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FP Loop: Where are the Hazards?
Loop: LD F0,0(R1) ;F0=vector element

ADDD F4,F0,F2 ;add scalar from F2
SD 0(R1),F4 ;store result
SUBI R1,R1,8 ;decrement pointer 8B (DW)
BNEZ R1,Loop ;branch R1!=zero
NOP ;delayed branch slot

Instruction Instruction Latency in

producing result using result clock cycles

FP ALU op Another FP ALU op 3

FP ALU op Store double 2 

Load double FP ALU op 1

Load double Store double 0

Integer op Integer op 0

• Where are the stalls?
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FP Loop Showing Stalls

° 9 clocks: Rewrite code to minimize stalls?

Instruction Instruction Latency in

producing result using result clock cycles

FP ALU op Another FP ALU op 3

FP ALU op Store double 2 

Load double FP ALU op 1

1 Loop: LD F0,0(R1) ;F0=vector element
2 stall
3 ADDD F4,F0,F2 ;add scalar in F2
4 stall
5 stall
6 SD 0(R1),F4 ;store result
7 SUBI R1,R1,8 ;decrement pointer 8B (DW)
8 BNEZ R1,Loop ;branch R1!=zero
9 stall ;delayed branch slot
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Revised FP Loop Minimizing Stalls

6 clocks: Unroll loop 4 times code to make  faster?

Instruction Instruction Latency in

producing result using result clock cycles

FP ALU op Another FP ALU op 3

FP ALU op Store double 2 

Load double FP ALU op 1

1 Loop: LD F0,0(R1)
2 stall
3 ADDD F4,F0,F2
4 SUBI R1,R1,8
5 BNEZ R1,Loop ;delayed branch
6 SD 8(R1),F4 ;altered when move past SUBI

Swap BNEZ and SD by changing address of SD
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1 Loop:LD F0,0(R1)
2 ADDD F4,F0,F2
3 SD 0(R1),F4 ;drop SUBI & BNEZ
4 LD F6,-8(R1)
5 ADDD F8,F6,F2
6 SD -8(R1),F8 ;drop SUBI & BNEZ
7 LD F10,-16(R1)
8 ADDD F12,F10,F2
9 SD -16(R1),F12 ;drop SUBI & BNEZ
10 LD F14,-24(R1)
11 ADDD F16,F14,F2
12 SD -24(R1),F16
13 SUBI R1,R1,#32 ;alter to 4*8
14 BNEZ R1,LOOP
15 NOP

15 + 4 x (1+2) = 27 clock cycles, or 6.8 per iteration

Assumes R1 is multiple of 4

CPI = 27/15 = 1.8

Unroll Loop Four Times (straightforward way)

Rewrite loop to 
minimize stalls?

1 cycle stall

2 cycles stall


