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// Forward and backward sweeps along rows

ENDDO

REAL c(N, N), a(N, N), b(N, N)

c(i, j) = c(i, j) - c(i, j - 1) * a(i, j) / b(i, j - 1)
b(i, j) = b(i, j) - a(i, j) * a(i, j) / b(i, j - 1)

ENDDO
ENDDO

DO j = 2, N
DO i = 1, N

DO i = 1, N
c(i, N) = c(i, N) / b(i, N)

ENDDO

DO j = N - 1, 1, -1
DO i = 2, N

ENDDO
ENDDO

c(i, j) = ( c(i, j) - a(i, j + 1) * c(i, j + 1) ) / b(i, j)

ENDDO
ENDDO

c(i, j) = c(i, j) - c(i - 1, j) * a(i, j) / b(i - 1, j)
b(i, j) = b(i, j) - a(i, j) * a(i, j) / b(i - 1, j)

DO j = 1, N
DO i = 2, N

ENDDO
c(N, j) = c(N, j) / b(N, j)

DO j = 1, N

ENDDO
ENDDO

DO j = 1, N
DO i = N - 1, 1, -1

c(i, j) = ( c(i, j) - a(i + 1, j) * c(i + 1, j) ) / b(i, j)

// READ (c, a, b)

DO   iter = 1, max

// Downward and upward sweeps along columns

// WRITE (c, b)
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//  Static column-wise layout

!HPF$ TEMPLATE  X(N, N)

!HPF$ ALIGN c(i, j), a(i, j), b(i, j) WITH X(i, j)

!HPF$ DISTRIBUTE  X(*, BLOCK)

DO  iter = 1, max

//  Forward and backward sweeps along rows

.  .  .

!HPF$ TEMPLATE  X(N, N)

//  Dynamic row and column-wise layout

!HPF$  DYNAMIC  X

!HPF$ ALIGN c(i, j), a(i, j), b(i, j) WITH X(i, j)

!HPF$ DISTRIBUTE  X(*, BLOCK)

DO  iter = 1, max

//  Forward and backward sweeps along rows

!HPF$  REDISTRIBUTE  X(BLOCK, *)

.  .  .

.  .  .
.  .  .

//  Downward and upward sweeps along columns

!HPF$  REDISTRIBUTE  X(*, BLOCK)

//  Downward and upward sweeps along columns

.  .  .
ENDDO

.  .  .

ENDDO

.  .  . .  .  .

REAL c(N, N), a(n, N), b(N, N) REAL c(N, N), a(n, N), b(N, N)
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1
c, a, b

2
c, a, b

3
c, b

4
c, a, b

5
c, a, b

7
c, a, b

iter = 1, max

8

6
c, b

c, b

DO

// Forward and backward sweeps along rows

ENDDO

REAL c(N, N), a(N, N), b(N, N)

c(i, j) = c(i, j) - c(i, j - 1) * a(i, j) / b(i, j - 1)
b(i, j) = b(i, j) - a(i, j) * a(i, j) / b(i, j - 1)

ENDDO
ENDDO

DO j = 2, N
DO i = 1, N

DO i = 1, N
c(i, N) = c(i, N) / b(i, N)

ENDDO

DO j = N - 1, 1, -1
DO i = 2, N

ENDDO
ENDDO

c(i, j) = ( c(i, j) - a(i, j + 1) * c(i, j + 1) ) / b(i, j)

ENDDO
ENDDO

c(i, j) = c(i, j) - c(i - 1, j) * a(i, j) / b(i - 1, j)
b(i, j) = b(i, j) - a(i, j) * a(i, j) / b(i - 1, j)

DO j = 1, N
DO i = 2, N

ENDDO
c(N, j) = c(N, j) / b(N, j)

DO j = 1, N

ENDDO
ENDDO

DO j = 1, N
DO i = N - 1, 1, -1

c(i, j) = ( c(i, j) - a(i + 1, j) * c(i + 1, j) ) / b(i, j)

4

5

6

7

8

3

1

2

// READ (c, a, b)

DO   iter = 1, max

// Downward and upward sweeps along columns

// WRITE (c, b)
PCFG
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the source and sink are switched on
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NODE Constraints

y11 y12 = 1+ y 12 y22 = 1+
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DO  i = 1, n
y(i, 1) = x(i, 1) + x(1, i)

ENDDO

Two dimensions of the same array must
not be in the same partition

1

EDGE Constraints

An edge is switched on  IFF  

IN-constraints:

OUT-constraints:

CAG

Each node is in exactly one partition

$
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â�ì�ê	î%ò¢ù�ë�ã¢â�î%ìCé�ã¤Þ�ß{âñù.óhî+ò¢ã¤ß�í.ë�ï�â�ô%ì�ù.ß�ì*ãDä�ë�ìhí�âæí�ë(ã¤ß�âæà[î%ì�ï�ð.âñìhà�ßnò¢ã¢ßí1â�ì*ã¢îOã¢Þ�ßOà�ßë(òjäjÞ�àeóhë+ägß
âTêOâ�ãåà.ë(ïñâ�ô+ìJù.ß�ì*ã1âñì�ê	î+ò¤ù�ë(ã¤â�î+ìZâ~à1ìJî+ã�á=ß�ë��8ß�òVî+ò�ß��8øhë(ï{ã¤îZë(ì*ðIë(ïñâ�ô%ì�ù.ß�ì*ã�â�ì�ê	î%ò¢ù�ë�ã¢âñî+ì
ë(ï�ò¤ß�ë+í*ðIâ�ì"ã¢Þ�ß à�ß�ë�òjäjÞ\àeóhë+ä�ß8ö Ý=Þ�ß à�â�ûnß�à.î(êVã¢ÞJß�Whì�ë(ïOà�ß�ë�òjäjÞ\àeóhë+ä�ß�à�ä�ë�ì ÿhß�ê	øJò¢ã¢ÞJß�ò
ò¢ß�í�ø�ägß�í.âTê ë(ïñâ�ô+ìJù.ß�ì*ã=änë(ìhí�âæí�ë(ã¤ß�àyë(ò¢ß � î%â�ì�ß�í.ã¤Þhë(ã/í�îVì�î+ã/ägî+ì*ãjë�â�ìdägî%ì�/hâ~ä�ã¢â�ìJôVë(ï�âñô+ì�ù@ß�ì�ã
â�ì�ê	î%ò¢ù�ë�ã¢â�î%ìCö
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¼�èK´¾½,|�¿m£Z1g? 3�3'À Ù ��é�5 Û é�ávâ�ã¢Þ�ó�Þ�ë+à�ßOì�î*í�ß�à�é ©'w\ì�î*í�ßàgé�ë(ìhíMl¨?�ì�î*í�ß�àÁ ½(|�´¾½(|�¿ ÷ ï�âñô+ì�ù@ß�ì�ã ä�ë(ìhí*â~í�ë�ã¢ßOà�ß�ë�òjäjÞdà�óhë%ägß�à=ê	î+òyß�ë+äjÞ.ó�Þhë%à�ßOì�î*í�ß�âñì�ã¢Þ�ß�£Z1g? 3
Â�Ã�Ä]Å�Æ,Ç�È óJÞhë+àeß�ìJî*í�ß&É Ð âñì�ã¢Þ�ß�£Z1g? 3ËÊ�Ã

Ì�Í�Î
Í
Ì Ð À ägò¤ß�ë(ã¤ß 1 ÷�3 à Ù É Ð ÛIÏ<Ï ÿ�ø�â�ïæí�à=ã¢ÞJß�àeß�ãvî(êÐ1 ÷43 à[ê	î+òvóJÞhë+àeß&É ÐÑ Â Þhë%à ägî+ì�/�â~ägã>Ò Ù Ì�Í�Î Í

Ì Ð Û¦Ó È ÅÕÔÌ�Í�Î
Í
Ì Ð À ò¢ßà�î+ï�Y8ß ägî%ì�/hâæägãjà Ù Ì�Í�Î Í

Ì Ð ÛIÏ<Ï ägî%ì�/hâ~ä�ã.-~ê	ò¢ß�ß&1 ÷�3 à[ê	î%òyà�âñì�ô+ïñß�óJÞhë+àeßÅ{ÔOÊ Ñ Â
ÅÕÔOÊ<Â�ÃSÄ>ÅSÆ,Ç�È

ÏEÏ 9yß�ø�ò¢âæà�ã¤â~ä3ã¤î.í�ßnã¢ß�ò¤ù.â�ì�ßvìJî*í�ß�óhë�ò¢ã¤â�ã¢âñî+ì�âñì�ô�î(ê ó�Þhë+àeß�ì�î*í*ß�àüâñìdägî+ì�/�â~ägã0-�ê	ò¤ß�ß
ÏEÏ 1 ÷�3 Ù �8ß�ß�?Hâñô+ø�ò¤ß]AJö³; Û öänë(ï�ï
£ ÷ ²BÝ £Z1g? 3 Ù ì�î*í*ß�ó�ë(ò¢ã¤â�ã¤â�î+ìJâ�ì�ô Û
ÏEÏ 9yß�ø�ò¢âæà�ã¤â~ä3ã¤î1ô%ß�ì�ß�òåë(ã¢ßOä�ë�ìhí�âæí�ë(ã¤ß�ë�ï�âñô+ì�ù.ßnì�ã�à�ßë(òjäjÞdà�óhë%ägß�à=ê	î+òvß�ë%ä�Þ�ó�Þ�ë+à�ß ö
ÏEÏ £BÞhë%à�ß�àyâ�ì.ã¤Þ�ßOà¢ë(ù@ß�ó�ë(ò¢ã¤â�ã¤â�î+ìdë�ò¢ß^ã¢ò¤ß�ë(ã¤ß�í�ë+àyëýø�ìJâ�ãyà�âñìhägß{ã¤Þ�ß�ð�í*î1ì�î%ã
ÏEÏ ä�î+ì*ãjë(âñìMägî%ì�/hâæägãjà Ù �8ß�ß�?Hâñô+ø�ò¤ß'A�ö G Û öänë(ï�ï
l�§2£Zw_²BÝ ÷ ªOl 3 ��§25V�{Ý@� Ù ì�î*í�ßOóhë(ò¤ã¢â�ã¤â�î%ì�â�ì�ô Û
ÏEÏ 9yß�ø�ò¢âæà�ã¤â~ä3ã¤î1ô%ß�ì�ß�òåë(ã¢ß^î%ò¢â�ßnì�ãåë(ã¢âñî+ìhà=î�êBò¤ß�ï~ë�ã¢â�Y8ß^ä�ë(ì�í�â~í�ë�ã¢ßOë(ïñâ�ô%ì�ù.ß�ì*ãjà
ÏEÏ Ù �8ß�ß�?Hâñô+ø�ò¤ß]AJö o Û öänë(ï�ï¤w_²¦l�5~�/Ý ÷ ÝIl.w_� �(5~ªO5Z1�ÝIl.w_� Ù ì�î*í�ßOóhë(ò¤ã¢âñã¢â�î%ì�â�ìJô Û
ÏEÏ 1Dî%ì�Y8ßnò¢ãvß�ë%ä�Þdä�ë�ìhí�â~íJë(ã¢ßOë�ï�â�ô%ì�ù.ß�ì*ãDî(ê�ë�ó�ë(ò¢ã¤â�ã¤â�î+ìdâ�ì*ã¢îVë�ä�ë�ìhí�âæí�ë(ã¤ß
ÏEÏ ë�ï�âñô+ì�ù.ßnì�ã�î(êXß�ë+äjÞ�ó�Þhë+àeß�âñì-ã¤Þ�ß^óhë(ò¤ã¢âñã¢â�î%ìCöänë(ï�ï 3 5V��5V² ÷ ÝI5 £V9 ÷ ��5 ÷ ªOl 3 ��§25V�{Ý@� Ù ì�î*í�ßOóhë(ò¤ã¢âñã¢â�î%ì�â�ìJô Û

HI�#$J
�K�MLON6Ö 9yß�ø�ò¢âæà�ã¤â~ä Ù í�ò¤â6Y8ß�ò�ò¢î+øJã¢â�ìJß Û ê	î+òâ�ì*ã¢ß�ò0-�í*â�ù.ß�ì�à�â�î%ìhë(ï�ë(ï�âñô+ì�ù@ß�ì�ã ë(ìhë�ï�ðJà�âæà
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# Ú
¼�èK´¾½,|�¿ £Z1g? 3 3'À Ù ��é$5 Û éhë(ìhí.ê	î+òvß�ë%ä�Þ�ó�Þhë%à�ßOã¢Þ�ßOà�ßnãvî(ê ägî+ì�/�â~ägã0-�ê	ò¤ß�ß&1 ÷43 àã¤Þhë(ãyò¢ßnó�ò¢ß�àeß�ì*ã=ã¢ÞJß�âñì�ã¤ß�ò.-�í�âñù.ß�ìhàeâ�î+ì�ë(ï�ë(ïñâ�ô+ìJù.ß�ì*ã[ò¤ß��8ø�â�ò¤ß�ù.ß�ì*ãjàHî�ê

ã¤Þ�ß^ó�Þhë%à�ß
Á ½(|�´¾½(|�¿ £Xë(ò¢ã¤â�ã¤â�î+ìJâ�ì�ô�î�êBã¤Þ�ß^ó�Þhë+àeß�ì�î*í*ß�àüâñì�ã¢Þ�ß�£Z1g? 3 àeøhäjÞ-ã¤Þhë(ãvã¤Þ�ß�ò¤ß

ë�ò¢ß^ì�îVâ�ì*ã¢ß�òåí�â�ù@ß�ìhà�âñî+ìhë�ïhë(ïñâ�ô%ì�ù.ß�ì*ãvägî%ì�/hâæägãjà=ÿhß�ãeá=ßnß�ìd1 ÷�3 à=î�êDó�Þhë%à�ß�à
âñì�ã¢Þ�ßOà¢ë�ù.ß{óhë�ò¢ã¤â�ã¢âñî+ìCö

ÏEÏ ©yß�ã¢ß�ò¤ù.â�ìJß{ägî%ì�/hâæägã.-~ê	ò¢ß�ß/óhë(ò¤ã¢â�ã¤â�î%ìhàüî�êBóJÞhë+àeß�ì�î*í�ßàüâñì�ë�ô+ò¤ß�ß�í�ðVê�ë+à�ÞJâ�î+ì ö
ÏEÏ Ý=ÞJß�ù.âñì�â�ù@ë(ï�ì*ø�ùVÿhß�ò=î�êDägî%ì�/hâæägã.-~ê	ò¢ß�ß^óhë�ò¢ã¤â�ã¢âñî+ìhà=âæà=ì�î+ãyô+ø�ë(òjë�ì�ã¤ß�ß�ícö
ÏEÏ ©yß�ã¢ß�ò¤ù.â�ìJß{ë�ì�ò{£Zw'�*Ý@w_²¦©�5V² î�êBã¤Þ�ß^ó�Þhë%à�ß�ìJî*í�ß�àvâ�ì�ã¢Þ�ß�£Z1g? 3 à�øhäjÞ�ã¢Þhë�ã
ÏEÏ âñìhí�âæägß�à=î(êXì�î*í�ßàüâñìhà�âæí�ßOë�ï�î8î+óþë(ò¤ß�à�ùõë(ï�ïñß�òDã¢Þhë�ì�ã¤Þ�ß^â�ìhí�âæägß�àDî(êXã¢Þ�ß
ÏEÏ ìJî*í�ß�àüê	î%ï�ï�î�ávâñì�ô�ã¤Þhë(ãyï�î8î%ó�7:ÛBÜ¾q 3 G<G =
ìJî*í�ß�óhë�ò¢ã¤â�ã¢âñî+ì�âñì�ô À Ý�Þ 1gß�²@²¦5V�{Ý £ ÷ ²BÝ À Ý
Õ À T
à È Ñ6á Å Õ¤â uäã�u Ê�Ã1gß�²¦²@5V�{Ý £ ÷ ²BÝ À t Õ v,Þ ä�ø�ò¢ò¤ß�ì�ã óhë�ò¢ã 1 ÷�3 à À Ì�ÍKÎ

Í
Ì Ð Þ ägî+ì�/�â~ägã0-�ê	ò¤ß�ß À ã¤ò¢ø�ßà È Ñ6á Å ägî%ì�/hâ~ä�ã.-~ê	ò¢ß�ß Æ�ÔOÊ Õ å T â uäã�u Ê�Ãägø�ò¢ò¤ß�ì*ã óhë(ò¤ã 1 ÷43 à À ù.ßnò¢ô+ß Ù ä�ø�ò¢ò¤ß�ì�ã óhë�ò¢ã 1 ÷�3 àgé Ì�ÍKÎ Í

Ì Ð�æ Ì ÛÑ Â Þhë%à ä�î+ì�/hâæägãjà{Ò Ù ägø�ò¢ò¤ß�ì*ã óhë(ò¤ã 1 ÷43 à Û¦Ó È Å{Ôä�î+ì�/hâæägã.-~ê	ò¢ßnß À ê�ë�ï~à�ß
Å á�ç Å

1gß_²@²¦5V�{Ý £ ÷ ²BÝ À 1gß�²¦²@5V�{Ý £ ÷ ²BÝnè¸t Õ�å T v
Å{ÔOÊ Ñ Â
Õ À Õ å T

Å{ÔOÊ à È Ñ6á Åì�î*í�ß^óhë�ò¢ã¢âñã¢âñî+ì�âñì�ô À ì�î*í�ßOóhë(ò¤ã¢â�ã¤â�î%ì�â�ì�ô�è¸t&1gß�²¦²@5V�{Ý £ ÷ ²BÝ v
ÅÕÔOÊ à È Ñ�á Å

HI�#$J+���ML�N�é 93ßnø�ò¢âæà�ã¢âæä ê	î%ò3ó�ë(ò¢ã¤â�ã¤â�î+ìJâ�ì�ô�î�êDó�Þhë%à�ß�àvâ�ì*ã¢îÆägî+ì�/�â~ägã0-�ê	ò¤ß�ßOà�ß�ãåàgö
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# Ú
¼�è�´¾½(|�¿ £Bë�ò¢ã¢âñã¢âñî+ì�âñì�ô�î(êDóJÞhë+àeß�ìJî*í�ß�à3âñì�ã¤î�à�ßnãjàvî(ê ägî+ì�/�â~ägã0-�ê	ò¤ß�ß^ó�Þhë+àeß�àgög£BÞhë+àeß

ì�î*í�ßàüâñì-ã¤Þ�ßOà¢ë�ù.ß{óhë�ò¢ã¢âñã¢âñî+ìMë�ò¢ß^ã¢ò¤ß�ë(ã¤ß�í�ë+àyë�ø�ì�âñã�é�â�ö ß8ö�é8ò¤ß�ó�ò¢ßà�ß�ì*ã¢ß�í
ÿ*ð.ã¢Þ�ßOà¤ë(ù.ßB1 ÷�3 ö

Á ½,|³´¾½,|�¿�1�ë(ì�í�â~í�ë�ã¢ßÆë(ï�âñô+ì�ù@ß�ì�ã�àeß�ë(òåä�Þdà�ó�ë+ägß�à=ê	î+òvßë+äjÞ-ó�ë(ò¢ã¤â�ã¤â�î+ì�âñì-ã¤Þ�ß^â�ì�óJø�ã
ì�î*í�ßOóhë(ò¤ã¢âñã¢â�î%ì�â�ìJô�ö

â�ì�ägò¢ß�ù@ß�ì�ã À TSPEP Ï<Ï á=ßnâ�ô+Þ*ã=âñìhägò¤ß�ù.ß�ì*ãBê	î+òvâ�ù@óPî%ò¢ã¤ß�í¥1 ÷�3
Ï<Ï l�ì�â�ã¤â~ë�ï�â�ûë(ã¢âñî+ì.î�êDàeß�ë(òåä�Þdàeóhë+ägßàÂ�ÃSÄ>ÅSÆ,Ç�È óhë(ò¤ã¢âñã¢â�î%ì�â�ì�ì�î*í�ßOóhë(ò¤ã¢â�ã¤â�î%ì�â�ì�ô Ê�Ã
ÿJø�â�ïæí1ã¢Þ�ßOägî%ì�/hâæägã.-~ê	ò¢ß�ß&1 ÷�3 ò¤ß�ó�ò¢ßà�ß�ì*ã¢âñì�ô�ã¤Þ�ß^óhë(ò¤ã¢â�ã¤â�î%ì
âñì�â�ã¤â~ë�ï�â�ûnß3ã¤Þ�ßOë(ï�âñô+ì�ù@ß�ì�ã�àeß�ë(òåä�Þdà�ó�ë+ägß^î(ê ã¢Þ�ß^óhë�ò¢ã¢âñã¢âñî+ì�ávâ�ã¤Þ-âñãjà@1 ÷�3

Å{ÔOÊEÂ�ÃSÄXÅ�Æ,Ç�È
Â�ÃSÄ>ÅSÆ,Ç�È óhë(âñò Ù · Í�ï ØeÐ

é,·
Í�ï Ø Ñ Û

î�êDí�âæà�ã¤â�ìhägãvó�ë(ò¢ã¤â�ã¤â�î+ì�à=â�ì�ì�î*í�ßOóhë(ò¤ã¢â�ã¤â�î%ì�â�ì�ô Ê�Ã
ÏEÏ âñù.óhî+ò¤ãvë(ïñâ�ô%ì�ù.ß�ì*ã�à¢äjÞ�ß�ù.ßyî(êDó�ë(ò¢ã¤â�ã¤â�î+ì�âCâñì�ã¤î�óhë(ò¤ã¢â�ã¤â�î%ì �
á�ß�â�ô%Þ�ã¤ß�í 1 ÷43ðÀ

ù@ß�ò¢ô%ß Ù â�ìhä�ò¢ß�ë%à�ß á�ß�â�ô%Þ�ãåà Ù 1 ÷43 Ù · Í�ï Ø Ð Û
é�âñìhägò¤ß�ù.ß�ì*ã Û é�1 ÷43 Ù · Í�ï Ø Ñ�Û¢ÛÑ Â Þ�ë+à ägî%ì�/hâæägãjà{Ò Ù á�ß�â�ô%Þ�ã¤ß�í 1 ÷43 Û¦Ó È Å{Ôá=ß�âñô+Þ*ã¢ß�í 1 ÷�3 À ò¢ß�àeî+ï6Y8ß ägî+ì�/hâ~ägãåà Ù á�ß�â�ô%Þ�ã¤ß�í 1 ÷43 ÛÅÕÔOÊ Ñ Â

Â�Ã�ÄXÅSÆ�Ç¨È ä�ë�ìhí�âæí�ë(ã¤ß ë(ïñâ�ô%ì�ù.ß�ì*ã 1 ÷43 â�ìdë(ïñâ�ô%ì�ù.ß�ì*ã�à�ß�ë�òjäjÞ�àeóhë+ä�ß�î�ê
·
Í�ï Ø Ñ

Ê�Ã
ägî+ù@óhë(ò¤ß ò¤ß�à�øJï�ã À

ä�î+ù.óhë�ò¢ß ë(ïñâ�ô%ì�ù.ß�ì*ãjà Ù á=ßnâ�ô+Þ*ã¢ßí 1 ÷43 éhä�ë�ìhí�âæí�ë(ã¤ß ë(ïñâ�ô%ì�ù.ß�ì*ã 1 ÷43 ÛÇXÆ ç Å ägî+ù@óhë(ò¤ß ò¢ßà�ø�ïñã ÃSÂ
ñ¸5 ÷ Û]5V² î%ò�5Zò_ß ÷ ª¤¿ ÅÕó Ñ Ó â�ìJì�ß�ò¢ù@î8à�ã Â�ÃSÄ>ÅSÆ,Ç�È�*ÝI²@w_� 3 5~²'¿
ò¢ßnó�ï~ë%ägß^ä�ë�ìhí�â~íJë(ã¢ß ë�ï�âñô+ì�ù.ßnì�ã 1 ÷43 ÿ�ð.á�ß�â�ô%Þ�ã¤ß�í 1 ÷�3 âñìdà�ß�ë�òjäjÞ�àeóhë+ä�ß
Å{ó Ñ Ó â�ì�ì�ßnò¢ù.î à�ã Â�Ã�ÄXÅSÆ�Ç¨È��5Vl�ÝI9_5~²'¿
Ñ Â ägî%ù.óhë(ò¤â~àeî+ì�ávâ�ã¤Þ-ïæë+àeãyä�ë(ìhí*â~í�ë�ã¢ß ë(ïñâ�ô%ì�ù.ß�ì*ã 1 ÷�3 âñì�àeß�ë(òåä�Þdàeóhë+ägß Ó È Å{Ôë%í�í-á�ß�â�ô%Þ�ã¤ß�í 1 ÷43 ã¢î@à�ß�ë�òjäjÞdà�óhë%ägß
Å{ÔOÊ Ñ Â

Å{ÔOÊ�Ç>Æ ç Å
ÅÕÔOÊ<Â�ÃSÄ>ÅSÆ,Ç�È
ÏEÏ âñù.óhî+ò¤ãvë(ïñâ�ô%ì�ù.ß�ì*ã�à¢äjÞ�ß�ù.ßyî(êDó�ë(ò¢ã¤â�ã¤â�î+ì � â�ì*ã¢î�óhë�ò¢ã¤â�ã¢âñî+ì�â
á�ß�â�ô%Þ�ã¤ß�í 1 ÷43ðÀ

ù@ß�ò¢ô%ß Ù 1 ÷43 Ù · Í�ï ØeÐ Û
é�â�ìhägò¤ß�ë+àeß á=ß�âñô+Þ*ãjà Ù 1 ÷�3 Ù · Í�ï Ø Ñ Û

é�â�ìhägò¤ß�ù.ß�ì*ã Û¤Û
ÜnÜ�Ü ë�ìhë(ïñî+ô%ø�ß�ã¢îVë�ÿPî�Y8ß^â�ù@óPî%ò¢ãvó�ò¤î*ägß�à¤à Ü�ÜnÜÅ{ÔOÊEÂ�ÃSÄXÅ�Æ,Ç�È

HI�#$J
�K�MLON6ô 93ß�ø�ò¤â~àeã¢â~ävê	î+òvâ�ù@óPî%ò¢ã¤â�ì�ôVä�ë�ìhí�âæí�ë(ã¤ß�ë�ï�âñô+ì�ù.ßnì�ãåàgö
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# Ú
¼�è�´¾½(|�¿ �3î*í�ß^óhë�ò¢ã¤â�ã¢âñî+ì�âñì�ôVávâ�ã¢Þ�ò¤ß�ï~ë�ã¢â6Y8ß/ë(ïñâ�ô%ì�ù.ß�ì*ãvàeß�ë(òåä�Þ�àeóhë+ä�ß�à
Á ½,|³´¾½,|�¿��8ß�ãvî�êDî+ò¤â�ß�ì*ãjë�ã¢âñî+ì.ê	î+òvß�ë%ä�Þdä�ë�ìhí�âæí�ë(ã¤ß�ë�ï�âñô+ì�ù.ßnì�ãDâ�ì

ã¢ÞJß�ò¤ß�ï~ë�ã¢â�Y8ß^ë(ïñâ�ô+ìJù.ß�ì*ã=àeß�ë(òåä�Þdàeóhë+ägßà=î(êDó�Þ�ë+à�ßOóhë(ò¤ã¢âñã¢â�î%ìhà
Ï<Ï ©3ß�ã¤ß�ò¢ù@â�ì�ß/ägî+ù@ù.î+ìVò¢ß�ïæë(ã¤â6Y8ß/ë(ï�âñô+ì�ù@ß�ì�ã�â�ì�ê	î%ò¢ù�ë�ã¢âñî+ì.âñì-ßë+äjÞ�à�ß�ë�òjäjÞdà�óhë%ägßÂ�ÃSÄ>ÅSÆ,Ç�È óhë(ò¤ã¢âñã¢â�î%ìf·

Í�ï Ø Ð
Ê�Ã

ö Ô�Ô�ØeÐ À�÷ ä�ë(ì�í�â~í�ë�ã¢ßOë(ïñâ�ô%ì�ù.ß�ì*ãjàDâ�ìdà�ß�ë�òjäjÞ�à�ó�ë+ägßOî(êõ·
Í�ï ØeÐÅ{ÔOÊEÂ�ÃSÄXÅ�Æ,Ç�È

Â�ÃSÄ>ÅSÆ,Ç�È óhë(âñò Ù · Í�ï ØeÐ
é,·
Í�ï Ø Ñ Û

î�êDí�âæà�ã¤â�ìhägãvó�ë(ò¢ã¤â�ã¤â�î+ì�à=â�ì�ì�î*í�ßOóhë(ò¤ã¢â�ã¤â�î%ì�â�ì�ô Ê�Ã
ÏEÏ ©yß�ã¢ß�ò¤ù.â�ìJß3óhë�ò¢ã¤â~ë(ïCî%ò¢âñß�ì�ãåë(ã¤â�î+ì�à[ê	î+òvß�ë%ä�Þ�óhë�â�òvî(ê óhë(ò¤ã¢â�ã¤â�î%ìhà
ö Ô�Ô�Ø À ö Ô�ÔgØ Ð } ö Ô�ÔgØ ÑÑ Â âæà ÿhî%ã¢ã¢î%ùdÒ Ù ö Ô(Ô�Ø ÛIÓ È Å{Ôà¨�*â�ó ÏEÏ ìJî.ägî%ù.ù.î%ì1ò¤ß�ï~ë�ã¢â6Y8ß ë(ï�âñô+ì�ù@ß�ì�ãDó�ò¤ßgê	ß�ò¤ß�ìhägß�àÅ á�ç Å
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do  10  k = 1, N
do  10  j = 1, N

do  10  i = j, N
10                A(i, j, k) = .  .  .

I J
K

ALIGN  A(I, J, K)  WITH  PROG_TEMPLATE(I, J, K)
TEMPLATE  PROG_TEMPLATE(N, N, N)
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PROCESSORS   PROCS(8)
DISTRIBUTE   PROG (BLOCK, *)

ONTO  PROCS

PROCESSORS  PROCS(2, 4)
DISTRIBUTE  PROG (BLOCK, BLOCK)

ONTO  PROCS

PROCESSORS  PROCS(4, 2)
DISTRIBUTE  PROG (BLOCK, BLOCK)

ONTO  PROCS

PROCESSORS   PROCS(8)
DISTRIBUTE  PROG (*, BLOCK)

ONTO  PROCS

ALIGN  c(I, J), a(I, J), b(I, J)  WITH  PROG(I, J)

TEMPLATE  PROG (N, N)

Candidate  Layout  Search  Spaces

1

8

6
c, b

c, b

DO
iter = 1, max

P2

P3

P4

P5

P6

P
7

P
8

1
c, a, b

2
c, a, b

3
c, b

4
c, a, b

5
c, a, b

7
c, a, b

PCFG

P

HI�#$J+���ML�N��� 5Bú�Þ�ë(øhàeã¢â6Y8ß ä�ë(ìhí*â~í�ë�ã¢ßOí�ë(ãåë
ï~ë�ð8î+øJãyà�ß�ë�òjäjÞ�àeóhë+ä�ß�à[ê	î+ò G ó�ò¢î*ä�ß�à¢àeî+òjà
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| qts �± f u � u0
 s þ/� s �7± /
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columnrow transpose

8.57 8.32

57.88

51.91

10.0010.34

time in seconds

double, 16 processors, 512 x 512

measured time

estimated time
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µl¶á³�£l«�ªm®#ª�£C©¢ ª�£lÕ£/¿#£�íOµ(¥¨�¤Ã£l«�ª ¶�µ(§ ½ ¢Å§¦¶�µ(§´¯_£l«�³ ¢ ½ §©¢Cª�®#³ ´®°µ(«jÈÐ£C«*ª ¥*¤¦¢c¤�£/¼¨¢�¥�§©®Ö¤¦´®#³E©µ
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É©ÂlÍ\«¨µ�ªm¢C¤Ð©¼�£l�§©¢ ½ §©¢C¤�¢�«�Ð©¼¨¢e¤©£C¯E¢=£C§©§Õ£cí±³�£l«�«¨µ(�¾*¢=®°«]©¼�¢e¤´£l¯E¢ ½ £l§´©®°´®°µ%«�È�£C«*ª�ÉWÄJÍ\´¼�¢
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³ µ(«*¤�©§Õ£l®°«��¤ã¯?¥*¤�h¯±£%�O¢?¤¦¥¨§©¢E´¼*£lÃ´¼�¢_³ µM¤¦ãµC¶e£C«ö¢CªmÓ(¢]®#¤ã³�µ(«*¤�®#ªm¢�§´¢Cª�®°«4´¼�¢Eµ(¾�Ü�¢c³ ©®�ºO¢
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ò1«]©¼�¢eª�®#¤©£CÓ(Ó%§©¢�ÓM£l©¢cª]¶�µ%§©¯?¥�¿#£C©®�µ(«�È(´¼�¢eò�Ê�³ µ%«*¤¦´§�£C®°«�Ðµl¶õ«¨µ�ªm¢��Zï%ôQ¶�µ%§ ½ ¼*£%¤¦¢mÿã¶�µ(§Õ³ ¢C¤ ´¼�¢
¢CªmÓ(¢#� ò��ï�ô ´µ_¾�¢?¤�»�®°Õ³Î¼�¢cªDµ(«�ÚÃòW«�©¼�¢?³�µ(¯ ½ £%³ �¶�µ(§©¯?¥�¿Ö£l©®�µ(«�È*©¼¨¢�§´®°Ó(¼�=¼*£C«*ª�¤¦®#ª�¢Ãµl¶�´¼�¢
ò¦Ê ³ µ%«*¤¦´§�£l®�«m\¶�µ(§�«�µ�ªm¢�� ï�ô ³ µ(«��£C®°«*¤\©¼�¢u¶Ò£(³ ´µ(§�$ % ï'&ï $�ÚÐæO®�«*³ ¢u¢C£(³�¼ ½ ¼*£(¤�¢h®�«(% ï'&ï ³�£l«?µ(«¨¿°í
³ µ(«�©§´®°¾�¥�´¢=£X¤¦®�«�Ó(¿�¢=¢CªmÓ%¢[´¼*£l�®Ö¤ ¤�»�®°Õ³Î¼�¢cªÝµ%«�È�£C«¬¢cªmÓ(¢u¾*¢��»Ð¢�¢�« ½ ¼*£%¤¦¢mÿÃ£C«*ª4ü¹¼*£%¤Ð©µX¾�¢
¤¦»�®°Õ³Î¼¨¢Cª�µ(«jÚÐé\ªmÓ%¢�� ò��ï�ô ®#¤ ´¼�¢eµ(«�¿�íE³Å£l«*ªm®Öª�£l´¢=¶�µ(§u¤¦¥�³Î¼_£C«D¢Cª�Ó(¢e£C«*ªE©¼�¢�§´¢ ¶�µ(§´¢e¼*£(¤Ð´µÃ¾�¢
¤¦»�®°Õ³Î¼¨¢CªEµ(«�Ú

íãýõ�mÿ*�C�wv+²R��� ·Ð¼¨¢ ¢cªmÓ(¢�Ñ�¾*£%¤¦¢Cª[¶�µ(§´¯�¥¨¿#£l´®°µ%«*¤�µC¶�´¼�¢\§©¢�¯_£ ½�½ ®�«�Ó�³ µ%«*¤¦´§�£C®°«��¤
¢�«*¤�¥�§©¢C¤Ð´¼�¢eº%£l¿°®Öªm®°�í?µl¶\´¼�¢X¤¦¢C³�µ(«*ª_³ µ%§©§©¢c³ ©«�¢c¤©¤�³ §´®°©¢Å§©®°µ%« æ�çDë�é Ú

sh�Cÿ�ÿ�� Û=¤´¤¦¥�¯E¢�©¼*£C�� ò��ï�ô ®Ö¤ £C«�¢cªmÓ(¢u»�®°´¼E¤�µ(¥�§Õ³ ¢[«¨µ�ªm¢��5ò���£l«�ªE¤¦®�«��ã«�µ�ª�¢��8ï�ôlÚõñ/¢u¼*£�ºO¢
©µ]¤¦¼�µC»�´¼*£l�¢Cª�Ó(¢�� ò��ï�ô ®#¤�¤¦»�®��³�¼�¢Cª�µ%«D®ÌË��5ò��-£l«*ª��8ï�ôe£l§©¢e¾*µ(´¼�¤�»�®°�³�¼�¢CªEµ%«�Ú
��î7øt�r��Û=¤´¤¦¥�¯E¢)� ò��ï%ô ®Ö¤�¤¦»�®��³�¼�¢CªEµ(«�ÚQó[¥�¢e©µ]³ µ(«�¤¦©§Õ£l®�«m*�8ï�ô,+-�5ò��/.GÄ � ò��ï�ô È��Zï%ô,+-�5ò��0. Ä
¼*£(¤�©µ?¼�µ(¿Öª+Ú\·Ð¼�®Ö¤�®Ö¤Ðµ(«�¿�í ½ µO¤©¤�®°¾�¿�¢e®Þ¶ä¾�µ%©¼�È1�5ò��-£l«*ª��8ï�ôlÈ¨£l§´¢Ã¤¦»�®��³�¼�¢Cª�µ%«�Ú



Â�Ä%×

��ú1î��r�QÛ=¤©¤�¥�¯E¢��5ò��-£l«*ª2�8ï�ôe£l§´¢Ã¤�»�®°�³�¼�¢CªEµ%«�Úuó[¥�¢ã´µE³�µ(«*¤�©§�£C®°«���8ï�ô3+4�Uò��7öùÂ5+ � ò��ï�ô È� ï%ô +-� ò�� ö}Â6+ � ò��ï�ô È�Â,ö7� ò��ï�ô ¼*£%¤�´µÃ¼�µ(¿Öª+Ú�·Ð¼�¢�§©¢�¶�µ(§©¢)� ò��ï%ô ¯?¥*¤�Ð¾*¢X¤¦»�®°Õ³Î¼¨¢Cª�µ(«jÚ

_ N�ª  �¡�8�SIa�¨rc«f�9¾U;:OU3SBR�h/8 :O¢5SHhWU3¨t\(XZR=<Yk#>�ß@? ibf'¨wc�R«f�ä aOc«f'Xd¤�¨
¯Ð�wv�v þ�²D��� è+¢�*A1B�C�D�EQªm¢�«�µ%©¢ã´¼�¢ã«�¥�¯?¾*¢�§ÐµC¶ ½ §©µ�³�¢C¤©¤�µ(§�¤=¥*¤�¢Cª+ÚuÛ=¤´¤¦¥�¯E¢
©¼*£C[´¼�¢ã«�¥�¯?¾*¢�§ÐµC¶ ½ §©µ�³�¢C¤©¤�µ(§�¤u®#¤�£ ½ µC»�¢�§[µC¶�¤¦µ%¯E¢ ½ §©®�¯E¢u«m¥�¯?¾*¢�§GFR¯�¥�¿�©®�Ñ
½ ¿°®�¢CªÃ¾mí]£ ½ §´®°¯E¢�«�¥�¯?¾*¢�§IHCÈm®WÚ ¢OÚ�F���J�HLKpî-F ôNM HCÈO»�®°©¼OH.þî-F+Ú\Û=¤´¤¦¥�¯]®°«�Óe©¼�£l
£l�¿�¢C£(¤��µ(«�¢Xªm®�¯E¢�«*¤�®°µ(«?®#¤ ½ £l§´©®�©®°µ%«�¢Cª+È�´¼�¢=«�¥�¯?¾�¢Å§ µC¶\ª�®#¤¦´§©®�¾�¥�©®�µ(«_¤´³Î¼¨¢�¯E¢C¤
¶�µ(§¸£QP ÑWª�®°¯E¢�«�¤¦®°µ%«*£l¿ ½ §©µ%Ó(§Õ£l¯À©¢�¯ ½ ¿#£C©¢XÈRETS�U�V�È�®#¤

ETS�U�Vqî W�ïYX[Z \] ÷
ü ^_ M \] õa` Â

üR` Âb^_ M üc+ W� ïdX[e \] ÷
üf^_ M \] õ�` Â

ü/`öÄ@^_ M ü
î ÷ M \] õ�+O÷�` Â

÷g` Â ^_
sh�Cÿ�ÿ�� ·Ð¼�¢�®°«�ªm¢�²·ün�O¢�¢ ½ ¤Ý´§�£%³
�4µC¶X©¼�¢�«�¥�¯?¾�¢Å§ãµl¶áªm®�¯E¢�«*¤�®°µ%«*¤ã©µ4¾*¢ ½ £C§©´®°©®�µ(«�¢cª+Ú
·Ð¼�¢D�*§Õ¤¦X¤¦¥�¯øÓ%®°ºO¢C¤=´¼�¢�«�¥�¯?¾*¢�§[µC¶ ½ µO¤©¤�®°¾�¿�¢Eª�®#¤¦´§©®�¾�¥�©®�µ(«�¤©³�¼�¢�¯E¢c¤�®Ì¶�¢C£%³Î¼�ªm®#¤�©§´®°¾�¥�´¢Cª
ªm®°¯E¢Å«*¤¦®�µ(«4®Ö¤Ã£(¤©¤�®°Ó%«�¢Cª £D«�¥�¯?¾*¢�§ãµC¶ ½ §´µ�³ ¢C¤´¤¦µ(§Õ¤Ý´¼*£l?®#¤Ã£�¯?¥�¿°´® ½ ¿�¢ãµl¶hF+ÚöòW«ö©¢�§´¯_¤hµC¶
ô�®°Ó%¥�§©¢eì�Ú�Â�×�È�´¼�¢X£(ª�ªm®�©®�µ(«*£C¿+¶Ò£(³ ´µ(§*H=³�£l«R¢�«*ªE¥ ½ ®°«R£C«mí_µl¶ä©¼¨¢pü6Ó%§©µ(¥ ½ ¤=³ §´¢C£l´¢CªE¾míE´¼�¢
½ £l§´©®°´®°µ%«�®°«�Ó¨Ú�·Ð¼�¢_¤¦¢c³ µ(«*ªö¤�¥�¯8Õ£%�O¢C¤Ã³Å£l§©¢]µl¶u©¼¨¢D³Å£(¤¦¢]»�¼�¢�§©¢±£�¤¦®°«¨Ó(¿°¢±ªm®°¯E¢Å«*¤¦®�µ(«�¼*£(¤
¢�²�£%³ ©¿�íbH ½ §©µ�³ ¢c¤©¤¦µ%§�¤?£(¤´¤¦®°Ó%«�¢Cª4©µ�®°ÅÚ�·Ð¼�®#¤ã¯E¢c£l«*¤e©¼*£CÃ©¼�¢ F ô ½ §©µ�³ ¢c¤©¤¦µ%§�¤�«¨¢�¢Cª/´µ�¾�¢
½ £l§´©®°´®°µ%«�¢CªE®°«�©µÃµ%«�¿°í�üR` ÂeÓ(§´µ(¥ ½ ¤�È+¤�®°«*³�¢h´¼�¢e®°Ñ�©¼_Ó(§´µ(¥ ½ »�®�¿°¿j³ µ(«*¤�®#¤�[µC¶IHe£l¿�µ(«�¢MÚÐ·Ð¼�¢Å§©¢
£l§©¢�ü ½ µM¤©¤¦®�¾�¿°¢ ½ µO¤�®°©®�µ(«*¤[¶�µ%§=©¼�¢ÃÓ%§©µ%¥ ½ ³�µ(«*¤�®#¤¦´®°«�Ó_µC¶�He»�®°´¼�§©¢C¤ ½ ¢c³ =©µ_´¼�¢ãµ%©¼�¢�§�üi`GÂ
Ó(§©µ%¥ ½ ¤�Ú

·Ð¼¨¢ ½ §´µOµl¶\µC¶\©¼�¢X¤�¢C³ µ(«�ª ½ £l§©uµl¶ä©¼¨¢h¢câJ¥*£C©®�µ(«_®#¤�£%¤Q¶�µ%¿°¿°µC»u¤^�j �[k��
l WïdX[Z \] ÷

ü ^_ M \] õ�` Â
ü/` Â ^_ M ü l WïYX[Z Wnmï m � W�o ï � m M

\] õ�` Â
ü/` Â ^_ M ü

î l WïYX[Z W�m� ï o Z � m � W�o ï � m M
\] õ�` Â

üR` Â ^_



Â�Ä�Â

î ÷ M l WïYX[Z � Wno Z � m� ï o Z � m � W�o ï � m M
\] õ�` Â

ü/` Â ^_
î ÷ M l WïYX[Z \] ÷�` Â

ü/` Âb^_ M \] õ�` Â
ü/` Âb^_

î ÷ M \] ÷�` Â
÷�` Â ^_ M \] õ�` Â

÷�` Â ^_ + ÷ M l W�o ZïdX[Z \] ÷�` Â
ü/` Â ^_ M \] õ�` Â

ü/` Â ^_
î ÷ M \] ÷

÷ ^_ M \] õ�` Â
÷�` Â ^_ + ÷ M l W�o ZïdX[Z \] ÷�` Â

ü1` Â ^_ M \] õ�` Â
ü/` Â ^_

j ��k��
l WïdX[e \] ÷

ü ^_ M \] õ�` Â
ü/`4Ä ^_ M ü¹î l WïYX[e W�mï m � W�o ï � m M

\] õ�` Â
üR`öÄ ^_ M ü

î l WïYX[e W�m� ï o Z � m � W�o ï � m M
\] õ�` Â

üR`öÄ ^_
î ÷ M l WïYX[e � Wno Z � m� ï o Z � m � W�o ï � m M

\] õ�` Â
ü/`öÄ ^_

î ÷ M l WïYX[e \] ÷�` Â
ü/` Â ^_ M \] õ�` Â

ü/`öÄ ^_
î ÷ M l W�o ZïYX[Z \] ÷g` Â

ü ^_ M \] õ�` Â
ü/` Â ^_

j �[kp+ j ��k��



Â�Ä%Ä

¤�®°Á�¢�î ÷ M \] ÷
÷ ^_ M \] õ�` Â

÷�` Â ^_ + ÷ M l W�o ZïYXqZ \] õ�` Â
ü/` Â ^_ M�rs \] ÷�` Â

ü1` Â ^_ + \] ÷�` Â
ü ^_htu

î ÷ M \] ÷
÷ ^_ M \] õ�` Â

÷�` Â ^_ + ÷ M l W�o ZïYXqZ \] õ�` Â
ü/` Â ^_ M \] ÷

ü ^_
î ÷ M l WïdX[Z \] ÷

ü ^_ M \] õ�` Â
üR` Â ^_

î ÷ M \] õ�+O÷�` Â
÷�` Â ^_ ÉÒªm¥�¢e©µ?è+¢Å¯E¯_£hì¨Ú�ÄOÍ�Ú

·Ð¼¨¢¬¶�µ(¿�¿°µC»�®°«¨Ó/Õ£l¾�¿�¢¬Ó%®°ºO¢C¤ã´¼�¢_º%£l¿°¥¨¢C¤ÝµC¶aETS�U�Vh¶�µ%§Eª�®ÞË-¢�§©¢Å«mÃ«�¥�¯?¾�¢Å§�¤hµC¶ ½ §´µ�³ ¢C¤©¤�µ(§Õ¤
¥*¤¦¢Cª_£C«*ª ½ §©µ%Ó(§�£C¯À©¢�¯ ½ ¿#£l´¢C¤6µl¶ä¥ ½ ©µ?¤�¢�ºO¢�«]ªm®°¯E¢Å«*¤¦®�µ(«*¤�Ú6·Ð¼�¢e«�¥�¯�¾*¢�§\µC¶ ½ §´µ�³ ¢C¤´¤¦µ(§Õ¤Ð®#¤
£(¤©¤�¥�¯E¢Cª_©µE¾*¢?£ ½ µC»Ð¢Å§=µl¶��»Ðµ?©®�¯E¢C¤�£E¤�®°«�Ó%¿°¢ã«�¥�¯?¾*¢�§�È�®ÒÚ`¢OÚIF���J�HvK�î}Ä ô M HCÈ+»�¼�¢�§´¢aH=®#¤
§©¢�¿Ö£l©®�ºO¢ ½ §´®°¯E¢u©µÃ�»Ðµ]£l«�ª±«¨µÝ¶Ò£%³ ©µ%§©®°Ác£l©®�µ(«_µl¶,H[®#¤�£C¿°¿°µC»�¢Cª+Ú

w ªm®�¯E¢�«*¤�®°µ%«*¤w ½ §©µ�³�¤
Â Ä Ø ì Ù ï  

Ä M H Â ì Ï Â�ï Ä(Ù Ø(ï ì Ï
ì M H Â ï Â�Æ ìO×  Ù Â�Ä%ï Â Ï ï
Æ M H Â Æ Ø(× Æ(× Â  Ù Ø(Ø%ï Ù(Æ%Æ
Â�ï M H Â ÂÅ× ìOÙ Â�ìO× Ø%Ù(×  Ù%ï Â ì  ×
Ø(Ä M H Â ÂÅÄ ï(Ø Ä%Älì ï%Ø(× Â�ÙmÂÅÄ Ø(Ä%Ølì
ïlì M H Â Â�ì Ælì Ø%Ø(ï ÂÅ×(Ù(× Ä   Ä ïlìMï(Æ
Â�Ä(Æ M H Â ÂÅï Â�×(Æ ìMÆ(× ÂÅï(Ù(× ì  Ù%Ä Â�Ä(×�Â�Ä
Ä(Ù(ï M H Â ÂÅÆ Â�Ø(Ù ï%ï(× ÄCì  Ù   Ä%Ä ÄmÂ�×%ÄmÂ
ÙmÂ�Ä M H Â Ä%× Â�ï(Ù Æ%Æ(× Ø%Ù  Ù ÂÅÄ(×�Â�Ä Ø(Ù(×%Ø(Ù

¯Ð�wv�v þ�²D��� è+¢�i÷Ã¾*¢Ã³ µ%«*¤¦Õ£l«��Ú\·Ð¼�¢Å«!ETS�U�ViîyxãÉ~õ W�o Z Í�Ú
sh�Cÿ�ÿ�� ô�µ(¿�¿°µC»u¤Ð®°¯]¯E¢Cªm®�£l´¢�¿°íe¶�§©µ%¯Àè+¢�¯E¯_£=ì¨Ú�Ø?£l«*ªRè+¢�¯E¯_£eÛãÚ�Â(Ú



Â�Ä%Ø

_ N{z  �¡�¢/U3R«f	T9UB¤Ic�SI¥K¦§U3¨�a5¥©c�¨

·Ð¼�®#¤�¤¦¢C³ ´®°µ%«_³ µ(«��£C®°«*¤\©¼�¢¸¢�«m´®°§´¢uª�£lÕ£ãÓ(¢�«�¢Å§�£l´¢CªÝ¶�µ%§Ð©¼¨¢eâJ¥�£l¿°®��íÃ¢�² ½ ¢�§´®°¯E¢Å«mÕ¤�ªm¢c¤©³ §´®°¾*¢Cª
®°«�æO¢C³ ´®°µ%«DÙ�Ú�Ä�Ú\·�£C¾�¿°¢X¢�«m´§©®�¢C¤Ð£C§©¢ ½ £l®�§�¤ÐµC¶\©¼�¢=¶�µ%§©¯G�

�	|�¯E¢c£(¤¦¥¨§©¢Cª�¢Å²m¢C³�¥�©®�µ(«E´®°¯E¢~} | ½ §©¢cªm®#³ ´¢Cª�¢�²�¢C³ ¥¨©®°µ%«E©®�¯E¢~}O�
Ûu¿°¿6´®°¯E®�«�ÓO¤=£C§©¢?Ó(®�ºO¢�«�®°«�¤¦¢C³�µ(«*ª�¤�Ú_·Ð¼�¢?¾�¢c¤¦e¯E¢C£%¤¦¥�§´¢Cª�£l«*ª�¢C¤¦´®°¯_£C©¢Cª_©®°¯]®°«�ÓM¤�¶�µ(§

£ ¤ ½ ¢C³�®$�-³�©¢C¤�R³�£(¤�¢4£C§©¢ ½ §´®°«�©¢Cª ®�«G¾*µ%¿#ªJ¶Ò£%³ ¢OÚÀ·Ð¼�¢�¢�«�©§©í � ½ §©µ%¾�¿°¢Å¯��/®°«�ªm®#³�£C©¢C¤E´¼*£l
©¼�¢ ½ £l§©´®#³ ¥¨¿#£l§ ½ §´µ(¾�¿�¢�¯ ¤¦®�Á�¢]£l«*ª4«�¥�¯�¾*¢�§¸µl¶ ½ §´µ�³ ¢C¤©¤�µ(§Õ¤Ã³ µ(¥�¿Öª�«¨µ(Ã¾*¢�¼�£l«*ªm¿�¢Cª/¾�í/´¼�¢
ô�µ%§©´§�£l«�óë³ µ(¯ ½ ®°¿°¢Å§ ½ §©µ%©µ(�í ½ ¢OÚÃÛ[«�¢�«�©§©í��´¯E¢�¯Eµ%§©í��á¶�µ%§e£ ½ §©µ%¾�¿°¢�¯ ¤¦®�Á�¢?£l«*ª�«�¥�¯�¾*¢�§
µl¶ ½ §´µ�³ ¢C¤´¤¦µ(§Õ¤[¯E¢C£C«*¤ ´¼*£lu©¼¨¢ã«�µ�ªm¢ ½ §©µ%Ó(§Õ£l¯À¢�²�¢C³ ¥�Õ£l¾�¿�¢eªm®#ªE«�µ%ì��[®�«m´µÃ©¼�¢e¯E¢�¯]µ(§©®�¢C¤
µl¶\´¼�¢e«�µ�ªm¢ ½ §©µ�³ ¢C¤´¤¦µ%§�¤ Ú

²D������� ²;qõ�
ü«�Cþw�C�y���Eÿ�� ¯Ðþ°-ÿ*�m�

�~�~�-�7����� �����b�7����� ���~�@������� �[�~�b�7�q����1�L����� �L����� �L����� �L����� �L�����
� �q�'�q��� �[�'����� ��������� ��Y����� ���������� ���������� �[�[������� �~�R�Y�[�~�
ç â�Ä�e+��� â�Ä£��À�e �q�'�[�[� �[�����[� �����Y�[��� ����Y����� ����Y�[��� ���������
� â�Ä£�%À�e â�Ä!âB��Á ���'�[�[� Á�Ä£��Á�� ����q��� ��Y�[��� �����Y����� ��������[�
â�� â�Ä!â(À�� ��Ä À�â	ç ��Ä%eÊâB� ��Ä£��ç�� çrÄ£��â^Á çrÄ£����e �[�Y���� ��Ä ç�çke
Á!� â�Ä£��â+e ��Ä À���� ��Ä¼ç���� â%Ä£����� Á�Ä À�e�À Á�Ä!âB��� ��Ä�e^ç�� çwÄ£���!�

�~���4�y�~�~� �����b�7����� ���~�-�����~� �[�~���7�[�~��R�L����� ������R�Y� ������1��� ������1��� ������1���
� �������� ���'�[�[� ���q�����[� ���q�Y����� ���q�Y���q� �~��������� �[��������� �[�����~�~�
ç �[�Y���[� �q�Y���q� ���Y���[� �q������� ���1�Y���[� ���q������� ���q�Y����� �~���������
� â�Ä£��âB� â�Ä Á���e �1������� �1������� ���'��q� �����~��� ���1�����~� ���1�Y����
âB� â�Ä£����� â�Ä���çwâ ��Ä À���� �q������� �q�'�R��� �q������� �������q� ���Y�����
Á�� â�Ä£��ç�� ��Ä À�À�� ��Ä������ ��Ä$â	çÊÁ çwÄ$â	ç�� Á�Ä�����ç ��Ä�����â ��Ä������



Â�ÄCì

ü«�Cþw�C�y���Xÿ0ò��zv��Y¯�þ°-ÿ��m�

�~�~�-� �~��� ���~�-�@����� �����������~� �q�~�b�7�[�~��1�L����� �L����� �L����� �L����� �L�����
� Á�Ä!â#e�À Á�Ä!âB��� âB��Ä£��âB� âB��Ä ç�ç�ç ����Ä�e�eâ ��eÊÄ À�ç=e �!��Ä�e:��ç çÊÀ�Ä£��ç��
ç ��Ä£� e:� ��Ä£����À âB��Ä�e+��� âB��Ä ç���� ��çwÄ£����â ��Á�Ä¼ç���� ç���Ä Á�Á�À çwâ%Ä£����À
� ��Ä çrâB� ��Ä çÊÀ�â À�Ä�e+��ç À�Ä£����� ��â�Ä�e:�!� ��â�Ä�����Á çrâ�Ä£��e:� Á�eÄ£��Á��
âB� ��Ä Á!��� ��Ä£����� À�Ä Á!��� À�Ä Á�Á�� ����Ä�e^ç�� ����Ä¼ç���ç Á%À�Ä ç���� Á���Ä£�����
Á�� ��Ä çÀ�Á ��Ä£����� À�Ä£�!��� À�Ä£��À�� ����Ä ç�� e ����Ä%e:��Á Á!��Ä£����� Á���Ä£��À�e

�~�~�-� �~��� ���~�-�@����� �����������~� �q�~�b�7�[�~��1�L����� ������1��� ������R��� ������1��� ������R���
� çwÄ Á!��� çwÄ£��ç=e âB��Ä£��â^À âB��Ä£����� Á�À�Ä£��Á%Á ç���Ä������ e�À�Ä!â+e�Á e:��Ä£��ç=e
ç Á�Ä£� e:� Á�Ä£����À âB��Ä ç%ç�ç âB��Ä£����� Á�Á�Ä Á�çÀ Á�çwÄ���â^À �!��Ä£��âB� ����Ä Á�Á��
� Á�Ä Á%À�� Á�Ä£����e â	çwÄ£�%À�Á â^Á�Ä À�Á�� Á���Ä!âB��â Á���Ä À���� �!��Ä£��ç�� ��çrÄ�e�e�Á
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