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DO I =1, 1000000000
X = X + COMPLICATED_FUNCTION(I)
END DO

00000000000 X00000000000000000000000000 (in
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e FORALL OO FORALLOO (PURED 0O DODIOIODOOODNO)

e SUMU TRANSPOSEL L OO DODOOON

FORALLO PURE[ DHPF1.000 FortranO0 OO OO0 OODOOO0OOOO FortranO O
goboobboobooboooooboooobooooboooooobo

5.1 INDEPENDENT (0O O[O
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00000 (0000000 0oooOopoUooooooooOOOoOU0OOobOOO)DDOOOo
goboboooobboobooooobooonooo

INDEPENDENT O O OO ODODO OO OO0 FORALLO DO DODUOOUOOOOOOOOOO
U000 ibddOINDEPENDENT U0 OO UOOO00ODOODOOO0O FORALLOOUOOOOODOO
INDEPENDENTO OO DO DDODOOO0O00OO000OO0

H501 independent-directive is INDEPENDENT | , new-clause ]

[ , reduction-clause ]

H502 new-clause is NEW ( wariable-name-list )
H503 reduction-clause is REDUCTION ( reduction-variable-list )
H504 reduction-variable is array-variable-name

or scalar-variable-name

or structure-component

O00: independent-directive D00 00000000 O do-stmt0 forall-stmt0 0 O 0O forall-
construct0 0 00O 0O0OOOO

O0O: independent-directive 1 DD D OO 00000 do-stmtO0 0000 OO0OOO do-vari-
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IHPF$ INDEPENDENT
DOi=1, 3
IF (i.EQ.1) CALL F(A)
IF (i.EQ.2) CALL G(B)
IF (i.EQ.3) CALL H(C)
END DO
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5.1.1 INDEPENDENTUOOOOOOO

DOi=1, 3 FORALL ( i = 1:3)
lhsa(i) = rhsa(i) lhsa(i) = rhsa(i)
lhsb(i) = rhsb(i) lhsb(i) = rhsb(i)
END DO END FORALL
BEGIN BEGIN
(rhsa(1) K_ahsa(z) ) K_ahsa(3) ) rhsa(1) (‘rhsa(2) ) (rhsa(3) )
lhsa(1) (Thsa(2) ) | (Ihsa(3)) (Thsa(1) (Mhsa(2) ) (1hsa(3) )
(rhsb(1) (‘rhsb(2) ) (rhsb(3) ) rhsb(1) (rhsb(2) ) (rhsb(3) )
Thsb(1) (Thsb(2))  (Thsb(3))

END

0 5.1: INDEPENDENTO OO OOODO DOO FORALLO DO O OO

INDEPENDENTO 000 0000000 0000000000000000000000
000000000000000 5100000 FORALLOOOOOO0O0000000000
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'HPF$ INDEPENDENT

DOi=1, 3
lhsa(i) = rhsa(i)
lhsb(i) = rhsb(i)
END DO
BEGIN
(rhsa(1) (‘rhsa(2) ) (‘rhsa(3) )
lhsa(1) (Thsa(2) ) (Thsa(3) )
(@) (@D (hsbBD)

(Thsb(2) )

(Thsb(3))

'HPF$ INDEPENDENT
FORALL ( i = 1:3)
lhsa(i) = rhsa(i)
lhsb(i) = rhsb(i)
END FORALL

lhsa(1) ) (Thsa(2) ) (Thsa(3) )
rhsb(1) ) (‘rhsb(2) ) (‘rhsh(3) )

0 5.2: INDEPENDENT U U U OO Do FORALLO OO DO O
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ubbdgdgbogboobobobobooobobbooobobobobbbooboooogdyd
gobooboobuoboooboooooooobooobobooboboobobbboobboobbo
o000 HprO0000D0DOOO0OODOD HPFOOODOODOOOOODODODO
gbooboboboobobooooogoboon

5.1.1.1 INDEPENDENTU[O 0

'HPF$ INDEPENDENT
DO i =2, 99

A(I) = B(I-1) + B(I) + B(I+1)
END DO

00O OINDEPENDENTO OO O ODDO0O0OOO0OOODODODOO(MOODUODOODOOODOO
gbgbobobobbdooououboooboboooboooobobooobaoboo
O00000000000)00000000000000AD0O0ODDOODOODOOOODOO
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gbooooooobobobobooobbobbboboboboboouooooobogd

'HPF$ INDEPENDENT
FORALL ( I=2:N ) A(I) = B(I-1) + B(I) + B(I+1)

ugbboobboobboooooobooooo

'HPF$ INDEPENDENT
DO I=1, 100

A(P(I)) = B(D)
END DO

00 INDEPENDENTO O OO O0DOD POOOODOOOOODODDODODOOOOODOOOOO (O
O0000A0O00O00ODQOOOOOODOOOD)DO0O0OO0ODOO 000000 FortranO O
goboooon

A(P(1:100)) = B(1:100)

5.1.2 NEwWUQ
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5.1.2.1 NEWwWDIQO

'HPF$ INDEPENDENT, NEW(I)
DOI =1, 10

A(I) = B(I-1)
END DO

UooooNEWODDDDOO0DODOO00O0DbOOo0obobobDbooobooboogon
gooooooobO0oAdobbOoobo0obobboooobobooNewDODOO0ODODOODO
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'HPF$ INDEPENDENT, NEW (I2)

DO I1 = 1,N1
'HPF$ INDEPENDENT, NEW (I3)
DO I2 = 1,N2
DO I3 = 2,N3 ' Joo0ooooooooo!
A(I1,12,13) = A(I1,12,13) - A(I1,I2,I3-1)*B(I1,I2,I3)
END DO
END DO

END DO
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googogo

reduction-variable D0 00 0000000000000 DOOOODOOOOO(DOOO
000)0000000000000000000000000000D0DO0OOO0O0o0oOn
goooooboobbboobboobbboobbbooooooobooooo oo
bbb oooobbogbouuoobbooobobobobbooon
0000 (0D0O0OO00000O0)0D0O00D0O000O0OD0O000000D0O0O0UDO0OO HPFOO
ONEWOOODOODOODOOODOODOD)0D0O0000000000000000000 INDEPENDENT
gouodoobbNwnggooonoon

00O (reduction statement) O 0O OO O O O (reduction variable) 0 0000 0O
REDUCTION OO O OO OO INDEPENDENT DO OO D ODOUODOUODOOOOODOODODOO
obbooobobobbuoooobogPFOO0DOODOODODUOOUOOUOODDUODODODODUOOOO
goodboooobobooooooboonooooo

H505 reduction-stmt is wariable = wvariable mult-op mult-operand
or wvariable = add-operand * wvariable
or wvariable = wvariable add-op add-operand
or wvariable = level-2-expr + wvariable
or wvariable = wvariable and-op and-operand
or wariable = and-operand and-op variable
or wvariable = wvariable or-op or-operand
or wvariable = or-operand or-op wvariable
or wvariable = wvariable equiv-op equiv-operand

or wvariable = equiv-operand equiv-op variable

or wariable = reduction-function ( wvariable , expr )

or wariable = reduction-function ( expr , wvariable )



H506 reduction-function is MAX 1

or MIN 2
or IAND 3
or IOR !
or IEOR ’

O0: reduction-stmtO0 wvariableD 20000000000 20000000000000
oooon

gsl1b000bobobooooobooobobbbooooboboboooboboobb
INDEPENDENTU OO O OO0 O0OO0O0O0O0OO0O0O0OO00O000000000000000004d
gboobboooooboobboobooobobbooooboooooobooboobobooon
goooooonoooOdl eepr00 000000000 14

INDEPENDENTU U0 OO O0O00U0O00UDOO0O00OREDUCTIONU D DODODOOOOO 15
goooooobboboboobbbbOoo RreDUCTIONO D OODOOODDOODDOODOO 16

udboboboobtbooduuuububUOINDEPENDENTU DO OO DODOOO0DOO00O0 7
18

e NOOODOODO 9
20

e NUUODOOOO0ODLOONEWDDOOOOOOOU 21

22

e D000 DODLOOOODLONEWOOODODDOODODOODODODODLOOODOD 93
gooobooooooboood 24

25

gooboboo 200000b0o0obooooooobobbboobooobboboobooobbon 26
0000000000000 (@CM00000000 add-op0000000O0OO add-op00O0O 27
oooooo)o 28

29

gbboobodobouoobboobooboooooboboobbbobuodoodaoognon 30
Uo00b00o0obDbobbDO000bO0b0b00D INDEPENDENT DOODOOOOOOO 31
udbodooouuooboaoboodb rRepucTIONDUOUODOOOLOOOOooonOOn 32
bobogbodabooboooobogoywbboboobobbobobbobgod 33
goooboboobboobboooooon o

35

36

'HPF$ INDEPENDENT, NEW(J), REDUCTION (X)

37

DOI =1, 10 38
'HPF$ INDEPENDENT 39
DO J =1, 20 40
X=X+17J 41
42
END DO
4
END DO ’

44

45

REDUCTIONU O OO OO INDEPENDENTU U DO UOUODODOOOO0OOOO0ODODODOO0O 16
00x000000000000000000000000 (200)00000000O0O0O e
ggooobuoogobobobobbbuobibobooobooobobuobooobgg as
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reduction-stmt0d OO0 O varable D OO OO0 OOO0O0O00O0O0ODOOO0O O reduction-
stmt0 000000 wverieble0 OO OO0 OO0 0000000 DOOOOODODOOODOOODOO
00000000000 Fortran0 0000000000 OCDOOOOOOO(OOOODOO
000000000)00000U00O000O0000D0DO0OD0O00ODO000D0DO0OO0OODOO

X=Xx*xA+1

INDEPENDENTO U OO UODOODO UOREDUCTIOND OO DOOOOO0OOOOOOOOOOO0
gooboboobooooooobooboobooooboboobooobboobbobobboboobo
gooboboooboobooboooobooobobooboboobooobooboobogo

000000000000 0000O0000OO0O0O0O00O0DOo0OO0OOoO(o
Oboobooobooobobbougon FortrandOOODOOoDOO0obooogonDOd
000000000000 0o0oooooO)

gbguodboobobtooobobobuouoouooobooooooobobooboan
goooooooooboooooboo+b-0obbobb bbb ooooobobo
gboooobuooboooooooooooobooooobooooooobooooooon
goodg

'HPF$ INDEPENDENT, REDUCTION (X)
DO I =1, 100
X(IDX(I,1))
X(IDX(I,2))

END DO

X(IDX(I,1)) + Y(I)
X(IDX(I,2)) - Y(I)

O000o0oO00oooo (x)000 (/HODoUobOboDoO0oo0ooUooDoooooboooooo
gooogd

gboobobouogo goon
X=1I+X

gbobobboooouaboobboooanod

oobooogoboobboooounoogn

5.1.4 0O00O0OO0OO0OOO

HPFOO ODOOODO OO INDEPENDENT DO DO OOU0OODOOODOODOOOOOODODO
googoooboboooooooooooooon

FortranODOODODOO suMO OO0 O0ODODOO0OOO0OO0OO0O00O0O0O000DODOOOO
U0000000O0O0OO0UOHPFUOD INDEPENDENT DO OO ODOOODOODOOODOOOO
gogooboooodoooboobooobooobboooboobbooobon
gbobgogouobobobobogbobobobboobobobouobbooooooobooon



goboboooooooooobbobboboooboboobooboooboobooo
gouogbobuoooboboggubaboooooboobobboooobobobbd
ggoboooobooobobooogo

gboboboooobbobobbooboubooobobobobbooobaooboo
oooobooooooo0o0o gPFOO0ODO0OO0DODOOODOUOUODOOOOO
gooboboooooooboobobooboooboobobooboboobonoo
gogobooooubbuooboooooobo

gbooobobooobobdoobobobbbobouoobbooboooubooo
gobooobobooboobboooobobboooobobobooooobobobooobboooon

gbooboboobobooboobobobob0bbd0oOnon0d INDEPENDENTO OO O
goobooboogboooobooboon

gbooobooooobbobobbobomoobbooooooobbobliboooo
UbooObOO0O0DINDEPENDENTL DO O UOOO0OUOO0OOO0O0OO0ODOO0000000
ooobooooobooo1o0ooboboooooobo

gobooboooboob0obb0obbO000UDOINDEPENDENTO D OODOOO
Ubb000odbodbdDINDEPENDENT O U OO REDUCTIOND OO UODOOOOO
gogbooboooobooboboooobobobobobooobboboooon
gbooooboobboooobgoboboooooobbbooboboooboooooo
ugbbooobbooboboobbooboo

gbooooobooboobobbobb 510000

ogn ggd
+ 0
- 0

1

1
.AND. .TRUE.
.OR. .FALSE.
.EQV. .TRUE.

.NEQV. .FALSE.

gsl: 000000000000

gooobbooboobobobobobooooobooono 520000

vobbobuooboooboobobooboobooobobbuooobbaoadyd
gbobobooboboobobobobobobooboboobooboboboooobooobooo
goobooooobbooboobbooboooobbobbooooooboooon
vboboobobboouooboooobooooboaobooooboboago
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g ggo

IAND(I,J) NOT(0) (0O OOO 1)

TOR(I,J) O

IEOR(I,J) O

MIN(X,Y) O0O00000000000000000000
00000000

MAX(X,Y) 0O00000000000000000000
00000000

0 s2. 00000000000

ggbobobbbdboouooooooobobobooooobobobooboboboaon
000000000000 000000D0D0 (atomically) DOOO0O OO

booooboobobooobooboobobooooboboboaoboboooo
gboobooooboboboooobooooboboobobbobooobbobooooo
000000 (syMO0 )0000000000000000000000OO

goooobooogod
REAL Z

Z =5.
IHPF$ INDEPENDENT, REDUCTION(Z)
DOI=1, 10
Z=7Z+1
END DO

z0O0O0OOO0DDO5 4+ (142434+4+5+6+7+8+9+10) =60 00000000000
oobooooHPFOODOOOOOODO

U0000000O0OADDSCATTERU INDEPENDENTU OO OO DDOODDOOOOOO

'HPF$ INDEPENDENT, REDUCTION(X)
DOI =1, N

X(INDEX(I)) = X(INDEX(I)) - F(I)
END DO

goboooobbobobobbobbbooooo xoooooobobooobooon
gobboobogxecALbiggoobooobooboooboobooboboobon
00000 DOXLOCAL(INDEX(ID)) OO F(H UOOOO0O0000000o0o0oagooo
gboboobooobbobbooooooobooboobobxbboboooo
vbooogoooobooboboobboobooboboouoooooooobooo



obobooboooooDxoooooooboobobobobboooooobbobDoo
vobobooboobobobboboboooobbobobobooooboboaoodgd
ugbooboooogoogd

MPIOOODOOOOOOMPIREDUCED DD ODDOOODOOODOOODODOOOOODO

5.2 INDEPENDENTUOUOOOQO

'HPF$ INDEPENDENT
DO I =1, 10
WRITE (IOUNIT(I),100) A(I)
END DO
100  FORMAT ( F10.4 )

IoOUNIT(I) D 0100 100000000 tooooobobooboooboooooDbOooD
ggobooooooboobobooooboooboobobobooboobbboboooobo
gboboboobboooubuooboobooooobooobboboaboboo I1boond
IOUNIT(I)=5 O OD0O0DOO000000DO0O0000D HpFODOOOOOOO

'HPF$ INDEPENDENT, NEW (J)
DO I = 2, 100, 2
'HPF$ INDEPENDENT, NEW(VL, VR, UL, UR)

DO J =2, 100, 2
VL = P(I,J) - P(I-1,J)
VR = P(I+1,J) - P(1I,J)
UL = P(I,J) - P(I,J-1)
UR = P(I,J+1) - P(I,J)
P(I,J) = F(I,J) + P(I,J) + 0.25 * (VR - VL + UR - UL)
END DO
END DO

JobouoNwO O OoOoOoboogooboooooobbooooooaobobob
ggbodobubbbobooobboooboobboooooobooooboooobodo
ooobovL, VR, ULURO OO P(I,)) DOODOODOODLOOOOODODOOOOLOODOOO
b ONEWUODOOOoLOOOOObObOOOobbOboooobooobobobbooboab
ggoobobobogoobobbbooobuoobuotboooobooonooooobooyg
gooooooboUOOoODbODOOOOODbOOOOOIODJOODOOOODODOCODOODOD
I-1gJgogogoboooomoboopob0oobobbo0oobooOobOoOobDDbO

vobooboboooououooobbobbobouooboobboooobaoood
00000000 0OINDEPENDENTO O ODDODDDO0D0O000000000040o0n
gbboboubbobuoobodgbobudd DINDEPENDENTU O OO OODOO0O0OOO00

! oooooooo1000 (INNER) D000 000
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X = 10
OUTER: DO WHILE (X < 1000) ! 0O0O0O0O0O0OO
|HPF$ INDEPENDENT, NEW(J), REDUCTION(X)
MIDDLE: DO I = 1, N
INNER: DO J =1, M
X=X+17]
! 00000000000 X0000000000000000
' 000000
END DO INNER
! 00000000000 X0000000000000000
! 000000
END DO MIDDLE
PRINT *, X
END DO OUTER

Ud XOUOMIDDLEO OO O OO0 REDUCTIONU D OO0 UOO0ODOOOOOODOOODOOO0OO
gbo0o0O0o0o0bO0o00b00o00obbO0bO0INNERD INDEPENDENTOOOOOOOOO
00000 REDUCTIONU DO NEWD O XODDOODOODOOOODODDODDOOO0O00bOo0o0Oo00
INDEPENDENTO U U UOOUOUOODOXO MIDDLEUUUO ODOUOOO0OUOO00O40O0004040aan
gobobooboboooooo
NEWOOODOOOoDOoOooOoooooboobooboboboobbooooboboboboobod
ggodgobbuooooboooobaobobooboobn

! 00000000 2000 (oUuTER) OO0 OO NEWO [

IHPF$ INDEPENDENT, NEW(I)
OUTER: DO K = 1, 100

IHPF$ INDEPENDENT, NEW (J,X)
MIDDLE: DO I =1, N

X =10
'HPF$ INDEPENDENT, REDUCTION (X)
INNER: DOJ =1, M

X =X + Jxx2
! DO0O0DOO000O0oooxoooboboobobbooooooo
! Ooooddad
END DO INNER
Y(I) =X
END DO MIDDLE
END DO OUTER

googoxooobooboobboboooobobobogd

INTEGER, DIMENSION(M) :: VECTOR



'HPF$ INDEPENDENT, REDUCTION(X, Y)
DOI =1, N-4

X(I:1+4) = X(I:I+4) + A(I) ' 0O00gdsooogoag
Y(VECTOR) = Y(VECTOR) + B(I,1:N)
END DO

gogboboobobooboooboooobooobooooobbobooxgoooboobooo
oooooooooobobooobooobobooboo

INDEPENDENTO U OO O UOOOU0OUOO0O0O0DOOOobOobOoobooooobaoaooas
goboooboboobooboobobbbooobboobb0bbDbDb0O D INDEPENDENTO O
gbooobooooooooboobboooobboboooboooboboooooon
goobooouoboogn

'HPF$ INDEPENDENT

DOI =1, N
' X0 000000000000000000 INDX(1:N)O
| 00 000000000000000000000000
' JOo0oOxaNpx(H)ooooooooooooo
X(INDX(I)) = X(INDX(I)) + F(I)
' OO0 O0IFOOO0O00 I10000000000000
' 0000000000
IF (ACI) >B(I)) Y=Y + 1

END DO
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