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Xl 1% Fortran 902| 7 2

1950 Ao} $-¥FIBM el A] 7l 2H¥ Fortran> 7 2 2%l a5 Qo] =, 4 5ol = IBM
Mathematical FORmula TRANslation System ©] & 71 o] 52 7}#| 3L 1l o o] &
= o] 4] FORmular TRANGslation, = Fortran ©] 2} &2 Al ¥ 21 t}. Fortran £5-2 1970
Wt Fukol]l ANSIO| 98] A2 FF0 2 o] E i, 1980 =l 1SO °ll
o] A FEFOE A H A= o] R o] AF7HA| e AFE-E| o] A = Fortran77
o] k(o] 1977 el &4 H 7] wjZol 770] 7 o] Fo] EATH).

Fortran90 2 Fortran77 2 87| 4 o2 WA A1 71 A o] A 9 Fortran77 8] & AL
skala Q1. 1@l A Fortran77 58 WEE oW X 2 13 & Fortran90 2 71
o 2 AF8= 4= 91t} Fortran90 < Fortran77 &) & 7] 5ol X213 AA]S W)
AGsH sl U4 M2 EFAES X85t 9oy, 53] A A x| 22
aggol] 7hssta dA) A E 22 Ao] Sl A wiE S vl 7 A
2let o] TS 2 9l

e ke

H 7)Mo A= eko 2 33]d 4 A Fortran77 oA MEFA F71E AES 54
2 AlAkupsk Bofo]] =& ALY & Fortran90 T2 18" Ao EA 3 7| 559
4S9y AU E Aol

1.1 Fortran77 2| &t

Fortran77 - Uh2 3 22 @4 S 7HA a1 o

- Fortran772 "HI7I=" L= "IHAM " AT E U Z JIXIC}
Fortran77 T2 13 9] Z} =& 72 A7bA wt & g}
7t E] A5 FWMEE A= tolrt
ZtEo Al 6de & A S e = Ao 2 ALY
FALWEA R 1ol N 54 B2 A ojof i X2 HE T} o]
7 Zoll A o] o] 2094 4= Qi
W o] Fo] 62 AR A sHE T

- ZEAo=Z HWE dLs Foe 5 fict

- SH MTS XS] gt
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: Fortran77 ZE2 C}2 A|AEHIO2 TEGH= AP ZH A

H =<
T = .
| v
L AL

fo| Eel 27 el etot,

1>
)

0
[
o

il
10

0% >
ne ox

TZEE ALEAZEE2lsl ALZE = Gl

=
Hu
Ho
>

P

S]]

- MAH SE(A] A2 &0 AL )E X YSHA] =L,

- COMMON £ %5, EQUIVALENCE & 59| =2¢otd 4y

Source Form
Control Structures

Numeric Processing

Array Processing

Pointers

ata
fructures

efined
ypes

Procedures
Modules

~" Input/Output
Obsolescent Features

£/ 1.1 Fortran90 ( &4/ :http.//www.comphys.uni-duisburg.de/Fortran90/pl/

pl.html)
18 1€ Fortran90 S 743t 8 W& ES vYeE 2 9 ¢}, Fortran90 &
Fortran77 | Al 2& 7|5 &0l 7k Aot} Foﬂran90 N MEA F71e EAS

o714 Zkefs] ashRvh. 2= el et o ARA R AW 2 AR, Oﬂxﬂ
T3, 4,57 M B 2 Aot
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1.2.1 7 &

r«
rn
Ao
]III

- RHREA - ofE 2Ix/olA 20| AlXtE/of £ ArRigtct.

[

- BHZof| 132¥ K| ALR Tt

- B Yol FHS S S AS-FH IS

- EHEE EA 7|2

Ao

- H$ 0|2 31AIIX| AFR THS2 (BHEA| 2XFE A|ZHE|of o Fie})

- BA ALK LT, LE, .EQ., .NE, .GE., .GT.& 22 <, <=, =5/, =>>2 [f
A Its

PRINT*, "This line is continued &
on the next line"; END ! of program
% Fortran90 ol A} AFE- 7Fs &k &2k &
- EXb-xA =8 a-z, A-Z, 0-9, _ (underscore)

- 7|Z (Fortran900l M M2 FIIEl 7|5 = FH EA)

1. IBM XLFortran o] A 3+ &-72] Z o] 2 o]+= 6700 & A}
2. IBM XLFortran & 250 Z} 7}A] A} 7}
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Pl J = Pl ol =
space = equal
+ plus - minus
* asterisk / slash
( left parenthesis ) right parenthesis
comma . period
single quote “ double quote
colon semi colon
! shriek & ampersand
% percent < less than
> greater than $ dollar
? question mark
1.2.2 M 22 9+ 2| Type Declarations 2} Attributing
Fortran77 Fortran90
FUNCTION encode(pixels) FUNCTION encode(pixels)
INTEGER n IMPLICIT NONE

PARAMETER(n=1000)

INTEGER pixels(n, n), encode(n, n)
REAL x(n), y(n)

INTEGER=*8 call

call=0

END

INTEGER, PARAMETER :: n=1000
INTEGER, DIMENSION(n, n) ::
pixels, encode

REAL, DIMENSION(n) :: x, y
INTEGER(8) :: call=0

END

1.2.3 | 22 Control Structures

Copyright KISTI 2004
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SELECT CASE (expression)
CASE(value-list)

CASE(value-list)

END SELECT

PROGRAM select
INTEGER :: n, k
PRINT *, 'Enter the value n = '
READ *, n
SELECT CASE(n)
CASE (:0)
k=-n
CASE (10:)
k = n+10
CASE DEFAULT
k=n
END SELECT
PRINT *, k
END

o
- QEA ]

rr
=
Hu
Ho
o
@]
ey
Ao

DO - END DO !
DO WHILE - END DO

- oldl Ao ot HAtS Bl iAo 2 A e 24 Ho|e HEME JIX|
Aol M5 0|52 2E 5 Ut

DO
...IF (logical-expr) EXIT

END DO

1. END DO *+ Fortran77 £ 0] o} t} .

Copyright KISTI 2004

rir



DO WHILE (logical-expr)

END DO

1.2.4 Numeric Processing

rlr
:{o
o
N
o

&3 29 ghd 2 deks af 5 kind 35 P RS
2o

N & Aot

1.2.5 Array Processing

Hj & A2 Fortran90 9] 71 & 8.3k Fito] 1 o] = 47| Al Z}A 1A thE A o]
t}.

1.2.6 Pointers

Fortran90 ol| A] Q1B &= 5 2] A5 329 54 v & o] T F83t A5Ss
A 3 gt} Fortran90 ¢ 3Z Q1B = Z Q1 H target &2 /\] Aoz AAdE dHolH
object, 4 2.2 XA H object == TF2 XA HE 7] 71t (point to). T &S
570l A 28] thE Aol

il

REAL, TARGET :: B(100,100) | HHY BE target 4 S JHEICH

REAL, POINTER :: U(:,5),V(:),W(:,1) 13002 ZOIE i &

U => B(l:1+2,J:J+2) I UE B2l 3x3 £ &2 point

ALLOCATE ( W(M,N) ) I 3AJ1JF MxNQ! WE S&HEY

vV =>B(:,J) I VE B JEIM €2 point

V =>W(-1,1:N:2) Ve W -1 22 22 E pointdt=5 dH&

1.2.7 ALEA}L F 2| Efl 1t A &bA}

A2 A8 Gl Eale 7129 dolEl Bl o 8] 45 u, TYPE - END
TYPE 7 %8 A48T} o2 So], shite] §e42 BAg Bre 5dae A)
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END TYPE RATIONAL

TYPE (RATIONAL) :: X, Y(100,100)

X%NUMERATOR = 2; X%DENOMINA

28 B9 golata ol el @ Bl A & MRS e o] 4E 4 9
c}.

TYPE RATIONAL I This defines the type RATIONAL.

INTEGER :: NUMERATOR

INTEGER :: DENOMINATOR

I X and Y are variables of type RATIONAL.

TOR = 3

S19) 2ol AEA Aol Be) e

?(‘]46]—

M= HEEe
4 a7k ATk AREAE A o] Akl AR A7 REE
2L QI Hlo] 0] Aolw A d . Ui o= tlolH

T Abol o] Bl S 9l el 2 e Abxbe) Q1E] )

= A
Qi

Q22 A4 A
a4

AA s AXE

S} o1e] i <
RATIONAL & o] ¥

g}
o] 2% o] 3 |},

[e))
H
PR=t
= 7

INTERFACE OPERATOR(+)
FUNCTION RAT_ADDI(X, Y)
TYPE (RATIONAL) :: RAT_ADD
TYPE (RATIONAL),
END FUNCTION RAT_ADD
END INTERFACE

INTENT(IN) ::

X, Y

AHEAF A o] HlolH B 3 AbAtel] g Btk ARAgE W)

=

1.2.8 A 2T X

€2 58N tE Ao

Wl & T8kt Robol A 714 B R5ka 71 Bol AR & ARGl A 5
A A - % (Dynamically Linked Structures) 2} 7+ TF 2 2 o] Atz -2 £ @
sttt v o= s A AAFZE 7HA = dlolH B = A 9§ A o] T} Fortran90
oA, ApE FF = AFEAF A 9] E}‘” 7HA = A (F2 )R A Ao ALE
% 2= Q)

=2 T M

TYPE LIST

REAL .. DATA

TYPE (LIST), POINTER :: PREVIOUS, NEXT

IRecursive Components

END TYPE LIST
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1.2.9 T2 A|X
Fortran90 Z Z A A &= 0183} 2o A28 EAS 77t}

- o Zupgiol uid = otE AR =IHE 5 Ut

1.210 25

T E 2 Fortran90 ol A] A Y&l = L2 03] A 28 T Z A & 2 2 773 (main

program) H=+= ©] 5~ - 3 2 71 2 (external subprogram) 2} 2 2

bl el e e 5 ol A5 3T

- AREAE2l Erl el "o

0>

AL AL
b = Wl M

2
Pt
for

7|5t 7t St

rir

- ZEAN He
- 2F ZZA[Xof et lEmEolA Ho

- generic ZEA|X 2| HY I} ALK} T[S o Mod
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1.2.111/0

MODULE RATIONAL_ARITHMETIC
TYPE RATIONAL
INTEGER :: NUMERATOR
INTEGER :: DENOMINATOR
END TYPE RATIONAL
INTERFACE OPERATOR (+)
FUNCTION RAT_ADD(X,Y)
TYPE (RATIONAL) :: RAT_ADD
TYPE (RATIONAL), INTENT(IN) == X, Y
END FUNCTION RAT_ADD
END INTERFACE
! 'and other stuff for a complete rational arithmetic facility
END MODULE RATIONAL_ARITHMETIC

REY} AHE Y& 5804 ohE Aol

Y523} B Fortran90 ©] 322 Q1 574 © 2 NAMELIST 2} Non-advancing I/0
N Sol Slow s ol Al thE Aol

1.3 Fortran90 2| ZH | X| &N

Copyright KISTI 2004

o] 7P Frdete 22 v 2 AAA G T2 olth. A A A
F RIS A2 E 9] 9 reusability, modularltyve—* | sk, oW Bbd = 7F
A= AA S A E Hel Z2AA S B Sl tid oS shuE Fol (o] Fa

Y
r

03

o] shute] AA|7F ftt) e HA =S /\}ﬁoﬂ A7 gttt Fortran90 2 C++ 9} 7+
S AR NG AAA G 22O TS 7HA AL JA = EpARE TR
R 7} AFE-s) 7] ol St gk A A A & 7P7<1 UTH.

o+ Fortran90 ©] 7FA] &= A A A3 & A2l gk Aol m, 247+o] Y&l 1hs]
NG ATl E = ULl ti gk Boh ZA g A 3 AR ol Al T2 3,4,57%

o A thFA = Aol
- data abstraction : AFE X} M 2| E}e]
- data hiding : PRIVATE 2} PUIBLIC &4
- encapsulation : 2 & 1} data hiding S

9



- inheritance 2} extensibility : super-type, ¢14FX} overloading Bt generic Z 24|
X

- polymorphism : generic overloading= 0| &%t Z=Z 22

- reusability : 2 &

1.3.1 Data Abstraction

Fortran90 = AF-8-2} 4 9] B} o= U7 < dl o] abstraction 7| 5 A3 3}
w, ERIE & o] &3f H3hsh Z}E‘?}—Q 49 & 7Fs kAl T}, Fortran90 ] 321
He & dose] a3iges £ 9 ==, C«] AHES A4 S
M SR &40 Mol A= 23] Y -8t} Fortran90 & EQ1H = 7
] (strongly typed)' o7, Z 21 E] 9] target©] A 3+2] o] x| uk o] & 13} Bt} ek s}
w2 75 248 7hs 8 Al ghok. Fortran90 2> €13 BFY S AL 8kA = A vE

E%%"]%Hﬂt‘j&"ﬁl o] 7&o] 7}5 3ttt

Fortran90 ol| 4] F=3F A2 vl 7l ¥ 4~ 4 ] €} Q] (parameterized derived types) 2 4]
BE (Subtype)oﬂ gk 2 o] flok= Aot w7 S g o] BF 2 AbgA A 9]
BRIl A 2L EFY S/ Y-S wilH e E el & 5 Qe RS ulsitt d &
S of Fortan90 o 4] T80 Q1o % o] AFEA o] BRI S 71} B H o e &

Ak Aol ARk, v 7h = A o] BFfell M= 7k BFSJoll th &t skeleton BF A o] S} AL
KIND ¢ &2 v/ =5 S e o= AR 5= Qa5 3

TYPE T1

INTEGER(KIND=1) :: height

REAL(KIND=1)  :: weight

END TYPE T1

TYPE T2

INTEGER(KIND=2) :: height

REAL(KIND=2)  :: weight

END TYPE T2
A BB FR B o] BRS¢l & 5], 7]+ INTEGER EF %}
I 5g0] AR A M v E A HYs *Méﬁ At A BB
of thgt @2 o ANk A2 Al 9] 3ol tiek kg 3 A& gk},

Lo BE A 95 AHos gsta f A 3 2ol a3 & sk Aol stho]
HAA e § e FEHEL F A= 22 A0
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1.3.2 Data Hiding

JNEA O WE Y RE AL USELS b BE T2 79 ypito] A e
4= 9T}, Fortran90 o] 4] & PRIVATE *:+ PUBLIC &4 <& 1%811 g e AA
TR A A 8 S A §H3 O 2 M data hiding S A D8k QL)

PRIVATE | set default visibility
INTEGER :: pos, store, stack_size ! Hidden
INTEGER, PUBLIC :: pop, push ! not hidden

1.3.3 Encapsulation

Encapsulation-& o] 2] ¥ 7% £& AHES sl e golHe g & 37X
2 Qg o 2 M AL EAe Ul F ol i st o] &) glo] #A VTS A S
T UYEF 3= A 2 v dt). Fortran90 ol A1 9] encapsulation < data hiding,
MODULE/MODULE PROCEDURE ¢} USE+# 9] Ab&, 18] 3L 5 2] dlo|g A
Aol th gk A8 (rename), 573 7N A ol th gk A e 2 2 Foll o) o] Fo Hr}.

MODULE globals
REAL, SAVE : a, b, ¢

INTEGER, SAVE ::1i,j, k

END MODULE globals

USE globals I allows all variables in the module to be accessedUSE
globals, ONLY: a, c I allows only variables a and ¢ to be accessed

USE globals, r =>a, s => b ! allows a and b to be accessed with local variables r and s

1.3.4 Inheritance and Extensibility

Fortarn90 < super-type <
ghal &= A& AF 4 9] B Y

1o
Fortran90 2 A HE}Y & X Y35

]%?l’*jr o] 7] A super-type ©] & T2 A o] ¥ B} Y&

ol&A st AFA Fx7FFdH
| &7 ] wj<ol] A A} 7] 5ol o gk AlFde }\oL
o] o] F-of A A= e, A& AAA G 22 o ol A v 5 8.8k 7l o]
T Fortran90 o] A = o] A S A 3}A] &=t

au) Hel

X g
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1.3.5 Polymorphism

A

Generic 2 2 A] A o] 2] & & %] = Fortran90 2] polymorphism < T}5 2 o] A
o] T}, Fortran90 ] generic 542 N E.E AolA |k, 57 L2 A A& &4 A}
B247F 23 @l A generic Q1E] # o] 2o 3 7}slof St

1.3.6 Reusability

EESUE Bad ol A 7hed d et An o] A9 gl tigk Ehel B
s sk, ol B HEel £ U 8-& AAEA e 23 unitel] 9
3 Al E AL o] & B3l A AR reusability 7} & A= EHA AT 5

ATt

1.4 Fortran77, C, C++ 2} Fortran902| H| 11

g3k e A 7} th gt ol B ] A Y 5 o2 Q13 Fortran- Al 423} -ofo]]
A 7 Eol AbEE = ZE O AT, ey, H el of A A AR, Y
2 Az oA, sk 7t gt T8, WE TR Soll Uist T d o] tl H A
CH= CHof 22 A 28 Aol 7k ALtz gh Jofel A @2 A& a1 gl o] ¢
Fortran-> Fortran90 & 2 713} sl A & ol Alxka}s) fofo| A H Q2 5= o2 7}
A THEL 25 HAEd U8 E = Fortran77, C, C++ 2} Fortran90 S 2 71X
SHol A sk AS =9 =2 e 8.9k A o)t}

C++ Fortran90
1

Functionality Fortran77
Numerical Robustness

Data Parallelism

Data Abstraction

Object Oriented Programming

wlw|lw|lw|s~|O
=N |w|w

1
1
2
1

IO NG NG P Y

Functional Programming
Average 3.4 3.2 2.2 1.2

HF 1. ALzt E P/et o0/ E9 Lo =/ ( EA :http://www.comphys.uni-
duisburg. de / Fortran90/pl/pl.html)
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1.4.1 Numerical Robustness

Numeric polymorphism, kind , 4 ‘?z_] ﬁ , numeric environmental inquiry & 2

= 213} Fortran90 ©] 1$]7} 5"9‘131 , T B 9 AU S & Fortran77°] 29, C++
= C .t} polymorphism = H o] /\1 <-4 J L3 1 v &9 7F = QY. Fortran90 2]
numerical robustness = 2 ol 4] “3 A 3] t}E H o]t}

1.4.2 Data Parallelism

Data parallel = Fortran90 7+ 2| 93} aL 9l o o] o] tfaf| A= 3ol A b5 A 2 A
o] t}.

1.4.3 Data Abstraction

Fortran90 < AH&-3}7] A €] stal &4 O] data abstraction 5 =& 7}F4] 3L )Tk, C++

object oriented programming ] ¥+ 53 © 2 A] data abstraction ‘5 2= 7}A| 1 | o]

]*erfL wOfell A AL-g-817] 1 Fonran901"iﬁ} Satetth. c= AR xe Ad
Hol A Fortran77 Bt} U2 58S 7HXI T},

e

1.4.4 Object Oriented Programming

Fortran90 & A} 54 &S A9 3FA] &o} C++ Kb+ O]-X] s polymorphlc EA4 9
T5E0] 7153l Fortran77 0l U CE U= £ 9 & 713, o] BEAAE C
A5 FZ9 XY &l A Fortran77 2.t} ¢ ?—l’ﬂ_ﬁl—.

1.4.5 Functional Programming

Recursion 3 A5 7% A Y2 B9 = Fortran77 < 51 71 & M_—Uﬂ Fortran90
2 Qg w3k A4Sl lazy evaluation 7] 5 22 FH 31 & WFOL AL lazy

evaluation < X 3} 4] 22| 7k polymorphism & A ¥ 3= C++7} Ciﬂr F2HT
= HLOH:].
T AN .
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H| 2 & Numerical Robustness

B Aatst Bope] FAE £9A RS FAH R HAAY gt AojBR
F A AL AL Ropol| A A A Q] R ol | wheka] £ A 7] 2wl -
Tastth FAH 75 SdAAEG A E A B, Bag (R E) dolE
EFS) o ThF G A AN B A A AL 5 9l e FE S ol el ToR
T3 E ] W R W = B BEY I} 4 = A E] o] B B3 42 7] 50
F7tE 7 = St Ul o) AL B A= o8 & X H V) eute R SR
e, Aol webA el M AFE A F 7 e dE ARSeks AR A A
24 implementation #+7d o] 3 o & RS AHESAY 44 AL=E T

Folgo2d syl tish Bdolu date] ALrEE Fol= 5o FAANNA
%2%%‘$ SAtt. o 7] M = "typekind" 7] 7-& ©] 83 A A L= A3} 4]

A implementation ¥ 7 o] s HHE L numeric approximation model,
environmental intrinsic function 5-ol o8] &o}E v},

2.1 Numeric Kind Parameterization

Fortran904 KIND mechanism-2 Fortran77 ol A1 ﬁ%?—i O 7 AFEEE "rgze" T 2]
& dntst, A2k, 553 A7) Aot} iz HH S AR UHE TRY AT H
UL WS sizes o2& &2 3} 51 2 © = Fortran77 ol 4] © 7% = REAL & REAL*4
9} 731 DOUBLE PRECISON & REAL*8%} = &}t}. Fortran90 0] A &= 3152 ©]
18] BFmhet A9 kind gh& -3 A1 71+ B kind 7Hd & 428k glow o]
&} kind %52 implementation dependent 3} 4] A 7 & o] 21t} vk v &= REAL ©]]
4% DOUBLE PRECISIONCl 8% Uulg A #vtw REAL ¥ REAL(4),
REAL(KIND=4) = T d3% 3xAol®, DOUBLE PRECISION JJr REAL(8)
REAL(KIND=8)-2 5 3 & & o]t}. Fortran90 2] REAL E}Y] Aol &9 & o33}

711*4._

REAL [([KIND= ] kind-value)]

O

b

o Al 2glo| M= W REAL O] A 7] 7} 48Fo] EVfold 4= glow, 52 ©A
T REAL S %8 a= WA & skt o] abo] ® 2= 9lth, o]& 4 O Fortran90 < T}
E A A @< tHEkind gH& oA A Bolrh, EE Al F oy
|mplementat|on0ﬂ Agkst W8k kind 39 A glor uelA, kind g
implementation dependent 3} 4] 2

%
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%34 KIND = /\}%ﬁ}ﬁd AL |mplementat|on4 kind 7t 27 o) T3}
=55 AT KIND T FE E oz 5o Q14| thsf 3 A implementation
o A o] kind t& A= ﬂ‘:déﬁ = Fortran90 2] ﬁ%@? SIh=
INTEGER, PARAMETER :: SINGLE = KIND(1.0), &
DOUBLE = KIND(1DO)
REAL(KIND=SINGLE) ..single precision variables...

REAL(KIND=DOUBLE) ...double precision variables...

22 MY E MEY

0

Fortran90 ¢] 31 % §+4= SELECTED_REAL_KIND = AAA PN Xgmgsﬂr 2] 2=
NS B A GBI BT TR UTR 4R 5 e

=

ER R RPN ] 1E1 FJr‘” kind gt 2] & oﬁflﬂr ofef o] oflell A P9
s ouA A AN AAEE GEY 4 ol A4 kind S ¢
SELECTED_REAL_KIND 25 E] ] & "k& Aojt},

INTEGER, PARAMETER :: P9 = SELECTED_REAL_KIND(9)

REAL(KIND=P9) ...9 digit (at least) precision real variables...

IBM A] =5l o] A] P92 DOUBLE PRECISION = ¢k  ©] DOUBLE ¥} & ¥ )T}
181} Cray Al 2§10 A = B I A4 52 ok 2 o] SINGLE T} 5 311}
AF ArES ol SRS v 2ol " ol kind ¢& 2 U =y

1.41_SINGLE and 1.41 are the same,
1.41_DOUBLE and 1.41DO0 are the same,

1.41_P9 is the arp lpr'la‘re 9+ digit r'efr'esenfa‘hon of 1.41, and typically will be
equivalent to 1.41_SINGLE(Cray)or 1.41_DOUBLE(IBM)
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2.3 Numeric Polymorphism

Fortran90 &) & & AAtH# 71 /-3F 52 implementation©l] 9 &l A& == 2 &
B} ol tff & generic o}lﬂr dE 29, 1/ COS(X) 9] A3t A4 X 7)
SINGLE, DOUBLE %= P9o] vkl ul2} 21zt SINGLE, DOUBLE, P92 & 2] 'l ¥t}
. Fortran77 9 A &= L%@$t A Al generic SFA] TF A& AL 2 tFE HlHof ©
&l A& ¥ = T2 A A= generic 3FA] &t} Fortran90-2- ] 2] §F Fortran77 9] 274 &
B33 Qv o] 7] A4 &3k Polymorphism-& AF8-AF A o] T 2 Al A 744 24k
Fortran90 2] generic 41 & 1] gt}

o

A Aol tisl generic o] 55 =0l 7 719
generic ©] ]| /\Hipr I ZA A= F71817) 960 interface block & A3, A =
U E B Y9 Q-5 7MA = L EA A E S genericinterface & F o] A 83112
generic o = FQl T2 A Ao A & &3 u= 5} generic 0] S0 =
TEotA T 4= Q1 B ol o] zF T2 AIA 7 R H T

;
tu
It
fru
I

- INTEGER 2} REAL € swap St= external subroutine

SUBROUTINE swapint (a, b)
INTEGER, INTENT(INOUT) 1 a, b
INTEGER :: temp
temp=a;a=b;b=temp

END SUBROUTINE swapint

SUBROUTINE swapreal (a, b)
REAL, INTENT(INOUT) :: q, b
REAL :: temp
temp=a;a=b;b=temp

END SUBROUTINE swapreal

- generic swap routine "swap"2 P11 T 2 I 0| M= generic 0| & "swap"
S Z S &5t o ol 4= EfR O] generic interface 2| H{H = ZA|H E S &5}
—X|E Zd& st
INTERFACE swap | generic name
SUBROUTINE swapreal (a,b)

REAL, INTENT(INOUT) :: a, b
END SUBROUTINE swapreal
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SUBROUTINE swapint (a, b)
INTEGER, INTENT(INOUT) ::a,b
END SUBROUTINE swapint

END INTERFACE

Imain program
INTEGER :: mpn
REAL :: xy

CALL swap(m,)
CALL swap(x,y)

Th 9 ol = interface block = ©]-8-8Fe] ] 7 9] 3 R A| A & Fo] A] & & generic ©]
& (SMOOTH) & A 2l gk 2l o1 th. Q17 AA = 7 A -7t BFgf o kel
A= B4 INTEGERE B Aottt 2R A0, ohp o] A= BE 45 52 Ay
woll thall e B & 71 = Sl

INTERFACE SMOOTH | SMOOTH is the generic name
INTEGER FUNCTION SMOOTH_INT(AA) | for procedures SMOOTH_INT
INTEGER :: AA(:,:) | SMOOTH_SINGLE
END FUNCTION SMOOTH_INT | SMOOTH_DOUBLE

I SMOOTH_RATIONAL
INTEGER FUNCTION SMOOTH_SINGLE(AA)
REAL(SINGLE) :: AA(:,:) I AA is an assumed shape two-
END FUNCTION SMOOTH_SINGLE | dimensional array in each case.

INTEGER FUNCTION SMOOTH_DOUBLE(AA)
REAL(DOUBLE) :: AA(:,)
END FUNCTION SMOOTH_DOUBLE

INTEGER FUNCTION SMOOTH_RATIONAL(AA)
TYPE(RATIONAL) @ AA(:,)
END FUNCTION SMOOTH_RATIONAL
END INTERFACE

o] 1] A 8= generic ©] o] AJ & T2 A
F3F4 CcOSoll ¢14= B} RATIONAL o th §F ¢4} 3 2 A] A

N
>
A
)
not
4
i b
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INTERFACE COS | Extends the generic properties

FUNCTION RATIONAL_COS(X) I of COS to return results of
TYPE(RATIONAL) :: RATIONAL_COS I type RATIONAL, assuming the
TYPE(RATIONAL) :: X | argumentis of type RATIONAL.

END FUNCTION RATIONAL_COS
END INTERFACE

2.4 Numeric Approximation Model

o] 4 75 } 2] A o < 9 @l implementation <]
numerical 540l T Ao HT F JEF k= 4 o] a3k}, Fortran90 2 4
4 oAb malsh el B b2 bR A 16709 LR e E AT AN 2]
@ ool Fshes sk g,

Fortran900l| A 7} 579 A5 vp2-3 o] Zdl’ 5o Au},

x=5"3" f b i=1-,p

where

xis the real value

s is (the sign of the value)

b is the radix (base) and is usually 2; bis constant for a given real kind
pis the base b precision; pis constant for a given real kind

e is the base b exponent of the value

f, isthe ™ digit, base b, of the value; 0< f, <b

f. may be O only if all f, are O

ZF A E]lel et F o SdS bokp 12l ed Wl el 24 H = T
B implementanonoﬂ/\i Az e Ae FRepol g8 44",

| EEE arithmetic
- b = 2: binary representation

- p =24 :single precision
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- p =56 : double precision

- -127<e <127

- =-127 : 02} NaNs(illegal or out-of-range value) Z 01| A=

IBM 370 real arithmetic : non-binary example

- b =16 : binary representation
- p =6:single precision
- p =14 :double precision

- -127<e <127

2.5 Environmental Inquiry

THY AFE ST 1Y AYH o B #™ gto] vk AFS A=
enwronmental inquiry L& & o] &3l d | E objects] *5_04 oj 1} 7] el ] AlAle

qu
A e 73% AAEA o] FE
7HA = o] ]

@ shtel A5 e

Characteristic values of a real kind | Intrinsic function name
the decimal precision PRECISION

the decimal precision range RANGE

the largest value HUGE

the smallest value TINY

a small value compared to 1; 61— EPSILON

the base b RADIX

the value of p DIGITS

the minimum value of e MINEXPONENT

the maximum value of e MAXEXPONENT

# 2.1 Environmental intrinsic functions

8.0 919l T Z KISTI IBM A2~ oA A8 3k 43fo|t},
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$a.out

PRECISION = 6

HUGE = 0.3402823466E+39
RADIX = 2

DIGITS 24

MINEXPONENT = -125

7711 9] numeric manipulation & & 0] &8l A8 A= Q14 = Fol 7l o] FH 9
HAE B ghol Aad £ A7 F 3= 209 A E U A 4= 5
A= 7P

Values related to the argument value Intrinsic function name
exponent value of the number, e EXPONENT(X)
fractional part of the number, sY. fib™” FRACTION(X)

returns the nearest representable

number(second argument specifies direction) NEAREST(X,S)

returns the inverted value of the distance

between the two nearest possible numbers RRSPACING(X)

multiplies X by the base to the power | (change e

by value of the second argument) SCALE(X.])

returns the number that has the fractional part of
X and the exponent | (set e to value of second SET_EXPONENT(X,I)
argument)

the distance between the two nearest possible

nuMbers SPACING(X)

## 2.2 Numerical manipulation functions

3L 2 9ol IEZ KISTI IBM A2~ El o A] Al ) 31 2 3}o) T},
$aout
EXPONENT = 4

FRACTION = 0.6374999881
NEAREST = 3.000000238
SPACING = 0.2384185791E-06
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o] .

DX = F(X)/DF(X)

X = X-DX

IF (DX<2*SPACING(X)) EXIT
ENDDO

Copyright KISTI 2004

S o Newton ol A HA o] ALAEE A7) 98] SPACING T4 E o] &

| Compute the next delta-X

| Stop if near the spacing limits of
| that kind in this region

o

o
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X| 32 Data Parallelism

Grand Challenge i #| ¢} o] @A A4bsl Fope] W ZAES HFd A
ol Wy whE S5 F QR kil Q. o] gk 8ol el HFE Al=F Y
P Y TRAAM Y £ 5 FIIAT] = WBEko] of g Ji*ﬂ ME 57t
2 A Al =] AL &S FHAIT S o vl rtal gt o] H g R o '

HoRE= AL W S8 22 AR5 AAH o R HHAH S ol A3

g Aol

ol

]

=

Iut
HU o [
Kl o off o

EEECERREEER
parallelism)' &= 1}0]

2 /] (data parallelism)' 2} ' 32 2 Al 2~ W & A (process

B, g8 TR aREe o F b WA £ o 5o
% 258 7 5 alr, ol gl el WEAE I A SE
‘mlﬂoﬂ of g "ol E ol FAS AlLkE sAlol e = = AL ol Atk
g Dett. o & 5ol FolW o2 ME BE dAhE U] Folof sk A

rE & o
;10
1@
S

$HY DY BE Qo] BAo L& ANS S0k = FSE 5 5 vk
017141 Q15 b ol e e A e S8 el bl 0 E EA A4S o
v gt

st Mol szl gl ol e] Lol Atk vl s o Sol, sh

o A del shpel Skl sl S WE A A 2

B N e A A5 AP = Ao A ek =

A2 AL ol §F oM & TAA 5E DoIA F S AR e e
2 FAo Tl Aol hsal 1.

ZRae §yst go ] TR~ HEAY o] F g qTS AN, 539] 45}

A T2 gRo) = mdn AaE AAlo] Yk wol e g2 A A

o]a WA o] F 3 thEo] A a1, & A A2 E th. Fortran90 -2 d] o]
& A sk TR AL ES AlFskal vt o] el A<= Fortran90 ©] A -3+

u}w EEREERENEES R TR R E R e

3.1 AL

Fortran90 o] A= M= A] A~ Zhal 2 A 3hE] o] Al &5 = 4dmo] AAS A9 5t

A2 7Hd oo 1 Ans wjde] d 5 9l
Frotran77 | A& 2% ~Ztg} AT 3] 88} X W, Fortran90 ol A= A & ﬁ?‘ﬁ_
of Mide AP A F UAXEF FoEN T ]Htﬂggﬂﬂo} At o9
F RIS e B EE % 22 U-8-S 717} Fortran77 ¥ Fortran90 ©. = 2+

-ﬁ rlr

ﬁd
OFO
o

O
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311 ¥y

Fortran77 Fortran90
REAL a(100), b(100) REAL, DIMENSION(100) :: a, b
DO 10i=1,100 a=2.0
a(i) = 2.0 b=bxa
10 b(i) = b(i)*ali)

Yol A e} o] vl ArHS 9 3) Fortran77 2] =72} T8 2 [F &9 Zﬂoi ,DO
FX old A S5 Ze Ao RS D] AW, Fortran90 ] vl HA4He 1]01
T §lol A= g5 Atk A AR 04*}01 7Vs ettt the Fortran90
Hi < 7] 9k A4ke] A8 of| 2 A ALEH M= B u g ol

C=A+B
PRINT* , P*Q-R, S
CALL T3(X, Q, Z-V)

AE AR AR AR thE A e B 20 BAY S 2 NG
S} AR 919 gl EAL WA ANS WEFHT Yk WeFA,B,C PQ
of Ro] 2 v Folar Z et V7F 1 2k w ol eb 9 9] o= th5- 3 2ol v A
stow Brahs) 389 4 ik,

C(:) = A(G,) + B(:)

PRINT* , P(:,:)*Q(:,}) - R(:,2), S

CALL T3(X, Q(:.), Z(:) - V()
AEA BEAHE DS AV AL N THE HBY F sl
o] A v o] E$M olof B H W& FHollA thFA 2 Aol

718 &} Fortran90 €] ©] o] Bﬂ% g AA 1 d
Fortran774 ’\ﬂﬂ} A HANFE 272 gl md S AFSSE A o= 9
S % l’o‘?l’ﬁlr*]i’lﬁo]?)r ELA?lE]'.

rlr rlo

27
< Axkell Ao A 870 Arbel ol HHOE‘CA Egol M= dA| sl oF
e oJul ek e Qabel A ALEH E SR S R e AR 2e A0S 7}
Aof st zt Ak vttt o) Jf7E Zofok ks Aot =& ddake] 23
A kol el w53} g g A D Aoleh,
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2x 3G ASHBE o}l s} 2ol AP u,

2 3 5 5 4 1
A= B =
(1 7 4) (2 3 2}

A+BE A x B9 7]4F Ak T3 2o

7 7 6 10 12 5
A+ B = Ax B =
3 10 6 2 21 8

o5} & qlake] Gl 2 Q18] AAte] Folshiz 7} v o] wabo] olof Fri
A 872 ol T ATk, 2, 1A o 9] ALgle] =t 3 ALk 5 5
U=z 2Ze7E & wojth, v d Bell Ui Br2& fast ditely 2 A9 v
3} e}

5 4 1 2 2 2 7 6 3

B+2= + =

2 3 2 2 2 2 4 5 4
S Zol ijd S 27]8te B X o7 i uld S A (scale) 3171 915l vl A
Abol 4] ~7dehE F 2 AT

A=0 | sets each element of A to zero

B = (B+1)/2 I add 1 to each element of B then take half the result

A
28 5 A 2 Sule] Qi o) BE A AR B Foixl
2 Aako] $hEE F 1 Ak A ks Aolth thg el o] 9} 2 77 e
ade nelz.

G(P,:) = G(P,:)/ G(P,K)
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v ol A= th ol Al ThF A A, 919] ool A s d
FH G PHA FS e, GRK)=PHA 3, KA de] A
ol A FE GO PHA F GP)E GPK)E A3 e A

Arel AR GPK)E HEH 02 19 3 7HA A 2 AHolth, o] 7] 4 $-1 9]
Aitel k557 A GPK)7F1E WA E ] AZEHTAE, GPK)E o] &g PHA
o] FAs = AR A A Frhs AR T34} o] = FEE o] &
S oA T2 ol A &5 A] WA= L F o] T, Fortran90 9] vl 14k U -
Mo FZ o] gal 7 ujd Aol el =AA o2 ALkS st A o] of
Yok vl d A4k T o r FalE =y Aito g A zts)of skt

%
i=]
-

»

3.1.284E FAX

-

AF8- 2= Wl 2HAd A} (array constructor) S ©] &3] 121 Wl S WA H o= A4
e . wheF 2k o]t e] miE A& AsttbH W 5% RESHAPE S ©]-§
b Eok vl g A A= (/1 2, 3, 4) 9 Zo] (o Hdlel FutE v Y] dAE T
Tl gk Aojth, dwrA o8 ujg ARt 2t e o' A xE = )
Sotth. whoF 2 xpe] e A4t gt 1 2 Ak wl T H )
Fortran90 ¢l 4] W & #}/d Z}+= RESHAPE 3¢} #o] A& H o] v &5 14
st eho] # o).

s7be) BR T TRl Wl AR A E Ve W o 2 b4 DO T
e Edo] ek, 4 A 4 DO FEE the T 2L §A S Apn

(expression-list, index-variable=first-value, last-value[ ,increment])

FAA (U k=1n)) T D27t 1,23, n o2 Fo) 2| = 1 2 HME] & A A 511 n=4
2 (/1,2,3,4/)7F Dof. e g &2 13 00] ¥HEE = 1009 o] AAR A
HeE 9y e gy Zol 238 9

(/10101,../)=(/(1,0, j=1,500000)/)
e 9hA A DO TR g H e 2o £@ R ek oo,

I Implied DO-lists:
(/((i+],i=1,3),j=1,2)/)
1=2(/2,3,4,3,4,5/)
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I Arithmetic expressions:

(/ (1.0 /REAL(),i=1,6)/)
1=(/1.0/1.0,1.0/2.0,1.0/3.0,1.0/4.0,1.0/5.0, 1.0/6.0/)
I=(/1.0,05, 0.33,0.25, 0.20, 0.167 /)

FEl
ok

U

i A2 o) Ak o] vjE S o] &all v E A AE TS Aol miE A
7} 1000 x 1000 2] 2291 vl D L off (/A+1.3/) 100712 Y AE 7HA &= w2
QA7 ATk 2 dAE g AY 2 P94 138 O3k ko] 51 1€ 100071, 2
& 100071, -+ o} o] E-9-d o= g st v d 23S A gk

(/A+1.37) = (/ ((A(j.k)*1.3, j=1,1000 ), k=1,1000 ) /)

o714 A+L3S) A4E -4 £02 G g3 - 94 02 I 9 )
A A4S Agehd Tt 2ol 9AH DOT-ES o] §3

n

(/ ((A(j k)+1.3, k=1,1000 ), j=1,1000 ) /)

RESHAPE &
1o go)se wd Y AE o g3 Ashs wY WAL F4T
Fortran90 ¢| W3 RESHAPE & A}-8-3Ft}. RESHAPE o<+ U3 42
= ARE-R

RESHAPE (array-constructor, shape-vector)

o] 7] A shape-vector = 3= Wl EFoll sk 7} 2}l o] A7 & A A= dh= (/

/)2 Fo] et

REAL, DIMENSION (3,2) :: ra
ra = RESHAPE((/ ((i+].i=1,3).j=1,2)/), SHAPE=(/3,2/))

T3 1000 x 1000 2271 2] A el &9 =S v 214 2} 9} RESHAPE &~
£ 0]83] Ident_1000°]2}+= o] 55 7HA &= Wl d 5= A 9] 8k A o]t}

REAL, PARAMETER, DIMENSION(1000,1000) :: Ident_1000 = &
RESHAPE( ( /(1.0,(0.0,k=1,1000),j=1,999),1.0/ ), (/1000,1000/))
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31.30tA3E uiH & - WHERE &

pE R RN EDEGRES L ER B R IEE I P )
45 =% logical B9 9] v} 228 AHESHE Hol T, vha g Bake] Wjdel gk
& &33}17] 918 WHERE #& AH8-@-tt,

WHERE (mask) array-assignment-statement

WHERE 9] v}~ 9247} TRUE. ¥ ] o]o] )&% += vid Yiof ko] st
F ™, FALSE.7} § W gko] a5 #] k=), v} v 5 o] &&f njd el o
B 4o s ddsls o o)),

WHERE (C .NE. 0) A = B/C

©1714 W% A, B, C & Hafolofof k), o] w] =214 C NE. 0 7} thehil]= v}
2 AR A B, C9F e wabe] Hrh whof uld B} C 7 the ) o] Fof

A,

o e 7o) el shibe] mpiAE A 43 5 Qon] o v WHERE & th&3}
ol 253} Ak,

WHERE (mask)

array-assignment-1
array-assignment-2

END WHERE

w3t 523} WHERE F-°] ELSE WHERE 54 S 5
7} FALSE. ¥ W= v g o] 1S &del=s sk 4= ¢

WHERE (mask)
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array-assignment-1
array-assignment-2
ELSE WHERE
array-assignment-n+1

END WHERE
WHERE (C .NE. 0)
A =B/C
ELSE WHERE
A=8B
END WHERE
opA] Foizl wl A A, B, Coll I3l 919} @& AAE G WG A ThE 3t Lol
g,

0.5 2.0
A=
&O ZJ
3.1.4 Assumed-Shape Dummy Arguments

Fortran77 ol| A] 2 A[ A o] Q12 v & YA A AHEE ), Z2 A A U o A 4
O 5 = dummy Wl €& 1 o] A A O E A Holof Y. o] & 9
Fortran77 o| A = v @ o] 7} 2}l o] 7|5 Z2Z A A o A A AFEsAY &
RO A ZEZ A A Q1R F % ghs ] Al A oF fAA| W, Fortran90
of] 4] = assumed-shape dummy arguments & ©]-8-3l] dummy Hl| & o] t] 3 J B E § 4]
Ao 7 MAsA] eFar ZEA| A Yol A AFE-E 5= QLA B AT}, Fortran 22 2 A] A ]|
Al dummy B & -2 explicit-shape(F77, F90), assumed-size(F77, F90), ~L2] 3 assumed-
shape(only F90) &] A 7}#] @ 4] 0. = A}-8-4 4= Qlt}.

Explicit-Shape

dummy ¥l € o] 2 ek3} 97|77 YA A o7 ARG S 7 3
A W ol v ApR e = glom e R A A o] A QA7) g F o] T}

B
%)
ta
“
a0
~
_}I_‘
ki
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SUBROUTINE S1(A, B, C, k, m, n)

REAL:: A(100, 100) Istatic
REAL:: B(m, n) ladjustable
REAL:: €(-10:20, k:n) ladjustable

Assumed-Size

dummy ¥] g Qle] o] wpx|ul zkS WA A 0 7 AelA] kil AFE3= W o]t}
wpA et Q1 e 25 A 9] v A OJ—}FT‘E explicit-shape <} u]—x}7]-z]§ PR RN-
il F=ofof 5}3} assumed-size B 212 7] 9] A4 2] ¢Fo} Fortran ol A] A}g}A]
7b= 7% % stdelth.

SUBROUTINE S2(A, B, C, k, m)

REAL:: A(100, 100) Istatic
REAL:: B(m, *) lassumed-size
REAL:: C(-10:20, k:*) lassumed-size

Assumed-Shape

dummy #l D o] R t3} 975 A= AFS WA H o R MASIA] o 55
W vl g EHE A4 wde] ARE YEZAHOZ AY dhol A} &3k}, o] u
dummy ¥} & 7} o) &5 = A A v D& 2p1 1} A o] A2 A& of S}, assumed-
shape dummy arguments v 2 2Fnjt} SFE 02 HAA T

SUBROUTINE S3(A, B, C, k)

REAL:: A(100, 100) Istatic
REAL:: B(:,}) lassumed-shape
REAL:: C(-10:20, k:) lassumed-shape

ol 2] ofol| A Ut 22F¢ assumed-shape B & o] 31 V&= 1 29 assumed-shape B &
ojt}, A HEE CALC3 S 553 ] A gll 9] 2 i}% o Lojo]= Uz o
AE . A R AT EYg Y 13Y sjgd e R VE A" 9

SUBROUTINE CALC3(t, U, V)
REAL: t, U(:,1), V()
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END SUBROUTINE CALC3

7ok assumed-shape dummy arguments & AF-83F= L2 A A7} 55 X215 B0
AX 3 JF T2 A A B H 5% T2 WL o] 9B T2 A A o T &l A E O

2 Qo) g AB A o] 2 BE2 & sjA o} B

... | calling program unit
INTERFACE

SUBROUTINE sub (ra, rb, rc)
REAL, DIMENSION (:,:): ra, rb
REAL, DIMENSION (0:, 2:) i rc
END SUBROUTINE sub

END INTERFACE

REAL, DIMENSION (0:9,10) :: ra ! Shape (/ 10,10 /)
CALL sub(ra, ra(0:4, 2:6), ra(3:7, 5:9))

END
SUBROUTINE sub(ra, rb, rc) | External

REAL, DIMENSION (:, :) :: ra! Shape (/10, 10/)

REAL, DIMENSION (:,:)::rb! Shape (/ 5,5 /) = REAL, DIMENSION (1:5, 1:5) ::
p

l;Eé/)\L DIMENSION (0:, 2:) :: rc | Shape (/ 5, 5 /) = REAL, DIMENSION (0:4,
6) i re

END SUBROUTINE sub

1. Fortran90 & X ZA] A= 2] 5 (external), H5- (internal), =5 (module) Al &5+
2. dgH ol EFo thafA =5 el A thE Aol
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XMl 4 Z Array Sections

Ry o
.4 7ol A oF 312} SF= vl G -1 (array section) &= Fortran90 €] vl & A 2] 54
A sl Aol diol Bl WE A 2] o] A el vk RS B,

2
Q

(P,))=G(P,))/G(PK) & 2 2kl Wi & G ol A P 1A aJoll vt <A
of #ro] ujd Axko] vl A M Aol thafj A7k ofr et v A ¢
7 AT AT LulE B bt o) e dAaE XS
o] 8}=H Fortran90 ol 4 o] 2] 3k vl & F-&& F @ k=

7}A] (simple subscript, subscript triplet, vector subscript) 7} 1T} .

o2 O
>
o 3o

ol s

2
=
1A
lo,
e
-z
S
tlo

o

o kI 1o X Ho
1> wo ¢ o X
M
=2
(2
2
oo
A
rr
o,

A

=

Simple Subscript

array-name (subscript-1, subscript-2, .....)

Hi g o] 4 S YER = WA o) th. <7} subscript & ©] &3, YER a4} &)
= 949 YA E AT subscript 2] G vl E 2] 2L 3} 7o)

1.0 2.0
B= 2.0=B(1,2)
(3.0 4.0)

Triplet Subscript
array-name (start index : end index : stride)

Triplet subscript 2] 2 vl & H-2-5 A 7] 2] A 4 start index, end index, stride = 3%
3 ko) . stride 7F 1 ©] 9 stride &= AW 2F 7} 5FE} . start index H2+= end index &= A =F
g g lom, whok Alef = Qlohi of -85 = - 9] 313k (lower bound) ©] start index
2 A3l (upper bound) ©] end index & 7FH H . bS8 Folzl v Q ol tia) 2
7 A wl g F-8-E £ triplet subscript 2 XS Aot}
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13 11 25 2 1 9
9 3 31 14 52 27

O=|16 45 54 36 15 20
7 20 18 19 8 19
37 56 54 66 77 90
11

0(1:5,2) = 421(5) =0(:,2) Q(l:2,5:6)=(52 27J=Q(:2,5:)

56

0(5:4:6)=(66 77 90)=0(542)

11

0(1:5:2,2)=]45|=0(:2,2)
56

t}& o] &= Fortran90 | A 2] 8j < A 2] 7} Fortran77 3 v nlal] rfu} A& 37} 1o

T ]l
Fortran77 Fortran90
REAL A(10,10),B(10,10) REAL, DIMENSION(10,10) :: A,B
DO 1J=1,8 A(1:8,1:8) = B(2:9,2:9)
DO 21=1,8
A(l,J) = B(I+1,J+1)
2 CONTINUE
1 CONTINUE
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FortranS0

REAL, DIMENSION(1024) :: a
a(1:1024) = 1.0 |l same asa=1.0
a(:1024:2) = 2.0 la(1)=a(3)=...= 2.0

Vector Subscript

Vector subscrlpt = € 9] subscript 32 (/) 2 FHolES 1 2 v g o]t} . vector
subscript & T3 3= YA A oA subscript 2 2] Ulol| A =A] ol F315}H
A S e
Fortran90
REAL, DIMENSION :: ra(6), rb(3)
INTEGER, DIMENSION (3) :: iv
iv=1(/1,3,8/) ! rank 1 integer expression (vector subscript)
ra= (/1. 2 3.4,3.0,11.2,1.0,3.7 /)
rb = ra(i l'iv is the vector subscript
= (/ ra(1 ), a(3), ra(5) /)
=(/1.2,3.0,1.0/)
T}5-<2 triplet subscript o] 4] o] A] gk Bl & Q2] ¥ & H-1&-3- vector subscript & W EF
Zlo|t}.
Triplet Subscript Vector Subscript
Q(1:5, 2) = Q(:, 2) Q((/1,2,3,4,5/), 2)
Q(1:2, 5:6) = Q(:2, 57) Q((/1,2/), (/5,6/))
Q(5, 4:6) = Q(5, 43) Q(5, (/4,5,6/))
Q(1:5:2, 2) = Q(::2, 2) Q((/1,3,5/), 2)

Vector subscript © %8 TF5-3} Z-o] implied DO 2% A 0. 2 &

1:t1
ol
it

},
%9,
T

Q((/1,2,3,4,5/), 2) = Q((/(k, k=1,5)/),2)

Q((/1,2/), (/5,6/)) = Q((/(k, k=1,2)/), (/(k, k=5,6)/))
(
(

Q(5, (/4,5,6/)) = Q(5, (/(k, k=4,6)/))
Q((/1,3,5/), 2) = Q((/(k, k=1,5,2)/), 2)
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Fortran90

INTEGER, DIMENSION(1024) :: a
a={(/(i=1,1024) /) la(1)=1, a(2)=2, -
a=(/(ii=1,4096,4) /) !a(1)=1, a(5)=5, -

subscript = A A v o] 7] W9 oA T8 ALEE = ). o] 83 F5 A}
o] 7}5 32L& vector subscript © A A vl E o] A7 BT o B YAE 7}
th . whebA] o5 o] Y] A7 7F Folxl A A A B o S-S B9

% slvh.

i
N
iy
>
1ot ¥ ofo

On Ou Qu 0Os
O, Ou Ou 0O
Oy O Qn 0O
0((/4,1,2342,5/),(/1,4,430) =\ 05y, Ou Ou O
On Qu Qu 0Oy
O, On On 0Oy
05 Oy Oy Oy

4.2 SHH| A

Fortran77 ol 4] vl ol t) 3t v 28] G2 Auld St 2 779 471 AA
= A G Aot} | o]ol WHal Fortran90 ©] A ¥t T4 M A 2219 A
&) Toll WEe 7t &g vjEe] A7]E T2 AEE g e o™
oz AAE 4 9t} | Fortran90 ol 4] & automatic array, allocatable array, ~L2] 3L
pointer array ©] % 7l A 714 o] F A v A & A A g,

4.2.1 Automatic Arrays

Automatic array &= = 7] 7} dummy 15=°l 9|3} A%

g5 Ao wolth e A4
ol A5 AAH T Z2A A Freh F A5 o &

1T}, 717 Z=2A]

ng 8
A1

,
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A ] dummy Q15=oll o] o] A B2 Z2A A7 2 EE o vit} 11 A7) = 2
R

o2 of ol A vl & workl ¥} work2 = automatic array ©] T} .

SUBROUTINE sub(n, a)

IMPLICIT NONE

INTEGER i n

REAL, DIMENSION(n, n) :: a

REAL, DIMENSION (n, n) :: workl

REAL, DIMENSION (SIZE(a, 1)) :: work2

END SUBROUTINE sub

S of| o A AR5 3L 9l 4 SIZE(A, n) < Wl A o] n HA| A9 A7 = g
©l &) 5=+= Fortran90 2] inquiry <~ ©]t} .

FUNCTION F18(A,N)

INTEGER :: N ' A scalar

REAL :: A(:,2) ! An assumed shape array

COMPLEX :: Local_1(N,2*N+3) I Local_1 is an automatic array whose size is based on N.
REAL :: Local_2(SIZE(A,1),SIZE(A,2)) ! Local_2 is an automatic array exactly the same size as A.
REAL :: Local_3(4*SIZE(A,2)) | Local_3 is a one—dimensional array 4 times the size of

! the second dimension of A.
[

END FUNCTION F18

4.2.2 Allocatable Arrays

Fortran90 ©l 4= ALLOCATE & ©] &3 W®el & T4 o2 43d 5 v} .
Allocatable array © T2} 7©] ALLOCATABLE attribute = 1 1€t} .

PROGRAM simulate

IMPLICIT NONE

INTEGER i n

INTEGER, DIMENSIONC(:,:), ALLOCATABLE :a |2D
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o] o] B3} Qe 99 ol w2 Ao lojof AW 1 A7) T
2ol % gho R E Wol o A mz e A3 Toﬂ A kE = groll o8] A
o}

PRINT *,'Enter n:'
READ *n
IF(NOT.ALLOCATED(a)) ALLOCATE( a(n,2*n))

DEALLOCATE(a)

Allocatable array = X Z A A Yol A A2 o7 Alg= = 9l 2 138
o 4 global 3} Al AF-8-2 =X QI Tt} . allocatable array & U] o] AF&-& 2 @ 7} glv}
il DEALLOCATE o °]-&3l :5H A A Ak T IR AIRE | R ATA ol A A]
2 0 2 A}-8-4 allocatable array &= SAVE 2 A3l 72| 2 749 Z2ZA A 9] F
JJ_Q]r SHA A5 o & AEE T,

t}8- 3} 7o) U535 STAT S ALLOCATE 3+ DEALLOCATE ol 4] A}-83}H
St A 2 3013 4= 9t} | o 7] A] status ko] 0 oA T = st v o )
A7} AAFH o2 o] Foxl Blo]al g o] ol A g Ao},

ALLOCATE(allocate_object_list [, STAT= status])
DEALLOCATE(allocate_obj_list [, STAT= status])

INTEGER, DIMENSIONC(:), ALLOCATABLE :: ages ! 1D
REAL, DIMENSION(:,:), ALLOCATABLE :: speed !|2D
READ*, isize

ALLOCATE(ages(isize), STAT=ierr)

IF (ierr /= 0) PRINT*, "ages : Allocation failed"
ALLOCATE(speed(0:isize-1,10),STAT=ierr)

IF (ierr /= 0) PRINT*, "speed : Allocation failed"

4.2.3 Pointer Arrays

X

pointer array += ALLOCATE & ©| &3l A4 0= eds a1 A3 Fof] AA 5=
A71E 7FA ™ DEALLOCATE & ©]&3 WA d oz st a4 ®rhi= Holl A
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allocatable array <} -f-AFs}E}. pointer array © target O 2 A O 2 Al o}

A2} v E F2oll ) $t aliasing & 98l A8 T,

Ll

i

REAL, TARGET :: B(100,100) 1)< B = target £4& 714},
REAL, POINTER :: U(:,:)),VG),W(,)) 13719 Eo1g wjd A

U => B(L:I+2,J:7+2) U B9 3X3 2L

point
ALLOCATE (W(MN)) 13717 MXN QI W & 54383
V=>B(:,J) V=B JHA €< point
V => W(I-1,1:N:2) Vi WO T-13 4 o] RS point 35%=% vhi

- allocatable array 2| 2 & 7|52 Z&SHA| Bt MM o2 SESH{ 25 A

=x| ot
EX| 23

A A A o2 ALE = gl o &= AVE 7}7<]E & A< o 7‘44 = 9fsf Lnt
2 © 2 allocatable array = “‘LO] Abgsit} . a8y g arg]Foll A 54 aliasing ©] 2
8.3 7 9-°f| pointer array & AF-&-3HA FTh . @S] BTE ;A ?ﬂ' ye&&5%
A EQ1E| 9} grol b Aol

éﬂl

4.2.4 Array-Valued &%

Fortran90 T4 5-& A% E WA= Q8 4 ) . th5o) yrdrse 34 )
A= A g DRsh] £at o) Uy geEe ae A3z Ju e 5
(G o}l o} o] AHg At Aol G AS A A £ . §HE
o] Mg Axo] AHET 5 A ARE WG YonE A vl B A
Kol b5 A0 o] 2 <) ALgAHE BlolEl WA T LA 2 B HA S Al

rO

A7 2ol ALEE 5 9l BT
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FUNCTION add_vec (a, b, n)
IMPLICIT NONE
INTEGER, INTENT(IN) :: n

REAL, DIMENSION (n), INTENT(IN) :: a, b

REAL, DIMENSION (n) :: add_vec
INTEGER :: i

DOi=1,n

add_vec(i) = a(i) + b(i)

END DO

END FUNCTION add_vec

Transformational &

Fortran90 o] 4] 2] array-valued ¥+

ko)
" 2 UFo] B 4= It} | transformational = IS dH o=
2 2o ujd 0]‘/]- 27 e} & 'transform' 3} &8 0 7 o] E=t}.
% 21t} . Fortran90 °l| A transformational $F
xoll Aesl & A o] B 42 77 ATt

Hog ol mjd s AY=E Hojs&
Fol a gk e ths

# 4.1 Transformational intrinsic functions

A "transformatlonal b= o lemental s}
o 2 ol I 43St
71—3].2 o]

Transformational Intrinsic Function Comment
environmental inquiry function (9) 2% 549 %2 #=x
array function (21) ¥2 FA=x

ASSOCIATED

check association of pointer

BIT_SIZE

number of bits of integer

DOT_PRODUCT

mathematical dot product of two vectors

KIND 2% 1d #A=

LEN length of a character string

MATMUL mathematical matrix product

PRESENT check presence of an optional argument
REPEAT

replicate a character string

SELECTED_INT_KIND

2. 24d =

SELECTED_REAL KIND

2. 24d =

TRIM

remove trailing blanks from a string

TRANSFER

transfer bit pattern to a different type

Fortran90 ol = 21 7 ¢] W5

ol
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g G5t ek, o 5
A} Foizl wh el 7 H1E hol)7] 913) AL§3hm

U—'—E\__

[ Eah =il HHOﬂ—O—

AP 3]_

* transformational 3}
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i 4.2 array intrinsic functions

Array Intrinsic Function Comment

ALL true if all of the element values are true
ANY true if any of the element values are true
ALLOCATED check if array is allocated

COUNT number of elements having the value true
CSHIFT circularly shift an array along a dimension
EOSHIFT end-off shift an array along a dimension
LBOUND lower bound of an array

MAXT.OC location of maximum element in an array
MAXVAL maximum element value in an array
MERGE merge two arrays, under a mask

MINLOC location of minimum element in an array
MINVAL minimum element value in an array

PACK gather an array into a vector, under a mask
PRODUCT product of all the elements of an array
SHAPE shape of an array

SIZE total size of an array

SPREAD spread an array by adding a dimension
SUM sum of all of the elements of an array
TRANSPOSE matrix transpose of a 2—dimensional array
UBOUND upper bound of an array

UNPACK scatter a vector into an array, under a mask

- SIZE(array [,dim]) &=2| AL of

SUBROUTINE swap(a,b)

IMPLICIT NONE

REAL, DIMENSIONC(:) :: a,b
REAL, DIMENSION(SIZE(a)) :: work

work = a
a=b
b = work
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END

- BE YAAE TSI Global @A AFZ o

REAL :: a(1024), b(4,1024)

scalar = SUM(a) I sum of all elements
a = PRODUCT(b, DIM-1) I product of elements in first dim
scalar = COUNT(a == 0) I gives humber of zero elements

scalar = MAXVAL(a, MASK=aLT.0) !largest negative element

- Logical reduction, ANY 2} ALL 2| ALZ of

LOGICAL a(n)

REAL, DIMENSION(n) :: b, ¢

IF ( ALL(a)) | global AND

IF (ALL(b==¢)) .. I true if all elts equal
IF ( ANY(a)) ... I global OR

IF (ANY(b<0.0)) .. I'frue if any elt < 0.0

Elemental &%=

Elemental Y 5-3F<= 3-8 2722 dummy Q152 G o] = = Z &)t} o] ¢ s
S o] AA AFE FoAXAE, T ujE I} 2 RG] wjE S A= o] ¥
=t A2 Y2 vjd Y] IAES T5 AA QIR Bt ald e Y skt
shupell 7F 247; A1 &5 A o]t} . whebA] elemental 3 A A Q19 ZF
Aol WAL d o' 2851 A E T, Fortran o] A4t &5 -2 57 elemental
st olt} . A& B0 WE-ES COoS(X) & B X 7} 7+ o Axrp ~7ke)
2 X7Fujdold 1 ANE X of Zo] &2 wjdE = 1}t . Fotran90 o &= 9]l
2] ¥ 42 71 transformational <= A 2] 5} L =5 108 71 2] elemental W] 5-3F=7}

1}

ArE X+ A2l Array-valued &=

gl

1
J i

& AHR=E 7= 5 E ARV A THEo] A8 E = gloH , o]d &
55 transformational &5=o]th . A2 FolA = o] RS 947 F9]
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T g el 5 22 Aol 93l T4 o2 A E o] Ztt . automatic array &
EoHA AFE S 4 A A RE H A A ] RS 7FA] = 8] & o] Y allocatable array,
pointer array ‘5~ ] W2 o] W o] = Fharo] AR E AL Ut

S ld S AY=E VMR = 55 A o o]t} . g4 Partial sums & A3
HES g om dtopso] 3 AANEH n HA Y4744 & n HA 4= 7}
A= M2 A g s 292 o] w50} . g o= Sojrte= sda 43

FUNCTION Partial_sums(P)

REAL :: P(:) I Assumed-shape dummy array
REAL :: Partial_sums(size(P)) ! The partial sums to be returned
INTEGER :: k

Partial_sums = (/(SUM(P(1:k) k=1 size(P))/)
I This is functionally equivalent to
I do k=1,size(P)
I Partial_sums(k) = sum(P(1:k))
l'end do
I but the do loop specifies a set of sequential

| computations rather than parallel computations
END FUNCTION Partial_sums
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M 5% 7| Ef

G A ArFE T AP0 HYA, vl E 7Iuke] Ak, w4 v g e, ALE-
2} A 9] dHlolE B3} AAkAF, 25, SELECT CASE, CYCLE ¥} EXIT 5 9] A| 28
Ao} 52, Recursive &5, X Z A A ol t] gt generic '§ ™ 5 ©] Fortran ©] 77 | 4] 90
o2 o AZYH HEAQ 7FEolt). &AM F el 7<= A o A& numerical
robustness 2} o] E] M H A o] A& gr30] Fortran90 &) A} Z-& 7] 59l thal] 270
Sttt o)Al ¥EHAI RS 9] 3 Fortran90 9] 7] 52 AUl etE vpA g o g B
7142 4] o A= Fortran90 ¢ & 2.3 EA o] A vk 71 ot T} £ 4] Z W RE, Q1
Holx B2 ¥QE 5o AA A& 24257 Vel 2 VA F 23 7| 559 o
&l A7) e Aot

5.1 Interface Block

Fortran902] ¢ T2 73 th o= o] T2 7y} Eo|t} wol T g ;e g
a3 Adgo]l ANAEI FH HE LORE U TREAANES F38 = Qv B E
o T2 A A} MAL F8s 4 Q= T2 ;e 2 O+ 9] Fa A9} FAE T
Fortran77 €] COMMON, INCLUDE, BLOCK DATA ¢} Z+& ot A & M )| %] &%
SAES AT . BEol deA = v ol A thE Ao},
5.1.1 T2 A|X 2} 2lE{HO|A

ANBFR T ShFE Wdehis TRA A= Ml TR X3 g Ui Z2A
Aol vjel 2oy REo E8E A &k YA o7 EA5E 9 F T 2A
Al 283 B85 T2 A A7} Q).

ol TR o TR A AE M2 Beld S =2 a9 dgjolt}, w ol
IR O ZZAA = E Z2A A A XG0 Z AAH ofo]HlEo AT
o glom u TR 2 B 2 A A = wQl L2 e A ofo'le]
Qo S TR0 GoA E G2 ARE Aty &l Q¢

o5& AT 5 9 ol

1. Fortran77 o= &) ¥ L2 X A"k ¢l T},
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ﬂmﬂﬁLj47hah$§%4$é%4@$ﬂa%@b%ﬂ}E]&%ﬂ
S8 WAL AL 5 Sleh Sl el £ g )
oA wEe] Aoz FxEAY wE tl§ USERS A8 5o 2s 75
o) Q145 705} Sl SEA A7 4 U B o] o] B E T i

2 A AL 7)Ao 7 A A ol E ]!_:(e plicit interface)' & 7F4 Q1<) AF-&-
o 2" g sl s Autdert L RE AT vk 2y o R ZRAA =
ﬂﬂEEJ%MWGEJilﬂﬂﬁ%%ﬂﬂﬂiﬂﬂoi+ﬂ&ﬂi%4
def7p Z2A A et Fxo] oF 55 AHD 7 flut. o F ZEAA = 7
Ez o7 1obA| A olE O]i(lmphclt interface)' & 7HIt}.

5.1.2 2| F T2 AKXt 2lE{HO|A EF

Fortran90 ol 4] &= ' Q1 E] 9] ©] 2~ £ (interface block)' < 0]36‘}01 Q) T E A
el A = WA A A A o] 25 Al E 3] F e shal itk QlE o] = &5
Aefel Al ZEAA "r«]J—ok 3 o] £A4& ¢4 201 Z A A o] gt

%9 OEO:]HEXJﬁtsL/\glL:_%aH .

ﬂ*u}’i_%i
o & 2

MN 01['1

Qs o] 2= % 0] AukA 9l Pz vhg3} Bk,

INTERFACE
interface_body
END INTERFACE

il
9
1N
-
¥
i

interface_body ol 3 @&} Fiol = thS 3} 1S A S0

FUNCTION/SUBROUTINE header

Dummy argument declarations

Local declarations

END FUNCTION/END SUBROUTINE statements

QIE[HO[A 25 AL of 1

Ay

o]

Al A squash & & %3 /\]-3-3} 2 stress ol A 21 E 9|

2 wel L
43l MAIA JdHHeo] =& A & Aot

o

e o

Ko
=
2

9]
=

o -z

PROGRAM stress

Copyright KISTI 2004 43



INTERFACE
SUBROUTINE squash(a,n)
REAL :: a(n)
END SUBROUTINE
END INTERFACE
INTEGER, PARAMETER :: m = 100
REAL :: q(m)
q=71
CALL squash(q,m)

ojs} o] o T2 A|A O etk TFo] U= A5 FY AHANE E5S A

&k Aol 4t

QIE{H ol|A &5 AlE of 2 : No Interface(External Procedure: Implicit
Interface)

HQl ZR ol A o5 ZRA Ao gk F A A QIE o] AE A skA] o
o o] ZEA A= 7| A 02 A A I H o] 25 TA ) Ht

PROGRAM test

INTEGER :: i=3, j=25

PRINT *,'The ratio is ' ratio(i, j)
END PROGRAM test

REAL FUNCTION ratio(x, y)
REAL: x,y

ratio=x/y

END FUNCTION ratio

glo) ol = Q) Zz 23} o3 T2 A A9 14 ehglo] A H A ok 2.77)
9l e aRlolt}. QFA A 1 so] 28 AhX) = 95 E2 A A e} 75kl el
S BSR4 Rl Ao S BeaAn m sl A a2
ghol e Aol

Q)
=

bol vhoa) 2

ol

k%

o

IBM XL Fortran 733 -4’01 Eﬁ Oﬂ /\1 qextchk AL Fa 5]’5] 5,1 3)

R ER R s

$ xIf90 nointface.f -qextchk
** test === End of Compilation 1 ===
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** ratio === End of Compilation 2 ===

1501-510 Compilation successful for file nointface.f.

Id: 0711-197 ERROR: Type mismatches for symbol: .ratio

Id: 0711-345 Use the -bloadmap or -bnoquiet option to obtain more information.

CPlE{H o|A~ ES AFE o 3 : With Interface(External Procedure: Explicit
Interface)

o wloll = 919] oAl 29 Frol The-w} o] 9% Al Aol thFk WA Qe
o] Yol 7T

PROGRAM test

INTERFACE

REAL FUNCTION ratio(x, y)
REAL::x,y

END FUNCTION ratio

END INTERFACE

INTEGER :: i=3, j=25
PRINT *,'The ratio is ' ratio(i,j)
END PROGRAM test

REAL FUNCTION ratio(x, y)
REAL: x,y

ratio=x/y

END FUNCTION ratio

-3} o] AvfAd )= WA A Qe H o] A= A E 9o a1 ts]A -

$ xIf90 intface.f

"intface.f", line 9.34: 1513-061 (S) Actual argument attributes do not match
those specified by an accessible explicit interface.

** test === End of Compilation 1 ===
** ratio === End of Compilation 2 ===
1501-511 Compilation failed for file intface.f.
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543U F Z=2AX

Fortran90 o) 4 &= 2.2 218 &) oll F1f M BF e XA AL & 5 glo
o ol E Ul F ZEAIAE S BE Y E Z2AAE 23S 23 T2
o)l o] ) wpx]uf FEof A] CONTAINS & thS-of] 9] x|l of shr}, &5 Z 2 A| A
9} 7 )= 5 U3k @4 END ¥ th&-¢l FUNCTION %= SUBROUTINE & 1+
Z A &9 TOM ?fh:}t Aol 20}, Wi Z2ZA|AE 2§ 2213 9
N A AAE HF= U5 Z2A Ao A 2 = 9lom U5 L2 A A o] A] TFA]

PN
gole 55 9l

L& T2 AN E 0|28 ZZ 3 (Explicit Interface)

& 99) oA 39) =g Qe vo] 2 BE L ASEA| B3 i TR AN S
O]QO}EE TAT Ao},

PROGRAM test

INTEGER :: i=3, j=25

PRINT *,' The ratio is ', ratio(i,j)
CONTAINS

REAL FUNCTION ratio(x, y)
REAL: x,y

ratio=x/y

END FUNCTION ratio

END PROGRAM test

U ZZ A A= YA A Qe Hlo] 27} 7] el B & 9 A9 9 FE t}e ) 7o)
At efol ofsf WA

$ xIf90 intproc.f

"intproc.f", line 3.31: 1513-061 (S) Actual argument attributes do not match
those speaﬁed by an accessible explicit interface.

** test === End of Compilation 1 ===
1501-511 Compilation failed for file intproc.f.

- IZBAAE et TR G9E T HF ZEA A S AE (host) 2} &
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5.1.4 INTENT Attribute

Fortran90 ol A &= INTENT A4 (attrlbute) S o] g& TRA AW Hu] elgE U
3 A1 8 ¥ o] & (in, out, = inout) = AL o A e F oM B} F8 4l
A3 o] = QI A5 6]:” S Y9s T UARE sk Q)

- ZEAXMo| SOt L mi7kX] ghol #etel= 2l INTENT(in)

- IZERAX oM gt2 g2 e WX AL = X| @& 25 INTENT(out)

- IZEAXof Soft AtEE 1 g2 20| & ot O
2ol =/ E2f F& 214 INTENT(inout)

=)

N
B
i
ol
I
o
E

INTENT 4 AFE of

SUBROQUTINE neuron(a, b, ¢, m, n)

REAL, DIMENSION(n, n), INTENT(IN) :: a
REAL, DIMENSION(m, m):: b, c
INTENT(out) :: b

INTENT(inout) :: ¢

¢ = SQRT(c)

b =c+ SUM(a)

END

- INTENT(in) /%= a’= T2 A|X Lol M Zto| H5IX| g=cC

- INTENT(out) ©/%= bo| Zt2 Z2A|X Lol A gt BEt 8h2 mf 7tX| AR = X|
OI-'— E_l_

- INTENT(inout) 2I4= c= Z2A|X Lol A AL D Zto| A 2 SHEtElct

Fortran90 >~ 2 "1 31 ol A] INTENT 473 & WFEA] AF&-3f of af= 31 ofYt}. 719
A RHINTENT $4 & Ao 2 Avde s 39 2 /&5 3

23] b AS = 4= luk. wHeF INTENT(in) $4 0] €157} 3k st w7
L} INTENT(out) 4743 €] ¢ ?7} M Z g 3hs S 81 eF = o Aukd Aol A
o 27} WAy skA & Aot}

:(m

PROGRAM intent_test
REAL :: x,y

y=5.
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CALL mistaken(x, y)

PRINT *, x

CONTAINS

SUBROUTINE mistaken(a, b)
IMPLICIT NONE

REAL, INTENT(in) :: a

REAL, INTENT(out) :: b
a=2*b

END SUBROUTINE mistaken
END PROGRAM intent_test

INTENT &4 & 25 2] 4 5
7} wkAy gk

CEELS

M\
it
ekt
&,
i
(e}

A 3 &3} o] Autd o ¢

$xIf90 intent.f

“intent.f", line 14.2: 1516-055 (S) The INTENT(IN) attribute specifies that a
dummy argument, or a subobject of a dumm‘ argument, must not be redefined or
become undefined during the execution of the procedure.

** intent_test === End of Compilation 1 ===
1501-511 Compilation failed for file intent.f.

5.2 Derived Type

Fortran90 o A= C o] F-ZA| oF o] AR&A7F A 23 dlo]H B}l 74 & &)l A&
& 9= VI Al R Al 28wl o] BFl TYPE/END TYPE = ©] 83 o
3 2 = Aoldn

TYPE type_name
Declarations
END TYPE type_name

o % 59 339 HES hehl i Al 29 do] 8 B¢} COORDS 3D 2 th&3} 2
o] 4% % ek,

TYPE COORDS_3D
REAL :: x,y, z
END TYPE COORDS_3D
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o] 9} 2re] A <] ¥ E}9] COORDS 3DE Al 9] 25 8 x,y, 25 74| 3t
71 2] ¥ COORDS_3D E}§} o] A A& vh3} o] Ads) A&}

TYPE (COORDS_3D) :: pt

1otq’,\H

T e AR EL 7 E gy A A3 vl 7R 2 DIMENSION, ALLOCATABLE,

TARGET1 T TR $4& M = lom ISR AR S
g 4= 91t} 7184} PARAMETER £41 2 7}

[e}
OPTIONAL S9] &4
=

y

TYPE (COORDS_3D), DIMENEION(10, 20), TARGET :: pt_arr

5.2.1 Supertypes

A2 e B S BYstet ol ojd f = eSS ol &2
o J= FE B S A S dS oty gt A A H o5t B
o 5| ThA] AR & 12 Tk (o] 2 {13l recursive A5 -3 FAJ o] 7t
SAH A Fo o) FojH = & YE = A 28 = B Y
Aoyt 4= gl

TYPE SPHERE

TYPE (COORDS_3D) :: center

REAL i radius

END TYPE SPHERE

5.2.2 Derived Type Assignment
fri= Bl #ts @9ahe W2 - 77 T
- Component by component

- As an object

= e 54 &S et 7] 9 & Aika 'y & AL sk, ﬁoﬂ/\
SPHERE E} 9] & 7}#] &= 71 A bubble S 7} 5} 2}. o] ull 74 4] bubble &
U2}FA © 7 center 9F radius - 7 ©] 3L center = THA] Al 7 €] @S 7FA] A ]

1. TARGET $Alol &l A= EQ1E A th&E Aot} .
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TYPE (SPHERE) :: bubble

th2- 7k o] 2 A bubbleoll 7 & HZ g
Aol #3271 (1.0,2.0,3.00%1 -5 HHERAT

i)

T g Ao WA Fol 3.00]a T

bubble%radius = 3.0

bubble%center%x = 1.0
bubble%center%y = 2.0
bubble%center%z = 3.0

= 89S 7Hx = A gk

ARSI ot A A= T

s JEjE 7HIT.
bubble%center = COORDS_3D(1.0,2.0,3.0)

7N )| bubble-S SPHERE 2} AH& o] &-3f v}5-3 o] A4 e 4~ 1 t}. SPHERE
2k 2F= COORDS 3D BFY 3} REAL EFY) 9] F 719 3H5 71l

bubble = SPHERE(bubble%center, 3.0)

bubbleY%center A}2] ol = COORDS 3D(1.0,2.0,3.0)= 23 Qo] & = Ut}.
bubble = SPHERE(COORDS_3D(1.0,2.0,3.0), 3.0)

e ok 2ol B sk A Bk skt
bubble = (1.0,2.0,3.0,3.0)

T Y-S 7HA = F 71 2 A bubble #F ball ©] 21©] ball o] bubble #} 72+
Fat7] = oS3 2ol & 4 9l

ball = bubble

5.3 Module

RESEYA], AEZ2 O 2 dolH Bl T8 R Fol 744
g F Qe TR G R A Fortran90°ﬂ A5 A F7H 715 ol vk, AREAR=

o AR B A EA glan, AAREo] 51 A s e A& AA 7] E&A
A5 AT 5 UG
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WEELIY g9 USERS o] 83 RES B¥T 5 9a 28 M 1w
Fol ABats /5L ol &8 5 Aok REL o 2 AL ¥ 5 T

Global Object Declaration

5% Fortran77 &) COMMON ¥} INCLUDE #-& thA18] At} 224 folg
ol ot A% A4E s elA] a1 shte] ZE 1 HolHE Qo £
ColgEA EEY HAoE HolH = L BRES FHEStE oW T2 03 o A
AHEE S lom T gk Zh7te] B R gl A gk frAE

FSoax (o

Interface Declaration

Procedure Declaration

ZEAAE BE AN 1 RES IV oW 2 B AE ST
G Q= Bt ol @) S TR A A S 1 Qe H o] 27k HE ol A B A K o]
B2 Qe o] B8 S A 44 % et glojxinh,

Controlled Object Declaration

A TES o] &3 REA Adg W
(visibility) & Ao} gk 4= Q1 T},

ZRAA, QA S = E A

>

Packaged of Whole Sets of Facilities

QL
£l
_0|L
<
fru
4

ALER A ) BRSY, R AA, IAERL, generic Q1] T 0] 2 52 A
& % glo} 7rere A A& AT

Semantic Extension
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Semantic extension 5.5 AF8-AF A 9] EFY] A A, A F¥, overloading 1 4FA} <}
e T J oz 22 w9l M5 o] AF8-A}7} uhA] Fortran90 ¢ gk
Fid AAH AL AT 5= 76 & Alw ).

5.3.1 General Form

[kl

2E 2w uye) 7 me gt gk,

MODULE <module name>

<declarations and specifications statements>
[CONTAINS

<definitions of module procedures>]
END [MODULE [<module nhame>]]

<module name>-2 USE &l A} &5 = o]l 5ol ytd 3y} 28 ZQ
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MODULE Nodule
! TYPE Definiticns
! Global data
!
! etc ..

CONTRINS

SUBRQUTINE Sub(..)
! Executable stmts

CONTAINS

SUBROUTINE Intlf(..)
END SUBROUTINE Intl

! etc.

SUBROUTINE Intnf(..)

END SUBROUTINE IntZn

END SUBROUTINE Sub
! etc.

FUNCTION Funky(..)
! Executable stmts

CONTAINS

! etc

END FUNCTION Funky

END MODULE Nodule

ZZ/ 5.1 Schematic Diagram of a Module Program Unit(The Liverpool Fortran90

Copyright KISTI 2004
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O 1™ o] £ yse-association

b
e
2
2
2
c
2]
5
Sl
o
e
ofo
__(I:g
)
i
o
i
o
Y
o
]
-
X0,

5.3.2 Module: Global Data

Fortran77 2] COMMON &< A 8}= 7| o2 =29
Hols HQ R oh= TR &9l USE< o] &3

Mol e % 9

MODULE globals
REAL ::q, b, c
INTEGER : i, j, k
END MODULE globals

9ok 2ol olE K globals & H 417171 9o T2 ©hef= vh5 3t 2ol
USE&S AH8 < 3l

USE globals I allows all variables in the module to be accessed
USE globals, ONLY: a, ¢ ! allows only variables a and ¢ to be accessed
USE globals, r=>a,s =>b ! allows a and b to be accessed with

I local variables r and s

Aol A AL Sfoll A aoF ket

[d

USE&2

5.3.3 Module: Procedure

DESGEZZIP UL HRR S U TEAAS XS 5 Yok 2E
o 91 ah LE E2AAE 5 A A9} go] B} 2& Qe A9l ant
9% TEAA G FAG BFS Tk

- CONTAINS & Ct2ol| 2| x[etct.
- END= ct30ll FUNCTION EE+= SUBROUTINEO| 210{0F Stct,

te oo gol FE EFe 3 o) o MelE FFEL IR Fof By F4
a7l A2 5 QT

MODULE point_module
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TYPE point

REAL :: x,y

END TYPE point
CONTAINS

FUNCTION addpoints (p, q)
TYPE (point), INTENT(IN) :: p, q
TYPE (point) :: addpoints
addpoints%x = p7%x + q7%x
addpoints%y = p%y + ql%y
END FUNCTION addpoints
END MODULE point_module

PROGRAM point_sum

IA program unit would contain:
USE point_module

TYPE (point) :: px, py, pz

px = point(1., 2.)

py = point(2., 5.)

pz = addpoints(px, py)
PRINT*, ' pz=', pz

END

5.3.4 Module: Generic Procedure

Fortran90 ol 4| & X 2 A] A o] ] 3k generic 1 E F| o] 25 A 23| A {FAFS 7] 5%
Shz ZRAAES Fo] shite] oo AL 4 glrh.

INTERFACE generic_name

Specific_interface_body

Specific_interface_body

END INTERFACE
e GYoR T Ale] ghe WolEe] WA g AR Bl T 48 8
£ 9% AR, 75 /o] AT EIe] BARA w2zt G eh A%

£ 2 ehi Alo] theth,
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SUBROUTINE swapreal(a, b)
REAL, INTENT(inout) :: a, b
REAL :: temp

Temp =a

a=b

b = temp

END SUBROUTINE swapreal
SUBROUTINE swapint(a, b)
INTEGER, INTENT(inout) :: a, b
INTEGER :: temp

Temp =a

a=b

b = temp

END SUBROUTINE swapint

A oy 5} A A5 E 2GS vl = swapint S S &8\ oF 5t AFE ¢
el vl = swapreal & &3l ARl oF gttt o] H A fALSE 7] 58 aFe T N F
9 o33 o ]generlc swap Q1E #| o] ~ 2 Fro] gfite] o] 5o & A o) AE-3
2= oh;lr
TRT.

INTERFACE swap ! generic name
SUBROUTINE swapreal(a, b)
REAL, INTENT(inout) :: a, b

END SUBROUTINE swapreal

SUBROUTINE swapint(a, b)
INTEGER, INTENT(inout) :: a, b
END SUBROUTINE swapint
END INTERFACE

9]} 2ol generic 1 E 3| o] 25 A 9] OH FHAREARE et Ao 7 gle] =
23 ol A generic ZEZA| A swap S T &3 AFES Q). ol g o2 A
F7F o1 7H4A swapintoll o &l A7}t ' ¥ a1 A =7F 50 7FA swapreal ol 2] 5
A7t 2= A ft

INTEGER :im,n
REAL :: x,y
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CALL swap(m, n)
CALL swap(x, y)

A} ) H R o %t}g}—’}%% generic o] 4 49 <l
Z

A oﬂ = W U539 ABS(X) = U 2ol & :Ljr.
- returns areal value if X is REAL

- returns a real value if X is COMPLEX

- returns a integer value if X is INTEGER

generic Q1190 2ol = G5} HuLF Rl 4]e] Fol% 4 gleh. B
o 7HRA] o} T K A BT R R Sof shof gl

ot
et

s

RE-2 0] 2] 3 generic Q1E W 0] =25 A €] 3}7] 914l o] A& T generic X RA
A5 BE el Je]etal USEw< ©] &3 376t generic 22 A A= WA 4 <l

Bl o] A5 7HA A "t

MODULE genswap
TYPE point

REAL :: x,y

END TYPE point

INTERFACE swap ! generic interface
MODULE PROCEDURE swapreal, swapint, swaplog, swappoint
END INTERFACE

CONTAINS

SUBROUTINE swappoint (a, b)

TYPE (point), INTENT(INOUT) :: a, b

TYPE (point) :: temp

temp = a; a=b; b=temp

END SUBROUTINE swappoint

... | swapint, swapreal, swaplog procedures are defined here
END MODULE genswap

PROGRAM main
USE genswap
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INTEGER i m, n
REAL :: x,y
TYPE(point) :ia, b
CALL swap(m, n)
CALL swap(x, y)
CALL swap(a, b)

END PROGRAM main°®q

5.3.5 Module: Public and Private Object

PRIVATE :: pos, store, stack_size | hidden
PUBLIC :: pop, push I not hidden

ololo] & T3t 7] E- A ¢l A& PUBLIC ©] t}. t}&-3 Z+o] IMPLICT NONE
)80l PRIVATE &S A o] 7] 22 02 B E 3= PRIVATE 42 714 /]
Hr}.

MODULE blimp
IMPLICIT NONE
PRIVATE I set default visibility

END MODULE blimp

PUBLIC I set default visibility
INTEGER, PRIVATE :: store(stack_size), pos
INTEGER, PRIVATE, PARAMETER :: stack_size = 100

Copyright KISTI 2004 58



5.3.6 Module: Compiling and Linking Programs and Modules

rr

LA ETrOPgoREY A Tea9s YAt
A

BA L g F @2 o Fol

k)

Compilation: &2 T2 M S & *x Z I (object program)0| 2} 22| = 7|
Aol Z2a o2 Hetste ntgolct. (ol MM == S5 utd o =HEAt=
FHAMME= "o, Z20| M= "obj' 7t EI L)

Linking: 2 50llA & 2| =
A7l A T2 MMt

rn
|
fu
>
Ral
=)
=
ro
il
P
il
]
mn
il
10
0%
1o
o
e
N
5
=z

H
N
mjo
oy
_l':_l
e
gg
x
2
i
i
Jo
A
_t':_l
e
mjo

>
2z
_?k
i

o mRIY BE Pne] $4 290 g oW AL WA P A=
A3 QAT B2t 25 7)Aol 2 73 50 glo]of gt

Fortran S0
Compiler

Program Program

Source File Object File

RN RN
Fortran 90 Program
Compiler

Executable File
Module Module
Source File Object File

Z&/ 5.2 Compiling and Linking Programs and Modules
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5.4 Pointer

EH W4Tt Al FEE V)
}7 SAle 1 F7ke] A
47} 7}e] 715 (point to) & 7HS EFA (Target) o 2} gk},

EJAEE |G P o2 T 4 9AEE st AFE-AF 4 o] BF Y 7 7ol A}
&%) o] linked list, tree 5 &2 54 A7 7% 2HAd S 71 5HA o). Q1 E W
TS AFE 7 glon 9] bolH & 7HA = 274y mE HsEES 7
71 9wk s A ¥k, Fortran90 ol A Al &-3F= EZQIEH = C EZAH 9 #o] F
25 VA= AE olYth. 9 XQ0H Buhis 84 Sl A g XA ut B}
H A8}k =] ot

/‘ Target
Pointer e :3"‘ Target

A Target

ZZ/ 5.3 The Relationship Between a Pointer and its Target(The Liverpool
Fortran90 Courses)

5.4.1 Pointer Status
FQIE M= Al 7] AE S 7HI
- undefined : the initial status of a pointer
- associated : the pointer has a target

- disassociated : the pointer has no target but is defined
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Pointer

Bssociated 4&"“ Target
Disassociated %‘I Null
Undefined L

72/ 5.4 The Three States of a Pointer(The Liverpool Fortran90 Courses)
ASSOCIATED = ¥ 21 ¥ 9] associated A H| & 2] ¥ 3] 5=+ LOGICAL L+ 3+ =

¥ 21 E 9] e} 7} associated ©] ¥ .TRUE. = 2] ¥l 3} 12 disassociated ©] ' .FALSE. &
EEREa=4

5.4.2 Pointer Declaration

1B M= POINTER 4 02 Aol 3918 W2 A4 el kind, B =L
(rank)! 5-0] A GA M AL},

OS2 Ag 27} Bl E 71 = EQ1E ¥ ptor 7 = A7 290 A HlE S T}
= X9H M ptoa dod‘}ZiO]E]—.FortranE] ¥oHE A= 7}31781 =

L
e
3

REAL, POINTER :: ptor
REAL, DIMENSIONY(:, :), POINTER :: ptoa

- EZQIH Hs Mol 2fsh, Bt 2| Bt kind, ¥ 3 S0l BHEICEH
- HiEE Jt2l7l= 22lH Ha e 24 deferred-shape 2 =2 M A EICt

- ddoll ofsh EfZle| A= DY X O 2ok HE 5 ACt.

B COE TR
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5.4.3 Target Declaration
FRIE 9] Bizlo] ¥ = W52 A2 W TARGET £74-5 7HA oF gt

REAL, TARGET :: x,y
REAL, DIMENSION(5,3), TARGET :: a, b

REAL, DIMENSION(3,5), TARGET :: ¢

Q1E ¥ < ptor 2} ptoa ol t 3l

ojef o] AAH ATE2 oA AdE =
- x, y= ZEQIH ptort O S (associated) & & U204,
- a,b,cE ZQIE ptoalt HSE 5= ALY,

5.4.4 Pointer Manipulation
WS 2 ARl 2R R ARG 5

'=>' pointer assignment
x| & ct2 o|E2 2 Esist= tAl (aliasing) 7| == & #0|0oq, ofmlf = QIE
of J9| EfZle SYUst B2he LiEkC),

2lE{ Atofof & == RUC}.

'=", normal assignment

EOIE Ht MASHERY kind, T E 7IHX|= A Atolofl & 5= UAcCt. ofmj

, RHS 2| 4| = TARGET £4 & 7H& E 7t 8ich.

ZOIE{7} 72| 7| = 22H0l MA == ghe MA™Estot ofg ZIE{ 7} 72| 7| =
Q= 2 E associated ZOIE{ 2| &=

S2toll A= ghol 8y H o JH2|7| 1L

AA L= HA

atol s Al Ect.
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¥ &9 A WFE tAste] 5 S FEskA vhe, wd &
& 2 Ok A s HAA 7= 9ES gt

ptor =>y

ptoa=>b
= E20H ptor 7 ptoa s 22 B4l y &F boll g A7)+ ol v}, o] wf EQ1H
ptor< y = t) A (alias) 3}, 321 E] ptoat= b S A e}, o] Al X2 1500l A ptor

Iy, 28] 3L ptoa st b A E T glo] AREE gtk Rheky 9k b ] ghol BiH W
ptor ¥} ptoa ©] gt BFH Al B A vE, 7Fe] 7] 3L QL= 2 k] Aol = W o] gl

Ag 27482 B 072 7HA] = A 28 ZS1H pror2 ol el e} % —O—EJE%
slc}
[e)

o 7Fs3tet. ol ul pror2 & y & 7hel 7] y & hAISHE EEE ¥ A} fk

ptor2 => ptor
9 B4 ohg 3 2ol RAT S Yt

ptor2 =>y

5.4.5 Pointer Assignment Example

x= 3.14159
ptor =>y
ptor = x ly = x
- x=3.141590 M H= x= gt 2 Y=ot

- ptor => yo|M ptor= yE CHAIEHE. o|m yo7+ Ot ojo] U= g2 JHX| 12 U
g e+ sich.

- ptor =x ptor0| 7t2|7|= 32, F yel gt #HE x| 222 MHSICt. ptor
of cish o™ &=L} SHE MM 2= yo of st &=L 20| == Zdo|ct.

o] & Al &3 A x 9 Fho] WatA =l gtE ptor ¥} y o ghe WEkA it 2y
ptor=5.022 AA3HA =Wy £k-& 500 = upH A Fr}.

REAL, POINTER :: p1, p2

REAL, TARGET ::t1=3.4,12=45
pl=>11

p2 => t2
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PRINT *, 11, p1 ! 3.4 printed out twice

PRINT *, 12, p2 | 4.5 printed out twice

p2 => pl | Valid: p2 points to the target of pl
PRINT *, 11, p1, p2 | 3.4 printed out three times

REAL, POINTER :: p1, p2

REAL, TARGET ::t1=34,12=45

pl=>11

p2 => t2

PRINT *, 11, p1 ! 3.4 printed out twice

PRINT *, 12, p2 | 4.5 printed out twice

p2 = pl ! Valid: equivalent to t+2=11

PRINT *, 11,12, p1, p2 | 3.4 printed out four times

5.4.6 Association with Arrays

vl ZOlE = g glo] ¥ HHOﬂ AA e g3 4 QL

3 W39 €Y, kind S o] =

=ohd B4 9 regular section! I &3 4% LT}, Vector subscript = ¥ & & =

non-regular W & §-&-2 v E E A o} 053 5= glrt.

b o) H9IH ) EAE proac] the) e} 2

ptoa =>a(3::2, ::2)

EHE Fash,

o] ¥QlE g ujde E BES FAE ptoacl A3 Aot} of 7] A
5

ptoa(1,1) a(3,1)= ptoa(2,2) & a(
] SHAPE(ptoa) & (/2,2/)&] A3}E & o]t}

1. Linear function(subscript-triplet) .2 2] & = v & F- &

Copyright KISTI 2004
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Ptoa(1l,1) Ptoal(l, 2)

A(3,1) oy A(3,3)

Ptoa ><j :

Ptoa(2,1) / \ Ptoa(2,2)
A
A(5,1) A(5,3)

ZZ/ 5.5 A Pointer to a Section of an Array

g2 EOH proaZh 1 X 19 23h9) WAL i AlBkE A EAF Aol o] 9}
2ol v = shte] 928 LEhiE ke A7k YA 59w RS AL 2
A % ek,

ptoa => a(1:1, 2:2)
e g EAES BAle) PArb2vt b B BE EW S ",

ptoa => 0(1!1, 2)
ptoa =>a(l, 2)
ptoa => a(1,2:2)

Wl EQTE) = subseriptell o3 A< H WAL B0 7HE S glonw Tt
e EQlE B BRE Aot

v=(/2,312/))

ptoa => a(v,v)

Boe 9 b 1499 249 B EE o] o @ A2 1oz ek Aol
=

REAL, DIMENSION (:), POINTER :: pvl
REAL, DIMENSION (-3:5), TARGET :: tv1
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tv1(-3:5)
pvli(-3:5) —— I

pvl => tvl | pvl aliased to tvl

twl{-3:5)
PUILY) —»

pvl=>tv1(:) | aliased with section subscript
tv1(1:5:2)
pvl(13) —=

pvl=>tv1(1:5:2) | aliased with section triplet

REAL, DIMENSION (:), POINTER :: pv1
REAL, DIMENSION (:, :), POINTER :: pv2
REAL, DIMENSION (4, 8), TARGET :: tv

pvl => tv(4,:) | pvl aliased fo the 4th row of tv

tv(4,)

pvi(i:8) — I

pv2 => tv(2:4,4:8)

tv(2:4,4:8)

pvA13,15) — »
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5.4.7 Dynamic Targets

B Bl F4 Gl ola) 449 5tk v o] ALLOCATE #
2 o] g3l A BRle] M TS AH ook S e, o w9 EIE =
e WS dAlsE 48 Bohs heap G99 ol Bl @ R U@ 2o
982 37 frh

ALLOCATE(ptor, STAT=ierr)
ALLOCATE(ptoa(n*n, 2*k-1), STAT=ierr)

o] F EFA A TS AG, FHA TGS B A7 220 A5 ) 91 gk Al
2L TS FEHA H =, o] e EQ1H ptor Y ptoa 2] EFSl 02 2}E A
== Blo|tt

L ZA| A A A FH o7 Sty FHe LZA AT F R Ao S| A
(deallocate) & o oF ghr}, 18 2] @F 01 1 F3h2 o] & 13 = gl HlH &
Zro] Fol W), g TS LRA A TF Ao ]/\1 AL AMESE F UES

G <
423 W SAVE $:4] S 7}A| =2 &) of shu},

ptor = 2. ¥} Zro] EQIE ol of W ZtS 3t 1 Z1E & ALLOCATE & &3
of okl T3S 7 A ERAE] %‘ < B3l diA sofof g}, whek 1€ A ekt

ALLOCATE (ptor, STAT=ierr)
ptor =2

REAL, TARGET :: e
ptor =>e
Ptor = 2

5.4.8 Automatic Pointer Attributing

RE XUE Hae GAIAR BB £4& 74 AL ol A thE EAE | o s o
2 7 Aot
AR .

ptoa => a(3::2, 1::2)
ptor => ptoa(2,1)
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T T

I |
__+__|__
I

e ——pX ><

A(5,1)

ZE/ 5.6 Automatic Attributing of Arrays

9 2ol A 2= o] A Al 7HA] o] 5 7HAIA |t

o2 & o= v 22 A3 (dangling pointer) ©] T A SHA] =

REAL, POINTER :: p1, p2

ALLOCATE (p1)

pl=34

p2 =>pl

DEALLOCATE (p1) I Dynamic variable p1 and p2 both pointed to is gone.
I Reference to p2 now gives unpredictable results

5.4.9 Pointer Disassociation

EE 9} ehle] v g2 sl Alshs el F kA7) sl

Nullification: NULLIFY(ptor)

NULLIFY -2 2Q1E ¢} EfA o] AA S #Ho] L ¥ HHE d& siAw
B2 AA & A9 B2l 9] F7HS deallocate 3H4] &= %3H) . o] F7He thE 2Q
Bo] t$Eo] AFgE A =3t T2 o] aE uztx A ¢ ele 37t

o] ftt.
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REAL, POINTER :: p I p undefined
REAL, TARGET :: t
PRINT *, ASSOCIATED (p) ! not valid

NULLIFY (p) I point at "nothing"
PRINT *, ASSOCIATED (p) !.FALSE.
p=> 1

PRINT *, ASSOCIATED (p) !.TRUE.
o2 A2 gse v 311 G E 7HA oAl H B =2 F] g of g},

REAL, DIMENSION(:), POINTER :: p
ALLOCATE(p(1000))

NULLIFY(p) ! nullify p without first deallocating it
I big block of memory not released and unusable

Deallocation: DEALLOCATE(ptoa, STAT=ierr)

DEALLOCATE <&+ ALLOCATE | 9] 3] t)-§-% = 3 1FS 7FA = 20 H 9 -4 9]
AZAE FAER Y TS AANE S 5 T F ST Allocate 5] A] 2 kA U
Sl Al = A o = A "‘8 JH S 714 = EFZlof] )3} deallocation & 275 24

A7,

5.4.10 Pointers to Arrays vs. Allocatable Arrays
QI wk2 © 2 ALLOCATABLE H] <& POINTER Hj & ®.t} A 50 $-3) “‘01 A&
ok XQ1H 9] glo] HE w2 tiA S = oY tE olFo = FxE A
T ALLOCATABLE ¥ €& 9 %] s}1}9] o] &5 74 Al "}, &, o A (aliasing) 7}
A Bttt EQE 9 Ef 5l o] AF8-F of of §hr},
ALLOCATABLE ®l &€ ©] 7}A] &= th- 2} 22 A o] Q.

- unallocated ALLOCATABLE arrays cannot be passed as actual arguments to
procedures

- ALLOCATABLE arrays cannot be used as components of derived types

A=A 02 ALLOCATABLE o] 1 @& % olx, LAE mjdL o A3},
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Sdo] o} Adakglo] ERAEE ZEAA 9 01’“i A 5= lo] A )
2 &}7)ol] Aelsltt. ALLOCATABLE & o m] Q152 AFRE 4= §lO
X 2 13 9o A allocated, deallocated & 01 of 3},

- 3L
= X9

o
=2 =2
o

RS

byl

Q]
=

oe 7}';31‘1‘%}\]:}

E]

ZRAAZF ZJAE Y B2lS Hv] QR 7 = A9 ifﬁ/\lﬂ«l AE o] =
£ A @A olojol fhef. Ev] Q1) LT b Al A s 22
A, kll’ld agia 7} oF gttt I E tlH] Q1= INTENT &4
AA A= FAEARE Ao I7F 21 7} obehd 1 v Qe
o) E}wf gt

INTERFACE I do not forget interface in calling unit

SUBROUTINE sub2(b)

REAL, DIMENSION(:, :), POINTER :: b
END SUBROUTINE sub2
END INTERFACE

REAL, DIMENSIONC(;, :), POINTER :: p
ALLOCATE (p(50, 50))

CALL subl(p) I both subl and sub2
CALL sub2(p) I are external procedures

SUBROUTINE subl(a) l'ais not a pointer
REAL, DIMENSION(:, ) ::

END SUBROUTINE subl

SUBROUTINE sub2(b) I'b is a pointer
REAL, DIMENSIONC(:, :), POINTER :: b
DEALLOCATE(b)

END SUBROUTINE sub?2

5.4.11 Pointer Valued Functions

el Aake LUE} 9 S ook ol 91 g sleso

A4 o]ofok Btk The 3 ptr & a S b S HlLo}Oii%k aﬁ%ﬂﬂf

Sk} FUNCTION 1 ©] é % M S glong 5o ARE IEHE A

aL gl
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PROGRAM main

IMPLICIT NONE

REAL :: x

INTEGER, TARGET :: qg, b
INTEGER, POINTER :: largest
CALL RANDOM_NUMBER(x)
a = 10000.0*x

CALL RANDOM_NUMBER(x)
b = 10000.0*x

largest => ptr()

CONTAINS

FUNCTION ptr()

INTEGER, POINTER : ptr
IF (a .GT.b) THEN

ptr=>a

ELSE

ptr=>b

END IF

END FUNCTION ptr

END PROGRAM main

Fr oo

o) A7k LAE L A 5 Grks AL theat o] kel A7k A
Akl 9 F5HE A% 850 g & ek,

INTEGER, DIMENSION(100) :: x
INTEGER, DIMENSIONC(:), POINTER :: p

p => gtzero(x)

CONTAINS I function to get all values .gt. O from a

FUNCTION gtzero(a)

INTEGER, DIMENSION(:), POINTER :: gtzero

INTEGER, DIMENSION() :: a

INTEGER :: n

| find the number of values .gt. O (put in n)

ALLOCATE (gtzero(n))
I put the found values into gtzero
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END FUNCTION gtzero

END

5.4.12 Practical Use of Pointer: Linked List

= B o] 7FX = E9H &2 2
& th2 3 2 linked list & 7+ 5 )

TYPE node

INTEGER :: value ! data field

TYPE (node), POINTER :: next | pointer field
END TYPE node

A w4 © 7 Linked list = data field 9} list ol A 22 €} <]
3k pointer field 2 T H = 5 EFY o2 A4 H

& A e

datafields

] [l

- list L2 2l ol of | x|of &fl=0l = ElCf.
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Linked List Creation

TYPE node

INTEGER :: value ! data field

TYPE (node), POINTER :: next | pointer field
END TYPE hode

INTEGER :: num
TYPE (hode), POINTER :: list, current

NULLIFY(list) Linitially nullify list (mark its end)
DO
READ *, num I read num from keyboard
IF (hum == 0) EXIT I until O is entered
ALLOCATE(current) | create new hode
current%value = num
current%next => list I point to previous one
list => current | update head of list
END DO

After NULLIFY (list)

et/

After the first num is read

After all 3 numbers are read
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List —= 3 —l—- 2 I 1
next next next

)

5.5 Operator Overloading and User Defined Operator

o] 7] A &= Fortran90 | A Al &-8k+= 3L AAERLo] on| & el AFg-a = = 4
2E2} overloading 7 A& A7 A 23 AAAE A o] 3l AFE-ah= AFEAF A o] A4k

Aol &)t A o)}

5.5.1 Overloading Operators

- INTERFACE OPERATOREZ2 £ generic o1 ¢HA M =& & o Shct,
- Generic RIE{H 0| AR 2H{EE M M o|siC).

- OfE | ¢ito] S+ EX| MolF B

rok

mn
[H
Hu
Rl
2
i
R
|'O
_o'l_
il

INTERFACE OPERATOR (intrinsic_operator)
interface_body
END INTERFACE

the-& AN E B el thal + ake onl 2= sho] ALgE ool

MODULE over

INTERFACE OPERATOR (+)
MODULE PROCEDURE concat
END INTERFACE
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CONTAINS
FUNCTION concat(cha, chb)

CHARACTER (LEN=*), INTENT(IN) ::
CHARACTER (LEN=LEN_TRIM(cha) + LEN_TRIM(chb)) ::

concat = TRIM(cha) // TRIM(chb)
END FUNCTION concat
END MODULE over

PROGRAM testadd

USE over

CHARACTER (LEN=23) :: hame
CHARACTER (LEN=13) :: word
name="'Balder'
word="convoluted'

PRINT *, name // word
PRINT *, name + word

END PROGRAM testadd

5.5.2 Defining New Operator

Fortran90 | A = o]u] &) 5}= 1§ AX

RS A FA A A
symbolic A AHE YEHY &= 2 E ®7

<name>.

AL=} 2]

- d—
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cha, chb
concat
AHE SHRESA AR L 9l A
. Fortran ©l] 4] .AND. 4} .OR. ¢} Z©] non-
5ol &

o] 7] A4 A4k o] & <pame> ol & HF=A] E2}0F 2
of = ahu} = T 719 INTENT(in) 215°7F QLo A] &
o

) OH /\H 25

RS EA BT,
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Gee F A Aol o] Al E Pt AR A dist 2 Ao 84 A o

ol

MODULE distance_module
TYPE point

REAL :: x,y

END TYPE point

INTERFACE OPERATOR (.dist.)

MODULE PROCEDURE calcdist
END INTERFACE

CONTAINS

REAL FUNCTION calcdist (px, py)

TYPE (point), INTENT(IN) :: px, py

calcdist = SQRT ((px%x-py%ex)**2 + (px%y-pyly)**2 )
END FUNCTION calcdist

END MODULE distance_module

PROGRAM main
USE distance_module

TYPE (point) :: pl, p2
REAL :: distance

distance = pl .dist. p2

END PROGRAM main
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5.5.3 Assignment Overloading

48 HS) ks e fw BE P A Aels) g7 kel g
o5]o] Yot AR HE FE B AL F5 B} 15 B Abole] @
T ZR A A A o A 9] Hofof g
Y oW EYe Qi eEYs Lol ¥ 5 Yok, FFL Felst 1w
AATLE A A5E A= AT o] Bk o] thect, oju] AnEee)
F Qg thgat 2 54S AH
- Aol HEE 2 B H2 INTENT(out) 4 S 7HX|of AN e &7

0| Al LHS 7} ElC
- TN el 4fo] MetEof 2R SR s HEE AN 2Y ESHAM

RHS7F5|EP Olofl tf &5t= Ko 4=+ INTENT(in) &4 2 JH&ICt
e FE B 7P g prd] 7hg A5 axol FFE] 930 BT A -
£ o2 =she] AbgHE dolt,

MODULE assignoverload_module

TYPE point

REAL :: xy

END TYPE point

INTERFACE ASSIGNMENT (=)

MODULE PROCEDURE assign_point

END INTERFACE

CONTAINS

SUBROUTINE assign_point(ax, px)

REAL, INTENT(OUT)::ax

TYPE (point), INTENT(IN)::px

= MAX(px%x, px%y)

END SUBROUTINE assign_point

END MODULE assignoverload_module

PROGRAM main

USE assignoverload_module

REAL :: ax

77
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TYPE (point) :: px

ax = px | type point assigned to type real
I not valid until defined

END PROGRAM main

5.6 Recursive Procedure

5 55 (recursion) & ZEA| A 7} AP A 0 2 247 ALlE S5 wf HAg g
et LA Aol A B FFo] IbAstar Z2Eg 7H o] 7] = A RE 2 A8
W zeage] g HeE & 5 A

Fortran77 9| Al &= AL &2} A o] ~el 3} g] &5l X272 S & o] 8-3) E]"%%—% 73
3 & 4= A7 Fortran90 of| A = o]z} A 7} A 4 0. 2 Q H= 7)=9 2935
A EE&S Fol7] 9l&l 5 F5 Z 2 A A (SUBROUTINE and FUNCTION)%
RECURSIVE 7| 9] =& &3l HA| 4 o2 HAds]ofof gty

95 Pt 20E g5 ol on dHT 5 g, A ALl F5 A
o} 2% oo Ag R, B3R5 grol ] 7 29 RESULT 7191 =% o] &3]
AR W5E Bl AR o|n) G5 ol A3} ol B PAHOR B &

38 7 A Ak,

ﬂJ}L

INTEGER RECURSIVE FUNCTION fact(n) RESULT(n_fact)
RECURSIVE INTEGER FUNCTION fact(n) RESULT(n_fact)

RECURSIVE FUNCTION fact(n) RESULT(n_fact)
INTEGER n_fact

HEE FFE X ﬂs}%%Axﬂ 7HA e B
9]S RECURSIVE 7] 9] =& E3&] v|g] A ols)] Fofof a}ar
S n el F 25 A8 A1th A WA B ol Aelah A9 %ﬂ*]n fact
o] B}¢]S 4= factol]l I & A &5 o] A el o]
S INTEGER & thA] A dla] vlegjd F1 Hddo] = 012

rﬂ
5
LI_EL
~
>,
)
-
QL
_m
0

Copyright KISTI 2004 78



857 n 9] Al (factorial) = Al4FsH7] #13l ¥ F-5 FE &3t

e &
O o
rir
[&l
fu
4

=

PROGRAM main
IMPLICIT NONE
PRINT *, fact(b)

CONTAINS

RECURSIVE FUNCTION fact(n) RESULT(n_fact)
INTEGER, INTENT(in) :: n

INTEGER :: n_fact I also defines type of fact
IF (n==1) THEN

n_fact=1

ELSE

n_fact = n* fact(n - 1)

END IF

END FUNCTION fact

END PROGRAM main

A B8 %= RECURSIVE 7| =2 A g)A J3E 7|52 & 5 ).

PROGRAM main
IMPLICIT NONE
INTEGER :: result

CALL factorial(5, result)
PRINT *, result

CONTAINS
RECURSIVE SUBROUTINE factorial(n, n_fact)
INTEGER, INTENT(in) :: n
INTEGER, INTENT(inout) :: n_fact
IF (n==1) THEN
n_fact=1
ELSE
CALL factorial(n-1, n_fact)
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n_fact = n_fact * n

END IF

END SUBROUTINE factorial
END PROGRAM main

5.7 Keyword/Optional Arguments

Fortran 2L &0l A &= 21 5=f 7]

__(‘2

=

Gl

2ol AHg

]

T AT

READ(10,67,789) x,y, z
READ(UNIT=10FMT=67 END=789) x, Y, z

AREAR7E A o) ol AbE-ahis SR A A A I o] 9} o] 7] EE o] &3 gt

o] 7V 3}t

5.7.1 Keyword Arguments

HA o 1] 15
1T}. Fortran90 ol A
Je 7l At . 719 =S o &
8o = vhE = glom oo 7] =
Hul Q159 o] 53 5 L3}

SUBROUTINE axis(yO, yO, |, min, max, i)
REAL, INTENT(in) :: x0, yO, |, min, max
INTEGER, INTENT(in) :: i

END SUBROUTINE axis

MHEFE axis 9 3%

o

9 the vt 2-& wrol el

- 2Ax S 55

CALL axis(0.0, 0.0, 100.0, 0.1, 1.0, 10)

T

- e E o8 =

CALL axis(0.0, 0.0, max=1

o

, min=0.1, 1=100.0, i=10)
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S 1A= 2 AL olo] 4 S8 RE QLER 1A 71920 23
slofo} gk, o] e @ 7| Y= Q5 TS WA QA o] 2 71 ] ALg
s1et.

e S,
‘W olo ¥

5.7.2 Optional Arguments

YA A QIE A o] 25 7FA = ZE A A 9] Q147+ OPTIONAL £A4 0.2 s A
B 02 ARgE 4= 9MTh OPTIONAL 45 7HA = Yo Sl AA| 9l 2~
Eol M Aerd 5= vt wkef oMA A7t *ﬁ‘“*El‘ﬂ TolF e BE e
71 E e M Aol Al 12 2nkE tleS Lok 3

Fortran ] W& 314 X2 A A 5 & ©] 2] 3 OPTIONAL cn ¥ AHg e
77} 4 o] % 3 2 A A A1 5 v}21714] 2 OPTIONAL 2155 AHE

314+ 3 PRESENT = OPTIONAL QI 59| A EHl & Lol 7] 93] AF§3shH
OPTIONAL ¢l57of| ko] %91 w TRUE. &5 %] &9kS wf FALSE. = ¢
ela] =},

SUBROUTINE SEE(q, b)

IMPLICIT NONE

REAL, INTENT(in), OPTIONAL :: a
INTEGER, INTENT(in), OPTIONAL :: b
REAL :: ay; INTEGER :: bee

ay = 1.0; bee = 1

IF(PRESENT(a)) ay = a
IF(PRESNET(b)) bee = b

a,b7} OPTIONAL £/ & 2 /A A ¥ 1 7] w2l A BFd SEE+= U3} 2]
E}Oc}f& Ao 5&9 4 9},

CALL SEE()

CALL SEE(1.0,1); CALL SEE(b=1,a=1.0) !same
CALL SEE(1.0); CALL SEE(a=1.0) I same
CALL (b=1)

OPTIONAL % & 744 = U1 1ol 4] 2158 US4 714 ek 25 o g-o)
ANE gu] Slgo = T ZE zho] giA|EH o] o] 7b 1 140l W3 PRESENT &t
I #t2 FALSE.7} ¥ & #o]t},
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1.The POWER4 Processor Introduction and Tuning Guide
(http://www.ibm.com/redboosk)

2.Fortran90 and Computational Science (http://www.comphys.uni-
duisburg.de/ Fortran90/pl/pl.html)

3.The Liverpool Fortran90 Courses (http://www.liv.ac.uk/HPC/
F90page.html)

4.1 anguage Reference, XL Fortran for AlX, Version 8 Release 1

5.The Fortran90 Essentials: Discussion (http://www.tc.cornell.edu/
Services/Edu /Topics/Fortran90/more.asp)

6.Fortran90 for the Fortran77 Programmer (http://www.whoi.edu/CIS/
training/ classes/f77t090/f77t090.html)

7.Larry R. Nyhoff, Sanford C. Leestma. Fortran90 for Engineers and
Scientists. Prentice Hall. 1997.

Copyright KISTI 2004

82



Copyright KISTI 2004

82



A

Allocatable array 35
ALLOCATE 35
assumed-shape 28
assumed-size 28
Attributing 4
Automatic array 34

C

CONTAINS 46, 54

D

data hiding 11
DEALLOCATE 36

DO - END DO 5

DO WHILE - END DO 5
DOUBLE PRECISON 14
dummy € 28

E

Encapsulation 11
explicit—shape 28

G

generic 16

generic interface 16

[

INTENT 47
INTERFACE OPERATOR 74
K

KIND 14

N

normal assignment 62
NULLIFY 68

O

OPTIONAL 81

P

pointer array 36
pointer assignment 62
Polymorphism 16
PRESENT 81
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SHoLE 7|

PRIVATE 11, 58
process parallelism 22
PUBLIC 11, 58

R

REAL 14

REAL(4) 14
REAL(R) 14
REAL(KIND=4) 14
REAL(KIND=8) 14
REAL=*4 14
REAL*8 14
RECURSIVE 78, 79
RESHAPE 26

S

SELECT-CASE 4

SELECTED_REAL_KIND 15

shape-vector 26
simple subscript 31
SIZE 35

STAT 36

strongly typed 10
super—type 11

T

Target 60

Triplet subscript 31
TYPE - END TYPE 6
Type Declarations 4
TYPE/END TYPE 48
U

USE 54

v

Vector subscript 33
W

WHERE 27
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2, o
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w7l Al B 10

Al A QIH ¥ o] 2~ (explicit inter-
face) 43

B XZA|A 42

H

vl 24 2} (array constructor) 25
e ¥4 26

HEA 22

A4A1A DO 25

kAl A 2B H o] 2~ (implicit inter-
face) 43

OB EE 74

QYL LR A A 42

Sl E] ¥ o] ~ E-= (interface block) 43

7N
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ng;sdb\é 23

o

7191 = 80

hYA
ERIH 6

SERA 22

Copyright KISTI 2004




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




