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for (i=1000; i>0; i=i–1)

x[i] = x[i] + s;

� �������"����. ��$������
����"��������)������

� �$�����	���&�	�����
������������)������

Instruction Instruction Latency stalls between
producing result using result in cycles in cycles
FP ALU op Another FP ALU op 4 3
FP ALU op Store double 3 2 
Load double FP ALU op 1 1
Load double Store double 1 0
Integer op Integer op 1 0

25

@ �����2�7 �������������9�0��	�8

Loop: L.D F0,0(R1) ;F0=vector element

ADD.D F4,F0,F2 ;add scalar from F2

S.D 0(R1),F4 ;store result

DADDUI R1,R1,-8 ;decrement pointer 8B (DW)

BNEZ R1,Loop ;branch R1!=zero

First translate into MIPS code: 
� �!��������"&,��������(������. �����		����
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Instruction Instruction stalls b/n 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: L.D F0,0(R1) ;F0=vector element

2 stall

3 ADD.D F4,F0,F2 ;add scalar in F2

4 stall

5 stall

6 S.D 0(R1),F4 ;store result

7 DADDUI R1,R1,-8 ;decrement pointer 8B (DW)

8 stall ;assumes can’t forward to branch
9 BNEZ R1,Loop ;branch R1!=zero
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Instruction Instruction stalls b/n 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: L.D F0,0(R1)

2 DADDUI R1,R1,-8

3 ADD.D F4,F0,F2

4 stall

5 stall

6 S.D 8(R1),F4 ;altered offset when move DSUBUI

7 BNEZ R1,Loop

&� �)�$%$$-.���
�&#$ ��������/��/��

��������&#$



7

28

#�����������@����!�����

=�����$��"��. ��	�. �&?

	�� ��������)����

� ���� �����������
1 Loop:L.D F0,0(R1)
3 ADD.D F4,F0,F2
6 S.D 0(R1),F4 ;drop DSUBUI & BNEZ
7 L.D F6,-8(R1)
9 ADD.D F8,F6,F2
12 S.D -8(R1),F8 ;drop DSUBUI & BNEZ
13 L.D F10,-16(R1)
15 ADD.D F12,F10,F2
18 S.D -16(R1),F12 ;drop DSUBUI & BNEZ
19 L.D F14,-24(R1)
21 ADD.D F16,F14,F2
24 S.D -24(R1),F16
25 DADDUI R1,R1,#-32 ;alter to 4*8
27 BNEZ R1,LOOP
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1 Loop:L.D F0,0(R1)
2 L.D F6,-8(R1)
3 L.D F10,-16(R1)
4 L.D F14,-24(R1)
5 ADD.D F4,F0,F2
6 ADD.D F8,F6,F2
7 ADD.D F12,F10,F2
8 ADD.D F16,F14,F2
9 S.D 0(R1),F4
10 S.D -8(R1),F8
11 S.D -16(R1),F12
12 DSUBUI R1,R1,#32
13 S.D 8(R1),F16 ; 8-32 = -24
14 BNEZ R1,LOOP
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(2,2) predictor

– Behavior of recent 
branches selects 
between four 
predictions of next 
branch, updating just 
that prediction

Branch address

2-bits per branch predictor

Prediction

2-bit global branch history

4
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SPECint2000 SPECfp2000

≈≈≈≈6% misprediction rate per branch SPECint
(19% of INT instructions are branch)

≈≈≈≈2% misprediction rate per branch SPECfp
(5% of FP instructions are branch)
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