S. add. s
UAR. c.cond.s

u s. neg.s

UARSAR. Cvt.s.w

USARS. cvt.d.w

UARSSAR. Cvt.s.l

UARS. cvt.d.l

USAR.

UE+MMMNN+AR.

cvt.s.d

mul.s

UE+MMMMNN+AR. mul. d
U S+A S+R S D-13 D+A D+R D+A D+R A R. div.s

U A R D-27 D+A D+R D+A D+R A R. div.d
U E A+R”50 A R. sqrt.s

U E A+R”I08 A R. sqrt. d

div.d

div.s

abs. d

mul.s

mul. d

add. d

cvt.d.w

c.eq.d
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