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for ( i = 0 ; i < k ; i ++) {
      A [ 0 ] += B [ i ];
      for ( j = 1; j < N ; j ++) 
            A [ j ] += A [ j - 1 ];
      A [ 0 ] += A [ N - 1 ];
}
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( HW / SW ) Pre-fetch A [ 0 : C - 1]
 ....
for ( i = 0 ; i < k; i ++) {
      A [ 0 ] += B [ i ] ;
      for ( j = 1 ; j < N ; j ++ ) {
            A [ j ] += A [ j - 1 ] ;
            ( HW / SW ) pre-fetch A [ | j + C | mod N ]
     }

}
      A [ 0 ] += A [ N ] ;

n 8D:%cNST4 # ) ª+²e��¼;���e¶��d·µ§q »·¾§i�­²e±ß®dÖd¶���®��­±��d·µ®q��´µ¢¤�­��§d¶�³
�-8D6tIFOQ8D696tI <N^PuNBDRCKgr � - � 8;6V<�R ? 8;<#K$I
KMLN4 ,

0C, 
6/!d!de7"�V=Ahg7�
R7�1�Cgi�) 8]?vI 696TRCK78eI
?94�6JI�?MI
:duN8]? �t8]?lLQ47z%47ST@QK$I KML�4-uNBDRCKgr
, � LN8D6vuN8]?x8;6x6947?v?lR0N�4�STR
�tLN47<3IYuNB;R�KgrP8;6-��S947X�4}?lKML�, ��I
?94�S�yf8DXg?9LN8;6\uNB;R�Kgrk8D65I K7K�47696947^�y�?lLN4duN8D?-8;6-6T47?�?9R[R%<N4
, � LN4
N74�S9R ?lR R%<�4b?9SlI <�698D?98;R%<[?9S98D:%:%4�ST6J?lLN4b�NST47X�4}?lKMLN8D<N:QR
X�?9LN4b<N4���? 6947s�c�4�<p?l8;I B�uNB;R�Kgr � - � ,

��4�<N47SlI BDBD@%y��NST47X�47?9KMLCEAR <CEAOo8;6T6�8;6�B;4�6T6J4qv�4�K}?l8]z%45?lLNI <[?MI : :%4�^[��S947X�4}?lKML�, n�R%Sv4���I Oo�NB;4
y�8;<[IH�NcNS947BD@
6947s�cN4�<p?l8;I B 6T?9S94$I
Oky��NST47X�4}?lKMLCE R%<CEAOo8;6T6K�t8;B;B�S94769cNB]?b8;<3I#OQ8D696�47z 4�Sr@ R ?lLN47SaI K�K74�6967y]�tLN8DB;4d?lI :%:%47^
�NST47X�47?9KMLy�t8DB;Bf<�R ?$,

J <N4 69LNR%Sr?lK7R%OQ8D<N:PI 696TRCK78eI
?94�^
�t8D?9L�6T4�s�cN47<�?98eI B �NST47X�4}?lKML`8D65?lL�I&?b�NS94}X�47?lKML�OYI$@ <�R ?bu�4 8D<N8]E
?l8;I
?l47^�X(I S�4�<�R%cN:%L3I LN4�I ^ ?lR+LN8;^�4d?lLN4 B;I
?l47<NK7@ , | X���S947X�4}?lKMLN8D<N:P8;65<NR
?bK�R%Oo�NB;4}?l47^3up@�?9LN4H?l8DOQ4
uNBDRCKgr � - � 8;6\<N4�47^N4�^fy�?lLN4H��S9R�K�4�6T69R%S ��R%c�B;^�6r?MI BDB ,-Z\< I �N��S9RpI KML�?9R[69R BDz%4�?lLN8D6-�NSTR%uNB;47O 8;6\?9R
�NST47X�47?9KML+cN�Y?lR � 6TcNK�K74�6T698Dz 4buNB;R�Kgr�6�y�R SVIduNBDRCKgrF?lLNI
?J8D6 � S94}X�4�ST4�<NK74�6 I LN4�I ^�yk�tL�4�S94 � K�I <#u{4
6T?lI
?l8DK$I BDBD@nR%S�^C@C<NI OQ8DK$I BDBD@ �i2tZo� � �awVU I �R " . $ ^N4}?l47S9Oo8;<N47^�,#*�c�?�?lLN8D6bOQ8D:%Lp?�ST4�6TcNBD?�8;<3LN8;: L
?lS9I �oK�X�S9R%OYq&?lRH?9LN4bB;R!�v4�SrE B;4}z%4�B�K�I KMLN4w�(R S Oo4�OoR%Sr@ ) � W w L �b* � ��=k� |��! " ' $ ,

I R%<�EAcN<N8]?TE 6T?lST8;^N4t�NST47X�4}?lKMLN8D<N:d^N4}?l47K7?l6v?lLN4 <NR%<CE cN<N8]?�6r?lS98D^N4�� I <N^QX�4}?lKMLN476JuNBDRCKgr�6vI
?�� c�<N8D?96
6T?9S98D^N45IR��I�@ , I R ?98;K�4 ?lL�I&?J8DX�� 8D6�R%<N4
yC?9LN8;6�I �N�NSTRpI KMLt�vR%cNB;^#u{4-6T4�s�cN47<�?98eI Bf�NS94}X�47?lKMLf,v*�I 6947^#R%<
?lL�4F69�{4�K�8;I BgBDR%:%8;K�cN6947^3?9R+OQR%<�8D?lR S5I K7K�4�6T6��NI
?9?94�S9<�6�y�?lL�4�S94oI ST4H?���R+?A@���476bR X�<�R%<CEAc�<N8D?9656T?9S98;^�4
�NST47X�47?9KMLN8;<�:N)� �� �g/G8!7"�  hl7�
R7�1�CgiFI
<N^  >/(h,1E:*1c:2FG5�� /G8!7"�� hg7�
R7�1�Cgi�,

W G"u�I 6T4�^o�NS94}X�47?9KML.��nCZ-w ��Z�= �! " �� y�G>� U I �! ( x $ 8D6 I < I �N��S9RpI KML ?lLNI
? �NST4�^N8DK7?l6 ?9LN4V6T?9S98;^�4
up@ K7R%OQ�NI S98D<N:k?9LN4#I ^N^�S94�6T69476oc�694�^_up@�69cNK7K�4�6T698]z%4PB;RpI ^�R%SH6r?lR%ST4[8;<N6r?lSTcNK7?98;R%<N67,
n�R%Sd4,��I OQ��B;4 y
?lL�S94�4kI ^N^�S94�6T69476 ? Q�� ? S I <N^ ? T I ST4kcN6T4�^ u�@_?9LN4k69I Oo4kBDRpI ^_8;<N6r?lSTcNK7?98;R%<"8;<_?lLNST4�4P69cNK7K�4769698]z%4
8D?94�S9I
?l8DR%<N6�, | X ? S M ? Q � ? T M ? S ytI�6r?lST8;^N4�� � ? T M ? S 8;6o4�6r?MI u�B;8;6TLN4�^ I <N^>?9LN4n^�I&?MI`I&?
I ^N^�S94�6T6
	?�� � ? T - � 8D6H�NS94}X�47?9KMLN4�^�, | X ? S MJ? Q�
� ? T MJ? S y��v4+S947OQR�z%4 ? Q yxI <N^_?lLN4#69I Oo4
�NSTRCK74�696t8D6JS947��4�I
?l47^Pc�698;<�: ? S � ? T I <�^ ?�� , Z ?lI uNBD4 �(K�I B;BD4�^[ST47X�4�ST4�<NK74���S94�^�8;K7?98;R%<Q?MI uNBD4 ) w W	� 8D<
� 
 Z I 2KU w \ | U �_0 '"'"' $ ) 8D6�<N47K�47696lI
ST@[?9RH6T?9R%S94-?9LN4-OoR%6r?JS947K�47<�?9BD@QcN6947^PI ^N^NST4�696T4�6tI <�^[?lLN45B;I 6T?
S947K�47<�?9BD@ ^N4}?l47K7?l47^Y6r?lS98D^N4VX�R%S I�OQ47OQR ST@H8D<N6T?9S9cNK}?l8DR%<�, | ^�4$I BDBD@%yp4�I KMLoOQ47OQR%Sr@H8D<N6T?9S9cNK}?l8;R <o6TLNR%cNBD^
u{4\I
69698D:%<N47^QI
<Q47<�?9ST@ , | <Q�NS9I K7?98;K74 ypLNR!�v47z%47S�y�?lLN4V?MI
uNB;4Wr
4�4���6vR%<�BD@d?9LN4tOQR 6T? S947K�47<�?9BD@ 4,��47K�c�?94�^
Oo4�OoR%ST@o8;<�6T?lSTcNK7?98;R%<�6�, � I uNBD4-4�<p?9S98;476tI S94\8;<N^�4��C4�^+up@ W G�67, � L�4Mn 8;<N8]?l4-=�?MI&?l4bmnI
KMLN8;<N4 �cn =Nm )
8;<�n 8D:%cNST4  8D6tIHX�R%S9OQI Bf^�4�69K7S98D��?l8DR%<+R X L�R%� W G u�I 6T4�^n��S947X�4}?lKMLPK$I <Pu{4a^�4qZ�<N47^�,

� 3,56:*1c:E/(@(8�12/(1s7})�I <a4�<p?9ST@b8;6�I
B;B;R�K$I&?l4�^fy�uNc�?�<NR 6T?lST8;^N4 8D6�4�6T?lI uNBD8;69L�4�^�, � LN4 6T?lST8;^N4 8D6�8D<N8D?98eI BD8ON74�^
I 6 Ia� ��� , � LN4�4�<p?lSr@kK7R%<p?MI 8D<N6\?9LN4aR%��47SlI <�^ I ^N^NST4�6T6 ? Q R Xg?9LN4dOoR%6r?-ST4�K�47<p?lBD@P4,��47K�c�?94�^

� �



Stride ConfirmationStride Pending

Correct Stride Prediction

Incorrect Stride Prediction

 Initialization Stride ConfirmationStride Pending

Correct Stride Prediction

Incorrect Stride Prediction

 Initialization

n 8;: cNS94  ) è3·¾§d·¿�­�úÜI�e¢¤�­�=�©¢D¶~�n·µ§q�Ð±D¼-ª[¨9ÝX¢D�­��®©ªÕ²e��¼À���e¶~�
Oo4�OoR%ST@+8D<N6T?9S9cNK}?l8DR%<�, I 4���?\?l8;Oo4 y �tLN47<�?lLN4�69cNK7K�4�6T698]z%4oI ^N^NST4�6T6 ? S 8;6 S947X�47S9ST4�^�yfIY6T?9S98;^�4
� � ? S M ? Q 8D6\^N4}?l47K7?l47^�y�I <�^n?lLN4�6T?lI
?l4�4�<p?l47S9658D<�?9R � 1Eh,: �e7  �7�5 �(:*5ed � 12/(1s7}, Z �NST47X�4}?lKML
8D6 8D696TcN4�^|�t8]?lLP?lLN4�I ^N^NST4�6T6�	? T �/? S - � 8DX�?lL�4dK�R S9S94769�{R%<N^N8D<N:Y^NI
?MI uNB;R�Kgr#8;6 <NR ? 8D<k?lL�4
K�I KMLN4 ,

� � 1Eh,: �e7� �7�5 �(:*5edm8�12/(1�7}) Id6T?9S98D^N458;6v<N4q�tB]@Y^�47?l47K7?94�^�y
I <�^[8D?�<N4�47^N6J?lRHu{4-K7R%<9Z�STOQ47^#up@Y?lL�4
<N4,��?HS94}X�4�ST4�<NK74[I ^N^�S94�6T6 ? T ,u\ LN47< ? T K7R%OQ476�y ��4Q:%47? � ):�

�
� ? T M ? S , | X � ):�

�
� �+y

?9LN4Y6r?lS98D^N4o8;6aK�R%<9ZNS9Oo4�^�, � LN4Q6T?MI&?l4Y47<p?l4�ST6H8;<p?9R � 1Eh�: �e7�� FG5���h,`u7"� � 12/(1s7},y�\R!�v47z 4�S�y 8]X
� ):�

� 
� �#y ?9LN4J4�<p?9ST@�8;6 c���^�I&?l4�^Fup@�?lLN4v<N4q�>I ^N^NST4�6T6 ? T ypI B;R <N: �t8]?lLd?9LN4J<N4��tBD@�^N47?94�K7?94�^
6r?lS98D^N4 � ):�

�
, � LN4a6T?lI
?l4K�vR%cNBD^P6r?MI$@+8;< � 1Eh,: �e7� �7�5 �(:*5ed � 1 /(1�7a,

� � 1Eh,: �e7 � FG5���h,`u7"�.8�12/(1�7})[I 6T?9S98;^�4 � ):�
�

8;6H476T?lI uNB;8D69LN47^�,`Z ��S947X�4}?lKML_X�R%SFI�6T47? R X ^�I
?lI
uNBDRCKgr�6 �t8]?lL[^�8;6T?lI <NK74 � ):�

�
8D6�8;6T69cN47^�,	\ LN4�<#<�4q� I ^N^NST4�696 ?�� K7R%Oo4�6VI <�^[?lLN45<�4q� 6T?9S98;^�4

?�� M ? T � ? T M ? S yN?lLN4b6T?lI
?l4bST4�OQI 8;<N6tI&?V?lLN8D6 6r?MI
?94 , J ?lLN47S �t8D694 yN?9LN4a6T?MI&?l4b:%R�4�6tu�I KgrY?9R
� 1Eh,: �e7  V7�5 �(:*5ed � 1 /(1�7�,

W I Sr?l8]?l8;R < u�I 6T4�^ �NS94}X�47?lKML K$I
< u{4 8;Oo�NBD4�Oo4�<p?l47^ I 6�K�R <N6947K�c�?98Dz%4 E I ^�^NS947696`uNI 6947^�6TKMLN4�Oo4
� W Z���Z G>� Z5w ��Z �! " h $ y+�tLN8;KML 8D6 cN6947^�8D< R%cNS 4��C�{4�ST8;Oo4�<p?l67, G�R%<N6T4�K�cC?l8Dz 4}EAI ^N^NST4�696�u�I 6T4�^
69KML�4�Oo4Y8;6�6T8;Oo8;B;I S\?9R W G�u�I
694�^��NS94}X�47?9KML �&n�Z5wV��Z�= �! " 	� y�G>�aU I �R " x $ , | ?d8D6�6T?lST8;^N4 EAu�I
694�^f,
J <N4\?lI uNBD4\8D6vcN6T4�^[?9R�?lS9I Kgr ?lLN4\S947X�47S947<NK�476�, U I KML#4�<p?lSr@Y8D<o?9LN4\?lI uNBD4\8D6JI BDB;R�K$I
?94�^F?lRFIaOQ47OQR ST@
�TKML�cN< r �Ny��tLN8DKML�8D6bI+K7R%<p?l8D:%cNR%cN6�Oo4�OoR%Sr@�I ST4$I�, � L�4oL�8;:%LN47S�uN8D?965R Xx?lLN4 ST47X�4�ST4�<NK74YI
^N^NS947696T4�6
8;<�^N4���?lLN4#47<p?lST@`R Xt?lLN4[?lI uNBD4 , | Xt?���R Oo4�OoR%ST@`I ^N^�S94�6T69476ou{4�BDR%<N:n?9R�?lLN4#69I Oo4[KML�cN< r
yx?9LN47@
8;<�^N4��P?lL�4H6lI Oo4d47<p?lST@ , | < �NS9I K7?98;K�4
y�?9LN4d^N8]z�8;698DR%<n8D<nKML�cN< r�6bK$I
< u�4�^NR%<N4H6r?MI
?98;K�I B;B]@%, � 6Tc�I B;B]@%y
?lL�4#4�B;47OQ47<p?l6F8;< ?��vR ^N8^v�4�ST4�<p?Fz%47K7?9R%S96oI ST4#I B;BDRCK�I
?l47^`?lR ^�8^v�4�S947<p? KML�c�< r�6�, n�R%Sd4,��I OQ��B;4 y 8D<
n 8D:%cNS94 � '�yp?9LN4-Oo4�OoR%ST@oI
^N^NS947696T4�6JX�R%S A � � $ I <N^ A � �L- ��$ u{4�B;R <N:�?9R�?lL�4-6lI
OQ4 KML�cN< r[I
<N^[8;<�^N4��
?lL�4J6lI Oo4J47<�?9ST@ , =C8;Oo8;B;I S9B]@%y���� � $ I <N^���� �:- �q$ 8;<�^N4���?lLN4�6lI Oo4J4�<p?9ST@%, � LN4V6T?9S98;^�4�6 X�R%S �NS947^N8;K}?l8;R <
I ST4HK$I BDK�cNB;I
?l47^�u{47?��v4�4�< ?��vRP6TcNK�K74�6T698Dz 4QOo4�OoR%Sr@kST47X�47S94�<�K�4�67, | XvI[6T?9S98D^N4 � 8;6-^�47?l47K7?94�^ ?lR#u{4
K�R <N6T?lI <p?$y�?lLN4b^�I&?MIH?lL�I&?\BD8;476 ��I ��I Sr?t8;6V�NST47X�4}?lKMLN47^�, � LN4aOo4�KML�I <�8;69O X�R%SV^N47?94�K}?l8;<�:Q6r?lS98D^N4�6t8D6
?lL�4\69I OQ4\I 6 W G u�I 6T4�^[�NST47X�4}?lKML�yC69Rmng=Nm 8D<un 8D:%cNST4  K$I <Qu�4 4�Oo�NBDR�@ 4�^YI 6 �v4�BDB , n
R Sx4,��I OQ��B;4 y
8;<�n 8D:%cNST4 � '�y%?lL�4\6r?lS98D^N4�6 R X � I S94t^N4}?l4�K}?l47^QX�R%S z%47K7?9R%S A I <�^��Yy�6TR A � �(- 0 $ 8;6 �NST47X�47?9KMLN4�^[I
X�?l47S
A � �,- ��$ y�I
<N^	��� �,- 0 $ 8D6g�NST47X�47?9KMLN4�^QI
X�?94�S
��� �,- ��$ , W G u�I 6T4�^ �NST47X�47?9KMLQK�I < K$I �C?lcNST4J?lLN4JBDRCK�I B;8]?A@
8;<kR%<N4�S947X�47S947<NK�4H8D<N6T?9S9cNK}?l8DR%<nR Xg^N8^v�4�ST4�<p?58]?l4�S9I
?l8DR%<N67, W I Sr?l8D?98;R%<Pu�I 6T4�^���S947X�4}?lKML K�I <�K$I&?lKML�?lL�4
B;R�K$I
B;8D?A@+8D< IY:%STR%cN� R XxST47X�4�ST4�<NK74�67,+n�S9R O ?9LN4HOo4�KML�I <�8;69O �{R%8;<p?5R
Xxz�8D4q�byf�v4FK$I <�<NR ?�69I�@k?lL�I&?

� �



 for ( i = 0 ; i < k ; i += 3) {
       A [ i ] = B [ i ] + 1;
       A [ i + 1] = B [ i + 1 ] + 2 ;
       A [ i + 2 ] = B [ i + 2 ] + 3 ;
}
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for ( i = 0 ; i < N ; i ++ ) {
      ip += V1 [ i ];
      ip += V1 [ 2 * i ];
      ip += V1 [ 4 * i ];
      ip += V2 [ i ];
}
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for ( i = 0 ; i < N ; i ++ ) {
      randq = V1 [ i ];
      ip1 += V1 [ i * randq ];
      ip2 += V1 [ i * randq + 32 ];

      V1 [
      V1 [ i * randq + 64 ] = ip1;

i * randq + 96 ] = ip2 ;
}
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for ( k = 0 ; k < n ; k ++ )
     for ( i = 0 ; i < n ; i ++ ) 
           for ( j = 0 ; j < n ; j ++ ) {
                old = DIN ( j , i );
                new1 = DIN ( j , k ) + DIN ( k , i );
                DOUT ( j , i ) = ( new1 < old ? new1 : old );
}
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for ( k = 0 ; k < n ; k ++ )
     for ( i = 0 ; i < n ; i ++ ) 
           for ( j = 0 ; j < n ; j ++ ) {
                old = DIN ( j , i );
                new1 = DIN ( j , k ) + DIN ( k , i );
                DOUT ( j , i ) = ( new1 < old ? new1 : old );
}
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