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* FORmula TRANslation
< 19504 [l 24t IBMOIA JHE

v IHRE QB g Qlo
o ZHEZE e (1980, ISO) > FORTRAN 77
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Fortran 7721 93 (2/2)
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Fortran 90

Source Form
Control Structures

Numeric Processing

Array Processing

Pointers

ata
tructures

efined
ypes

Procedures

Modules

~"  Input/Output
Obsolescent Features

(http://www.comphys.uni-duisburg.de/Fortran90/pl/pl.html)
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ME2 )l

< JjME EH
vV RERYA - BRI NEKAR MR QLS
v Rt Zoll 1324 7THRI s
@ IBM XL Fortran2 R}t ZEoil Eth 6700 R+ THs
v Qt Zol o R/ s - BRF B o
v BR ol 2 Hs - T4 NEF IR
v & HIE BEAl - BFR orRi2tol ‘&'
v 4 Uol 31RR THs(HEEA BREE AILE
® IBM XL Fortran XiTH 250R+ THRI THg
v UH AAIRF BH
e LT, .LE., .EQ., .NE., .GE., .6T. =2 <, <=, ==, /=,

=> 2>
e

oI

2 (1/12)
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PRINT?*, "This line is continued &

on the next line"; END ! of program

|
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M=2 Jls 21 (3/12)

v Fortran 900IA AHE THE]E BRF RLRY
@ ER-&K+ &3t : a-z, A-Z, 0-9, _ (underscore)

Symbol Description Symbol Description
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

J_('QF Kore nsttte Supercomputing Center
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M=2 Jls 21 (4/12)

“+» Type Declaration and Attributing

Fortran77 Fortran90

FUNCTION encode(pixels) FUNCTION encode(pixels)

INTEGER n IMPLICIT NONE

PARAMETER(n=1000) INTEGER, PARAMETER :: n=1000

INTEGER pixels(n, n), encode(n, n) INTEGER, DIMENSION(n, n) :: pixels, encode
REAL x(n), y(n) REAL, DIMENSION(N) :: X,y

INTEGER*8 call INTEGER(8) :: call=0

call =0

END

END

|
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M=2 Jls 21 (5/12)

< New Control Structure(l)

v SELECT-CASE
e IF B UL &XIF AlEjol ot A AE] 404

SELECT CASE (expression)
CASE(value-list)

CASE(value-list)

END SELECT

P | e — Supercomputing Center 13



M=2 Jls 21 (6/12)

< New Control Structure(2)

PROGRAM select

INTEGER :: n, k
PRINT *, 'Enter the valuen ="
READ *, n

PRINT *, k

=\ID)

|
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M=2 Jls 21 (7/12)

% New Control Structure(3)

v QA Qe DO 2B
® DO - END DO
® DO WHILE - END DO

DO
IF (logical-expr) EXIT

END DO

DO WHILE (logical-expr)

END DO

KiST} o stieot Supercomputing Center 15




M=2 Jls 21 (8/12)

“* Numeric Processing
v Ol TR Q83 B 7t 2T 3t QUL
v kind U 2R 3 QUL T RY

“+ Array Processing
<+ Pointers

REAL, TARGET :: B(100,100) | Ui B= target A4S JHEICH
REAL, POINTER :: U(:,),V(),W(,:) 13708 ZQlE ujd Mo

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

ALLOCATE ( W(M,N) ) | 37|7F MxNQl WS == st

V => B(:,J) I V= B2l JHM &= point

V => W(I-1,1:N:2) Ve WOl I-181 I 2o YEE pointdtE = HH &

—
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MEE Jls 2 (9/12)
« AI8X &o| E

TYPE RATIONAL I This defines the type RATIONAL.
INTEGER :: NUMERATOR
INTEGER :: DENOMINATOR

END TYPE RATIONAL

TYPE (RATIONAL) :: X, Y(100,100) ! X and Y are variables of type RATIONAL.

X%NUMERATOR = 2; X%DENOMINATOR = 3

<« AFSX 89 ALHA}
v QL + AAIRF QlE{HOl A
INTERFACE OPERATOR(+)

FUNCTION RAT_ADD(X, Y)
TYPE (RATIONAL) :: RAT_ADD

TYPE (RATIONAL), INTENT(IN) :: X, Y
END FUNCTION RAT_ADD
END INTERFACE

|
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M=
» IEAX

v HIQQ olQ Q83 RIREJZE &R s
® T QdH 2=

TYPE LIST
REAL . DATA

Jls 2 (10/12)

HO

TYPE (LIST), POINTER :: PREVIOUS, NEXT !'Recursive Components
END TYPE LIST

<~ OZAIX
v HIQQ EE oS RIE3RE aH
v Recursive 2% 5
v HAIFQL EE2AIN QEHEOI L B THE
v URF TZ2AIR TS

v Ql4ol T OPTIONAL, INTENE S &4 AHE

(_Kijﬁ SCencaan Tochology formaton Supercomputing Center 18



ME2 )l

o O 1
> x&(1)
v KO ZRI3ol I AHEY 4 QUE R EY

® AHZRF A2l EFQL &S
<

—
KA EE HAS A

oI

21 (11/12)

ol A712
ZIZAX RS

QY IZAIM QIEIHO L RO
Generic Z=AIRSl B

QGIALRE QIEImHIOIAS AIQT

I
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J (12/12)

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
I and other stuff for a complete rational arithmetic facility

END MODULE RATIONAL_ARITHMETIC

|
KGST; o stisoar Supercomputing Center 20
O

| | Science and Technology Information

e kst kr



>Fortran 90°0] ZUY| X2k

sData abstraction
*Data hiding

*Encapsulation

=Inheritance and Extensibility

=Polymorphism
=Reusability

|
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Fortran 90°] 24| XI2FA! (1/4)

< Data Abstraction
v YN+ ZRARMEEHE ZER ERL A& W
@ Ol) QAR TI5E dg & QYL E DU JYULE QiH

v Fortran 900IME QRIS ERE THE
® KRR RO EIQL, EQIE 58 B3 R
® LHIHEHA RIQIEIQLT MEEHQ, RIQUol QL

TYPE T1
INTEGER(KIND=1) :: height
REAL(KIND=1)  :: weight TYPE T1(n)
END TYPE T1 INTEGER(K¥Z=n) :: height

TYPE T2 REAL(KINDZN} -2 weight
INTEGER(KIND=2) :: height END TYPE 71
REAL(KIND=2) .2 weight

END TYPE T2

(_Kiéﬁ Korea sttute of Supercomputing Center 22
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Fortran 90°] 24| XIZ2FA! (2/4)

“+» Data Hiding

v' PUBLIC, PRIVATE £42 ol€d REW 4n
= IZAIROI Tyt /2 WIQt

PRIVATE I set default visibility

INTEGER :: pos, store, stack size I hidden
INTEGER, PUBLIC :: pop, push I not hidden

(_Kiﬂ.i e S Supercomputing Center 23



Fortran 90°] 24| XI2A! (3/4)

*» Encapsulation
v O3 AFE TS50l YNELS d+Q 2ol HE
e AIRE R
v EEQF WE IR Ol THRE OldH Qlol AT TS AR
data hiding, module/module procedure, use® Atg
module\H TIOIE 4Xiol THR]E rename

E&R N0l ThRE ARIY R

MODULE globals
REAL, SAVE : a, b, ¢
INTEGER, SAVE :: i, j, k
END MODULE globals

USE globals I allows all variables in the module to be accessed
USE 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

|
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Fortran 90°] 24| XI2FA! (4/4)

* Inheritance and Extensibility
v YN TS50l THRE HS A RISASES RISIDBER
Le
® THE EfQLE EQUd= super-type RIS
® sub-type Qe

** Polymorphism
v Generic ZEAIME FoH polymorphism 73

* Reusability
v moduIeOII AR HEL QEIER oHE T2
unitoll Q¥ R s

KT e Supercomputing Center 25
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SO =9

<« HlchlielE {1t A0&E0 JUHA =% Hlu
(http://www.comphys.uni-duisburg. de /
Fortran90/pl/pl.html)

Functionality

Fortran
Va4

C++

Fortran
90

Numerical Robustness

Data Parallelism

Data Abstraction

Object Oriented Programming

Functional Programming
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Fortran 77, C/C++2} Hiul (1/5]

** Numerical Robustness

v 194: Fortran90

® numeric polymorphism, kind type, RIUT A1H],
numeric environmental inquiry

v 29: Fortran 77
® complex type RI¥

v 3%1: C++
® CHtt polymorphism 2%

v 494: C

Ll(i_Sj';f e Supercomputing Center 28



Fortran 77, C/C++2} Hlul (2/5]

+» Data parallelism

v 19: Fortran90
® Fortran 904t RIUdI1 Q&

v Fortran 77, C, C++= B &

[
J.“.Si? e T Supercomputing Center 29



Fortran 77, C/C++2} Hlul (3/5]

+* Data Abstraction

v' 1%1: Fortran90
@ AR HEIdIL REH

v 29 C++
@ HIAL QY FHOrOIM AFEBFTI0I ATHR| S 2 EEE

v 394: C
® TSR] R ROl RIRL FHolM Fortran 77 2ot 2%

v 4%1: Fortran 77

LI_(i_ij e I Supercomputing Center 30



Fortran 77, C/C++2} Hiul (4/5)

< Nl Xg Z= 143
v 1R1: C++
® RHEARE TA RUR N RITHY

v 29: Fortran90
® polymorphic 5449 £FR4E R

v 394: C
® TSR] R ROl RIRL FHolM Fortran 77 2ot 2%

v 494 Fortran 77

J_(i_sﬂﬁ e T Supercomputing Center 31



Fortran 77, C/C++2} Hiul (5/5]

<+ Functional Programming

v 1%9: Fortran90
® lazy evaluation 71%5: WL mOt TEES HAL

v 294: C++
® polymorphism KI<d

v 3%4: C

v 494: Fortran 77

® recursion, RI=J1XE RI% HE

[
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Numerical Robustness
HATLS 0RO WAI0] Tl £ HIA

£ 0l Fortran 900] X|H0I= E8T!
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Numerical Robustness

«FXH JIs
v RRE, HIRE Alg BiQl
(El-FgE)E-/\/\ E+QLT} qo(g'bl- b‘:ll-/\ arol Hzy 3
v HIRIE B4 4 BlQT 4UIRE AlA EBIQL At

> AR SR JR ol ThRt ZNEQL HEES
Ol 83 HU £ KT HUT UAES T £KXI HAL
H5E Y 4 AL
® type kind mechanism
® numeric approximation model
® environmental intrinsic function

KuST: e i Supercomputing Center 34



Numeric Kind Parameterization (1/2)

< Fortran 77
/ “*Size”
@ REAL = REAL*4
® DOUBLE PRECISION = REAL*8

% Fortran 90
v 19 uol®l BrQlorct kind U THS
v kind L2 implementationol &1 &
v REAL©oIl 4, DOUBLE PRECISIONC I 80l THE =

® REAL = REAL(4) = REAL(kind=4)
® DOUBLE PRECISION = REAL(8) = REAL(kind=8)

L'_(iéﬁ e I Supercomputing Center 35



Numeric Kind Parameterization (2/2)

* Intrinsic Function: KIND
v" Implementation2 kind tol Rt I EAg Tt

INTEGER, PARAMETER :: SINGLE = , &
DOUBLE =

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

A et . Supercomputing Center 36



HUT Mo

< Intrinsic Function: SELECTED_REAL_KIND
v Q¥ R Hol Qe AUT S RIKUdE BALQ AL T
ol EBiQ, kind %S =H
v Q¥ AFERIT dtE &4 RUTSQ RIS HYY

INTEGER, PARAMETER :: P9 =

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

v A KA B

1.41 SINGLE and 1.41 are the same,
1.41 DOUBLE and 1.41DO0 are the same,

1.41 P9 is the appropriate 9+ digit representation of 1.41, and typically
will be equivalent to 1.41 SINGLE(Cray) or 1.41 DOUBLE(1BM)

K|5T| KoreaIstitte of Supercomputing Center 37
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Numeric Polymorphism (1/5]

< Intrinsic Function: Generic
v' SINGLE x = COS(x) is single
v DOUBLE x = COS(x) is double

< Fortran 900\l AIEAD} 2|8t T2 A|X
T generic HYE JiE = UL
v interface block ©I-83i generic name o
v I E generic nameCl 2R ZEANIM £ 15

Ki;ﬁgr'mmm SupercompUting - .
L_ 1.~ 3 3 Sclence and Technolagy Informati



Numeric Polymorphism (2/5]

< integerQ} real€ swapll= QAT Z=EAIN

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

END SUBROUTINE swapint

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

END SUBROUTINE swapreal

KGST} Xommwstuse o Supercomputing Center 39



Numeric Polymorphism (3/5]

«* generic name “swap” ¥

I 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

Imain program
INTEGER :: m,n
REAL :: X,y

|
—
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Numeric Polymorphism (4/5]

I SMOOTH is the generic name
INTEGER FUNCTION SMOOTH_INT(AA) I for procedures SMOOTH_INT
INTEGER :: AA(:,:) I SMOOTH_SINGLE
END FUNCTION SMOOTH_INT I SMOOTH_DOUBLE
I SMOOTH_RATIONAL
INTEGER FUNCTION SMOOTH_SINGLE(AA)
REAL(SINGLE) :: AA(:,) I AA is an assumed shape two-
END FUNCTION SMOOTH_SINGLE I 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

|
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Numeric Polymorphism (5/5]

< ZIH0l= generic namelll ZEAIN FII

INTERFACE COS I Extends the generic properties
FUNCTION RATIONAL_COS(X) I of COS to return results of
TYPE(RATIONAL) :: RATIONAL _COS ! type RATIONAL, assuming the

TYPE(RATIONAL) :: X I argument is of type RATIONAL.
END FUNCTION RATIONAL_COS
END INTERFACE

|
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Numeric Approximation Model (1/3}

< Implementation®| numerical S &2
v A4 Bat BEim B UYL YOHE 4 Qe 16T
intrinsic function ®Ig
® Environmental inquiry: 97H
® Numeric manipulation: 77H

I
IGSTY roe vt Supercomputing Center 43
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Numeric Approximation Model (2/3}

<+ a7 A BE

x=sh®» f,b™ i=1A,p

where

x is the real value
s is (the sign of the value)
b is the radix (base) and is usually 2; b is constant for a given real kind
p is the base b precision; p is constant for a given real kind
e is the base b exponent of the value
f, is the i"digit, base b, of the value: 0< f <b:
f. may be O only if all f, are O

LKiéﬁ e S A . Supercomputing Center 44



Numeric Approximation Model (3/3}

B AIA :l.*l. DEII

v' IEEE arithmetic

b = 2 : binary representation

p = 24 : single precision

p = 56 : double precision

-127< e <127

e = -127 : 02 NaNs(illegal or out-of-range value)
Edol AHE

v IBM 370 real arithmetic

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

@ -127< e <127

Supercomputing Center 45
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Environmental Inquiry (1/2)

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; H-p EPSILON

the base b RADIX

the value of p DIGITS

the minimum value of e MINEXPONENT

the maximum value of e MAXEXPONENT

I
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Environmental Inquiry (2/2)

REAL :: a

PRINT *, 'PRECISION =', PRECISION(a)

PRINT *, 'HUGE =', HUGE(a)

PRINT *, 'RADIX =', RADIX(a)

PRINT *, 'DIGITS', DIGITS(a)

PRINT *, 'MINEXPONENT =', MINEXPONENT (a)

$a.out
PRECISION = 6
HUGE = 0.3402823466E+39
RADIX = 2
DIGITS 24
MINEXPONENT = -125

(KISTI IBM system)

I
Ti Supercomputing Center 47
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Numeric Manipulation (1/2)

Values related to the argument value e

name
exponent value of the number, e EXPONENT(X)
fractional part of the number, s> fb™ 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.1)

returns the number that has the fractional part of X and

the exponent | (set e to value of second argument) SET_EXPONENT(X,1)

the distance between the two nearest possible numbers | SPACING(X)

|
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Numeric Manipulation (2/2)

PRINT*, 'EXPONENT =', EXPONENT(10.2)
PRINT*, 'FRACTION =', FRACTION(10.2)
PRINT*, 'NEAREST =', NEAREST (3.0, 2.0)
PRINT™*, 'SPACING =', SPACING(3.0)

$a.out
EXPONENT =4
FRACTION = 0.6374999881
NEAREST = 3.000000238
SPACING = 0.2384185791E-06

(KISTI IBM system)

I
o @are Koroa inctiuts of Supercomputing Center 49
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Ml E
Data Parallelism

Bl HEAS 0|2t UHiE AL &
JIs€ HI20l= Fortran 909 E
= &l 0.



>N CIAL
XBIM QT
Ui ErAIT}
OIA3E " 83 - WHERE &
*Assumed-Shape Dummy Arguments

|
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HISE &AL (1/2)

< Fortran 909| H|0|{ &HE XA
v THER EXol G E AR AFERY £ Qg
vV THER QA2 BiQFE WQAALE TRl £ Qo 2
YBE igol ® 4 U

Fortran 77 Fortran 90
REAL a(100), b(100) REAL, DIMENSION(100) :: a, b
DO 10i =1, 100 a=2.0
a(i) =2.0 b=b*a
10 b() = b(i)*a()

I
— .
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HISE &ALt (2/2)

M A, B, C, P, Q R:2XI¥ g
MZ V: 1K g

MS, X : Scalar

C(:,:) = A, + B(:,)
PRINT* , P(:,))*Q(:,:) - R(:,:), S
CALL T3(X, Q(:,:), Z(2) - V()

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

BT e Supercomputing Center 53



g8d 2+ (1/2)

W< UHE AL EOOl= HHEO 22 A XI0HOF
St}

[2 3 5) (5 4 1)

A= | —
1 7 4 2 3 2

/7 7 © 10 12 5

A+ B = AxB =
3 10 6/’ 2 21 8

541
B+2 = +
(23 J

2 2 2
2 2 2

7 6 3
4 5 4

e
Kis-ri Korea Institute of
L- $Science and Technology Information

Supercomputing Center 54



J8d 2+ (2/2)

< HIA| SHEI= HPS LB HIMO| SLTE
$ HECL.

G(P,:) =G(P,:)/G(P,K)

. G(P.:) : U 62 PrimH Oy
= G(P.K): 47 G PHimi Off, KHimi @ A&

L“‘fﬁ e i i Supercomputing Center 55



HHE £ Xl
< 1K HHEQ BAIA a0 0128
v L3 BE : (/1,2,3,4/)

v YANF DO 7E
v HIY BH

< 2A1d 0182 U8 8 > RESHAPE 8=

.
KGST} Xommwstuse o Supercomputing Center 56
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AIE D0 A&

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

v (/1,2,3, .., n/) = (/(k, k=1,n)/)
v (1,010, ../) =(/(1,0, j=1,500000)/)

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

I Arithmetic expressions:

(/ (1.0 / REAL(),1=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/)
1= (/1.0, 0.5, 0.33, 0.25, 0.20, 0.167 /)

(_Kiﬂ.i e S Supercomputing Center 57



M AT+ 1000X10002| 2XHsd HHE Y o

M (/A+1.3/)
» HHY A U RUAsol 1.32 widt L(1008HTH)S UAR Tt
Rl 1XF bHE REALRE
= NE™HOE P QA £ UP H
« (/ ( ( A(j.K)+1.3, j=1,1000), k=1,1000) /)

» O QA & QY
* (/ ((CA(.k)+1.3, k=1,1000), j=1,1000) /)

[
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RESHAPE &= (1/2]
- WS ZAXIKI)E OIS0 Hots 0| i

g A

RESHAPE(array-constructor, shape-vector)

v Shape-vector
e SUdHE Bokoll TR U RS INE (VLNHE RF

REAL, DIMENSION (3,2) :: ra

ra = ( (/ ((i+j, i=1,3), j=1,2) /), SHAPE=(/3,2/) )

LKi_‘:ZI.i e S S ; Supercomputing Center 59



RESHAPE 2= (2/2)

> WY Ax0] HO|
v 1000X1000 2712 A4 EQ, T Biw R

REAL, PARAMETER, DIMENSION(1000,1000) :: Ident_1000 = &

( (/ (1.0,(0.0, k=1,1000), j=1,999),1.0 /), (/1000,1000/))

I
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OtA3E WHE 883 — WHERE = (1/3)

< 8 HL0| LT AL HEE|TF logical

EIAO| OA3 A2
WHERE(mask) array-assignment-statement

v WHERE 7#2 mask7t .TRUE.Q mH uid Sl4ol
Lol U

L
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£ i Science and Technology Informati on



023 HE &S — WHERE = (2/3)

< WHERE (C .NE. 0) A = B/C
(1.0 2.0) (2.0 o.oj

B: ; C:
30 4.0 0.0 20

05 -
- 2.0,

I
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023 HE &S — WHERE = (3/3)

“+* WHERE (C .NE. 0)

A = B/C
ELSE WHERE
A =B
END WHERE
(05 2.0
A —
3.0 20,

I
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Assumed-Shape Dummy Arguments

< Fortran ZZAIX 2 dummy HHE Al

v Explicit-Shape (F77, F90)
v Assumed-Size (F77, F90)
v Assumed-Shape (F90)

|
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Explicit-Shape
+ dummy BHEIO] R TJ|Jt BAINCE N

< OZAIKMQ] 28I} eHE8H

SUBROUTINE S1(A, B, C, k, m, n)

REAL:: A(100, 100) Istatic

REAL:: B(m, n) ladjustable
REAL:: C(-10:20, k:n) 'adjustable
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Assumed-sSize

< dummy S index®] OIX|%} atS XIAOHX] &
1l A2

< UHXI9} index& HIQATH LIHXI= SAIH MO
a8

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

REAL:: A(100, 100) Istatic
REAL:: B(m, *) lassumed-size
REAL:: C(-10:20, k:*)  lassumed-size
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Assumed-Shape (1/3)

+ dummy IS THSTIE AW HHEYO HES
M0} Al

& dummy HHII AIHl BHYS K10} EAO|
XIOHOF &

SUBROUTINE S3(A, B, C, k)

REAL:: A(100, 100) Istatic

REAL:: B(:,:) lassumed-shape
REAL:: C(-10:20, k:) lassumed-shape
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Assumed-Shape (2/3)

<+ QI8 TZAIX I} assumed-shape dummy
arguments& A28 3% SAIH2 32

v & D280 QEHOIA EE AIEd &Y

I
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Assumed-Shape (3/3)

.. I calling program unit
INTERFACE
SUBROUTINE sub (ra, rb, rc)
REAL, DIMENSION (z, :) ::ra, rb
REAL, DIMENSION (0:, 2:) :: 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) :: rb
REAL, DIMENSION (0:, 2:) ::rc
I Shape (/ 5, 5/) = REAL, DIMENSION (0:4, 2:6) :: rc

END SUBROUTINE sub

; K i;‘_‘i ;:I'ee:g:ril;u‘:'ee:;nulogv Information S u pe rcom p u tl n g C en te r 6 9
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>»H Y S 2(Array Sections)
VEEL
= HH o

*Array-Valued 8l

*Assumed-Shape Dummy Arguments

|
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TEEE

© B 220 BY WA

v Simple Subscript
v Subscript Triplet
v Vector Subscript

I
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Simple Subscript

<« &9 A4 OlLUE HH

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

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

[
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Triplet Subscript (1/3)

< U8 222 M 9 A= (start index, end
index, stride)& HY
v strideTt AR L TIEU2 1

v start index7t AR HQ TNIEUS S XY
lower bound

v end index7t =R HQ TNIEUS THE KUY
upper bound
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Triplet Subscript (2/3)

13 11 25 2 1 9
9 3 31 14 52 27
Q=16 45 54 36 15 20
/7 20 18 19 8 19
37 56 54 66 77 90
11
3 11
Q(1:52)=|45|=0Q(,2) Q(1:5:2,2)=|45|=Q(::2,2)
20 56
56
1 9
Q(1:2,5:6):(52 27]:(9(:2,5:) Q(54:6)=(66 77 90)=Q(5,4:)

=
K-slln Korea Institute of
| I Science and Technology Informati on
(_’ warw ksl re kr

Supercomputing Center
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Triplet Subscript (3/3)

Fortran 77 Fortran 90
REAL A(10,10),B(10,10)
DO 1 J=1,8 REAL, DIMENSION(10,10) :: AB
DO 2 1=1.,8
A(1,J) = B(1+1,J+1) A(1:8,1:8) = B(2:9,2:9)
2 CONTINUE
1 CONTINUE
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Vector Subscript (1/4)

< U9 subscript& (/.)E |2 1XIH IS
T HA

REAL, DIMENSION :: ra(6), rb(3)

INTEGER, DIMENSION (3) :: iv

ra=(/1.2,3.4,3.0,11.2,1.0,3.7 /)

rb = ra(iv) I'iv is the vector subscript
I'=(/ra(l), ra(3), ra(5) /)
1=(/12,3.0,1.0/)
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Vector Subscript (2/4)

13
9
Q=16
7
37

11
3
45
20
o6

25
31
o4
18
o4

2 1 9
14 52 27
36 15 20
19 8 19
66 77 90

Triplet Subscript

Vector Subscript

Q(1:5, 2) = Q(:, 2)
Q(1:2, 5:6) = Q(:2, 57)
Q(5, 4:6) = Q(5, 4°)
Q(1:5:2,2) =Q(::2, 2)

Q((/1,2,3,4,5/), 2)
Q((/1,2/), (/5,6/))
Q(5, (/4,5,6/))
Q((/1,3,5/), 2)

|
=
K-ST- Korea Institute of
| I science and Technol logy Informati on
(_’ warw ksl re kr
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Vector Subscript (3/4)

« &AlIH DO P& BHY

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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Vector Subscript (4/4)

< subscriptQ] S5 AIE JIs
v RIS 37N FoiRl AN oG E T & Ui R/

TS

/Q41 Qu Qu Q43\
Qu Qu Qu Qg
Qn Qu Qy Qu

Q((/141,234,25/),(/1,4,43/)) = Qs Qa Qi Qu
Qu Qu Qu Qu
Qu Qu Qun Qyp

\Qsl Q54 Q54 Q53 J

I
——y -
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>EXM

=Autonomic Array

*Allocatable Array

=Pointer Array

I
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S g

< 35 HZ2d BZ(F77, F90)
v HmQ QY mH P I} FALAT YA

+ S8 HXd ES(F90)
v 235 A% Foll tigel 3Ny &4 HWR
v oEige SN QY U v ZEIFoIM HALEIE
USSR dE THol IHE

[
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Autonomic Array (1/2]

< 1 3J1Jt dummy 210l 0l E3%l= =&
i E

SUBROUTINE sub(n, a)
IMPLICIT NONE
INTEGER :: n
REAL, DIMENSION(n, n) :: a
REAL, DIMENSION (n, n) ::
REAL, DIMENSION (SIZE(a, 1)) ::

END SUBROUTINE sub

|
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Autonomic Array (2/2]

< SIZE (A, n)
v HHQ Al nHimi AFUO =71 2T

FUNCTION F18(A,N)
INTEGER :: N I' A scalar
REAL :: A(:,) I 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( )
I Local 2 is an automatic array exactly the same size as A.
REAL :: Local 3(4* )
I Local_3 is a one-dimensional array 4 times the size of
I the second dimension of A.

END FUNCTION F18

|
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Allocatable Array (1/2)

< ALLOCATABLE attribute® A9

v HIQY Ol § XS oA HR, I 3ne QY U
Ol .t “HIAL “Lfoll 21o0 "R

PROGRAM simulate

IMPLICIT NONE
INTEGER :: n
INTEGER, DIMENSIONC(:,:),

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

DEALLOCATE(a)

ea stituteof Supercomputing Center
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Allocatable Array (2/2)
< Ui SHeh AR =HOl: STAT

ALLOCATE(allocate_object_list [, STAT= status])
DEALLOCATE(allocate_obj list [, STAT= status])

INTEGER, DIMENSION(:), ALLOCATABLE :: ages ! 1D
REAL, DIMENSION(:,:), ALLOCATABLE :: speed !2D

READ™*, isize

ALLOCATE(ages(isize), )

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

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

< POINTER attribute® A9

v Allocatable® ol 83 ¥
v TARGETL2Z AIQIH THE uH@Fol vt uiY HE-Foll tH
R}t aliasing(point t0)S UdH AHE

REAL, - B(100,100)

{=7A\ 2 UG)VE)WC(EG,)

ALLOCATE ( W(M,N) )

—
K.sll" Korea Institute of
| | Science and Technology Information
L e ksl e k1

| il B= target M2 7HEICL
1 37H2| ZQlE HfE Mod

I U B2| 3x3 &2 point

1 37|71 MxNQl WE S&8 &
I V= B2l JHM &= point
Ve Wel I-181 M €2 &

| pointot &= = HHE

Supercomputing Center
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»Array-valued 8i

*Transformational 8¢

*Elemental 8%
A2 Xl A9] array-valued Bt

I
J.“ﬁ Korea nsttteof Supercomputing Center 87
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Transformational &= (1/4)

< HHE0|Lt AZclE Eez Y OE A9
HHEOoIL AZ2IE ‘transform'Ol0] 21} &S
v 4272 Fortran 90 Q34 EXI
® array %4+ (21)

@ environmental inquiry %4(9)
® T1EH12)

I
— .
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Transformational = (2/4)

Transformational Intrinsic Function | Comment

environmental inquiry function (9) €

array function (21) >

ASSOCIATED check association of pointer

BIT_SIZE number of bits of integer

DOT_PRODUCT mathematical dot product of two
vectors

KIND €«

LEN length of a character string

MATMUL mathematical matrix product

PRESENT ;?geﬁrli]g;e’:[sence of an optional

REPEAT replicate a character string

SELECTED_INT_KIND €«

SELECTED_REAL_KIND €«

TRIM remove trailing blanks from a string

TRANSFER transfer bit pattern to a different type

K|5T| KoreaIstitte of Supercomputing Center 89
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Transformational &= (3/4)

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

MAXLOC 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

K 51" Korea Institute of
| | Science and Technology Information
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Transformational &= (4/4)

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

scalar = I sum of all elements

a= I product of elements in first dim
scalar I gives number of zero elements
scalar ) !largest negative element

LOGICAL a(n)
REAL, DIMENSION(Nn) :: b, c

IF ( ) I global AND

IF ( I true if all elements equal
IF ( ) I global OR

IF ( I true if any element < 0.0

Kl;Ti ;:Ir:agzhtdu?ecmh nology Information SupercompUtlng Center 91



Elemental &=

+ Agat dummy Q152 HOIE|X|B, AH QI
J BHEOl £I™ 1 it 22 29| iHES
ZiliE 2
v THELEQ| Fortran HAL e
v HIES U4 kol thod s HE

v & 108 elemental 4
e ex) COS(X), SIN(X), SQRT(A), ..

[
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ALE Xt 82| array-valued &=

< Transformational Bl
» 2} &= g0 (U2 SHoF ZM

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))

I END DO

I but the do loop specifies a set of sequential

I computations rather than parallel computations
END FUNCTION Partial _sums

K|5T| KoreaIstitte of Supercomputing Center 93
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HiIvVE
M=E=& Jls AIE2H
Fortran 900l AIEHl FJ1= G201

ot J|sSS 20121 1 AI2ES
SlLt.

-
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>»2IHHO0IA S
-EZAIHOt OIE{HIOIA
QIEHOIA HE
T OIFAIN
*INTENT Attribute

|
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D= AIXQF 2E{HI0] A

o OZAHES, MESE)
v B I ®(F77, F9O0)
o DIQL ZE2I8m Ham EAQ T2 I8 e
® RIGQHLE AIQE ol R 27t
o RE KLY UM Y4 01F: U4 A8
@ QAN QIEIHIOIA
v UHE Z2AIR(F90)
@ =5 T wHoll L]t
@ IZAIN AZol TRt UE LEE HMARMT A Tt
@ SHAIN QIEIHOlL
e 5 IZANMN

= S0 £

LKifj'u? Kore nsttte Supercomputing Center
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CIHMIOIA &5 (1/9)
+ Q9 TZAIK0I et SAX IEHO0IA HS

v HIMQUZOIH EEAIR Q4 ol TR £ Q@
HEH ZZ2AIN AZol Tyt LE AH M5O H §

INTERFACE
interface body
END INTERFACE

v interface_body
® FUNCTION/SUBROUTINE header
® Dummy QU4 Al
® RIGHIA AI}d
® END FUNCTION/END SUBROUTINE &
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SIEHI0IA &= (2/5)

AN 20| YACH, S 2NEHIOI

© QR o
A B2 A28 AR

PROGRAM stress

INTEGER, PARAMETER :: m = 100
REAL :: g(m)

gq=71
CALL squash(q,m)

I
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CIHMHIOIA &= (3/9)
< A CIEIHIOIA

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

$ xIf90 nointface.f

** test === End of Compilation 1 ===

** ratio === End of Compilation 2 ===

1501-510 Compilation successful for file nointface.f.

|d: 0711-197 ERROR: Type mismatches for symbol: .ratio

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

|
==
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CIEHMIOIA S5 (4/9)

+ FAIN QIEHIOIA

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

I
L_Ki;.ri ::I'ee:g:iltdu?e:;nuloﬂ Information Supercompu“ng Center lOO

e kst kr




CIEHIOIA S5 (5/9)

« FAIX QIEJHIOIA

$ 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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= O AIX (1/2)

S OZ)H SQBAE) W OX|2 £ &,
CONTAINSE TS0 |AX

<+ ENDE O20ll FUNCTION &&=
SUBROUTINESE HIEA| 00} &

< ZAENA MAUE = UHSE TZAIK0IM
8ls. HE2AL Jis

e .
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LT Z=2AIX (2/2)

+ WAIN QIE{HIOIA
PROGRAM test

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

REAL FUNCTION ratio(x, y)
REAL:: X, y
ratio=x/y

END FUNCTION ratio

END PROGRAM test

$ xIf90 intproc.f

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

** test === End of Compilation 1 ===

1501-511 Compilation failed for file intproc.f.

—
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INTENT Attribute (1/3)
+ TZAIM WOl A+S0l et 018 HI™ HA

/ RENQY YmQY, TTIY ARA 5

v in, out, inout
@ INTENT(in): SOIAA WL TRl FkQ H2AT7H Qe

A
T

INTENT(out): %S AHE QUTS HES TR AFREIRI Q)
£ Q4

® INTENT(inout): EZEAIROI SoI4 AFREIT LS A
UTY Hiob 1 FE: 22 TR 8ol HEX Sk QA

Ql

r

|
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INTENT Attribute (2/3)

PROGRAM intent_test

REAL :: X,y

y = 5.

CALL mistaken(x, y)
PRINT *, x

CONTAINS

SUBROUTINE mistaken(a, b)
IMPLICIT NONE
REAL,
REAL,
a=2*b
END SUBROUTINE mistaken

END PROGRAM intent_test

KGST; o stisoar Supercomputing Center 105
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INTENT Attribute (3/3)

$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 dummy 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.

[
—
o,
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>»RT ElRl(Derived Type)
.25 El2!
=Supertypes

IHOE E[Ol SiCh

I
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wx Eie (1/2]
% TYPE/END TYPEE OIS0 MZ2 EI HO|

TYPE type name
Declarations
END TYPE type name

v g B UL attributeE THRL £ Q2w
PARAMETER attributeS &l 4 QU

Kislri Ilnlerealns‘lli‘t::_eofhl G Supercomputing Center 108



& Bl (2/2)
< 3XI TIH(COORDS 3D)°] 9|9t Al (il

TYPE(COORDS_3D) :: pt

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

KGST} Xommwstuse o Supercomputing Center 109
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supertypes

= 0|0 BOIE S Ef 0|8 M=
9| Mo
= X MOIOK= EFAS WSO CHAl ALS" &

A2 2 recursive X}g X @A

&+ E

[H0

TYPE SPHERE
TYPE (COORDS_3D) :: center

REAL :: radius
END TYPE SPHERE

(SPHERE= COORDS_3D< supertype)

STy fomwsusea Supercomputing Center 110



= B8 83 (1/2]

< ST B0 e SEol= 5= ] vty

| .

v' Component by component
v' As an object

» QF EI20] SH ¢ HY: ‘% AN} 0I8

TYPE (SPHERE) :: bubble, ball

bubble®%radius = 3.0

bubble®%center%x = 1.0
bubble®%center%y = 2.0
bubble%center%z = 3.0
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= B8 &3 (2/2)

* QF EI2l ZAT} 0I8
bubble%center = COORDS_3D(1.0,2.0,3.0)

< SPHERE &td 1} 0|2
bubble = SPHERE(bubble’%center, 3.0)
bubble = SPHERE(COORDS_3D(1.0,2.0,3.0), 3.0)

bubble = (1.0,2.0,3.0,3.0) (X)
ball = bubble

1| Supercomputing Center 112



> P =(Module)
N=1=
« & :6Global HI0IE
PE:OIFAN
& :Generic ZEAH
25 :Public, Private 24|

:

DS AL} 2T

I
K-slr- Korea Institute of
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—N
S—

et =4l

Qe AHEO :I:I:E:IEH E|-_<I>_|
USEES 0|80l P&& EFE8 = AU
v Global YHI A1}

@ Global TiOIE 4R, COMMON, INCLUDE thAl AHE
v QEmHoOoI L AlQl
v TZ2AI™ AAl
v Controlled X A<

@ T RE oM HELE T2AIM 59 L& HT FIo

v Packaged of Whole Sets of Facilities
@ 9% EIQ,, EZAIN, QEHHOIA, QAR 58 dIUE £
Ol Nl RIBkA] RIZF

v' Semantic Extension
e =27y ol A ERH Fortran 902 3t HEOZ TI%

H
rin
|H
HL
-
O [E
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2& (2/2)

« 12 2

MODULE <module name>
<declarations and specifications statements>
[CONTAINS
<definitions of module procedures>]

END [MODULE [<module name>]]

v' Use-association
@ 5 Qloll USER S oI1gd T+ BE A 5

I
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2 =: Global GIO0IE

< Global -5 T&E0f M9
v Fortran 7799 COMMONE ThAi
M USE &2 EEOT ©tolM RS ol AKX

MODULE globals
REAL ::a, b, c
INTEGER :: 1, j, k

END MODULE globals

USE globals I allows all variables in the module
I to be accessed

USE globals, ONLY: a, ¢ I allows only variables a and ¢
I to be accessed

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

|
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2 OI=AIM (1/2)

< PS0 E8El= HUF T=2AlN
v CONTAINSE 20l ¥k

v END® t©&o0ll FUNCTION & SUBROUTINEOI
Qloiok gt

v QT EIQI T YL S S dUE Foi JZIdET
og

[
KT e Supercomputing Center 117



2 Oz AN (2/2)

MODULE point_module PROGRAM point_sum
TYPE point
REAL :: X,y IA program unit would contain:

END TYPE point

CONTAINS TYPE (point) :: px, py, pz

FUNCTION _addpoints (p, q) ox = point(L., 2.)
TYPE (point), INTENT(IN) :: p, q py = point(2., 5.)
TYPE (point) :: addpoints pz = addpoints(px, py)
addpoints%x = p%x + q%x PRINT*, * pz =, pz
addpoints%y = p%y + q%y

END FUNCTION addpoints END

END MODULE point_module
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P2 =: Generic 2= Al (1/6)

< Generic 21E{HI0|A
v QKAIQE 715 E 3 TEAIRME Fol 319 o2
2 A

INTERFACE generic_name
Specific_interface_body
Specific_interface_body

END INTERFACE

v Y4t MERERIZ Yol Fol HAY & QS
v BE ol R MM HHZIDH AR
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P2 =: Generic 2= Al (2/6)

v M9} &8 SWAPOI= MY

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

K 51-- Korea Institute of
| | $Science and Technology Information
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P2 =: Generic 2= Al (3/6)

V] Generic SWAP CIE{HI0|A XAO]

INTERFACE swap I 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

|
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T =: Generic =2 AlX (4/6)

vl Generic T A|X] SWAP @&

INTEGER :: m, n
REAL :: X,y

CALL swap(m, n)
CALL swap(Xx, y)

|
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P2 =: Generic =2 Al (5/6)

MODULE genswap
TYPE point
REAL :: X,y
END TYPE point

INTERFACE swap ! generic interface
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
I swapint, swapreal, swaplog procedures are defined here
END MODULE genswap
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T =: Generic 2= AlX (6/6)

PROGRAM main

INTEGER :: m, n
REAL :: X,y
TYPE(point) :: a, b

CALL swap(m, n)
CALL swap(Xx, y)
CALL swap(a, b)

END PROGRAM main
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T =: Public, Private 24Xl

<~ S5 OS]0 EA NI tiet ™2 nist
v PRIVATE & T PRIVATE attribute AL

PRIVATE :: pos, store, stack size ! hidden
PUBLIC :: pop, push I not hidden

MODULE blimp

I set default visibility

END MODULE blimp

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

|
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Fortran 90
Compiler

Program Program
Source File Object File
RN

Fortran 90
Compiler

Module Module
Source File Object File

Program
Executable File

I
"-ﬁ
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> OIE]
*Fortran 909| X OIH
- IEOIE| A
-IIOIE] MOij} Bict
-IIOIE| O} NS
EX E
XIS Attributing
«XOIE] Disassociation
«HOIE Valued 8t

sLinked List

.
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Fortran 90°] ZQIH

X For'1'r'an 909] XQIE Y= dE HIE
OM SX| ER2I0I HBt Aliasing?] IS8l %
Iil'_"'
< Fortran 90 X2IE B9 J|SE dXEE 3
ZHEHL: target) = 1 Sl HMSE al&S
HiZ = A=SK ol= A

T AA=l-™

< FortranOlIA] Linked list, tree S0 S& II&
X A Jls

e — .
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HOIE 2fHH
< HOIE W0 M= 3JH

v undefined : EQIEIQ &A7IALEH
v associated : EQLEIT THRIFIE EFY Ol Qe ALEH
v disassociated : A2 =QRIQE Bt ol G ALEH

< Logical 8+ ASSOCIATED 0|20 2eH =0l
s
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HOIE M2A1 ES (1/6)

< POINTER Attribute® MO
v B2 BQl, kind, Xt Fol X
v HIQGE THIFIE EQEE UK deferred-shape
v B9 XS IREI ROy HR
v EQIE HieE BRE I £ QS

REAL, .. ptor

REAL, DIMENSION(:, :),
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ROIE MOt &Y (2/6)
<+ E}ZI2 TARGET AttributeE JHXTE MY

REAL, XY

REAL, DIMENSION(5,3),
REAL, DIMENSION(3,5),

v X, yt ptor® associated TH&
v a, b, ¢ ptoat associated 5
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HOIE M2} EF (3/6)

<« HOIH atE &30l= 5 A 88
v EQIE QYT : ‘=
® aliasing 7', EQIE I EBIYU 2 TY FUS HEHY
@ IOIH2A EF',L, EQIH2 XZQIE AtO|

v E&(normal) ¥ : '=
@ IZQIET Al Ztol A== U AR
@ IQIEIQ X Atol, ol T4XI= TARGET attributeS
TR TR Qe

K|5T| Korea nsttteof Supercomputing Center 132
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HOIE M2A1 ES (4/6)

ptor => y

ptoa => b

v ptor2 yE ptoat b¥ aliasing
vy b2l Ttol HFY T ptor2t ptoa UT HIRF T,
TRAFE FUS HY AUS

ptor2 => ptor
ptor2 => y

v ptorit ptor2c 2 & y¥ aliasing = EQLH

I .
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(5/6)

x = 3.14159
ptor => y

v x = 3.14159
® xt U AW "I
v ptor => vy
® ptor2 yE aliasing
v ptor = x
@ ptorol A F(Y)S xA ULE AR
® ptoroil THRt B E AR YL yoll THRE AAEQb YUY

e .
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o
oL

k

HOIE MAI

REAL, POINTER :: p1, p2

REAL, TARGET ::t1 =3.4,t12=4.5

pl=>1tl

p2 => t2

PRINT *, t1, pl I 3.4 printed out twice

PRINT *, t2, p2 I 4.5 printed out twice

p2 == pl I Valid: p2 points to the target of pl
PRINT *, t1, pl1, p2 ! 3.4 printed out three times

[6/6)

REAL, POINTER :: p1, p2

REAL, TARGET ::t1 = 3.4,t2 =45

pl=>11

p2 => 12

PRINT *, t1, pl I 3.4 printed out twice

PRINT *, t2, p2 I 4.5 printed out twice

p2 = pl I Valid: equivalent to t2=t1
PRINT *, t1,t2, p1, p2 I 3.4 printed out four times

_
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HOIEQt HHE (1/5)

+ X9, E1Y S0 Lo
v EQIEE HIY RN THE s
v triplet subscript® EAR tiQ@ HEX TG TH5

[
J_(iﬁﬁ e T ) Supercomputing Center 136



HOIEQt HHE (2/5)

REAL, DIMENSIONC(:, :), POINTER :: Ptoa

Ptoa => A(3::2, ::2)

SIZE(Ptoa) = 4
SHAPE(Ptoa) = (/2,2/)

Ptoa(l,1) Ptoa(l, 2)
i 0 I E— Bl3,3]

Ptoa(2,1) V \ Ptoa(2,2)
A
A(5,1) A(5,3)
I
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SOIE{Q} UHE (3/5)
<+ HOIEIQ IOl TS

REAL, DIMENSIONC(:, :), POINTER :: Ptoa (O)
Ptoa => A(1:1, 2:2)

REAL, DIMENSIONC(:, :), POINTER :: Ptoa

Ptoa => A(1:1, 2) (x)

Ptoa => A(1, 2)
Ptoa => A(1, 2:2)

REAL, DIMENSION(:, :), POINTER :: Ptoa

v =(/2,3,1,2/) (x)

Ptoa => A(v,v)

|
—
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HOIEQt HHE (4/5)

REAL, DIMENSION (:), POINTER :: pvl
REAL, DIMENSION (-3:5), TARGET :: tvl

pvl => tvl I pvl aliased to tvl
tvl(-3:9)

pi(35) — I

pvl => tvl(:) I aliased with section subscript
tv1(-3:5)

19 —

pvl => tv1(1:5:2) I aliased with section triplet
tv1(1:5:2)
pridl) —— [T TIN I W
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HOIE|Qt HHE (5/5)

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

pvl =>tv(4, :) I pv1 aliased to 4th row of tv
tv(4,:)

pits) — I

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

pvA13,15) — .

LK.;F Korea sttute of Supercomputing Center 140
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a3 B (1/2)

» S5 SOl OI0 WA= ERN IS

ALLOCATE(ptor, STAT=ierr)

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

v K4 (ptor) 2K+ tiY(ptoa)S H{E T AT,
ol FU2 EQIH ptor™ ptoa? Et7l0I H

[ .
LKiEH e S Supercomputing Center 141



ALLOCATE (ptor, STAT=ierr)
ptor = 2.

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

KGST} Xommwstuse o Supercomputing Center 142
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XIS Attributing (1/2)

<+~ 2 HOH:E=

QIAIMQl TARGET attributeE

Xl U0 OE E2IH0| associated 8

ULk

Ptoa => A(3::2, 1::2)

Ptor => Ptoa(2,1)

v ptor == A(D,1) == Ptoa(2,1)

=
K-ST' Korea Institute of
| I Science and Technology Informati on
(_’ warw ksl re kr

Ptoa

Ptor
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XIS Attributing (2/2)

< Dangling E2IH
v EQIE Bt 2 TR dangling EQLE Aol &9

REAL, POINTER :: p1, p2
ALLOCATE (p1)

pl=3.4
p2 =>pl
DEALLOCATE (p1)
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ILOIE Disassociation (1/2)

< HOIE|Q} E}219] Association OHAI
v Nullification: NULLIFY(ptor)

@ Associationtt dHEI
® EIS ZL deallocate diRI Z2Q o IR FH KAUY

v' Deallocation: DEALLOCATE(ptoa, STAT=ierr)

® ALLOCATEOCI 23 association® 27t EQIEY AHE
OH K

@ Et7l ZTE RHALE 5

I
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ILOIE{ Disassociation (2/2)

REAL, POINTER :: p I p undefined
REAL, TARGET ::t

PRINT *, ASSOCIATED (p) I not valid
NULLIFY (p) I point at "nothing"
PRINT *, ASSOCIATED (p) I .FALSE.

p=>t

PRINT *, ASSOCIATED (p) I TRUE.

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

KGST; o stisoar Supercomputing Center 146
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ILOIH Valued &= (1/3]

» ZOEE FMT F= S HCSA TN
OIE{HIOIAE JIIOF BHLL.

7"J.LI At =¥8kl= ALl 2lE0= 3%
S0Hl AlEE = RUAL.

|
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ILOIE Valued &= (2/3)

PROGRAM main
IMPLICIT NONE
REAL :: X
INTEGER, TARGET :: a, b
INTEGER, POINTER :: largest

CALL RANDOM_NUMBER(x)
a = 10000.0*x
CALL RANDOM_NUMBER(x)
b = 10000.0*x

largest => ptr()

CONTAINS

IF (a .GT. b) THEN
ptr =

ELSE
ptr =>b

END IF

END PROGRAM main

® Korea Institute of
KI‘;TI Science and Technology Information
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ILOIE Valued &< (3/3)

INTEGER, DIMENSION(100) :: x
INTEGER, DIMENSION(:), 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

END FUNCTION gtzero

® Korea Institute of
Fa KI‘;TI Science and Technology Information
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Linked List (1/3)
< data field?} EOIH| fieldE {44

datafields

[

pointer

I

vV QEEIE YNES
e AESNOE FMRIY HWR QUS
® 5H MM, TH AN TH5
@ list\H QU X0l ALQL THs

-s °

Korea Institute of
Kl Tl and gy In n
L_ s kil ekt

tail

:

datafields

pointer
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Linked List (2/3]

INTEGER :: num

TYPE (node), POINTER :: list, current

NULLIFY(list) Iinitially nullify list (mark its
end)

DO
READ *, num I read num from keyboard

IF (num == 0) EXIT 'until O is entered
ALLOCATE(current) I create new node
current%value = num

current%next => list I point to previous one
list => current I update head of list

END DO

I
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Linked List (3/3]

¥ NULLIFY(list)
list —

3

a0
[0
10

M A HIH nu
list —=| 1
next ——

2 Ml K2l um@ BE 22 &

list—"ﬁjszi
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» AL Overloadingilt AF2XL A9l AL}

«H A} Overloading
A2 X AMO|] AT

«2E Overloading

IGSTY roe vt Supercomputing Center 153
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o AHXI Overloading (1/2)

< 1/ HAHE I HI0IH B0 201
5 1 o108 =0 AI=20l= A
v’ Generic AR HE R
® INTERFACE OPERATORE i€

v Generic QLEIHIOIAE overload set &
v QAL £BYE RIQdtE B E ZEANN A

INTERFACE OPERATOR (intrinsic_operator)
interface_body
END INTERFACE

.
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o AHXL Overloading (2/2)

MODULE over

CONTAINS
FUNCTION concat(cha, chb)
CHARACTER (LEN=*), INTENT(IN) :: cha, chb
CHARACTER (LEN=LEN_TRIM(cha) + LEN_TRIM(chb)) :: concat
concat = TRIM(cha) // TRIM(chb)

END FUNCTION concat
END MODULE over

PROGRAM testadd
USE over
CHARACTER (LEN=23)
CHARACTER (LEN=13)
name="'Balder"
word="convoluted’
PRINT *, name // word
PRINT *, name + word
END PROGRAM testadd
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AHEXH 32| ALK (1/2)

HAXE HA: <name>.
Kt overloading™ Y2 HIHOE R

=
Z MO0

T <name>ClE BRI THE

= THQl INTENT(in) QL& Qoi w3
QUL B

S oI% AAtET 24 £ ES

I
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AHEXH 32| AHLkAL (2/2)

MODULE distance_module
TYPE point
REAL :: X,y
END TYPE point

CONTAINS
REAL FUNCTION calcdist (px, py)
TYPE (point), INTENT(IN) :: px, py
calcdist = SQRT ((px%ox-py%ox)**2 + (px%y-py%oy)**2 )
END FUNCTION calcdist
END MODULE distance_module

PROGRAM main
USE distance_module
TYPE (point) :: pl, p2
REAL :: distance

.cii-stance =pl p2

END PROGRAM main

—
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StS Qverloading (1/3)

« MZ O2 |t EHY £= 1R Bl |5 E
ol AlOIQ] BES AT WAIN Ho|
v QAR Overloading® T
v B T QI4E MR MEREIOE R
® A Qlee INTENT(out), ALRI YTgOIM LHSOI 2HTS
@ = Himi Q4= INTENT(in), AR Yol RHSOI dHTg
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StS Qverloading (2/3)

MODULE assignoverload_module
TYPE point
REAL :: X,y
END TYPE point

CONTAINS
SUBROUTINE assign_point(ax, px)
REAL, INTENT(OUT)::ax
TYPE (point), INTENT(IN)::px
ax = MAX(px%ox, px%oy)
END SUBROUTINE assign_point
END MODULE assignoverload_module

o Ze Koros i of Supercomputing Center 159
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StS Qverloading (3/3)

PROGRAM main

USE assignoverload_module
REAL :: ax

TYPE (point) :: px

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

END PROGRAM main
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>TSS (Recursive) ZFEAIY
GBS TEAH
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THFS O Al (1/3)

o ==
W IoOTrs

v E2ART BATURIHOR Kl RHAL 25
v Fortran 9001 BHAIH2E RI<

v EBEE ZZ2ARE RECURSIVER Al
=

® HEE YLt RESULTE AIQIR HAE Fon 2iH

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
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THFS I AlA (2/3)

PROGRAM main

IMPLICIT NONE
PRINT *, fact(5)

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=*
END IF
END FUNCTION fact

END PROGRAM main

|
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TFS I AN (3/3)

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

n_fact = n fact * n
END IF
END SUBROUTINE factorial

END PROGRAM main

—
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»Keyword/Optional 91

=Keyword Ol

=Optional 2l

I
Lméﬁ’ ares st o Supercomputing Center 165

$Science and Technology Information



Keyword 21 (1/2]

<« 17 85 20 Keyword AlE JIS

READ(10,67,789) X, y, z

READ(UNIT=10,FMT=67,END=789) X, Y, Z

o OZAIX Q=0ll Keyword Al JIS
v Aklol Q¥ QL4 the(F77. F90)

v Keywordoil 2I3t 0\1—’?— th-&(F90)
@ TAIR QIEIHOIAE A ™ AR TS
® Keyword = QL& OIE"
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Keyword 2l (2/2)

SUBROUTINE axis(y0, yO, |, min, max, i)
REAL, INTENT(in) :: x0, yO, I, min, max
INTEGER, INTENT(in) :: |

END SUBROUTINE axis

M Kl THES
CALL axis(0.0, 0.0, 100.0, 0.1, 1.0, 10)

M Keyword T
CALL axis(0.0, 0.0, max=1.0, min=0.1, 1=100.0, i=10)
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Optional 2= (1/2)

« DA 0150 MEiN A1 Jis
v OPTIONALE AIQIR! Qe BAEOIM AR THs
v HRE Qe 32 EE Keyword THE
v BHAIE QIEEHOIAE TRIE EERAIMOIM THs
v' PRESENT(argument_name)

® optional QL4 AEH =AQl
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Optional 2= (2/2)

SUBROUTINE SEE(a, b)
IMPLICIT NONE
REAL, INTENT(in),
INTEGER, INTENT(in),
REAL :: ay; INTEGER :: bee
ay =1.0; bee=1

IF(PRESENT(2)) ay = a
IF(PRESNET(b)) bee = b

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

|
—
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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)

Language Reference, XL Fortran for AIX, Version 8 Release 1

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.

8. Walter S. Brainerd, Charls H. Goldberg, Jeanne C. Adams.
Programmers Guide to Fortran90 3rd edition. Springer. 1995.
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JIE K&
+ Helpdesk

v www.hpcnet.ne. kr
< ulFUE HIAIE

v webedu.hpcnet.ne. kr
* E-Malil

v' consult@supercomputing.re.kr
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