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NTSUNOFHNT>AM<�.>�MQz{K�D$<A~»>JIHI|>§¸oIHKi~�K�IGK�S w K�D�NQS�xUIH<AMT<AµJzUK�>JSU@
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;(� ��� � IPOQ×��"BEORQ�×$Û/Ú0�@B��&Û�Ú DPDd�¤��#KSUTFÚ����*�
Ù QYÛh×WVX�PK�×NDd�d���¤��# DDÚFÚ K�qS <?IH@UK1I�FH<�<?·{FH>ANTS ~)z{MTM�x�>AI|>�MTMOK1MONQDHP��Ö>X��K�IHSUKrMÖMO<C<Jx

¿�<?z{MQ@ ·�K�zUSUIH<AMTMOK�@�FH�{KÚPR>�¶{NTP^zUP S?z�Po·9K1I¦<A~�1�.�YL+)Z'[365F+.���{<.¿;K\�AK�ILF|�{NQDk¿YNOMTM�NQS w IHK1>JDGKRFH�{K
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:vKrF�hmÓ<�© ·9K}>AS'NTSUDHFH>JS w K�<A~vhmÓ © >�F_��NOFHK1I|>�FGNT<JS
��*9,��]��hmÓ��© �

-)�Y�E���jhmÓ ©b� hmÓF��>AS�@�hmÓF���¦®��H��/103£?¤
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>A@U@'FH�UNTDYF|IH>JSUDG~�<JI|P^K�@�<?x�K�IH>AFGNT<JS�NTSÑxUIH<AMT<Aµ?z{K
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£C¤3�v��*9,

-



;�� �6� < I×NO*K�ÚKÛ$QRÛhØXÛ�×���×�Ûh×U�ZLn×iÛ�×NKED QVL²×�OÉ×U�N���Ai×9#N�DÝ��h×$Û Q DPD4Ú"L Qc���4ÚN�
ÊY�{KÖS{Ki¶{F�DGFHK1x�NTS w <{@{KLµJK1S{K�IH>AFGNT<JS
NQD�FG< w IHK1>�FHKÌD w >AMT>JI�.>AIHNQ>A·{MTK1D
FH<�IHK1x{MQ> w K¦FGK�Pyx�<?IH>JIG¸ >AI|IH>§¸ÚIGKr~�K1IHK1S w K¦FG<x9K1IG~�<JI|PÒ@U>AFH>¦IHK1z�DGKJ½��ÌS >AxUx�IG<?> w �<�~�IGK1µANQDGFHK1I}>AMOMT<�B
w >�FGNT<JS ~�<JIyD|zU·UD w IHNTx{FHK1@ �.>AIHNT>J·{MOK�DR¿;>JDR@UK\�AK1MO<?x�K�@´·?¸];>AMOMQ>A�U>JS»�6+*#0'*1 � Û �AÝc½�ÊY�{NQD;>AxUxUIH<J> w �R¿��{N w �yNQD;zUDGK�@
NQS<?zUI;FGK w ��S{N�HCz{KJ��·9KrµANQSUDY·?¸ w >�M w z{MQ>�FHNTSUµRF|�{K}SCzUPo·9K1I�<A~
D w >AMT>JIv�§>JIGNQ>A·UMOK��r©H�CS{KrK�@{K1@yFH<o�{<AMQ@yK1> w �{�§>JIGNQ>A·UMOK�µJK1SCB
K�IH>AFGK1@ ·?¸ FHK1Pyx�<?IH>JIG¸ >AI|I|>§¸�IHKi~�K1IHK1S w K�Î»©|Û �JÝc�Ì¿��{N w �
>JDHDH< w NQ>�FGK�D�¿YNOF|�ÑFH�{K^PR>�¶{NTP^zUP @UK1x9K1SU@{K�S w K^@{NTDHFH>JS w K
�c¢C�m��N8½ KA½T���r© Õ Py>�¶a�c@9�9m ¾A½ �9<JI
Kr¶U>APyx{MTK¦NTS ��NTµ�B
zUIHKkÅ{�)K.�t�{F|�{K�FGK1Pyx9<JI|>AIH¸�>AI|IH>§¸yIHKi~�K1IHK1S w KÖÎ��?Û �JÝ=S{K1K1@UD
F|�UIGK1K8�§>JIGNQ>A·UMOK�D�¿��UN w � w >AMOM�Ï i�� ��Ï i�i >JSU@ÑÏ iBk ½
ÊY�{K � SU>AMOMT¸ IGK�DHz{MTF�~�<?I�<?zUI�Kr¶U>APyx{MTK¦NTD�D|�{<.¿�S NQS

� µ?zUIHK^Å{�)~t�t½
	LK�IGKJ�+F|�{K��� ��@{K1MONQPRNOFHK1IÖDGK�xU>AI|>�FHK1D�<?x�K�IqB
>AFGNT<JSUD;FH��>�F�>AIHK�Ki¶{K w z{FGK�@�NTS�xU>AI|>�MTMTKrMc½

A[I] = A[I] + A[I-2] 

A[I+1] = A[I] + A[I-1] 

ENDDO

T1[I] = A[I]

T2[I] = A[I-2]

T3[I] = T1[I] + T2[I]

A[I] = T3[I]

T5[I] = T3[I] + T4[I]

A[I+1] = T5[I]

ENDDO

1:

2:

3:

4:

5:

6:

7:

DO  I = 3, N DO  I = 3, N

T4[I] = A[I-1]

(d) Optimized PDDG

1

3

4

6

7

0

0

52

0

1

0

0

0

(c) PDDG

(2,I>4)

(1,I>3)

(3,I>5)

(2,I>4)

(1,I>3)

(e) Corresponding Code (f) Pipelining Code

(a) Original Loop

3 6

0

0

74

(2,I>4)(2,I>4) (1,I>3)input dep

true dep

output dep

(1)

(2) (1)

(1)

R11 = R20 + R12

R21 = R11 + R22

;

;

;

;

;

R22 = R12 + R20

R12 = R21 + R10

R10 = R22 + R11

R20 = R10 + R21

;

A[I] = R10

A[I+1] = R11

A[I+2] = R12

R12 = A[2]

R22 = A[3]

R20 = R10 + R21

DO I = 3, N, 3

A[I+3] = R10

ENDDO

A[I+4] = R20

R10 = R22 + R11

R21 = A[2]

R11 = A[1] ;

;

;

(b) Code with Temporaries

DO I = 3, N

T3[I] = T5[I-1] + T3[I-2]

A[I] = T3[I]

T5[I] = T3[I] + T5[I-2]

3:

4:

6:

ENDDO
A[I+1] = T5[I]

T3[1]=A[2]
T3[2]=A[3]
T5[1]=A[1]
T5[2]=A[2]
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F|�{K w <JPyx{NTMTK1I1½NJ�K^FHK1DHFÌ<?S{MT¸ÑDH<JPRKRS?z�Po·9K1IÖ<�~�:vN��JK1IGB
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K�IH>AFGNT<JSUD1�C·Uz{F�NTS?F|IG<{@Uz w KÖD|�{NO~�F�<Jx9K1I|>�FGNT<JS�D�FH<{�AKrK�x�FH�UK�.>AMTz{K^~�<JI�IHK1zUDHKA½^�ÖS�FH�{K w <JS?FHI|>AIH¸A�+<JzUI�PRKrF|�{<{@ � I|DHF
K1MONQPRNTS�>�FGK�D�IHK1@UzUS�@U>AS?F
MT<J>A@�Dr�;FH�{K�S ¿�KzUDGK¦DH<�~�FE¿�>AIHK
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·?¸ FH�UKKr¶CK w z{FHNO<?S FHNTPRKA½ ��NTµJzUIHK¼��8·9��xUIHK1DHK1S?FHD'FH�UK
Kr¶{K w zUFGNT<JS�FGNQPRK´<A~�MO<C<Jx9Å�¼ <JS��ÖÍ ]$BE��MQxU�U> xUIG< w K1DGBDH<JI�~�<JI$@UN)'aK1IHK1S?F$MT<C<Jx
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