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e Parameterised derived types

— named scratch
— control of host
— mixed component ac
—  public entities of private
— renaming of defined ops
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Parameterised Derived Types



| ntroduction

 |In Fortran 90/95 the intrinsic types may be parameterised with :

kind type parameters for numeric types, e.g.

| NTEGER, PARAMETER :: wp=SELECTED REAL KI NIX 13)
REAL( KI ND=wp) :: arr
COVPLEX( KI ND=KI ND( 0D0) ) :: z

or LEN type parameters for character type, e.g.

CHARACTER( LEN=24) .+ ch
CHARACTER( KI ND=3, LEN=20) :: chl
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| ntroduction

In Fortran 2000 derived types can be parameterised with any number
of integer parameters which are KI ND or NONKI ND, e.g.

TYPE matri x(K, D)
| NTEGER, KIND :: K
| NTEGER, NONKIND :: D
REAL( KI ND=K) : : M D, D)
ENDTYPE

This allows declarations of the form,

TYPE( matrix(wp, 10) ) 1411
TYPE( matri x(K=wp, D=10) ):: nR
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Type Parameters

« Thedeclaration of the type parameters is mandatory

TYPE matri x(KI ND, DI M
INTEGER, KIND  :: KIND
| NTEGER, NONKIND :: DI M
REAL(KI ND=KI ND): : M DI M DI M
ENDTYPE

Note that In the above I1s redundant but is

required by the current draft!
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(Obvious!)Design

Parameterised derived types are designed,
asfar as possible, to behave like
parameterised intrinsic types
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KIND Type Parameters

* A kind type parameter may be used In
Initialization and specification expressions within
the derived-type definition

TYPE t hi ng(K, L, M

INTEGER, KIND :: K, L, M

| NTEGER(KI ND=K) :: arr(L,L,L)= M
ENDTYPE
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NONKIND Type Parameters

A nonkind type parameter may be used in specification
expressions within the derived-type definition for the type,
but it may not be used in initialization expressions.

TYPE box(K, L, M
| NTEGER, KIND :: K
| NTEGER, NONKIND :: L, M
REAL(KIND = M :: arr(L,L,L)
ENDTYPE )

Wrong!
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Default Type Parameters

® Defaultsfor intrinsic types are

— for REAL KI ND=KI ND( 0. 0)
— for | NTEGER KI ND=KI NDY 0)
— for CHARACTER  KI ND=KI ND(* A" ), LEN=1

* Notethat there are no defaultsfor derived type parameters,
S0, for mat ri x defined previoudly, ...

TYPE(matrix):: m!--- Conpilation Error!

|.e. parameters must be specified, e.g.

TYPE(matri x(wp,8)) :: m
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Generics

Asfor intrinsic types akind type
parameter participatesin generic
resolution

USE ex1

TYPE( bl ob( ki nd=KI ND(0. 0)) : : Al
TYPE( bl ob( ki nd=KI ND( 0. 0D0) ) : : A2

CALL sub(Al) !'-- calls specl
CALL sub(A2) !'-- calls spec2

MODULE ex1
TYPE bl ob(ki nd)
| NTEGER, KIND :: kind
REAL( KI ND=ki nd) :: A
ENDTYPE
| NTERFACE sub
MODULE PROCEDURE specl
MODULE PROCEDURE spec?2
ENDI NTERFACE
CONTAI NS
SUBROUTI NE specl1(D)

TYPE( bl ob( KI ND=KI ND( 0. 0)) : :

END SUBROUTI NE specl
SUBROUTI NE spec2(D)

TYPE( bl ob( KI ND=KI ND( 0D0) ) : :

END SUBROUTI NE spec?2
END MODULE exl1

D

D
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Example

If desired, a parameter used in a ﬁg‘—gl e)t;(ll :
e . . 0] en
specification expression can be declared | NTEGER KI ND : : | en
as KIND CHARACTER(LEN=l en):: C
ENDTYPE
USE ex1l | NTERFACE sub
o MODULE PROCEDURE specl
TYPE(bl ob(l en=1)):: Cl MODULE PROCEDURE spec?2
TYPE( o] Ob(| en:2) ) o C2 ENDI NTERFACE
o CONTAI NS
CALL sub(Cl) !-- calls specl SUBROUTI NE specl( D)
CALL sub(C2) !'-- calls spec2 TYPE( bl ob(LEN=1)):: D

END SUBROUTI NE specl
SUBROUTI NE spec2(D)
TYPE( bl ob(LEN=2)):: D

END SUBROUTI NE spec?2
END MODULE ex1
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Type parameter values

* |In general type parameters can be any scalar integer
expression (but KIND parameters must be known at

compile time)
 |naddition for NONKIND parameters they can be

— an asterisk(*) (to indicate an assumed value)

— acolon(:) (to indicate a deferred value)
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Assumed type parameter

Asfor intrinsic types an assumed type parameter (*) is anonkind type
parameter for adummy argument that assumes the type parameter
value from the corresponding actual argument.

TYPE bl ob( LEN) TYPE( bl ob(LEN=24)) :: A
| NTEGER, NONKIND :: LEN .
CHARACTER(LEN=LEN):: blib CALL subl(A)
ENDTYPE .
SUBRQOUTI NE subl1( D)

TYPE(bl ob(LEN=*)) :: D
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Deferred type parameters (by example)

TYPE bl ob( LEN)
| NTEGER, NONKIND :: LEN
REAL :: blib(LEN)
ENDTYPE

TYPE(bl ob(LEN=:)), ALLOCATABLE :: A
TYPE( bl ob(LEN=:)), PO NTER P

ALLOCATE( TYPE( bl ob( LEN=100)) :: A)

ALLOCATE( TYPE( bl ob(LEN=50)) :: P)

TYPE(mat ri x( KI ND( 0. 0DO) , m = 10 n =20):: a

TYPE(mat ri x( KI ND( 0. 0DO) , m =: =:), ALLOCATABLE :: b,c
ALLOCATE( b, SOURCE=a)

ALLOCATE( c, SOURCE=a)

ALLOCATE( TYPE(matri x(KIND(0.0DO), m = 10,n = 20)):: b,c )
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Parameters in derived type constructors

TYPE general point (kind, di m
| NTEGER, KIND :: kind
| NTEGER, NONKIND :: dim
REAL( KI ND=ki nd) :: coordi nates(dim
ENDTYPE

TYPE(general point(wp,3)) :: P

P = general _poi nt (ki nd=wp, di m=3) &
(coordinates=[1.,2.,3.] )

New parameter spec. New keyword spec.
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Type Parameter Inquiry

type-param-inquiry  is designator % type-param-name

TYPE(general poi nt (KIND=wp,dinm=3)) :: P
Pki nd = P%I ND I Has val ue of 1
Pdim = P%li m | Has val ue of 3

Note: Inquiry has same syntax as a structure component reference but
has different semantics

Note: For consistency, inquiry syntax can be used with intrinsic types

AMKIND !'-- Ais real. Sanme val ue as KI ND( A)
S%en !-- Sis character. Sane val ue as LEN(S)
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Type Parameter Inquiry

* Note that the inquiry syntax isnot the same as
component selection

e EQ. P% i mcould not appear on the
LHS of an assignment statement
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gnative proposal
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Visibility

e Type parameters are not components...

e ... but, when viewed that way, they are effectively
always public

|.e. they are always visible whenever an object of
the typeisvisible
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Derived Type /O
(DTIO)



Overview

o User -defined DTIO procedures allow a
program to override the default handling of
derived type objects and valuesin |/O

statements.
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Example

USE Exanple nodule ! On next slide
TYPE(array) :: arr

WRl TE(UNI T=1, FMr= "( DT string' (10,3) )" ) arr

Edit descriptor Valuelist or v-list

Descriptive string (optional)
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Example module

MODULE Exanpl e _nodul e
TYPE array
REAL :: A(10, 10)
ENDTYPE
| NTERFACE WRI TE( FORMATTED)
MODULE PROCEDURE ny write formatted
END | NTERFACE
CONTAI NS
SUBROUTINE nmy wite formatted &
(dtv,unit,iotype,v_list,iostat,ionsQ)

END SUBROUTINE ny write_formatted
END MODULE Exanpl e _nodul e
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Specific subroutine characteristics

SUBROUTINE ny wite formatted &
(dtv,unit,iotype,v list,iostat,ionsQ)

TYPE(array), |INTENT(IN) ;o dtv

| NTEGER, | NTENT( | N) coounit
CHARACTER(LEN=*), | NTENT(I N) .. lotype

| NTEGER, | NTENT( I N) v _list(:)
| NTEGER, | NTENT( OUT) ;. 1 ostat
CHARACTER(LEN=*), | NTENT(I NOUT) :: ionsg

END SUBROUTINE ny wite formatted

Note that the specific names used are arbitrary
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Definition of arguments

SUBRCQUTI NE ny wite formatted &
(dtv,unit,iotype,v_|ist,iostat,ionsg)

dtv derived type variable (used for generic resolution)

uni t unit number in V\RI TE/ PRI NT statement
or (if UNI T=*) samevalueas OUTPUT _UNI T
or (if internal file) negative value

| ot ype "LI STDI RECTED" or "NAMELI ST or DT//"..."
v_|ist (/ list of integer values /)

| ost at valueto bereturned in | OSTAT= variable

| onBg explanatory message
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| SO FORTRAN ENV

e Thisintrinsic module provides:

| NPUT_UNI T processor-dependent pre-connected

external unit as identified by an
asterisk in a READ statement
QUTPUT _UNI T

ERROR UNI T
| OSTAT _END
| OSTAT ECR

Fortran 2002 Data Abstraction
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In general...

The | NTERFACE statement is extended to include...

| NTERFACE READ( FORVATTED)

| NTERFACE READ( UNFORMATTED)

| NTERFACE WRI TE( FORVATTED)

| NTERFACE V\RI TE( UNFORMATTED)

... With corresponding characteristics for specific subroutines, e.g.

SUBROUTI NE ny read formatted(...)
SUBROUTI NE nmy_read _unformatted(...)
SUBROUTINE ny wite formatted(...)
SUBROUTINE my write unformatted(...)

Note again: specific names are arbitrary
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Interpretation of DTIO

The effect of executing the user-defined derived-type input/output
procedureis similar to that of substituting the list items from any child data
transfer statements into the parent data transfer statement’ s list items,

along with similar substitutions in the format specification.

WRI TE(*, FMI=' (2F10. 3, DT' poi nt' (8,2),F10.3)') a, b, pointl, c

Equivalent to:

WRI TE(*, FMI=' ( 2F10. 3, 2F8. 2, F10.3)') a, b, point1%, point1%, c

Fortran 2002 Data Abstraction 30



Exampleof ny wite formatted...

SUBROUTINE ny wite formatted &
(dtv,unit,iotype,v_list,iostat,ionsQ)

TYPE(array), |NTENT(IN) co dtv

| NTEGER, | NTENT( I N) coounit
CHARACTER(LEN=*), | NTENT(I N) .. 1otype

| NTEGER, | NTENT( I N) coov_list(:)
| NTEGER, | NTENT( OUT) . lostat
CHARACTER(LEN=*), | NTENT(I NOUT) :: ionsg

I Mani pul ations to extract v_Ilist values
' And construct a format (F8.2)

WRI TE(UNI T=uni t, FMT=. . .) dt v, dtv%

END SUBROUTINE ny_write formatted \m
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DTIO

Note that the procedures defining DTIO can aso be bound

to an object (see later talk?)

TYPE sonet hi ng
REAL :: hei ght
CHARACTER( LEN=20) :: nane
CONTAI NS
GENERI C :: READ(FORVATTED) => ny_r f

GENERI C :: WRI TE( FORVMATTED) => ny_w f
ENDTYPE sonet hi ng

ny r f andmnmy w f must be module procedures
or external procedures with explicit interfaces

Fortran 2002 Data Abstraction
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Other 1/0O Enhancements



Asynchronous I/O



Asynchronous I/O

ASYNCHRONOUS= on OPEN and READVWRI TE

VWAI T statement
| D= on READIVWRI TE, I NQUI RE, WAI'T

ASYNCHRONQUS attribute and statement

PENDI NG= on | NQUI RE
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Example 1

REAL .. arr(large)

.(J.D.EN( UNI T=10, ASYNCHRONOUS=" YES' )

ﬁEAEKlo, ASYNCHRONOQUS="' YES' ) arr

;::.dee executed while I/Ois pending... >

WAIT(10) ! Term nates pendi ng operation

Fortran 2002 Data Abstraction 36



Example 2 (I D=)

REAL .. arrl(large),arr2(large)
| NTEGER :: asyncl, async?2

OPEN( UNI T=10, ASYNCHRONOUS=' YES' )

READ( 10, ASYNCHRONOUS=' YES', | D=asyncl) arrl
.<::.Code executed while I/Ois pending... >
READ( 10, ASYNCHRONOUS=' YES', | D=async2) arr2
.<::.Code executed while I/Ois pending... >
V\AI T(10, | D=asyncl) ! Term nates pendi ng operation

WAI T( 10, | D=async2) ! Term nates pendi ng operation
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Asynchronous |/O

Not permitted with DTIO (possible, but J3's collective brain
hurt when trying to deal with the complications!)

A variableisan affector If any part of it is associated with
any part of an item in an |/O list of a pending asynchronous
operation

While an asynchronous |/O operation is pending an affector
IS not permitted to be redefined

ASYNCHRONQUS attribute and statement

— Warns compiler that some code motions across WAl T statements
might lead to incorrect results
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Stream 1/O



Background

A fileis composed of either a sequence of file storage unitsor a
sequence of records, which provide an extralevel of organization to
thefile.

A file composed of recordsis called a record file.

A file composed of file storage unitsis called a Streamfile.

A processor may allow afile to be viewed both as arecord fileand as a
stream file; in this case the relationship between the file storage units
when viewed as a stream file and the records when viewed as arecord
fileis processor dependent.
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Background

A file storage unit is the basic unit of storage in astream file or an
unformatted record file.

It isthe unit of file position for stream access, the unit of record length
for unformatted files and the unit of file size for all external files

Every value in astream file shall occupy an integer number of file
storage units.

It is recommended that the file storage unit be an 8-bit octet wherethis
choiceis practical
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Facilities 1

Stream 1/O access treats a data file as a continuous sequence of file
storage units (usually bytes), addressable by a positive integer starting
from 1.

A stream |/O fileis opened, e.g.
OPEN(..., ACCESS=' STREAM, ...)

A stream file can be positioned to a byte address, e.g.
READ( . .., POS=<i nteger>,...)

Fortran 2002 Data Abstraction
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Facilities 2
I nquiries can be made, e.g.

| NQUI RE( . . . , STREAME character
character canbe' YES' | ' NO | " UNKNO/W .

(Indicates availability of file for stream access)

| NQUI RE(. .., ACCESS= character
character canbe ' STREAM | ' SEQUENTI AL' | ' DI RECT' | ' UNDEFI NED

| NQUI RE( . . ., POS= integer)
Integer is number of the file storage unit immediately following the current
position

| NQUI RE( | OLENGTH= integer ) <output-item-list>
Integer isthe number of file storage units required to store the output data
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Example

Stream /O can be very useful when interoperating
with files created or read by C programs, as is shown
In the following example...
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Fortran 2k programreads files
created by Cfwite()
program r eader
I nteger:: a(1024), i, result
open(file="test", unit=8, &
access="streanl, &
form="unf ormatt ed")
I read all of a
read(8) a
: ; doi = 1,1024
C programwites to a file : : ,
#i ncl ude <stdi o. h> |f.(a(L)l.ne. "1), I
int bin_data[ 1024] : gg' [ U
/|*Create a file with 1024 32-bit integers*/ len 0 :
int main(voi d) ! regd the file backward
{lntl d0|=1024,1,-.1
FI LE *% _ read(8, pos=(i-1)*4+1) result
IR . . . : if (result .ne. i-1)then
for (i =0; i < 1024; ++i) bin_data[i] =1i; ' : . L
fp = fopen("test", "W'); gF;”t ,  €rror at =, |
fwite(bin data, sizeof(bin data), 1, fp): endi
fcl ose(fp); Sele
) cl ose( 8)
end program r eader
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Miscellaneous



Control of Rounding in I/O



Control of Rounding in |/O

ROUND= specifier on OPEN statement

UP, DOV, ZERO NEAREST, COVPATI BLE,
PROCESSOR _DEFI NED

Override with ROUND= in READ/V\RI TE

Rounding mode may be changed temporarily with RU, RD,
RZ, RN, RC and RP edit descriptors
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Access to Input/output error messages.



Access to Input/output error messages.

o | OVBG= specifier

o |dentifies ascaar CHARACTER variable into which the
processor places a message if an error, end-of-file, or end-

of-record condition occurs

e Available with OPEN, CLOSE, READ, WRI TE
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Access to Host Environment



Intrinsics provided

GET_COMVAND ([ COMMAND, LENGTH, STATUS])

COMVAND ARGUVENT _COUNT ()

GET_COVMAND ARGUMENT (NUMBER [, VALUE, LENGTH, STATUS])

GET_ENVI RONVENT_VARI ABLE ( NAME [, VALUE, LENGTH, STATUS, TRI M_NAME])

Fortran 2002 Data Abstraction 52



GET COMMAND

SUBROUTI NE GET_COVMAND ([ COVWMAND, LENGTH, STATUS])
CHARACTER( LEN=*), OPTI ONAL, | NTENT(OUT) :: COVMAND
| NTEGER, OPTI ONAL, | NTENT(OUT)  :: LENGTH
| NTEGER, OPTI ONAL, | NTENT(OUT) :: STATUS

COMVAND entire command by which the program was invoked (character)
If the command cannot be determined, it is assigned all blanks.

LENGTH length of the command by which the program was invoked.
If the command length cannot be determined, alength of 0O isassigned.

STATUS -1 if the COMMAND argument is present and has a length less than the
significant length of the command.

It is assigned a processor-dependent positive value if the command
retrieval fails. Otherwise it is assigned the value O

Fortran 2002 Data Abstraction



SUBROUTI NE GET_COMMAND ARGUMENT (NUMBER [, VALUE, LENGTH,
STATUS] )

NUVMBER the number of the command argument that the other arguments give information about.

Useful values of NUMBER are those between O and the argument count returned by the
COMVAND _ ARGUMENT _COUNT intrinsic.

VALUE thevaue of the command argument specified by NUVBER(character)

LENGTH the significant length of the command argument specified by NUVBER.
If the command argument length cannot be determined, alength of O is assigned

STATUS Itisassigned thevaue - 1 if the VALUE argument is present and has a length less than the
significant length of the command argument specified by NUVBER. It is assigned a

processor-dependent positive value if the argument retrieval fails. Otherwise it is
assigned the value 0
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Example
Program echo
| nteger :: |

character :: commmand*32, arg*128

call get conmand_argunent (0, conmand)

wite (*,*) "Programnane is: ", conmmand
doi =1, command_argunent count ()

call get command_argunent (i, arg)

wite (*,*) "Argunent ", i, " 1s ", arg
end do

end program echo
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GET_ENVI RONVENT_VARI ABLE (NAME [, VALUE, LENGTH, STATUS, TR M NAME])

NANVE name of environment variable

VALUE value of environment variable (character)
LENGTH length of value (integer)

STATUS success or failure (integer)

TRI M_NAME significance of trailing blanksin NAME (logical)
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International Usage



Character sets

« SELECTED CHAR KI ND( name)

— returns the kind value of the character set specified by
nane as adefault integer (-1 if not supported)

— nane IS scalar of type default character which has one

of the values.
DEFAULT ASCI I |1 SO 10646
(1SO 10646 isthe standard for 4 byte characters)

o Characters added to Fortran character set
~\V [ ] "} #@
e Only[ and ] for array constructor are used in the
Fortran syntax
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Decimal point representation

Specify when opening afile
OPEN( UNI T=10, DECI MAL= ' COMVA' )
OPEN(UNI T=11, DECIMAL= 'PO NT') ! the default

Can be overridden with
READ( UNI T=10, ... DECI MAL= ' PO NT'...)
VWRI TE(UNI T=11, ... DECI MAL= ' COWA' .. .)

| ntended for use in countries where decimal numbers are
usually written with commas instead of decimal points

E.g. 321,123 insteadof 321.123
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Summary
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Slides available as PDF at :

http://www.liv.ac.uk/~qg42/BCSSeminar/f2ktalk.ntm
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