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Clock cycle issued

Loop: L.D F0, 0(R1) 1 2
ADD.D F4, F0, F2 3 4 5
S.D F4, 0(R1) 6
L.D F6, -8(R1) 7 8
ADD.D F8, F6, F2 9 10 11
S.D F8, -8(R1) 12
L.D F10, -16(R1) 13 14
ADD.D F12, F10, F2 15 16 17
S.D F12, -16(R1) 18
L.D F14, -24(R1) 19 20
ADD.D F16, F14, F2 21 22 23
S.D F16, -24(R1) 24
DADDIU R1, R1, # -32 25 26
BNE R1, R2, LOOP 27 28
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Clock cycle issued

Loop: L.D F0, 0(R1) 1
L.D F6, -8(R1) 2
L.D F10, -16(R1) 3
L.D F14, -24(R1) 4
ADD.D F4, F0, F2 5
ADD.D F8, F6, F2 6
ADD.D F12, F10, F2 7
ADD.D F16, F14, F2 8
S.D F4, 0(R1) 9
S.D F8, -8(R1) 10
DADDIU R1, R1, # -32 11
S.D F12, 16(R1) 12
BNE R1, R2, LOOP 13
S.D F16, 8(R1) 14
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5� 	 � ��, � � �  � � � � � � � �� � ��� �� � � � 
 � � � ��

6�  � � � , � $ � � � ��� %� ) � � �� � �
� � L. D F0, 0( R1)
# ADD. D F4, F0, F2
) S. D 0( R1) , F4
� L. D F6, - 8( R1)
4 ADD. D F8, F6, F2
� S. D - 8( R1) , F8

 L. D F10, - 16( R1)
7 ADD. D F12, F10, F2
8 S. D - 16( R1) , F12
� 9 DSUBUI R1, R1, #24
� � BNEZ R1, LOOP

After: Software Pipelined
1 S. D 0( R1) , F4 ; St or es M[ i ]
2 ADD. D F4, F0, F2 ; Adds t o M[ i - 1]
3 L. D F0, - 16( R1) ;  Loads M[ i - 2]
4 DSUBUI R1, R1, #8
5 BNEZ R1, LOOP

• Symbolic Loop Unrolling
– Maximize result-use distance 
– Less code space than unrolling
– Fill & drain pipe only once per loop

vs. once per each unrolled iteration in loop unrolling

SW Pipeline

Loop Unrolled
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� � � � � $ � � � ���� � � �� � : � � 3

Memory Memory FP FP Int. op/ Clock
reference 1 reference 2 operation 1 op. 2 branch

L.D F0,0(R1) L.D F6,-8(R1) 1

L.D F10,-16(R1) L.D F14,-24(R1) 2

L.D F18,-32(R1) L.D F22,-40(R1) ADD.D F4,F0,F2 ADD.D F8,F6,F2 3
L.D F26,-48(R1) ADD.D F12,F10,F2 ADD.D F16,F14,F2 4

ADD.D F20,F18,F2 ADD.D F24,F22,F2 5

S.D 0(R1),F4 S.D -8(R1),F8 ADD.D F28,F26,F2 6
S.D -16(R1),F12 S.D -24(R1),F16 7

S.D -32(R1),F20 S.D -40(R1),F24 DSUBUI  R1,R1,#48 8

S.D -0(R1),F28 BNEZ R1,LOOP 9

Unrolled 7 times to avoid delays
7 results in 9 clocks, or 1.3 clocks per iteration (1.8X)
Average: 2.5 ops per clock, 50% efficiency
Note: Need more registers in VLIW (15 vs. 6 in SS)
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� � � � � $ � � � ���� � � �� � : � � 3

Memory Memory FP FP Int. op/ Clock
reference 1 reference 2 operation 1 op. 2 branch

L.D F0,-48(R1) ST 0(R1),F4 ADD.D F4,F0,F2 1

L.D F6,-56(R1) ST -8(R1),F8 ADD.D F8,F6,F2 DSUBUI R1,R1,#242

L.D F10,-40(R1) ST 8(R1),F12 ADD.D F12,F10,F2 BNEZ R1,LOOP 3

• Software pipelined across 9 iterations of original loop
– In each iteration of above loop, we:

» Store to m,m-8,m-16 (iterations I-3,I-2,I-1)

» Compute for m-24,m-32,m-40 (iterations I,I+1,I+2)

» Load from m-48,m-56,m-64 (iterations I+3,I+4,I+5)

• 9 results in 9 cycles, or 1 clock per iteration
• Average: 3.3 ops per clock, 66% efficiency
Note: Need fewer registers for software pipelining

(only using 7 registers here, was using 15)
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2 � � 	 � � � 	 � � %� ��� �

� � � � � ��� ��� � � � 	 � � � � � � ; � +� � � 	 � � � � � � � � � * * � � +� � � 	 � � � <
� 2 � � � � � � � � ,

	 2 � � 	 � � � � �� 	 � �� �

 ; �� %� ��/ � �. � � � =� � � 	 � � �  � +� � �	 � +�� 	 / � � &� � � 	 � (�

�  � &� � � � �	 � ��. � � � � %�	 � � %� � � � � � �  ��� � � � � %�	 � � %(�
�� � � � � � =� � � 	 � � �  � � � � � �� � � � ��� � � 	 � %�

	 2 � � 	 � � � � � � � 	 � �� �

 � =� � � 0� � � � � 	 � � �� � � �  � � � : � � 3 � �� � � � � 	 � �� � �
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	 A � 	 � � �� � � � � � � %� � � � � �� � � �� � %� �� � : � � 3
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