
Appendix A
Glossary

This appendix is based on the terms and definitions chapter in the standard. Refer-
ences are to the standard.
Actual argument entity (R1524) that appears in a procedure reference
Allocatable having the ALLOCATABLE attribute (8.5.3)
Array set of scalar data, all of the same type and type parameters, whose individual
elements are arranged in a rectangular pattern (8.5.8, 9.5)

Array element scalar individual element of an array
Array pointer array with the POINTER attribute (8.5.14)
Array section array subobject designated by array-section, and which is itself

an array (9.5.3.3)
Assumed-shape array nonallocatable nonpointer dummyargument array that

takes its shape from its effective argument (8.5.8.3)
Assumed-size array dummy argument array whose size is assumed from that

of its effective argument (8.5.8.5)
Deferred-shape array allocatable array or array pointer, declared with a

deferred-shape-spec-list (8.5.8.4)
Explicit-shape array array declared with an explicit-shape-spec-list, which

specifies explicit values for the bounds in each dimension of the array (8.5.8.2)

ASCII character character whose representation method corresponds to ISO/IEC
646:1991 (International Reference Version)
Associate name name of construct entity associated with a selector of an ASSO-
CIATE, CHANGE TEAM, SELECT RANK, or SELECT TYPE construct (11.1.3,
11.1.5, 11.1.10, 11.1.11)
Associating entity ‘in a dynamically-established association’ the entity that did not
exist prior to the establishment of the association (19.5.5)
Association inheritance association, nameassociation, pointer association, or storage
association.

Argument association association between an effective argument
and a dummy argument
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822 Appendix A: Glossary

Construct association association between a selector and an associate name
in an ASSOCIATE, CHANGE TEAM, SELECT RANK, or SELECT TYPE
construct (11.1.3, 11.1.5, 11.1.10, 11.1.11, 19.5.1.6)

Host association name association, other than argument association, between
entities in a submodule or contained scoping unit and entities in its host
(19.5.1.4)

Inheritance association association between the inherited components of an
extended type and the components of its parent component (19.5.4)

Linkage association association between a variable or common block with
the BIND attribute and a C global variable (18.9, 19.5.1.5)

Name association argument association, construct association, host associa-
tion, linkage association, or use association (19.5.1)

Pointer association association between a pointer and an entity with the TAR-
GET attribute (19.5.2)

Storage association association between storage sequences (19.5.3)
Use association association between entities in a module and entities in a

scoping unit or construct that references that module, as specified by a USE
statement (14.2.2)

Assumed-rank dummy data object dummy data object that assumes the rank,
shape, and size of its effective argument (8.5.8.7)
Assumed-type declared with a TYPE(*) type specifier (7.3.2)
Attribute property of an entity that determines its uses (8.1)
Automatic data object nondummy data object with a type parameter or array bound
that depends on the value of a specification-expr that is not a constant expression
(8.3)
Base object ‘data-ref’ object designated by the leftmost part-name (9.4.2)
Binding type-bound procedure or final subroutine (7.5.5)
Binding name name given to a specific or generic type-bound procedure in the type
definition (7.5.5)
Binding label default character value specifying the name by which a global entity
with the BIND attribute is known to the companion processor (18.10.2, 18.9.2)
Block sequence of executable constructs formed by the syntactic class block and
which is treated as a unit by the executable constructs described in 11.1
Bound array bound limit of a dimension of an array (8.5.8)
Branch target statement action-stmt, associate-stmt, end-associate-stmt,
if-then-stmt, end-if-stmt, select-case-stmt, end-select-stmt, selectrank-stmt, end-
select-rank-stmt, select-type-stmt, end-select-type-stmt, do-stmt,
end-do-stmt, block-stmt, endblock-stmt, critical-stmt, end-critical-stmt,
forall-construct-stmt, where-construct-stmt, end-function-stmt,
end-mp-subprogram-stmt, end-program-stmt, or end-subroutine-stmt.
C address value identifying the location of a data object or procedure either defined
by the companion processor orwhichmight be accessible to the companion processor
NOTE 3.1 This is the concept that ISO/IEC 9899:2011 calls the address.
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C descriptor C structure of type CFI_cdesc_t defined in the source file
ISO_Fortran_binding.h (18.4, 18.5)
Character context within a character literal constant (7.4.4) or within a character
string edit descriptor (13.3.2)
Characteristics ‘dummy argument’ being a dummy data object, dummy procedure,
or an asterisk (alternate return indicator)
Characteristics ‘dummy data object’ properties listed in 15.3.2.2
Characteristics ‘dummy procedure or dummy procedure pointer’ properties listed
in 15.3.2.3
Characteristics ‘function result’ properties listed in 15.3.3
Characteristics ‘procedure’ properties listed in 15.3.1
Coarray data entity that has nonzero corank (5.4.7)

Established coarray coarray that is accessible using an image-selector (5.4.8)

Cobound bound (limit) of a codimension (8.5.6)
Codimension dimension of the pattern formed by a set of corresponding coarrays
(8.5.6)
Coindexed object data object whose designator includes an image-selector (R924,
9.6)
Collating sequence one-to-one mapping from a character set into the nonnegative
integers (7.4.4.4)
Common block block of physical storage specified by a COMMON statement
(8.10.2)

Blank common unnamed common block

Companion processor processor-dependent mechanism by which global data and
procedures may be referenced or defined (5.5.7)
Component part of a derived type, or of an object of derived type, defined by a
component-def-stmt (7.5.4)

Direct component one of the components, or one of the direct components of
a nonpointer nonallocatable component (7.5.1)

Parent component component of an extended type whose type is that of the
parent type and whose components are inheritance associated with the inher-
ited components of the parent type (7.5.7.2)

Potential subobject component nonpointer component, or potential subob-
ject component of a nonpointer component (7.5.1)

Subcomponent ‘structure’ direct component that is a subobject of the structure
(9.4.2)

Ultimate component component that is of intrinsic type, a pointer, or allocat-
able; or an ultimate component of a nonpointer nonallocatable component of
derived type

Component order ordering of the nonparent components of a derived type that is
used for intrinsic formatted input/output and structure constructors (where compo-
nent keywords are not used) (7.5.4.7)
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Conformable ‘of two data entities’ having the same shape, or one being an array
and the other being scalar
Connected relationship between a unit and a file: each is connected if and only if
the unit refers to the file (12.5.4)
Constant data object that has a value and which cannot be defined, redefined, or
become undefined during execution of a program (6.2.3, 9.3)

Literal constant constant that does not have a name (R605, 7.4)
Named constant named data object with the PARAMETER attribute (8.5.13)

Construct entity entity whose identifier has the scope of a construct (19.1, 19.4)
Constant expression expression satisfying the requirements specified in 10.1.12,
thus ensuring that its value is constant
Contiguous ‘array’ having array elements in order that are not separated by other
data objects, as specified in 8.5.7
Contiguous ‘multi-part data object’ that the parts in order are not separated by other
data objects
Corank number of codimensions of a coarray (zero for objects that are not coarrays)
(8.5.6)
Cosubscript (R925) scalar integer expression in an image-selector (R924)
Data entity data object, result of the evaluation of an expression, or the result of the
execution of a function reference
Data object object constant, variable, or subobject of a constant
Decimal symbol character that separates thewhole and fractional parts in the decimal
representation of a real number in a file (13.6)
Declaration specification of attributes for various program entities NOTE 3.2 Often
this involves specifying the type of a named data object or specifying the shape of a
named array object.
Default initialization mechanism for automatically initializing pointer components
to have a defined pointer association status, and nonpointer components to have a
particular value (7.5.4.6)
Default-initialized ‘subcomponent’ subject to a default initialization specified in the
type definition for that component (7.5.4.6)
Definable capable of definition and permitted to become defined
Defined ‘data object’ has a valid value
Defined ‘pointer’ has a pointer association status of associated or disassociated
(19.5.2.2)
Defined assignment assignment defined by a procedure (10.2.1.4, 15.4.3.4.3)
Defined input/output input/output defined by a procedure and accessed via a
defined-io-generic-spec (R1509, 12.6.4.8)
Defined operation operation defined by a procedure (10.1.6.1, 15.4.3.4.2)
Definition ‘data object’ process by which the data object becomes defined (19.6.5)
Definition ‘derived type (7.5.2), enumeration (7.6), or procedure (15.6)’ specification
of the type, enumeration, or procedure
Descendant ‘module or submodule’ submodule that extends that module or sub-
module or that extends another descendant thereof (14.2.3)
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Designator name followed by zero ormore component selectors, complex part selec-
tors, array section selectors, array element selectors, image selectors, and substring
selectors (9.1)

Complex part designator designator that designates the real or imaginary
part of a complex data object, independently of the other part (9.4.4)

Object designator data object designator designator for a data object NOTE
3.3 An object name is a special case of an object designator.

Procedure designator designator for a procedure

Disassociated ‘pointer association’ pointer association status of not being associated
with any target and not being undefined (19.5.2.2)
Disassociated ‘pointer’ has a pointer association status of disassociated
Dummy argument entity whose identifier appears in a dummy argument list in a
FUNCTION, SUBROUTINE, ENTRY, or statement function statement, or whose
name can be used as an argument keyword in a reference to an intrinsic procedure
or a procedure in an intrinsic module

Dummy data object dummy argument that is a data object
Dummy function dummy procedure that is a function

Effective argument entity that is argument-associated with a dummy argument
(15.5.2.3)
Effective item scalar object resulting from the application of the rules in 12.6.3 to
an input/output list
Elemental independent scalar application of an action or operation to elements of
an array or corresponding elements of a set of conformable arrays and scalars, or
possessing the capability of elemental operation NOTE 3.4 Combination of scalar
and array operands or arguments combine the scalar operand(s) with each element
of the array operand(s).

Elemental assignment assignment that operates elementally
Elemental operation operation that operates elementally
Elemental operator operator in an elemental operation
Elemental procedure elemental intrinsic procedure or procedure defined by

an elemental subprogram (15.8)
Elemental reference reference to an elemental procedure with at least one

array actual argument
Elemental subprogram subprogram with the ELEMENTAL prefix (15.8.1)

ENDstatement end-block-data-stmt, end-function-stmt, end-module-stmt, end-mp-
subprogram-stmt, end-program-stmt, end-submodule-stmt, or end-subroutine-stmt
Explicit initialization initialization of a data object by a specification statement (8.4,
8.6.7)
Extent number of elements in a single dimension of an array
External file file that exists in a medium external to the program (12.3)
External unit external input/output unit entity that can be connected to an external
file (12.5.3, 12.5.4)
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File storage unit unit of storage in a stream file or an unformatted record file (12.3.5)
Final subroutine subroutine whose name appears in a FINAL statement (7.5.6) in
a type definition, and which can be automatically invoked by the processor when an
object of that type is finalized (7.5.6.2)
Finalizable ‘type’ has a final subroutine or a nonpointer nonallocatable component
of finalizable type
Finalizable ‘nonpointer data entity’ of finalizable type
Finalization process of calling final subroutines when one of the events listed in
7.5.6.3 occurs
Function procedure that is invoked by an expression
Function result entity that returns the value of a function (15.6.2.2)
Generic identifier lexical token that identifies a generic set of procedures, intrinsic
operations, and/or intrinsic assignments (15.4.3.4.1)
Host instance ‘internal procedure, or dummy procedure or procedure pointer asso-
ciated with an internal procedure’ instance of the host procedure that supplies the
host environment of the internal procedure (15.6.2.4)
Host scoping unit host scoping unit immediately surrounding another scoping unit,
or the scoping unit extended by a submodule
IEEE infinity ISO/IEC/IEEE 60559:2011 conformant infinite floating-point value
IEEE NaN ISO/IEC/IEEE 60559:2011 conformant floating-point datum that does
not represent a number
Image instance of a Fortran program (5.3.4)

Active image image that has not failed or stopped (5.3.6)
Failed image image that has not initiated termination but which has ceased to

participate in program execution (5.3.6)
Stopped image image that has initiated normal termination (5.3.6)

Image index integer value identifying an image within a team
Image control statement statement that affects the execution ordering between
images (11.6)
Inclusive scope nonblock scoping unit plus every block scoping unit whose host is
that scoping unit or that is nested within such a block scoping unit NOTE 3.5 That
is, inclusive scope is the scope as if BLOCK constructs were not scoping units.
Inherit ‘extended type’ acquire entities (components, type-bound procedures, and
type parameters) through type extension from the parent type (7.5.7.2)
Inquiry function intrinsic function, or function in an intrinsic module, whose result
depends on the properties of one or more of its arguments instead of their values
Interface ‘procedure’ name, procedure characteristics, dummy argument names,
binding label, and generic identifiers (15.4.1)

Abstract interface set of procedure characteristics with dummy argument
names (15.4.1)

Explicit interface interface of a procedure that includes all the characteristics
of the procedure and names for its dummy arguments except for asterisk
dummy arguments (15.4.2)
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Generic interface set of procedure interfaces identified by a generic identifier
Implicit interface interface of a procedure that is not an explicit interface

(15.4.2, 15.4.3.8)
Specific interface interface identified by a nongeneric name

Interface block abstract interface block, generic interface block, or specific interface
block (15.4.3.2)

Abstract interface block interface block with the ABSTRACT keyword; col-
lection of interface bodies that specify named abstract interfaces

Generic interface block interface block with a generic-spec; collection of
interface bodies and procedure statements that are to be given that generic
identifier

Specific interface block interface block with no generic-spec or ABSTRACT
keyword; collection of interface bodies that specify the interfaces of proce-
dures

Interoperable ‘Fortran entity’ equivalent to an entity defined by or definable by the
companion processor (18.3)
Intrinsic type, procedure, module, assignment, operator, or input/output operation
defined in this document and accessible without further definition or specification,
or a procedure or module provided by a processor but not defined in this document

Standard intrinsic ‘procedure or module’ defined in this document (16)
Nonstandard intrinsic ‘procedure or module’ provided by a processor but

not defined in this document

Internal file character variable that is connected to an internal unit (12.4)
Internal unit input/output unit that is connected to an internal file (12.5.4)
ISO 10646 character character whose representation method corresponds to UCS-4
in ISO/IEC 10646
Keyword statement keyword, argument keyword, type parameter keyword, or com-
ponent keyword

Argument keyword word that identifies the corresponding dummy argument
in an actual argument list (15.5.2.1)

Component keyword word that identifies a component in a structure con-
structor (7.5.10)

Statement keyword word that is part of the syntax of a statement (5.5.2)
Type parameter keyword word that identifies a type parameter in a type

parameter list

Lexical token keyword, name, literal constant other than a complex literal constant,
operator, label, delimiter, comma, =, =>, :, ::, ;, or % (6.2)
Line sequence of zero or more characters
Main program program unit that is not a subprogram, module, submodule, or block
data program unit (14.1)
Masked array assignment assignment statement in a WHERE statement or
WHERE construct
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Module program unit containing (or accessing from other modules) definitions that
are to be made accessible to other program units (14.2)
Name identifier of a program constituent, formed according to the rules given in
6.2.2
NaN Not a Number, a symbolic floating-point datum (ISO/IEC/IEEE 60559:2011)
Operand data value that is the subject of an operator
Operator intrinsic-operator, defined-unary-op, or defined-binary-op (R608, R1003,
R1023)
Passed-object dummy argument dummy argument of a type-bound procedure or
procedure pointer component that becomes associated with the object through which
the procedure is invoked (7.5.4.5)
Pointer data pointer or procedure pointer

Data pointer data entity with the POINTER attribute (8.5.14)
Procedure pointer procedure with the EXTERNAL and POINTER attributes

(8.5.9, 8.5.14)
Local procedure pointer procedure pointer that is part of a local variable, or

a named procedure pointer that is not a dummy argument or accessed by use
or host association

Pointer assignment association of a pointer with a target, by execution of a pointer
assignment statement (10.2.2) or an intrinsic assignment statement (10.2.1.2) for a
derived-type object that has the pointer as a subobject
Polymorphic ‘data entity’ able to be of differing dynamic types during program
execution (7.3.2.3)
Preconnected ‘file or unit’ connected at the beginning of execution of the program
(12.5.5)
Procedure entity encapsulating an arbitrary sequence of actions that can be invoked
directly during program execution

Dummy procedure procedure that is a dummy argument (15.2.2.3)
External procedure procedure defined by an external subprogram (R503) or

by means other than Fortran (15.6.3)
Internal procedure procedure defined by an internal subprogram (R512)
Module procedure procedure defined by a module subprogram, or a proce-

dure provided by an intrinsic module (R1408)
Pure procedure procedure declared or defined to be pure (15.7)
Type-bound procedure procedure that is bound to a derived type and refer-

enced via an object of that type (7.5.5)

Processor combination of a computing system and mechanism by which programs
are transformed for use on that computing system
Processor dependent not completely specified in this document, having methods
and semantics determined by the processor
Program set of Fortran program units and entities defined by means other than
Fortran that includes exactly one main program
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Program unit main program, external subprogram, module, submodule, or block
data program unit (5.2.1)
Rank number of array dimensions of a data entity (zero for a scalar entity)
Record sequence of values or characters in a file (12.2)
Record file file composed of a sequence of records (12.1)
Reference data object reference, procedure reference, or module reference

Data object reference appearance of a data object designator (9.1) in a context
requiring its value at that point during execution

Function reference appearance of the procedure designator for a function, or
operator symbol for a defined operation, in a context requiring execution of
the function during expression evaluation (15.5.3)

Module reference appearance of a module name in a USE statement (14.2.2)
Procedure reference appearance of a procedure designator, operator symbol,

or assignment symbol in a context requiring execution of the procedure at
that point during execution; or occurrence of defined input/output (13.7.6) or
derived-type finalization (7.5.6.2)

Saved having the SAVE attribute (8.5.16)
Scalar data entity that can be represented by a single value of the type and that is
not an array (9.5)
Scoping unit BLOCK construct, derived-type definition, interface body, program
unit, or subprogram, excluding all nested scoping units in it

Block scoping unit scoping unit of a BLOCK construct

Sequence set of elements ordered by a one-to-one correspondence with the numbers
1, 2, to n
Sequence structure scalar data object of a sequence type (7.5.2.3)
Sequence type derived type with the SEQUENCE attribute (7.5.2.3)

Character sequence type sequence type with no allocatable or pointer com-
ponents, and whose components are all default character or of another char-
acter sequence type

Numeric sequence type sequence type with no allocatable or pointer compo-
nents, and whose components are all default complex, default integer, default
logical, default real, double precision real, or of another numeric sequence
type

Shape array dimensionality of a data entity, represented as a rank-one array whose
size is the rank of the data entity and whose elements are the extents of the data entity
NOTE 3.6 Thus the shape of a scalar data entity is an array with rank one and size
zero.
Simply contiguous ‘array designator or variable’ satisfying the conditions specified
in 9.5.4 NOTE 3.7 These conditions are simple ones which make it clear that the
designator or variable designates a contiguous array.
Size ‘array’ total number of elements in the array
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Specification expression expression satisfying the requirements specified in 10.1.11,
thus being suitable for use in specifications
Specific name name that is not a generic name
Standard-conforming program program that uses only those forms and relation-
ships described in, and has an interpretation according to, this document
Statement sequence of one or more complete or partial lines satisfying a syntax rule
that ends in -stmt (6.3)

Executable statement end-function-stmt, end-mp-subprogram-stmt,
end-program-stmt, end-subroutine-stmt, or statement that is a member of the
syntactic class executable-construct, excluding those in theblock-specification-
part of a BLOCK construct

Nonexecutable statement statement that is not an executable statement

“aStatement entity entity whose identifier has the scope of a statement or part of
a statement (19.1, 19.4)
Statement label label unsigned positive number of up to five digits that refers to an
individual statement (6.2.5)
Storage sequence contiguous sequence of storage units (19.5.3.2)
Storage unit character storage unit, numeric storage unit, file storage unit, or unspec-
ified storage unit (19.5.3.2)

Character storage unit unit of storage that holds a default character value
(19.5.3.2)

Numeric storage unit unit of storage that holds a default real, default integer,
or default logical value (19.5.3.2)

Unspecified storage unit unit of storage that holds a value that is not default
character, default real, double precision real, default logical, or default com-
plex (19.5.3.2)

Stream file file composed of a sequence of file storage units (12.1)
Structure scalar data object of derived type (7.5)

Structure component component of a structure
Structure constructor syntax (structure-constructor, 7.5.10) that specifies a

structure value or creates such a value

Submodule program unit that extends a module or another submodule (14.2.3)
Subobject portion of data object that can be referenced, and if it is a variable defined,
independently of any other portion
Subprogram function-subprogram (R1529) or subroutine-subprogram (R1534)

External subprogram subprogram that is not contained in a main program,
module, submodule, or another subprogram

Internal subprogram subprogram that is contained in a main program or
another subprogram

Module subprogram subprogram that is contained in a module or submodule
but is not an internal subprogram
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Subroutine procedure invoked by a CALL statement, by defined assignment, or by
some operations on derived-type entities

Atomic subroutine intrinsic subroutine that performs an action on its ATOM
argument atomically

Collective subroutine intrinsic subroutine that performs a calculation on a
team of images without requiring synchronization

Target entity that is pointer associated with a pointer (19.5.2.2), entity on the right-
hand-side of a pointer assignment statement (R1033), or entity with the TARGET
attribute (8.5.17)
Team ordered set of images created by execution of a FORM TEAM statement, or
the initial ordered set of all images

Current team team specified by themost recently executed CHANGETEAM
statement of a CHANGE TEAM construct that has not completed execution
(11.1.5), or initial team if no CHANGE TEAM construct is being executed

Initial team team existing at the beginning of program execution, consisting
of all images

Parent team ‘team except for initial team’ current team at time of execution
of the FORM TEAM statement that created the team (11.6.9)

Team number -1 which identifies the initial team, or positive integer that
identifies a team within its parent team

Transformational function intrinsic function, or function in an intrinsic module,
that is neither elemental nor an inquiry function
Type data type named category of data characterized by a set of values, a syntax
for denoting these values, and a set of operations that interpret and manipulate the
values (7.1)

Abstract type type with the ABSTRACT attribute (7.5.7.1)
Declared type type that a data entity is declared to have, either explicitly or

implicitly (7.3.2, 10.1.9)
Derived type type defined by a type definition (7.5) or by an intrinsic module
Dynamic type type of a data entity at a particular point during execution of a

program (7.3.2.3, 10.1.9)
Extended type type with the EXTENDS attribute (7.5.7.1)
Extensible type type that may be extended using the EXTENDS clause

(7.5.7.1)
Extension type ‘of one type with respect to another’ is the same type or is an

extended type whose parent type is an extension type of the other type
Intrinsic type type defined by this document that is always accessible (7.4)
Numeric type one of the types integer, real, and complex
Parent type ‘extended type’ type named in the EXTENDS clause
Type compatible compatibility of the type of one entitywith respect to another

for purposes such as argument association, pointer association, and allocation
(7.3.2)
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Type parameter value used to parameterize a type (7.2)
Assumed type parameter length type parameter that assumes the type param-

eter value from another entity NOTE 3.8 The other entity is the selector for
an associate name, the constant-expr for a named constant of type character,
or NOTE 3.8 (cont.) the effective argument for a dummy argument.

Deferred type parameter length type parameter whose value can change dur-
ing execution of a program and whose type-param-value is a colon

Kind type parameter type parameter whose value is required to be defaulted
or given by a constant expression

Length type parameter typeparameterwhosevalue is permitted to be assumed,
deferred, or given by a specification expression

Type parameter inquiry syntax (type-param-inquiry) that is used to inquire
the value of a type parameter of a data object (9.4.5)

Type parameter order ordering of the type parameters of a type (7.5.3.2)
used for derived-type specifiers (derived-type-spec, 7.5.9)

Ultimate argument nondummy entity with which a dummy argument is associated
via a chain of argument associations (15.5.2.3)
Undefined ‘data object’ does not have a valid value
Undefined ‘pointer’ does not have a pointer association status of associated or dis-
associated (19.5.2.2)
Unit input/output unit means, specified by an io-unit, for referring to a file (12.5.1)
Unlimited polymorphic able to have any dynamic type during program execution
(7.3.2.3)
Unsaved not having the SAVE attribute (8.5.16)
Variable data entity that can be defined and redefined during execution of a program

Event variable scalar variable of type EVENT_TYPE (16.10.2.10) from the
intrinsic module ISO_FORTRAN_ENV

Local variable variable in a scoping unit that is not a dummy argument or part
thereof, is not a global entity or part thereof, and is not an entity or part of an
entity that is accessible outside that scoping unit

Lock variable scalar variable of type LOCK_TYPE (16.10.2.19) from the
intrinsic module ISO_FORTRAN_ENV

Team variable scalar variable of type TEAM_TYPE (16.10.2.32) from the
intrinsic module ISO_FORTRAN_ENV

Vector subscript section-subscript that is an array (9.5.3.3.2)
Whole array array component or array name without further qualification (9.5.2)
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Attribute Declarations and Specifications

This appendix is based on Chap.8 in the standard. References are to the standard.

Attributes of Procedures and Data Objects

Every data object has a type and rank and may have type parameters and other
properties that determine the uses of the object. Collectively, these properties are the
attributes of the object. The declared type of a named data object is either specified
explicitly in a type declaration statement or determined implicitly by the first letter
of its name (8.7). All of its attributes may be specified in a type declaration statement
or individually in separate specification statements.

A function has a type and rank and may have type parameters and other attributes
that determine the uses of the function. The type, rank, and type parameters are the
same as those of the function result.

A subroutine does not have a type, rank, or type parameters, but may have other
attributes that determine the uses of the subroutine.

Type Declaration Statement

A type declaration statement specifies the declared type of the entities in the entity
declaration list.

Attribute Specification

An attribute specifier can be one or more of

• ALLOCATABLE
• ASYNCHRONOUS
• BIND C
• CODIMENSION
• CONTIGUOUS
• DIMENSION
• EXTERNAL
• INTENT
• INTRINSIC
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• OPTIONAL
• PARAMETER
• POINTER
• PRIVATE
• PROTECTED
• PUBLIC
• SAVE
• TARGET
• VALUE
• VOLATILE

Attribute Specification Statements
These include

• ALLOCATABLE
• ASYNCHRONOUS
• BIND C
• CODIMENSION
• CONTIGUOUS
• DATA
• DIMENSION
• INTENT
• OPTIONAL
• PARAMETER
• POINTER
• PROTECTED
• SAVE
• TARGET
• VALUE
• VOLATILE
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Compatibility

Previous Fortran Standards

TableC.1 lists the previous editions of the Fortran International Standard, along with
their informal names.

Table C.1 Previous editions of the Fortran standard

Official name Informal name

ISO R 1539-1972 Fortran 66

ISO 1539-1980 Fortran 77

ISO/IEC 1539:1991 Fortran 90

ISO/IEC 1539-1:1997 Fortran 95

ISO/IEC 1539-1:2004 Fortran 2003

ISO/IEC 1539-1:2010 Fortran 2008

New Intrinsic Procedures

Each Fortran International Standard since ISO 1539:1980 (Fortran 77), defines more
intrinsic procedures than the previous one. Therefore, a Fortran program conforming
to an older standard might have a different interpretation under a newer standard if
it invokes an external procedure having the same name as one of the new standard
intrinsic procedures, unless that procedure is specified to have the EXTERNAL
attribute.

Fortran 2008 Compatibility

Except as identified in this subclause, and except for the deleted features noted
in Annex B.2, the Fortran 2018 standard is an upward compatible extension to
the preceding Fortran International Standard, ISO/IEC 1539-1:2010 (Fortran). Any
standard-conforming Fortran 2008 program that does not use any deleted features,
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and does not use any feature identified in this subclause as being no longer permitted,
remains standard-conforming in the Fortran 2018 standard.

Fortran 2008 specifies that the IOSTAT = variable shall be set to a processor-
dependent negative value if the flush operation is not supported for the unit specified.
the Fortran 2018 standard specifies that the processor-dependent negative integer
value shall be different from the named constants IOSTAT_EOR or IOSTAT_END
from the intrinsic module ISO_FORTRAN_ENV.

Fortran 2008 permitted a noncontiguous array that was supplied as an actual
argument corresponding to a contiguous INTENT (INOUT) dummy argument in
one iteration of a DO CONCURRENT construct, without being previously defined
in that iteration, to be defined in another iteration;

Fortran 2008 permitted a pure statement function to reference a volatile variable,
and permitted a local variable of a pure subprogram or of a BLOCK construct within
a pure subprogram to be volatile (provided it was not used); the Fortran 2018 standard
does not permit this.

Fortran 2008 permitted a pure function to have a result that has a polymorphic
allocatable ultimate component; the Fortran 2018 standard does not permit this.

Fortran 2008 permitted a PROTECTED TARGET variable accessed by use asso-
ciation to be used as an initial7 data-target; the Fortran 2018 standard does not permit
this.

Fortran 2008 permitted a named constant to have declared type LOCK_TYPE, or
have a noncoarray potential subobject component with declared type LOCK_TYPE;
the Fortran 2018 standard does not permit this.

Fortran 2008 permitted a polymorphic object to be finalized within a DO CON-
CURRENT construct; the Fortran 2018 standard does not permit this.

Fortran 2003 Compatibility

Except as identified in this subclause, the Fortran 2018 standard is an upward com-
patible extension to ISO/IEC 1539-1:2004 (Fortran 2003). Except as identified in
this subclause, any standard-conforming Fortran 2003 program remains standard-
conforming in the Fortran 2018 standard.

Fortran 2003 permitted a sequence type to have type parameters; that is not per-
mitted by the Fortran 2018 standard.

Fortran 2003 specified that array constructors and structure constructors of final-
izable type are finalized. The Fortran 2018 standard specifies that these constructors
are not finalized.

The form produced by theG edit descriptor for some values and some input/output
rounding modes differs from that specified by Fortran 2003.

Fortran 2003 required an explicit interface only for a procedure that was actually
referenced in the scope, not merely passed as an actual argument. the Fortran 2018
standard requires an explicit interface for a procedure under the conditions listed in
15.4.2.2, regardless of whether the procedure is referenced in the scope.

Fortran 2003 permitted the function result of a pure function to be a polymorphic
allocatable variable, to have a polymorphic allocatable ultimate component, or to
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be finalizable by an impure final subroutine. These are not permitted by the Fortran
2018 standard.

Fortran 2003 permitted an INTENT (OUT) argument of a pure subroutine to be
polymorphic; that is not permitted by the Fortran 2018 standard.

Fortran 2003 interpreted assignment to an allocatable variable from a noncon-
formable array as intrinsic assignment, even when an elemental defined assignment
was in scope; the Fortran 2018 standard does not permit assignment from a noncon-
formable array in this context.

Fortran 2003 permitted a statement function to be of parameterized derived type;
the Fortran 2018 standard does not permit this.

Fortran 2003 permitted a pure statement function to reference a volatile variable,
and permitted a local variable of a pure subprogram to be volatile (provided it was
not used); the Fortran 2018 standard does not permit this

Fortran 95 Compatibility

Except as identified in this subclause, the Fortran 2018 standard is an upward compat-
ible extension to ISO/IEC 1539-1:1997 (Fortran 95). Except as identified in this sub-
clause, any standard-conforming Fortran 95 program remains standard-conforming
in the Fortran 2018 standard.

Fortran 95 permitted defined assignment between character strings of the same
rank and different kinds. This document does not permit that if both of the different
kinds are ASCII, ISO 10646, or default kind.

The following Fortran 95 features might have different interpretations in the For-
tran 2018 standard.

Earlier Fortran standards had the concept of printing, meaning that column one of
formatted output had special meaning for a processor-dependent (possibly empty) set
of external files. This could be neither detected nor specified by a standard-specified
means. The interpretation of the first column is not specified by the Fortran 2018
standard.

The Fortran 2018 standard specifies a different output format for real zero values
in list-directed and namelist output.

If the processor distinguishes between positive and negative real zero, the Fortran
2018 standard requires different returned values for ATAN2(Y,X) when X < 0 and
Y is negative real zero and for LOG(X) and SQRT(X) when X is complex with
X%RE < 0 and X%I M is negative real zero.

The Fortran 2018 standard has fewer restrictions on constant expressions than
Fortran 95; this might affect whether a variable is considered to be an automatic data
object.

The form produced by the G edit descriptor with d equal to zero differs from that
specified by Fortran 95 for some values.

Fortran 90 Compatibility

Except for the deleted features noted in Annex B.1, and except as identified in this
subclause, the Fortran 2018 standard is an upward compatible extension to ISO/IEC
1539:1991 (Fortran 90). Any standard-conforming Fortran 90 program that does not
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use one of the deleted features remains standard-conforming in the Fortran 2018
standard.

The PAD = specifier in the INQUIRE statement in the Fortran 2018 standard
returns the value UNDEFINED if there is no connection or the connection is for
unformatted input/output. Fortran 90 specified YES.

Fortran 90 specified that if the second argument to MOD or MODULO was zero,
the result was processor dependent. The Fortran 2018 standard specifies that the
second argument shall not be zero.

Fortran 90 permitted defined assignment between character strings of the same
rank and different kinds. This document does not permit that if both of the different
kinds are ASCII, ISO 10646, or default kind.

The following Fortran 90 features have different interpretations in the Fortran
2018 standard:

if the processor distinguishes between positive and negative real zero, the result
value of the intrinsic function SIGN when the second argument is a negative real
zero;

formatted output of negative real values (when the output value is zero);
whether an expression is a constant expression (thus whether a variable is con-

sidered to be an automatic data object);
the G edit descriptor with d equal to zero for some values.

FORTRAN 77 Compatibility

Except for the deleted features noted in Annex B.1, and except as identified in this
subclause, the Fortran 2018 standard is an upward compatible extension to ISO
1539:1980 (Fortran 77). Any standard-conforming Fortran 77 program that does
not use one of the deleted features noted in Annex B.1 and that does not depend
on the differences specified here remains standard-conforming in the Fortran 2018
standard. the Fortran 2018 standard restricts the behaviour for some features that
were processor dependent in Fortran 77. Therefore, a standard-conforming Fortran
77 program that uses one of these processor-dependent features might have a dif-
ferent interpretation in the Fortran 2018 standard, yet remain a standard-conforming
program. The following Fortran 77 features might have different interpretations in
the Fortran 2018 standard.

Fortran 77 permitted a processor to supply more precision derived from a default
real constant than can be represented in a default real datum when the constant is
used to initialize a double precision real data object in a DATA statement. the Fortran
2018 standard does not permit a processor this option.

If a named variable that was not in a common block was initialized in a DATA
statement and did not have the SAVE attribute specified, Fortran 77 left its SAVE
attribute processor dependent. the Fortran 2018 standard specifies (8.6.7) that this
named variable has the SAVE attribute.

Fortran 77 specified that the number 1 of characters required by the input list was
to be less than or equal to the number of characters in the record during formatted
input. the Fortran 2018 standard specifies (12.6.4.5.3) that the input record is logically
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padded with blanks if there are not enough characters in the record, unless the PAD=
specifierwith the value ‘NO’ is specified in an appropriateOPENorREADstatement.

A value of 0 for a list item in a formatted output statement will be formatted in
a different form for some G edit descriptors. In addition, the Fortran 2018 standard
specifies how rounding of values will affect the output field form, but Fortran 77
did not address this issue. Therefore, the form produced for certain combinations of
values and G edit descriptors might differ from that produced by some Fortran 77
processors.

Fortran 77 did not permit a processor to distinguish between positive and negative
real zero; if the processor does so distinguish, the result will differ for the intrinsic
function SIGNwhen the second argument is negative real zero, and formatted output
of negative real zero will be different.



Appendix D
Intrinsic Functions and Procedures

This appendix has a brief coverage of some of the more commonly used intrinsic
functions and procedures. Chapter16 of the standard should be consulted for an
exhaustive coverage.

The following abbreviations and typographic conventions are used in this appendix.

D.1 Argument Type and Return Type

These are documented in TableD.1.

Table D.1 Argument and return type abbreviations

Abbreviation Meaning

a Any

i Integer

r Real

c Complex

n Numeric (any of integer, real, complex)

l Logical

p Pointer

p* Polymorphic

t Target

dp Double precision

char Character, length = 1

s Character

boz Boz-literal-constant

co Coarray or coindexed object

te Team type
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D.2 Classes of Function

There are several classes of function in Fortran and they are documented below
(TableD.2).

Table D.2 Classes of function

Class Description

a Indicates that the procedure is an atomic subroutine

e Indicates that the procedure is an elemental function

es Indicates that the procedure is an elemental subroutine

i Indicates that the procedure is an inquiry function

ps Indicates that the procedure is a pure subroutine

s Indicates that the procedure is an impure subroutine

t Indicates that the procedure in a transformational function

D.3 Optional Arguments

Arguments in italics or [] brackets are optional arguments.
In the example ALL(mask,dim) dim may be omitted.

D.4 Common Optional Arguments

These are documented in TableD.3.

Table D.3 Common optional arguments

Argument Description

Back Controls the direction of string scan, forward or
backward

Dim A selected dimension of an array argument

Kind Describes the kind type parameter of the result
If the kind argument is absent the result is the
same type as the first argument.

Mask size A mask may be applied to the arguments f an
array, the total number of elements
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D.5 Double Precision

Before Fortran 90 if you required real variables to have greater precision than the
default real then the only option available was to declare them as double precision.
With the introduction of kind types with Fortran 90 the use of double precision
declarations is not recommended, and instead real entities with a kind type offering
more than the default precision should be used.

D.6 Result Type

When the result type is the same as the argument type then the result is not just the
same type as the argument but also the same kind.

D.7 Miscellaneous Rules

All intrinsic proceduresmay be invokedwith either positional arguments or argument
keywords.

Many of the intrinsic functions have optional arguments.
Unless otherwise specified the intrinisc inquiry functions accept array arguments

for which the shape need not be defined. The shape of array arguments to transfor-
mational and elemental intrinsic functions shall be defined.

Some array intrinsic functions are reduction functions - they reduce the rank of
an array by collapsing one dimension (or all dimensions, usually producing a scalar
result).

When the argument is back it is of logical type.
When the argument is count_rate, count_max, dim, kind, len, order,

n_copies, shape, shift, values it is of integer type.
When the argument is mask it is of logical type.
When the argument is target it is of pointer or target type.
Fortran 2008 introduced several changes to Fortran 2003 that affected intrinsic

procedures.

• The following functions can now have arguments of type complex: acos, asin,
atan, cosh, sinh, tan and tanh.

• The intrinsic function atan2 can be referenced by the name atan.
• The intrinsic functions lge, lgt, lle and llt can have arguments of ASCII
kind.

• The intrinsic functions maxloc and minloc have an additional back argument.
• The intrinsic function selected_real_kind has an additional radix argu-
ment.
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Fortran 2018 introduced the following intrinsic functions and procedures

• ATOMIC_ADD (ATOM, VALUE [, STAT])
• ATOMIC_AND (ATOM, VALUE [, STAT])
• ATOMIC_CAS (ATOM, OLD, COMPARE, NEW [, STAT])
• ATOMIC_DEFINE (ATOM, VALUE [, STAT])
• ATOMIC_FETCH_ADD (ATOM, VALUE, OLD [, STAT])
• ATOMIC_FETCH_AND (ATOM, VALUE, OLD [, STAT])
• ATOMIC_FETCH_OR (ATOM, VALUE, OLD [, STAT])
• ATOMIC_FETCH_XOR (ATOM, VALUE, OLD [, STAT])
• ATOMIC_OR (ATOM, VALUE [, STAT])
• ATOMIC_REF (VALUE, ATOM [, STAT])
• ATOMIC_XOR (ATOM, VALUE [, STAT])
• CO_BROADCAST(A, SOURCE_IMAGE [, STAT, ERRMSG])
• CO_MAX(A [, RESULT_IMAGE, STAT, ERRMSG])
• CO_MIN(A [, RESULT_IMAGE, STAT, ERRMSG])
• CO_REDUCE(A, OPERATION [, RESULT_IMAGE, STAT, ERRMSG])
• CO_SUM(A [, RESULT_IMAGE, STAT, ERRMSG])
• COSHAPE (COARRAY [, KIND])
• FAILED_IMAGES([TEAM, KIND])
• FINDLOC (ARRAY, VALUE, DIM [, MASK, KIND, BACK])
• FINDLOC (ARRAY, VALUE [, MASK, KIND, BACK])
• GET_TEAM([LEVEL])
• IMAGE_STATUS (IMAGE [, TEAM])
• LCOBOUND (COARRAY [, DIM, KIND])
• OUT_OF_RANGE (X, MOLD [, ROUND])
• RANDOM_INIT (REPEATABLE, IMAGE_DISTINCT)
• RANK (A)
• REDUCE (ARRAY, OPERATION [, MASK, IDENTITY, ORDERED])
• REDUCE (ARRAY, OPERATION, DIM [, MASK, IDENTITY,ORDERED])
• STOPPED_IMAGES([TEAM, KIND])
• TEAM_NUMBER([TEAM])
• THIS_IMAGE ([TEAM]) or THIS_IMAGE (COARRAY [, TEAM])
• THIS_IMAGE (COARRAY, DIM [, TEAM])
• UCOBOUND (COARRAY [, DIM, KIND])

D.8 Intrinsic functions list

These are documented in TableD.4, where some of the procedure names are split
over multiple lines.
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Table D.4 Standard generic intrinsic procedure summary

Procedure Class Description

ABS E Absolute value

ACHAR E Character from ASCII code value

ACOS E function

ACOSH E Inverse hyperbolic cosine function

ADJUSTL E Left-justified string value

ADJUSTR E Right-justified string value

AIMAG E Imaginary part of a complex number

AINT E Truncation toward 0 to a whole number

ALL T Array reduced by AND operator

ALLOCATED I Allocation status of allocatable variable

ANINT E Nearest whole number

ANY T Array reduced by OR operator

ASIN E function

ASINH E Inverse hyperbolic sine function

ASSOCIATED I Pointer association status inquiry

ATAN E function

ATAN2 E function

ATANH E Inverse hyperbolic tangent function

ATOMIC_ADD A Atomic addition

ATOMIC_AND A Atomic bitwise AND

ATOMIC_CAS A Atomic compare and swap

ATOMIC_DEFINE A Define a variable atomically

ATOMIC_FETCH_ADD A Atomic fetch and add

ATOMIC_FETCH_AND A Atomic fetch and bitwise AND

ATOMIC_FETCH_OR A Atomic fetch and bitwise OR

ATOMIC_FETCH_XOR A Atomic fetch and bitwise exclusive OR

ATOMIC_OR A Atomic bitwise OR

ATOMIC_REF A Reference a variable atomically

ATOMIC_XOR A Atomic bitwise exclusive OR

BESSEL_J0 E Bessel function of the 1st kind, order 0

BESSEL_J1 E Bessel function of the 1st kind, order 1

BESSEL_JN E Bessel function of the 1st kind, order N

BESSEL_JN T Bessel functions of the 1st kind

BESSEL_Y0 E Bessel function of the 2nd kind, order 0

BESSEL_Y1 E Bessel function of the 2nd kind, order 1

BESSEL_YN E Bessel function of the 2nd kind, order N

BESSEL_YN T Bessel functions of the 2nd kind

BGE E Bitwise greater than or equal to

BGT E Bitwise greater than

BIT_SIZE I Number of bits in integer model
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Table D.4 (continued)

BLE E Bitwise less than or equal to

BLT E Bitwise less than

BTEST E Test single bit in an integer

CEILING E Least integer greater than or equal to A

CHAR E Character from code value

CMPLX E Conversion to complex type

CO_BROADCAST C Broadcast value to images

CO_MAX C Compute maximum value across images

CO_MIN C Compute minimum value across images

CO_REDUCE C Generalized reduction across images

CO_SUM C Compute sum across images

COMMAND_ARGUMENT_COUNT T Number of command arguments

CONJG E Conjugate of a complex number

COS E Cosine function

COSH E Hyperbolic cosine function

COSHAPE I Sizes of codimensions of a coarray

COUNT T Logical array reduced by counting true values

CPU_TIME S Processor time used

CSHIFT T Circular shift of an array

DATE_AND_TIME S Date and time

DBLE E Conversion to double precision real

DIGITS I Significant digits in numeric model

DIM E Maximum of X - Y and zero

DOT_PRODUCT T Dot product of two vectors

DPROD E Double precision real product

DSHIFTL E Combined left shift

DSHIFTR E Combined right shift

EOSHIFT T End-off shift of the elements of an array

EPSILON I Model number that is small compared to 1

ERF E Error function

ERFC E Complementary error function

ERFC_SCALED E Scaled complementary error function

EVENT_QUERY S Query event count

EXECUTE_COMMAND_LINE S Execute a command line

EXP E Exponential function

EXPONENT E Exponent of floating-point number

EXTENDS_TYPE_OF I Dynamic type extension inquiry

FAILED_IMAGES T Indices of failed images

FINDLOC T Location(s) of a specified value

FLOOR E Greatest integer less than or equal to A



Appendix D: Intrinsic Functions and Procedures 847

Table D.4 (continued)

FRACTION E Fractional part of number

GAMMA E Gamma function

GET_COMMAND S Get program invocation command

GET_COMMAND_ ARGUMENT S Get program invocation argument

GET_ENVIRONMENT_VARIABLE S Get environment variable

GET_TEAM T Team

HUGE I Largest model number

HYPOT E Euclidean distance function

IACHAR E ASCII code value for character

IALL T Array reduced by IAND function

IAND E Bitwise AND

IANY T Array reduced by IOR function

IBCLR E I with bit POS replaced by zero

IBITS E Specified sequence of bits

IBSET E I with bit POS replaced by one

ICHAR E Code value for character

IEOR E Bitwise exclusive OR

IMAGE_INDEX I Image index from cosubscripts

IMAGE_STATUS T Image execution state

INDEX E Character string search

INT E Conversion to integer type

IOR E Bitwise inclusive OR

IPARITY T Array reduced by IEOR function

ISHFT E Logical shift

ISHFTC E Circular shift of the rightmost bits

IS_CONTIGUOUS I Array contiguity test

IS_IOSTAT_END E IOSTAT value test for end of file

IS_IOSTAT_EOR E IOSTAT value test for end of record

KIND I Value of the kind type parameter of X

LBOUND I Lower bound(s)

LCOBOUND I Lower cobound(s) of a coarray

LEADZ E Number of leading zero bits

LEN I Length of a character entity

LEN_TRIM E Length without trailing blanks

LGE E ASCII greater than or equal

LGT E ASCII greater than

LLE E ASCII less than or equal

LLT E ASCII less than

LOG E Natural logarithm

LOG_GAMMA E Logarithm of the absolute value of the
gamma function
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Table D.4 (continued)

LOG10 E Common logarithm

LOGICAL E Conversion between kinds of logical

MASKL E Left justified mask

MASKR E Right justified mask

MATMUL T Matrix multiplication

MAX E Maximum value

MAXEXPONENT I Maximum exponent of a real model

MAXLOC T Location(s) of maximum value

MAXVAL T Maximum value(s) of array

MERGE E Expression value selection

MERGE_BITS E Merge of bits under mask

MIN E Minimum value

MINEXPONENT I Minimum exponent of a real model

MINLOC T Location(s) of minimum value

MINVAL T Minimum value(s) of array

MOD E Remainder function

MODULO E Modulo function

MOVE_ALLOC PS Move an allocation

MVBITS ES Copy a sequence of bits

NEAREST E Adjacent machine number

NEW_LINE I Newline character

NINT E Nearest integer

NORM2 T L2 norm of an array

NOT E Bitwise complement

NULL T Disassociated pointer or unallocated
allocatable entity

NUM_IMAGES T Number of images

OUT_OF_RANGE E Whether a value cannot be converted safely

PACK T Array packed into a vector

PARITY T Array reduced by NEQV operator

POPCNT E Number of one bits

POPPAR E Parity expressed as 0 or 1

PRECISION I Decimal precision of a real model

PRESENT I Presence of optional argument

PRODUCT T Array reduced by multiplication

RADIX I Base of a numeric model

RANDOM_INIT S Initialise the pseudorandom number generator

RANDOM_NUMBER S Generate pseudorandom number(s)

RANDOM_SEED S Restart or query the pseudorandom number
generator

RANGE I Decimal exponent range of a numeric model
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Table D.4 (continued)

RANK I Rank of a data object

REAL E Conversion to real type

REDUCE T General reduction of array

REPEAT T Repetitive string concatenation

RESHAPE T Arbitrary shape array construction

RRSPACING E Reciprocal of relative spacing of model numbers

SAME_TYPE_AS I Dynamic type equality test

SCALE E Real number scaled by radix power

SCAN E Character set membership search

SELECTED_CHAR_KIND T Character kind selection

SELECTED_INT_KIND T Integer kind selection

SELECTED_REAL_KIND T Real kind selection

SET_EXPONENT E Real value with specified exponent

SHAPE I Shape of an array or a scalar

SHIFTA E Right shift with fill

SHIFTL E Left shift

SHIFTR E Right shift

SIGN E Magnitude of A with the sign of B

SIN E Sine function

SINH E Hyperbolic sine function

SIZE I Size of an array or one extent

SPACING E Spacing of model numbers

SPREAD T Value replicated in a new dimension

SQRT E Square root

STOPPED_IMAGES T Indices of stopped images

STORAGE_SIZE I Storage size in bits

SUM T Array reduced by addition

SYSTEM_CLOCK S Query system clock

TAN E Tangent function

TANH E Hyperbolic tangent function

TEAM_NUMBER T Team number

THIS_IMAGE T Index of the invoking image

THIS_IMAGE T Cosubscript(s) of this image

TINY I Smallest positive model number

TRAILZ E Number of trailing zero bits

TRANSFER T Transfer physical representation

TRANSPOSE T Transpose of an array of rank two

TRIM T String without trailing blanks

UBOUND I Upper bound(s)

UCOBOUND I Upper cobound(s) of a coarray

UNPACK T Vector unpacked into an array

VERIFY E Character manipulation
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D.9 Intrinsic Function Examples

In this section we provide coverage of a large subset of the intrinsic functions and
procedures.

ABS(a) : Absolute value.

argument: a type: n
result: as argument class: e

Note(s):
If a is complex(x,y) then the functions returns

√
x2 + y2

Example(s): r1=abs(a)

ACHAR(i, kind) : Returns character in the ASCII character set.

argument: i type: i
result: char class: e

Note(s):
Inverse of the iachar function.

Example(s): c=achar(i)

ACOS(x) : Arccosine, inverse cosine.

argument: x type: r,c
result: as argument class: e

Note(s):
|x | <= 1

Example(s): y=acos(x)

ACOSH(x) : Inverse hyperbolic cosine function.

argument: x type: r,c
result: as argument class: e

Example(s): y = acosh(x)

ADJUSTL(string) : Adjust string left, removing leading blanks and inserting
trailing blanks.
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argument: string type: s
result: as argument class: e

Example(s): s=adjustl(s)

ADJUSTR(string) : Adjust string right, removing trailing blanks and inserting
leading blanks.

argument: string type: s
result: as argument class: e

Example(s): s=adjustr(s)

AIMAG(z) : Imaginary part of complex argument.

argument: z type: c
result: as argument class: e

Example(s): y=aimag(z)

AINT(a, kind) : Truncation toward zero to a whole number.

argument: a type: r
result: as a class: e

Example(s): y=aint(z)

z y

0.3 0

2.73 2.0

-2.73 -2.0

ALL(mask, dim) : Determines whether all values are true in mask.

argument:mask type: l
result: l class: t

Note(s):
dim is optional and must be a scalar in the range 1 <= dim <= n where n is the

rank of mask. The result is scalar if dim is absent or mask has rank 1. Otherwise it
works on the dimension dim of mask and the result is an array of rank n − 1
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Example(s): t=all(m)

ALLOCATED(variable) : Returns true if and only if the allocatable variable is
allocated.

argument: variable type: any
result: l class: i

Note(s):
variable must be declared with the allocatable attribute and can be an array

or a scalar.
Example(s): if (allocated(array) ) then ...

ANINT(a, kind) : Nearest whole number.

argument: a type: r
result: as a class: e

Example(s): z=anint(a)

a z

5.63 6

-5.7 -6.0

ANY(mask, dim) : Determines whether any value is true in mask along dimension
dim.

argument:mask type: l
result: l class: t

Note(s):
mask must be an array. The result is a scalar if dim is absent or if mask is of

rank 1. Otherwise it works on the dimension dim of mask and the result is an array
of rank n − 1
Example(s): t=any(a)

ASIN(x) : Arcsine.

argument: x type: r,c
result: as argument class: e
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Example(s): z=asin(x)

ASINH(x) : Inverse hyperbolic sine function.

argument: x type: r,c
result: as argument class: e

Example(s): y = asinh(x)

ASSOCIATED(pointer, target) : Returns the association status of the pointer.

argument: pointer type: p
result: l class: i

Note(s):
1. If target is absent then the result is true if pointer is associated with a target,
otherwise false.
2. If target is present and is a target, the result is true if pointer is currently
associated with target and false if it is not.
3. If target is present and is a pointer, the result is true if both pointer and target are
currently associated with the same target, and is false otherwise. If either pointer
or target is disassociated the result is false.
Example(s): t=associated(p)

ATAN(x) or
ATAN(y,x) : Arctangent.

argument: x type: r,c
argument: y type: r
result: as argument class: e

Note(s):
If y appears, x shall be of type real with the same kind type parameter as y.
If y has the value zero, x shall not have the value zero.
If y does not appear, x shall be of type real or complex.

Example(s): z=atan(x)

ATAN2(y,x) : Arctangent of y / x.

argument: y type: r
result: as arguments class: e
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Example(s): z=atan2(y,x)

ATANH(x) : Inverse hyperbolic tangent function.

argument: x type: r,c
result: as argument class: e

Example(s): y = atanh(x)

BESSEL_J0(x) : Bessel function of the first kind, order 0.

argument: x type: r
result: as argument class: e

Example(s): y = bessel_j0(1.0) has the value 0.765 (approximately)

BESSEL_J1(x) : Bessel function of the first kind, order 1.

argument: x type: r
result: as argument class: e

Example(s): y = bessel_j1(1.0) has the value 0.440 (approximately).

BESSEL_JN(n, x) : Bessel functions of the first kind. Elemental
BESSEL_JN(n1,n2,x) : Bessel function of the first kind. Transformational.

arguments: n type: i
arguments: n1 type: i
arguments: n2 type: i
arguments: x type: r
result: as x class: e or t

Note(s):
n shall be nonnegative.
n1 shall be nonnegative.
n2 shall be nonnegative.
x if the function is transformational, x shall be scalar.

Additional Note(s):
The result of bessel_jn(n, x) is processor dependent approximation to the

Bessel function of the first kind and order n of x.
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Element i of the result value of bessel_jn(n1,n2,x) is a processor depen-
dent approximation to the bessel function of the first kind and order n1 + i − 1 of
x.
Example(s): y = bessel_jn(2, 1.0) has the value 0.115 (approximately).

BESSEL_Y0(x) : Bessel function of the second kind, order 0.

argument: x type: r
result: as argument class: e

Example(s): y = bessel_y0(1.0) has the value 0.088 (approximately).

BESSEL_Y1(x) : Bessel function of the second kind, order 1.

argument: x type: r
result: as argument class: e

Example(s): y = bessel_y1(1.0) has the value −0.781 (approximately).

BESSEL_YN(n1,n2,x) Bessel functions of the second kind. Transformational.
BESSEL_YN(n, x) : Bessel functions of the second kind. Elemental.

arguments: n type: i
arguments: n1 type: i
arguments: n2 type: i
arguments: x type: r
result: as x class: e or t

Note(s):
n nonnegative.
n1 nonnegative.
n2 nonnegative.
x if the function is transformational, x shall be scalar. Its value shall be greater

than zero.
Example(s): y = bessel_yn(2, 1.0) has the value -1.651 (approximately).

BGE(i, j) : True if i is bitwise greater than or equal to j.

arguments: i,j type: i or boz
result: l class: e
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Example(s): If bit_size(j) has the value 8, bge(z’ff’, j) has the value
true for any value of j. bge(0, -1) has the value false.

BGT(i, j) : True if i is bitwise greater than j

arguments: i,j type: i or boz
result: l class: e

The result is true if the sequence of bits represented by i is greater than the
sequence of bits represented by j, according to the method of bit sequence compar-
ison in 16.3.2 of the standard; otherwise the result is false.
Example(s): bgt(z’ff’, z’fc’) has the value true. bgt(0, -1) has the
value false.

BLE(i, j) : True if i is bitwise less than or equal to j.

arguments: i,j type: i or boz
result: l class: e

The result is true if the sequence of bits represented by i is less than or equal
to the sequence of bits represented by j, according to the method of bit sequence
comparison in 16.3.2 of the standard; otherwise the result is false.
Example(s): ble(0, j) has the value true for any value of j. ble(-1, 0) has
the value false.

BLT(i, j) : Bitwise less than.

arguments: i,j type: i or boz
result: l class: e

The result is true if the sequence of bits represented by i is less than the sequence
of bits represented by j, according to the method of bit sequence comparison in
16.3.2 of the standard; otherwise the result is false.
Example(s): blt(0, -1) has the value true. blt(z’ff’, z’fc’) has the
value false.

BIT_SIZE(i) : Returns the number of bits, as defined by the bit model of Sect. 16.3
of the standard.

argument: i type: i
result: as argument class: i

https://doi.org/10.1007/978-3-319-75502-1_16
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Example(s): n_bits=bit_size(i)

BTEST(i, pos) : True if and only if a specified bit of an integer value is one.

argument: i type: i
result: l class: e

Example(s): t=btest(i,pos)

CEILING(a, kind) : Least integer greater than or equal to a.

argument: a type: r
result: i class: e

Note(s):
If kind is present the result has the kind type parameter kind. otherwise the

result is of type default integer.
Example(s): i=ceiling(a) If a = 12.21 then i = 13, if a = −3.16 then i = −3.

CHAR(i, kind) : Returns the character in a given position in the processor collating
sequence associated with the specified kind type parameter. It is the inverse of the
ICHAR function.

argument: i type: i
result: char class: e

Note(s):
ASCII is the default character set.

Example(s): c=char(65) and for the ASCII character set c=’a’.

CMPLX(x,kind) or
CMPLX(x, y, kind) : Converts to complex type.

First form.

argument: x type: c
result: c class: e

Second form.
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argument: x type: i, r, boz
argument: y type: i, r boz
result: c class: e

Note(s):
1. The result is of type complex. If kind is present, the kind type parameter is

that specified by the value of kind; otherwise, the kind type parameter is that of
default real kind

2. If Y is absent and X is not complex, it is as if Y were present with the value
zero. If kind is absent, it is as if kindwere present with the value kind (0.0). If X
is complex, the result is the same as that of cmplx (real (x), aimag (x),
kind). The result of cmplx (x, y, kind) has the complex value whose real
part is real (x, kind) and whose imaginary part is real (y, kind).
Example(s): z=cmplx(x,y)

COMMAND_ARGUMENT_COUNT( ) : Number of command arguments.

arguments: none result: i
class: t

The result value is equal to the number of command arguments available. If
there are no command arguments available or if the processor does not support
command arguments, then the result has the value zero. if the processor has a concept
of a command name, the command name does not count as one of the command
arguments.
Example(s): i = command_argument_count( )

CONJG(z) : Conjugate of a complex argument.

argument: z type: c
result: as z class: e

Example(s): z1=conjg(z)

COS(x) : Cosine.

argument: x type: r, c
result: as argument class: e

Note(s):
The arguments of all trigonometric functions should be in radians, not degrees.

Example(s): a=cos(x)

COSH(x) : Hyperbolic cosine.
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argument: x type: r,c
result: as argument class: e

Example(s): z=cosh(x)

COUNT(mask, dim, kind) : Returns the number of true elements in mask along
dimension dim.

argument:mask type: l
result: i class: t

Note(s):
dimmust be a scalar in the range 1 <= dim <= n, where n is the rank of mask.

The result is scalar if dim is absent or mask has rank 1. Otherwise it works on the
dimension dim of mask and the result is an array of rank n − 1
Example(s): n=count(a)

CPU_TIME(time) : Returns the processor time.

argument: time type: r
result: n/a class: s

Example(s): call cpu_time(time)

CSHIFT(array, shift, dim) : Circular shift on a rank 1 array or rank 1 sections of
higher-rank arrays.

argument: array type: any
result: as array class: t

Note(s):
array must be an array
shiftmust be a scalar if array has rank 1, otherwise it is an array of rank n − 1,

where n is the rank of array.
dim must be a scalar with a value in the range 1 < dim <= n.

Example(s): array=cshift(array,10)

DATE_AND_TIME(date, time, zone, values) : Returns the current date and time
(compatible with ISO 8601:1988).
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Note(s):
1. Date is optional and must be scalar and 8 characters long in order to return

the complete value of the form ccyymmdd, where cc is the century, yy is the year,
mm is the month and dd is the day. It is intent(out).

2.Time is optional andmust be scalar and 10 characters long in order to return the
complete value of the form hhmmss.sss where hh is the hour, mm is the minutes
and ss.sss is the seconds and milliseconds. It is intent(out).

3. Zone is optional and must be scalar and must be 5 characters long in order
to return the complete value of the form hhmm where hh and mm are the time
differences with respect to coordinated universal time in hours and minutes. It is
intent(out).

4. Values is optional and a rank 1 array of size 8. It is intent(out). The
values returned are as shown below.

values(1) year

values(2) month

values(3) day

values(4) time with respect to coordinated

universal time in minutes.

values(5) hour (24 hour clock)

values(6) minutes

values(7) seconds

values(8) milliseconds in the range 0 - 999.

Example(s): call date_time(d,t,z,v)

DBLE(a) : Converts to double precision from integer, real, and complex

argument: a type: n
result: dp class: e

Example(s): d=dble(a)

DIGITS(x) : Returns the number of significant digits of the argument as defined in
the numeric models for integer and reals in Chap.5.

argument: x type: i,r
result: i class: i

Example(s): i=digits(x)

DIM(x,y) : Difference of two values if positive or zero otherwise.

https://doi.org/10.1007/978-3-319-75502-1_5
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argument: x type: i
result: as arguments class: e

Example(s): z=dim(x,y)

DOT_PRODUCT(vector_1,vector_2) : Performs the mathematical dot product of
two rank 1 arrays.

argument: vector_ 1 type: n
argument: vector_ 2 type: n
result: as arguments class: t

vector_2 is as vector_1.
Note(s):

1. For integer and real vector_1 result has the value
sum(vector_1*vector_2).

2. For complex vector_1 result has the value
sum(conjg(vector_1)*vector_2).

3. For logical vector_1 result has the value
any(vector_1 .and. vector_2).
Example(s): a=dot_product(x,y)

DPROD(x,y) : Double precision product of two reals.

argument: x type: r
result: dp class: e

Example(s): d=dprod(x,y)

DSHIFTL(i, j, shift) : Combined left shift.

arguments: i,j type: i or boz
argument: shift type: i
result: See note below. class: e

Note(s):
Result type: Same as i if i is of type integer; otherwise, same as j. If either i or j

is a boz-literal-constant, it is first converted as if by the intrinsic function int to type
integer with the kind type parameter of the other. The rightmost shift bits of the result
value are the same as the leftmost bits of j, and the remaining bits of the result value
are the same as the rightmost bits of i. This is equal to ior(shiftl(i, shift), shiftr(j, bit
size(j)-shift)). The model for the interpretation of an integer value as a sequence of
bits is in Sect. 16.3 of the standard.

https://doi.org/10.1007/978-3-319-75502-1_16
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Example(s): dshiftl(1, 2**30, 2) has the value 5 if default integer has 32
bits. dshiftl(i, i, shift) has the same result value as ishftc(i, shift).

DSHIFTR(i, j, shift) : Combined right shift.

arguments: i,j type: i or boz
argument: shift type: i
result: See note below. class: e

Note(s):
Result: Same as i if i is of type integer; otherwise, same as j. If either i or j is

a boz-literal-constant, it is first converted as if by the intrinsic function int to type
integer with the kind type parameter of the other. The leftmost shift bits of the result
value are the same as the rightmost bits of i, and the remaining bits of the result value
are the same as the leftmost bits of j. This is equal to ior(shiftl(i, bit size(i)-shift),
shiftr(j, shift)). The model for the interpretation of an integer value as a sequence of
bits is in 16.3 of the standard.
Example(s): dshiftr(1, 16, 3) has the value 229 +2 if default integer has 32
bits. dshiftr(i, i, shift) has the same result value as ishftc(i,-shift).

EOSHIFT(array, shift, boundary, dim) : End of shift of a rank 1 array or rank 1
section of a higher-rank array.

argument: array type: any
argument: shift type: n
argument: boundary type: n
result: as array class: t

Note(s):
1. boundary is as array.
2. arraymust be an array, shiftmust be a scalar if array has rank 1, otherwise

it is an array of rank n − 1, where n is the rank of array.
3. boundary shall be of the same type and type parameters as array. It must

be scalar if array has rank 1, otherwise it must be either scalar or of rank n − 1. See
section 16.9.67 of the standard for additional information.

4. dim must be a scalar with a value in the range 1 <= dim <= n.
Example(s): a=eoshift(a,shift)

EPSILON(x) : Smallest difference between two reals of that kind. See Chap.5 and
real numeric model.

argument: x type: r
result: as argument class: i

https://doi.org/10.1007/978-3-319-75502-1_5
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Example(s): tiny=epsilon(x)

ERF(x) : Error function.

argument: x type: r
result: as x class: e

Example(s): y = erf(1.0) has the value 0.843 (approximately).

ERFC(x) : Complementary error function.

argument: x type: r
result: as x class: e

Example(s): y = erfc(1.0) has the value 0.157 (approximately).

ERFC_SCALED(x) : Scaled complementary error function.

argument: x type: r
result: as x class: e

Example(s): y = erfc_scaled(20.0) has the value 0.0282 (approximately).

EXECUTE_COMMAND_LINE(command, wait, exitstat,cmdstat, cmdmsg ) :
Execute a command line.
Note(s):

command shall be a default character scalar. It is an intent(in) argument. Its
value is the command line to be executed. the interpretation is processor dependent.

wait shall be a default logical scalar. It is an intent(in) argument. If wait
is present with the value false, and the processor supports asynchronous execution
of the command, the command is executed asynchronously; otherwise it is executed
synchronously.

exitstat shall be a default integer scalar. It is an intent(inout) argument. If
the command is executed synchronously, it is assigned the value of the processor-
dependent exit status. Otherwise, the value of exitstat is unchanged.

cmdstat shall be a default integer scalar. It is an intent(out) argument. It
is assigned the value -1 if the processor does not support command line execution,
a processor-dependent positive value if an error condition occurs, or the value -2 if
no error condition occurs but wait is present with the value false and the processor
does not support asynchronous execution. otherwise it is assigned the value 0.

cmdmsg shall be a default character scalar. It is an intent(inout) argu-
ment. If an error condition occurs, it is assigned a processor-dependent explanatory
message. otherwise, it is unchanged.



864 Appendix D: Intrinsic Functions and Procedures

Example(s):call execute_command_line(‘pwd’)will print the full path-
name of the current directory under unix and an error message from windows.

EXP(x) : Exponential. ex

argument: x type: r, c
result: as argument class: e

Example(s): y=exp(x)

EXPONENT(x) : Returns the exponent component of the argument. See Chap.5
and the real numeric model.

argument: x type: r
result: i class: e

Example(s): i=exponent(x)

EXTENDS_TYPE_OF(a, mold) : Query dynamic type for extension.

arguments: a, mold type: p*
result: l class: i

Note(s):
a shall be an object of extensible declared type or unlimited polymorphic. If it is

a polymorphic pointer, it shall not have an undefined association status.
mold shall be an object of extensible declared type or unlimited polymorphic. If

it is a polymorphic pointer, it shall not have an undefined association status.
If mold is unlimited polymorphic and is either a disassociated pointer or unallo-

cated allocatable variable, the result is true; otherwise if a is unlimited polymorphic
and is either a disassociated pointer or unallocated allocatable variable, the result is
false; otherwise if the dynamic type of a or mold is extensible, the result is true if
and only if the dynamic type of a is an extension type of the dynamic type of mold;
otherwise the result is processor dependent.
Example(s):

if(extends_type_of(a, mold)) then

print *,’dynamic type of a is an’

print *,’extension of dynamic type of mold’

end if

FINDLOC(array, value, dim, mask, kind, back) or
FINDLOC(array, value, mask, kind, back) : Location(s) of a specified value.

https://doi.org/10.1007/978-3-319-75502-1_5
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argument: array type: intrinsic type
argument: value type: as array
argument: dim type: i
argument:mask type: l
argument: kind type: i
argument: back type: l
result: i class: t

Note(s):
1.dim shall be an integer scalar with a value in the range 1 <= dim <= n, where

n is the rank of array.
2. mask shall be conformable with array.
3. result characteristics: If kind is present, the kind type parameter is that

specified by the value of kind; otherwise the kind type parameter is that of default
integer type. If dim does not appear, the result is an array of rank one and of
size equal to the rank of array; otherwise, the result is of rank n − 1 and shape
[d1, d2, ..., dDIM−1, dDIM+1, ..., dn], where [d1, d2, ..., dn] is the shape of array.
Example(s):

1. The value of

findloc ([1, 3, 5, 3, 1], value=3)

is [2]

The value of

findloc ([1, 3, 5, 3, 1], value=3, back=.true.)

is [4]

The value of

findloc ([1, 3, 5, 3, 1], value=3, dim=1)

is [2]

2. If B has the value [
1 2 −9
2 2 6

]

findloc (b, value=2, dim=1) has the value [2, 1, 0] and
findloc (b,value=2, dim=2) has the value [2, 1]. This is independent of
the declared lower bounds for b.

FLOOR(a, kind) : Returns the greatest integer less than or equal to the argument

argument: a type: r
result: i class: e
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Note(s):
If kind is present the result has the kind type parameter kind, otherwise the result

is of type default integer.
Example(s): i=floor(a) when a = 5.2 i has the value 5, when a = − 9.7 i has
the value −10.

FRACTION(x) : Returns the fractional part of the real numeric model of the argu-
ment. See Chap.5 and the real numeric model.

argument: x type: r
result: as x class: e

Example(s): f=fraction(x)

GAMMA(x) : Gamma function.

argument: x type: r
result: as x class: e

Example(s): y = gamma(1.0) has the value 1.000 (approximately).

GET_COMMAND(command, length, status) : Query program invocation com-
mand.

GET_COMMAND_ARGUMENT(number, value, length, status) : Query argu-
ments from program invocation.

GET_ENVIRONMENT_VARIABLE(name, value, length, status, trim name) :
Query environment variable.

HUGE(x) : Returns the largest number for the kind type of the argument. See Chap. 5
and the real and integer numeric models.

argument: x type: i,r
result: as argument class: i

Example(s): h=huge(x)

https://doi.org/10.1007/978-3-319-75502-1_5
https://doi.org/10.1007/978-3-319-75502-1_5
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HYPOT(x, y) : Euclidean distance function.

arguments: x,y type: r
result: r class: e

Example(s): h = hypot(3.0, 4.0) has the value 5.0 (approximately).

IACHAR(c) : Returns the position of the character argument in the ASCII collating
sequence.

argument: c type: char
result: i class: e

Example(s): i=iachar(’a’) returns the value 65.

IALL(array, dim, mask) or
IALL(array, mask) : Reduce array with bitwise and operation.
IAND(i,j) : Performs a logical and on the arguments.

argument: i type: i
result: as arguments class: e

Example(s): k=iand(i,j)

IANY(array, dim, mask) or
IANY(array, mask) : Reduce array with bitwise or operation.
IBCLR(i,pos) : Clears one bit of the argument to zero.

argument: i type: i
result: as i class: e

Example(s): i=ibclr(i,pos)

IBITS(i,pos,len) : Returns a sequence of bits.

argument: i type: i
result: as i class: e

Example(s): slice=ibits(i,pos,len)

IBSET(i,pos) : Sets one bit of the argument to one.



868 Appendix D: Intrinsic Functions and Procedures

argument: i type: i
result: as i class: e

Note(s):
0 <= pos <= bit_si ze(i)

Example(s): i=ibset(i,pos)

ICHAR(c) : Returns the position of a character in the processor collating sequence
associated with the kind type parameter of the argument. Normally the position in
the ASCII collating sequence.

argument: c type: char
result: i class: e

Example(s): i=ichar(’a’) would return the value 65 for the ASCII character
set.

IEOR(i, j) : Performs an exclusive or on the arguments.

argument: i type: i
result:Same asi ifi is of type integer; otherwise, same asj. class: e

Example(s): i=ieor(i,j)

IMAGE_INDEX(coarray, sub) or
IMAGE_INDEX(coarray, sub, team) or
IMAGE_INDEX(coarray, sub, team_number) : Convert cosubscripts to image
index.

argument: coarray type: co
argument: sub type: rank-one integer array
argument: team type: te
argument: team_ number type: i
result: i class: i

Note(s):
1. coarray is of any type.
2. team is scalar.
3. team_number is scalar.

Example(s):
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integer, codimension[0:*]:: x

integer, dimension(10,15), &

codimension[3,0:1,-1:*]:: z

print*, image_index(x,(/0/));

print*, image_index(z,(/2,0,-1/))

would print 1 and 2 respectively.

INDEX(string, substring,back, kind) : Locates one substring in another, i.e., returns
position of substring in character expression string.

argument: string type: s
argument: substring type: s
argument: back type: l
result: i class: e

Note(s):
If len(string) < len(substring) the result is zero.
Otherwise, if there is an integer i in the range
1 <= i <= (len(string) − len(substring) + 1)
such that string(i : i + len(substring) - 1) is equal to

substring, the result has the value of the smallest such i if back is absent or
present with the value false, and the greatest such i if back is present with the value
true.

If the substring is not found the result is zero.
Example(s):

where=index(’ hello world hello’,’hello’)
the result 2 is returned.
where=index(’ hello world hello’,’hello’,.true.)
the result 14 is returned.

INT(a, kind) : Converts to integer from integer, real, and complex.

argument: a type: n
result: i class: e

Example(s): i=int(f)

IOR(i, j) : Performs an inclusive or on the arguments.

argument: i type: i
result: as i class: e
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Example(s): i=ior(i,j)

IPARITY(array, dim, mask) or
IPARITY(array, mask) : Array reduced by ieor function. Transformational.

argument: array type: i
argument: dim type: i
argument:mask type: l
result: as i class: e

Note(s):
dim integer scalar with a value in the range 1 <= dim <= n, where n is the rank

of array.
mask shall be of type logical and shall be conformable with array.

Example(s):

iparity ([14, 13, 8]) has the value 11.
iparity ([14, 13, 8], mask=[.true., .false., .true])

has the value 6.

ISHFT(i, shift) : Performs a logical shift. The bits of i are shifted by shift positions.

argument: i type: i
result: as i class: e

Note(s):
|shi f t | <= bit_si ze(i)
If shift is positive, the shift is to the left.
If shift is negative, the shift is to the right.
If shift is zero, no shift is performed.
Bits shifted out from the left or from the right, as appropriate, are lost. Zeros are

shifted in from the opposite end.
Example(s): i=ishft(i,shift).

ISHFTC(i, shift, size) : Performs a circular shift of the rightmost bits. The size
rightmost bits of i are circularly shifted by shift positions.

argument: i type: i
result: i class: e

Note(s):
|shi f t | <= si ze



Appendix D: Intrinsic Functions and Procedures 871

The result has the value obtained by shifting the size rightmost bits of i circu-
larly by shift positions.

If shift is positive, the shift is to the left.
If shift is negative, the shift is to the right.
If shift is zero, no shift is performed.
No bits are lost. The unshifted bits are unaltered.

Example(s): i=ishftc(i,shift,size)

IS_CONTIGUOUS(array) : Test contiguity of an array.

argument: array type: any
result: l class: i

Example(s):

integer,target, dimension(10)::a

integer,pointer,dimension(:) :: p

p= a(1:10:2); print*,is_contiguous(p)

would print ‘f’.

IS_IOSTAT_END(i) : Test iostat value for end-of-file.

argument: i type: i
result: l class: e

Example(s): is_iostat_end(i) returns value true if i is an i/o status value that
corresponds to an end-of-file condition, and false otherwise.

read(unit=1,fmt=*, iostat=ist)y(i)

if (is_iostat_end(ist)) then

print*,’end of file!’

endif

IS_IOSTAT_EOR(i) : Test iostat value for end-of-record.

argument: i type: i
result: l class: e

Example(s): is_iostat_eor(i) returns the value true if i is an i/o status value
that corresponds to an end-of-record condition, and false otherwise.

KIND(x) : Returns the kind type parameter of the argument.
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argument: x type: any
result: i class: i

Example(s): i=kind(x)

LBOUND(array, dim, kind) : Lower bound(s) of an array.

argument: array type: any
result: i class: i

Note(s):
1. dim optional. 1 <= dim <= n where n is the rank of array. The result is scalar

if dim is present otherwise the result is an array of rank 1 and size n. The result is
scalar if dim is present, otherwise a rank 1 array and size n.

2. If array is a whole array and either array is an assumed-size array of rank
dim or dimension dim of array has nonzero extent, lbound (array, dim) has
a value equal to the lower bound for subscript dim of array. Otherwise the result
value is 1.
Example(s): i=lbound(array)

LCOBOUND(coarray, dim, kind]) : Lower cobound(s) of a coarray.

argument: coarray type: co
argument: dim (optional) type: i
argument: kind(optional) type: i
result: i class: i

Example(s):

integer, codimension[:,:], allocatable::a

allocate(a[2:3,7:*])

lcbound(a) is [2,7] and lcobound(a,dim=2) is 7

LEADZ(i) : Number of leading zero bits.

argument: i type: i
result: i class: e

Example(s): leadz(1) has the value 31 if bit size(1) has the value 32.

LEN(string) : Length of a character entity.
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argument: string type: s
result: i class: i

Example(s): i=len(string)

LEN_TRIM(string) : Length of character argument less the number of trailing
blanks.

argument: string type: s
result: i class: e

Example(s): i=len_trim(string)

LGE(string_1, string_2) :
Lexically greater than or equal to and this is default character or ASCII.

argument: string_ 1 type: s,ASCII
result: l class: e

string_2 is of type s.
Example(s): l=lge(s1,s2)

LGT(string_1, string_2) : Lexically greater than and this is based on the ASCII
collating sequence.

argument: string_ 1 type: s

Example(s): l=lgt(s1,s2)

LLE(string_1, string_2) : Lexically less than or equal to and this is based on the
ASCII collating sequence.

argument: string_ 1 type: s
result: l class: e

string_2 is of type s.
Example(s): l=lle(s1,s2)

LLT(string_1, string_2) : Lexically less than and this is based on theASCII collating
sequence.



874 Appendix D: Intrinsic Functions and Procedures

argument: string_ 1 type: s
result: l class: e

Example(s): l=llt(s1,s2)

LOG(x) : Natural logarithm.

argument: x type: r, c
result: as argument class: e

Example(s): y=log(x)

LOG_GAMMA(x) : Logarithm of the absolute value of the gamma function.

argument: x type: r
result: r class: e

Example(s): log_gamma(3.0) has the value 0.693 (approximately).

LOG10(x) : Common logarithm, log10

argument: x type: r
result: as argument class: e

Example(s): y=log10(x)

LOGICAL(l, kind) : Converts between different logical kind types, i.e., performs a
type cast.

argument: l type: l
result: l class: e

Example(s): l=logical(k,kind)

MASKL(i, kind) : Left justified mask.

argument : i type : i
result: i class: e
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Example(s): maskl(4) has the value shiftl(15, bit_size(0) - 4)

MASKR(i, kind) : Right justified mask.

argument: i type: i
result: i class: e

Example(s): maskr(4) has the value 15.

MATMUL(matrix_1, matrix_2) : Performs mathematical matrix multiplication of
the array arguments.

argument:matrix_ 1 type: n,l
argument:matrix_ 2 type: n,l
result: as arguments class: t

matrix_2 is as matrix_1.
Note(s):

matrix_a shall be a rank-one or rank-two array of numeric type or logical type.
matrix_b shall be of numeric type if matrix_a is of numeric type and of

logical type if matrix_a is of logical type. It shall be an array of rank one or two.
matrix_a and matrix_b shall not both have rank one.
The size of the first (or only) dimension of matrix_b shall equal the size of the

last (or only) dimension of matrix_a.
The shape of the result depends on the shapes of the arguments as follows:

If matrix_a has shape [n,m] and matrix_b has shape [m, k], the result has shape
[n, k].
If matrix_a has shape [m] and matrix_b has shape [m, k], the result has shape
[k].
If matrix_a has shape [n,m] and matrix_b has shape [m], the result has shape
[n].
Example(s): r=matmul(m_1,m_2)

MAX(a1, a2, a3,...) : Returns the largest value.

argument: a1 type: i,r,s
result: as arguments class: e

a2, a3,.. are as a1.
Example(s): a=max(a1,a2,a3,a4)

MAXEXPONENT(x) : Returns the maximum exponent. See Chap.5 and numeric
models.

https://doi.org/10.1007/978-3-319-75502-1_5
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argument: x type: r
result: i class: i

Example(s): i=maxexponent(x)

MAXLOC(array, mask, kind, back) or
MAXLOC(array, dim, mask, kind, back) : Location(s) of maximum value.

argument: array type: i,r,s
argument: dim type: i
argument:mask type: l
argument: kind type: i
argument: back type: l
result: i class: t

Note(s):
1.dim shall be an integer scalar with a value in the range 1 <= dim <= n, where

n is the rank of array. The corresponding actual argument shall not be an optional
dummy argument.

2. mask shall be of type logical and shall be conformable with array.
3. kind shall be a scalar integer constant expression.
4. back shall be scalar and of type logical.

Example(s):

a=(/5,6,7,8/)

i=maxloc(a)

is (4), which is the subscript of the location of the first occurrence of themaximum
value in the rank 1 array.

If

A =
⎛

⎝
1 8 5
9 3 6
4 2 7

⎞

⎠

i = maxloc(a, dim=1)
is (2,1,3) returning the position of the largest in each column.
i = maxloc(a, dim=2)
is (2,1,3) returning the position of the largest in each row.

MAXVAL(array, mask) or
MAXVAL(array, dim, mask) : Maximum value(s) of array.
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argument: array type: i,r,s
argument:mask type: l
argument: dim type: i
result: as argument class: t

Note(s):
1.dim shall be an integer scalar with a value in the range 1 <= dim <= n, where

n is the rank of array.
2. mask (optional) shall be of type logical and shall be conformable with array.

Example(s): maxval((/1,2,3/)) returns the value 3.

maxval( c , mask = c < 0.0)

returns the maximum of the negative elements of c.
For

B =
(
1 3 5
2 4 6

)

maxval(b, dim=1) returns(2,4,6)
maxval(b, dim=2) returns(5,6)

MERGE(true, false, mask) : Chooses alternative values according to the value of
a mask.

argument: true type: any
result: as true class: e

Example(s): For

true =
(
2 6 10
4 8 12

)
, f alse =

(
1 5 9
3 7 11

)
, and mask =

(
T F T
F T F

)

result =
(
2 5 10
3 8 11

)

MERGE_BITS(i, j, mask) : Merge of bits under mask.

argument: i type: i or boz
argument: j i or boz
argument:mask i or boz
result: same as i if integer, otherwise same as j.
class: e
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Example(s): merge_bits(14,18,22) has the value 6.

MIN(a1, a2, a3,...) : Chooses the smallest value.

argument: a1 type: i, r, s
result: as arguments class: e

Example(s): y=min(x1,x2,x3,x4,x5)

MINEXPONENT(x) : Returns the minimum exponent. See Chap. 5 and numeric
models.

argument: x type: r
result: i class: i

Example(s): i=minexponent(x)

MINLOC(array,mask,kind,back ) or
MINLOC(array,dim,mask,kind,back ) : Location of minimum value.

argument: array type: i,r,s
argument: dim type: i
argument:mask type: l
argument: kind type: i
argument: back type: l
result: i class: t

Note(s):
1.dim shall be an integer scalar with a value in the range 1 <= dim <= n, where

n is the rank of array. The corresponding actual argument shall not be an optional
dummy argument.

2. mask shall be of type logical and shall be conformable with array.
3. kind shall be a scalar integer constant expression.
4. back shall be scalar and of type logical.

Example(s): i=minloc(array)
In the above example if array is a rank 2 array of shape(5,10) and the smallest

value is in position(2,1) then the result is the rank 1 array i with shape(2) and i(1) =
2 and i(2) = 1.

MINVAL(array, mask or
MINVAL(array, dim, mask) : Minimum value(s) of array.

https://doi.org/10.1007/978-3-319-75502-1_5
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argument: array type: i,r,s
argument:mask type: l
argument: dim type: i
result: as array class: t

Note(s):
1.dim shall be an integer scalar with a value in the range 1 <= dim <= n, where

n is the rank of array. The corresponding actual argument shall not be an optional
dummy argument.

2. mask shall be of type logical and shall be conformable with array.
Example(s):

minval((/1,2,3/)) returns the value 1.
minval(c,mask=c>0.0) returns the minimum of the positive elements of c.
For

B =
(
1 3 5
2 4 6

)

minval(b,dim=1) returns(1,3,5).
minval(b,dim=2) returns(1,2).

MOD(a, b) : Returns the remainder when first argument divided by second.

argument: a type: i, r
argument: b type: as a
result: as arguments class: e

Note(s):
b shall not be zero.
The result is a − int (a/b) ∗ b.

Example(s): r=mod(a,b)

a b r

8 5 3

-8 5 -3

8 -5 3

-8 -5 -3

MODULO(a, b) : Returns the modulo of the arguments.

argument: a type: i,r
argument: b type: as a
result: as a class: e



880 Appendix D: Intrinsic Functions and Procedures

Note(s):
b shall not be zero.
If a is of typr integer, modulo (a, b) has the value r such that a = qb + r ,

where q is an integer, the inequalities 0 <= r < b hold if b > 0, and b < r <= 0
hold if b < 0.

If a is a type real modulo (a,b) has the result a − f loor(a/b) ∗ b.
Example(s): r=modulo(a,b)

a b r

8 5 3

-8 5 2

8 -5 -2

-8 -5 -3

MOVE_ALLOC (from, to [, stat, errmsg]) : Move an allocation.
Note(s):

1. Subroutine, pure if and only if from is not a coarray.
2. from may be of any type, rank, and corank. It shall be allocatable and shall

not be a coindexed object. It is an intent (inout) argument.
3. to shall be type compatible with from and have the same rank and corank. It

shall be allocatable and shall not be a coindexed object. It shall be polymorphic if
from is polymorphic. It is an intent (out) argument.

4. stat shall be a noncoindexed integer scalar with a decimal exponent range of
at least four. It is an intent (out) argument.

5. errmsg shall be a noncoindexed default character scalar. It is an intent
(inout) argument.

6. It is expected that the implementation of allocatable objects will typically
involve descriptors to locate the allocated storage; move_alloc could then be
implemented by transferring the the contents of the descriptor for from to the descrip-
tor for to and clearing the descriptor for from.
Example(s):

real,allocatable :: grid(:),tempgrid(:)

...

allocate(grid(-n:n))

! initial allocation of grid

...

allocate(tempgrid(-2*n:2*n))

! allocate bigger grid

tempgrid(::2)=grid

! distribute values to new locations

call move_alloc(to=grid,from=tempgrid)

The old grid is deallocated because to is intent (out), and grid then takes
over the new grid allocation.



Appendix D: Intrinsic Functions and Procedures 881

MVBITS(from, frompos, len, to, topos) : Copies a sequence of bits from one data
object to another.

argument: from type: i
argument: frompos type: i
argument: len type: i
argument: to type: i
argument: topos type: i
result: n/a class: s

All arguments are of integer type.
Note(s):

from It is an intent(in) argument.
frompos shall be nonnegative. It is an intent(in) argument. f rompos +

len <= bit_si ze( f rom).
len shall be nonnegative. It is an intent(in) argument.
to shall be a variable of the same type and kind type parameter value as from

and may be associated with from. It is an intent(inout) argument.
to is defined by copying the sequence of bits of length len, starting at position

frompos of from to position topos of to. No other bits of to are altered. On
return, the len bits of to starting at topos are equal to the value that the len bits
of from starting at frompos had on entry.

topos shall be nonnegative. It is an intent(in) argument. topos + len <=
bit_si ze(to).
Example(s): If to has the initial value 6, the value of to after the statement call
mvbits (7, 2, 2, to, 0) is 5.
Example(s): call mvbits(f,fp,l,t,tp)

NEAREST(x,next) : Returns the nearest different number. See Chap.5 and the real
numeric model.

argument: x type: r
argument: next type: r
result: as x class: e

Note(s):
next Not equal to zero.
The result has a value equal to the machine-representable number distinct from

x and nearest to it in the direction of infinity with the same sign as next.
Unlike other floating point manipulation functions, nearest operates on

machine representable numbers rather than model numbers. On many systems there
are machine representable numbers that lie between adjacent model numbers.

https://doi.org/10.1007/978-3-319-75502-1_5


882 Appendix D: Intrinsic Functions and Procedures

Example(s): n=nearest(x,next)

NEW_LINE(a) : Returns newline character used for formatted stream output.

argument: a type: char
result: char class: i

Note(s):
If a is default character and the character in position 10 of the ASCII collating

sequence is representable in the default character set, then the result isachar (10).
If a is ASCII character or ISO 10646 character, then the result is char (10,

kind (a)).
Otherwise, the result is a processor-dependent character that represents a newline

in output to files connected for formatted stream output if there is such a character.
Otherwise, the result is the blank character.

Example(s):

open(2,file=’nline.txt’, access=’stream’, form=’formatted’)

write(2,’(a)’)’hola’//new_line(’a’)//’mundo’

This will write 2 lines to the file nline.txt.

NINT(a, kind) : Yields nearest integer.

argument: a type: r
result: i class: e

Note(s):
1. a > 0, the result is int(a+0.5).
2. a <= 0, the result is int(a-0.5).

Example(s): i=nint(x)

NORM2(x ) or
NORM2(x, dim) : Norm of an array.

argument: x type:r
argument: dim type: i
result: r class: t

Note(s):
1. dim shall be an integer scalar with a value in the range 1 <= dim <= n,

where n is the rank of x. The corresponding actual argument shall not be an optional
dummy argument.
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2. The result of norm2(x) has a value equal to a processor-dependent approx-
imation to the generalized l2 norm of x, which is the square root of the sum of the
squares of the elements of x.

3. If dim is present the array is reduced as for sum(x,dim) except that norm2
is applied to the reduced vectors.
Example(s): See below.

norm2([3.0, 4.0]) is 5.0.

If x has the value

1.0 2.0

3.0 4.0

norm2(x,dim=1) is [3.162, 4.472]

norm2(x,dim=2) is [2.236,5.0]

approximately.

NOT(i) : Returns the logical complement of the argument.

argument: i type: i
result: as i class: e

Example(s): i=not(i)
NULL(mold) : Returns a disassociated pointer.

argument:mold type: p
result: as argument class: t

Note(s):
If the argument mold is present the result is the same as mold. Otherwise it is

determined by context.
Example(s): real, pointer :: p=>null()

NUM_IMAGES( ) or
NUM_IMAGES(team ) or
NUM_IMAGES(team_number) : Number of images.

argument: none
argument: team type: te
argument: team_ number type: i
result: i class: t

Notes(s):
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team shall be a scalar of type team_type from the intrinsic module
iso_fortran_env, with a value that identifies the current or an ancestor team.

team_number shall be an integer scalar. It shall identify the initial team or a
team whose parent is the same as that of the current team.

The result is the number of images in the specified team, or in the current team if
no team is specified.
Example(s): print*,’ number of images = ’,num_images( )

The following code uses image 1 to read data and broadcast it to other images.

REAL :: P[*]

IF (THIS_IMAGE()==1) THEN

READ (6,*) P

DO I = 2, NUM_IMAGES()

P[I] = P

END DO

END IF

SYNC ALL

OUT_OF_RANGE (x,mold [, round])Whether a value cannot be converted safely.

argument: x type: i,r
argument:mold type: i,r scalar
argument: round type: l scalar
result: l class: e

Note(s):
1. mold If it is a variable, it need not be defined.
2. round shall be present only if x is of type real and mold is of type integer.

Example(s): If INT8 is the kind value for an 8-bit binary integer type,
OUT_OF_RANGE (-128.5, 0_INT8) will have the value false and
OUT_OF_RANGE (-128.5, 0_INT8, .TRUE.) will have the value true.

PACK(array,mask, vector) : Packs an array into an array of rank 1, under the control
of a mask.

argument: array type: any
argument:mask type: l
argument: vector type: same type as array
result: as array class: t

Note(s):
1. array must be an array.
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2. mask be conformable with array.
3. vectormust have rank 1 and have at least as many elements as there are true

elements in mask.
4. If mask is scalar with the value true vector must have at least as many

elements as there are in array.
5. The result is an array of rank 1.
6. If vector is present the result size is that of vector.
7. If vector is not present the result size is t, the number of true elements in

mask, unless mask is scalar with a value true in which case the result size is the
size of array.
Example(s): r=pack(a,m)

The nonzero elements of an array m with the value

0 0 0

9 0 0

0 0 7

can be gathered by the function pack. The result of
pack (m, mask = m/= 0) is [9, 7] and the result of
pack (m, m /= 0, vector = [2, 4, 6, 8, 10, 12])
is [9, 7, 6, 8, 10, 12].
PARITY(mask, dim) : Reduce array with .neqv. operation.

argument:mask type: l array
argument:dim shall be an
integer scalar in the range
1 <= dim <= nwhere n
is rank ofmask.

Example(s): If t has the value true and f has the value false
parity([t,t,t,f]) is true.

POPCNT(i) : Number of one bits in the sequence of bits of i.

argument: i type: i
result: i class: e

Example(s): popcnt([1, 2, 3, 4, 5, 6, 7])
has the value [1, 1, 2, 1, 2, 2, 3].

POPPAR(i) : Returns the parity of the bit count of an integer expressed as 0 or 1.
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argument: i type: i
result: i type: e

Example(s): poppar([1, 2, 3, 4, 5, 6, 7])
has the value [1, 1, 0, 1, 0, 0, 1]

PRECISION(x) : Returns the decimal precision of the argument. See Chap.5 and
numeric models.

argument: x type: r, c
result: i class: i

Example(s): i=precision(x)

PRESENT(a) : Returns whether an optional argument is present.

argument: a type: any
result: l class: i

Note(s):
amust be an optional argument of the procedure in which the present function

reference appears.
Example(s): if(present(a)) then

PRODUCT(array, mask) or
PRODUCT(array, dim, mask)

The product of all of the elements of array along the dimension dim corre-
sponding to the true elements of mask.

argument: array type: n
argument: dim type: i
argument:mask type: l
result: as array class: t

Note(s):
1. array must be an array.
2. 1 <= dim <= n where n is the rank of array.
3. mask must be conformable with array.

Example(s):
product((/1,2,3/)) the result is 6.
product( c , mask = c > 0.0) forms the product of the positive ele-

ments of c.

https://doi.org/10.1007/978-3-319-75502-1_5
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If

B =
(
1 3 5
2 4 6

)

product(b,dim=1)
is (2,12,30)
product(b,dim=2)
is (15,48)

RADIX(x) : Returns the base of the numeric argument. See Chap.5 and numeric
models.

argument: x type: i,r
result: i class: i

Example(s): base=radix(x)

RANDOM_INIT (repeatable, image_distinct) Initialize the pseudorandom num-
ber generator.

argument: repeatable type: l
argument: image_ distinct type: l
result: n/a class: e

Note(s):
1. repeatable shall be a logical scalar. It is an intent (in) argument. If

it has the value true, the seed accessed by the pseudorandom number generator
is set to a processor-dependent value that is the same each time random_init is
called from the same image. If it has the value false, the seed is set to a processor-
dependent, unpredictably different value on each call.

2.image_distinct shall be a logical scalar. It is anintent (in) argument.
If it has the value true, the seed accessed by the pseudorandom number generator
is set to a processor-dependent value that is distinct from the value that would be set
by a call to random_init by another image. If it has the value false, the value
to which the seed is set does not depend on which image calls random_init.
Example(s):

call random_init (repeatable=.false.,

image_distinct=.false.)

Initializes the pseudorandom number generator so that the seed is different on each
call and that the sequence generated will differ from that of another image:

https://doi.org/10.1007/978-3-319-75502-1_5
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RANDOM_NUMBER(harvest) : Returns one pseudorandom number or an array
of pseudorandom numbers from the uniform distribution over the range 0 <= x < 1

argument: harvest type: r
result: n/a class: s

Note(s):
harvest is intent(out).

Example(s): call random_number(harvest=x)
call random_number(y)
x and y contain uniformly distributed random numbers.

RANDOM_SEED(size,put,get) : Restarts(seeds) or queries the pseudorandom gen-
erator used by random_number.

argument: size type: i
result: n/a class: s

All arguments are of integer type.
Note(s):

1. size is intent(out). It is set to the number n of integers that the processor
uses to hold the value of the seed.

2. put is intent(in). It is an array of rank 1 and si ze >= n It is used by the
processor to set the seed value.

3. get is intent(out). It is an array of rank 1 and si ze >= n It is set by the
processor to the current value of the seed.
Example(s): call random_seed

RANGE(x) : Returns the decimal exponent range of the real argument. See Chap.5
and the numeric model representing the argument.

argument: x type: n
result: i class: i

Example(s): i=range(n)

RANK (a) : Rank of a data object.

argument: a type: n
result: i class: e

https://doi.org/10.1007/978-3-319-75502-1_5
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Note(s):
1. a shall be a data object of any type.
2. Result Characteristics. Default integer scalar.

Example(s): If X is an assumed-rank dummy argument and its associated effective
argument is an array of rank 3, RANK(X) has the value 3.

REAL(a,kind) : Converts to real from integer, real or complex.

argument: a type: n
result: r class: e

Example(s): x=real(a)

REDUCE (array, operation [, mask, identity, ordered]) or
REDUCE (array, operation , dim [, mask, identity, ordered]) : General reduction
of array.

argument: array type:ANY
argument: operation type: See notes
argument:mask type: l
argument: identity type: n
argument: ordered type: n
argument: dim type: n
result: ? class: t

Notes(s):
operation shall be a pure function with exactly two arguments; each argument

shall be a scalar, nonallocatable, nonpointer, nonpolymorphic, nonoptional dummy
data object with the same type and type parameters as array. If one argument
has the asynchronous, target, value attribute, the other shall have that
attribute. Its result shall be a nonpolymorphic scalar and have the same type and type
parameters as array. operation should implement a mathematically associative
operation. It need not be commutative.

dim shall be an integer scalar with a value in the range 1 <= dim <= n, where
n is the rank of ARRAY.

mask shall be of type logical and shall be conformable with array.
identity shall be scalar with the same type and type parameters as array.
ordered shall be a logical scalar.
If operation is not computationally associative, reduce without

ordered=.true. with the same argument values might not always produce the
same result, as the processor can apply the associative law to the evaluation.
Example(s):
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The following examples all use the function my_mult, which returns the product
of its two integer arguments.

The value of

reduce ([1, 2, 3], my_mult)

is 6.

reduce (c, my_mult, mask= c > 0, identity=1)

forms the product of the positive elements of c.
If B is the array

1 3 5

2 4 6

reduce (b, my_mult, dim = 1)

is [2, 12, 30] and

reduce (b,my_mult, dim = 2)

is [15, 48].

REPEAT(string, n_copies) : Concatenate several copies of a string.

argument: string type: s
result: s class: t

Example(s): new_s=repeat(s,10)

RESHAPE(source,shape,pad,order) : Constructs an array of a specified shape
from the elements of a given array.

argument: source type: any
result: as source class: t

Note(s):
1. sourcemust be an array. If pad is absent or of size zero the size of source

must be product(shape).
2. shape must be a rank 1 array and 0 <= si ze < 16
3. pad must be an array.
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4.ordermust have the same shape asshape and its valuemust be a permutation
of (1,2,... ,n) where n is the size of shape. If absent it is as if it were present with
the value (1,2,...,n).

5. the result is an array of shape shape
Example(s):

reshape((/1,2,3,4,5,6/),(/2,3/))
has the value

(
1 3 5
2 4 6

)

reshape((/1,2,3,4,5,6/) ,(/2,4/) ,(/0,0/) ,(/2,1/) )
has the value

(
1 2 3 4
5 6 0 0

)

RRSPACING(x) : Returns the reciprocal of the relative spacing of model numbers
near the argument value. See Chap.5 and the real numeric model.

argument: x type: r
result: as x class: e

Example(s): z=rrspacing(x)

SAME_TYPE_AS(a, b) : Query dynamic types for equality. If the dynamic type of
a or b is extensible, the result is true if and only if the dynamic type of a is the same
as the dynamic type of b. If neither a nor b has extensible dynamic type, the result
is processor dependent.
Note(s):

a an object of extensible declared type or unlimited polymorphic. If it is a pointer,
it shall not have an undefined association status.

b an object of extensible declared type or unlimited polymorphic. If it is a pointer,
it shall not have an undefined association status.

The dynamic type of a disassociated pointer or unallocated allocatable variable
is its declared type. An unlimited polymorphic entity has no declared type.

result: l
type: i

SCALE(x, i) : Returns xbi where b is the base in the model representation of x. See
Chap.5 and the real numeric model.

https://doi.org/10.1007/978-3-319-75502-1_5
https://doi.org/10.1007/978-3-319-75502-1_5
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argument: x type: r
argument: i type: i
result: as x class: e

Example(s): z=scale(x,i)

SCAN(string, set, back) : Scans a string for any one of the characters in a set of
characters.

argument: string type: s
result: i class: e

Note(s):
1. The default is to scan from the left, and will only be from the right when back

is present and has the value true.
2. Zero is returned if the scan fails.

Example(s): w=scan(string,set)

SELECTED_CHAR_KIND(name) : Returns the kind value for the character set
whose name is given by the character string name or -1 if not supported.

argument: name type: char
result: i class: t

Note(s):
If name has the value default, then the result has a value equal to that of the

kind type parameter of default character.
If name has the value ASCII, then the result has a value equal to that of the kind

type parameter of ASCII character if the processor supports such a kind; otherwise
the result has the value 1.

If name has the value ISO_10646, then the result has a value equal to that of
the kind type parameter of the ISO 10646 character kind (corresponding to UCS-4
as specified in ISO/IEC 10646) if the processor supports such a kind; otherwise the
result has the value 1.

If name is a processor-defined name of some other character kind supported by
the processor, then the result has a value equal to that kind type parameter value.

If name is not the name of a supported character type, then the result has the
value 1. The name is interpreted without respect to case or trailing blanks.

SELECTED_INT_KIND(r) : Returns a value of the kind type parameter of an
integer data type that represents all integer values n with −10r < n < 10r
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argument: r type: i
result: i class: t

Note(s):
r must be scalar.
If a kind type parameter is not available then the value -1 is returned.

Example(s): i=selected_int_kind(2)

SELECTED_REAL_KIND(p,r,radix) : Returns a value of the kind type parameter
of a real data type with decimal precision of at least p digits and a decimal exponent
range of at least r.

argument: p and r type: i
result: i class: t

Note(s):
0. at least one argument must be present.
1. p, r and radix must be integer scalars.
2. The result is -1 if the processor supports a real type with radix radix and

exponent range of at least r but not with precision of at least p; -2 if the processor
supports a real typewith radixradix andprecisionof at least pbut notwith exponent
range of at least r; -3 if the processor supports a real type with radix radix but with
neither precision of at least p nor exponent range of at least r; -4 if the processor
supports a real type with radix radix and either precision of at least p or exponent
range of at least r but not both together; -5 if the processor supports no real type
with radix radix.
Example(s): i=selected_real_kind(p,r)

SET_EXPONENT(x,i) : Returns the model number whose fractional part is the
fractional part of the model representation of x and whose exponent part is i.

argument: x type: r
argument: i type: i
result: as x class: e

Example(s): exp_part=set_exponent(x,i)

SHAPE(source, kind) : Returns the shape of the array argument or scalar.

argument: source type: any
result: i class: i
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Note(s):
1. source may be array valued or scalar. It must not be a pointer that is disas-

sociated or an allocatable array that is not allocated. It must not be an assumed-size
array.

2. the result is an array of rank 1 whose size is equal to the rank of source.
Example(s): s=shape(a(2:5,-1:1)) yields s=(4,3)

SHIFTA(i, shift) : Right shift with fill.

argument: i type: i
argument: shift type: i
result: same as i class: e

Note(s):
1. shift shall be nonnegative and less than or equal to bit_size(i)
2. If shift is zero the result is i. Bits shifted out from the right are lost. The

model for the interpretation of an integer value as a sequence of bits is in 16.3 of the
standard.
Example(s): shifta (ibset (0, bit_size (0)), 2)
is equal to shiftl (7, bit_size (0) 3).

SHIFTL(i, shift) : Shift left.

argument: i type: i
argument: shift type: i
result: same as i class: e

Note(s):
1. shift shall be nonnegative and less than or equal to bit_size(i)

Example(s): shiftl(4, 1) is 8

SHIFTR(i, shift) : Shift right.

argument: i type: i
argument: shift type: i
result: same as i class: e
class: e

Note(s):
1. shift shall be nonnegative and less than or equal to bit_size(i)

Example(s): shiftr(4, 1) is 2.

SIGN(a, b) : Absolute value of a times the sign of b.
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argument: a type: i, r
result: as a class: e

Note(s):
1. If b > 0, the value of the result is |a|.
2. If b < 0, the value of the result is −|a|.
3. If b is of type integer and b = 0, the value of the result is |a|.
4. If b is of type real and is zero, then:

if the processor cannot distinguish between positive and negative real zero, or if b
is positive real zero, the value of the result is |a|;
if b is negative real zero, the value of the result is −|a|.
Example(s): a=sign(a,b)

SIN(x) : Sine.

argument: x type: r, c
result: as argument class: e

Note(s):
The argument is in radians.

Example(s): z=sin(x)

SINH(x) : Hyperbolic sine.

argument: x type: r,c
result: as argument class: e

Example(s): z=sinh(x)

SIZE(array, dim, kind) : Extent of an array along a specified dimension or the total
number of elements in the array.

argument: array type: any
result: i class: i

Note(s):
1. array shall be a scalar or array of any type. It shall not be an unallocated

allocatable variable or a pointer that is not associated. If array is an assumed-size
array, dim shall be present with a value less than the rank of array.

2.dim (optional) shall be an integer scalarwith avalue in the range1 <= dim <=
n, where n is the rank of array.
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3. kind shall be a scalar integer constant expression.
4. result is equal to the extent of dimension dim of array, or if dim is absent, the

total number of elements of array.
Example(s): a=size(array)

SPACING(x) : Returns the absolute spacing of model numbers near the argument
value. See Chap.5 and the real numeric model.

argument: x type: r
result: as x class: e

Example(s): s=spacing(x)

SPREAD(source, dim, n_copies) : Creates an array with an additional dimension,
replicating the values in the original array.

argument: source type: any
result: as source class: t

Note(s):
1. source may be array valued or scalar, with rank less than 15.
2. dim must be scalar and in the range 1 <= dim <= n + 1 where n is the rank

of source.
3. n_copies must be scalar.
4. the result is an array of rank n + 1.

Example(s):
If a is the array(2,3,4) then spread(a,dim=1,ncopies=3) then the result

is the array
⎛

⎝
2 3 4
2 3 4
2 3 4

⎞

⎠

SQRT(x) : Square root.

argument: x type: r, c
result: as argument class: e

Example(s): a=sqrt(b)

STORAGE_SIZE(a, kind) : Storage size in bits.

https://doi.org/10.1007/978-3-319-75502-1_5
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argument: a type: any type.
argument: kind(optional) result: i
class: i

Note(s):
If a is polymorphic it shall not be an undefined pointer. If it is unlimited polymor-

phic or has any deferred type parameters, it shall not be an unallocated allocatable
variable or a disassociated or undefined pointer.

If kind is present, the kind type parameter is that specified by the value of kind;
otherwise, the kind type parameter is that of default integer type.

The result value is the size expressed in bits for an element of an array that has the
dynamic type and type parameters of a. If the type and type parameters are such that
storage association applies, the result is consistent with the named constants defined
in the intrinsic module ISO_FORTRAN_ENV.

An array element might take more bits to store than an isolated scalar, since any
hardware-imposed alignment requirements for array elements might not apply to a
simple scalar variable.

This is intended to be the size in memory that an object takes when it is stored; this
might differ from the size it takes during expression handling (which might be the
native register size) or when stored in a file. If an object is never stored in memory
but only in a register, this function nonetheless returns the size it would take if it
were stored in memory.
Example(s): storage_size(1.0) has the same value as the named constant
numeric_storage_size in the intrinsic module iso_fortran_env.

SUM(array, dim, mask) or
SUM(array, mask) : Returns the sum of all elements of array along the dimension
dim corresponding to the true elements of mask.

argument: array type: n
argument: dim type: i
argument:mask type: l
result: as array class: t

Note(s):
1. array must be an array.
2. 1 <= dim <= n where n is the rank of array.
3. mask must be conformable with array.
4. result is scalar if dim is absent, or array has rank 1, otherwise the result is

an array of rank n − 1.
Example(s):

sum((/1,2,3/))
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the result is 6.
sum(c,mask=c> 0.0)
forms the arithmetic sum of the positive elements of c.
If

B =
(
1 3 5
2 4 6

)

sum(b,dim=1)
is (3,7,11)
sum(b,dim=2)
is (9,12)

SYSTEM_CLOCK(count,count_rate,count_max) : Returns integer data from a
real time clock.

argument: count type: i
result: n/a class: s

Note(s):
1. count is intent(out) and is set to a processor dependent value based on

the current value of the processor clock or to -huge(0) if there is no clock. It lies
in the range 0 to count_max if there is a clock.

2. count_rate is intent(out) and it is set to the number of processor clock
counts per second, or zero if there is no clock.

3. count_max is intent(out) and is set to the maximum value that count
can have or to zero if there is no clock.

call system_clock(c,r,m)

TAN(x) : Tangent.

argument: x type: r,c
result: as argument class: e

Note(s):
x must be in radians.

Example(s): y=tan(x)

TANH(x) : Hyperbolic tangent.

argument: x type: r,c
result: as argument class: e
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y=tanh(x)

THIS_IMAGE( team ) or
THIS_IMAGE( coarray [,team]) or
THIS_IMAGE( coarray, dim [,team]) : Index of the invoking image, a single
cosubscript, or a list of cosubscripts.

argument: team type: te
argument: coarray type: a
argument: dim type: i
result: as argument class: e

Note(s):
1. coarray shall be a coarray of any type. If it is allocatable it shall be allocated.

If its designator has more than one part-ref , the rightmost part-ref shall have nonzero
corank. If it is of typeteam_type from the intrinsicmoduleISO_FORTRAN_ENV,
the team argument shall appear.

2. dim shall be an integer scalar. Its value shall be in the range 1 <= dim <= n,
where n is the corank of coarray.

3. team shall be a scalar of type team_type from the intrinsic module
ISO_FORTRAN_ENV, whose value identifies the current or an ancestor team. If
coarray appears, it shall be established in that team.
Example(s):

integer, dimension(10,20), &

codimension[10,0:9,0:*] :: a

then on image 5, this_image() has the value 5 and this_image(a) has the
value [3,1,2].

TINY(x) : Returns the smallest positive number in the model representing numbers
of the same type and kind type parameter as the argument.

argument: x type: r
result: as x class: i

Example(s): t=tiny(x)

TRAILZ(i) : Number of trailing zero bits. If all of the bits of i are zero, the result
value is bit_size(i). Otherwise, the result value is the position of the rightmost
1 bit in i.
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argument: i type: i
result: i class: e

Example(s):

trailz(4)

has the value 2.

TRANSFER(source, mold, size) : Returns a result with a physical representation
identical to that of source, but interpreted with the type and type parameters of
mold.

argument: source type: any
result: as mold class: t

Warning: A thorough understanding of the implementation specific internal rep-
resentation of the data types involved is necessary for successful use of this function.
Consult the documentation that accompanies the compiler that you work with before
using this function.

TRANSPOSE(matrix) : Transposes an array of rank 2.

argument:matrix type: any
result: as argument class: t

Note(s):
matrix must be of rank 2. If its shape is (n,m) then the resultant matrix has

shape (m, n)
Example(s):

transpose(a)

a =
⎛

⎝
1 2 3
4 5 6
7 8 9

⎞

⎠ yields

⎛

⎝
1 4 7
2 5 8
3 6 9

⎞

⎠

TRIM(string) : Returns the argument with trailing blanks removed.

argument: string type: s
result: as string class: t

Note(s):
string must be a scalar.
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Example(s): t_s=trim(s)

UBOUND(array, dim, kind) : Upper bound(s).

argument: array type: any
result: i class: i

Note(s):
1.dim optional. Shall be an integer scalarwith a value in the range 1 <= dim <=

n, where n is the rank of array. The corresponding actual argument shall not be an
optional dummy argument.

2. For an array section or for an array expression, other than a whole array,
ubound(array, dim) has a value equal to the number of elements in the given
dimension; otherwise, it has a value equal to the upper bound for subscript dim of
array if dimension dim of array does not have size zero and has the value zero
if dimension dim has size zero.
Example(s): z=ubound(a)

UCOBOUND(coarray, dim, kind) : Upper cobound(s) of a coarray.

argument: coarray type: co
argument: dim (optional) type: i
argument: kind(optional) type: i
result: i class: i

UNPACK(vector, mask, field) : Unpacks an array of rank 1 into an array under the
control of a mask.

argument: vector type: any
result: as vector class: t

Note(s):
1. vector must have rank 1. Its size must be at least t, where t is the number of

true elements in mask.
2. mask must be array valued.
3. field must be conformable with mask. Result is an array with the same

shape as mask.
Example(s):

With vector=(1,2,3)
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and mask =
⎛

⎝
f t f
t f f
f f t

⎞

⎠ and f ield

⎛

⎝
1 0 0
0 1 0
0 0 1

⎞

⎠ the result is

⎛

⎝
1 2 0
1 1 0
0 0 3

⎞

⎠

VERIFY(string,set,back,kind) : Verify that a set of characters contains all the char-
acters in a string by identifying the position of the first character in a string of
characters that does not appear in a given set of characters.

argument: string type: s
argument: set type: s
argument: back type: l
result: kind class: i
result: i class: e

Note(s):
1. The default is to scan from the left, and will only be from the right when back

is present and has the value true.
2. The value of the result is zero if each character in string is in set, or if

string has zero length.
Example(s) i=verify(string,set)

D.10 Fortran Intrinsics by Standard

We use a + character in the table to indicate that the name of the intrinsic continues
on the next line. The intrinsics by standard year are in TableD.5.
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Table D.5 Intrinsic functions by standard - Fortran 90 to Fortran 2018
Fortran 90 Fortran 95 Fortran 2003 Fortran 2008 Fortran 2018

ABS ABS ABS ABS ABS

ACHAR ACHAR ACHAR ACHAR ACHAR

ACOS ACOS ACOS ACOS ACOS

ACOSH ACOSH

ADJUSTL ADJUSTL ADJUSTL ADJUSTL ADJUSTL
ADJUSTR ADJUSTR ADJUSTR ADJUSTR ADJUSTR

AIMAG AIMAG AIMAG AIMAG AIMAG
AINT AINT AINT AINT AINT

ALL ALL ALL ALL ALL
ALLOCATED ALLOCATED ALLOCATED ALLOCATED ALLOCATED
ANINT ANINT ANINT ANINT ANINT

ANY ANY ANY ANY ANY
ASIN ASIN ASIN ASIN ASIN

ASINH ASINH
ASSOCIATED ASSOCIATED ASSOCIATED ASSOCIATED ASSOCIATED
ATAN ATAN ATAN ATAN ATAN

ATAN2 ATAN2 ATAN2 ATAN2 ATAN2
ATANH ATANH

ATOMIC_ADD
ATOMIC_AND
ATOMIC_CAS

ATOMIC_DEFINE
ATOMIC_FETCH+

_ADD
ATOMIC_FETCH+
_AND

ATOMIC_FETCH+
_OR
ATOMIC_FETCH+

_XOR
ATOMIC_OR

ATOMIC_REF
ATOMIC_XOR

BESSEL_J0 BESSEL_J0

BESSEL_J1 BESSEL_J1
BESSEL_JN BESSEL_JN

BESSEL_Y0 BESSEL_Y0
BESSEL_Y1 BESSEL_Y1
BESSEL_YN BESSEL_YN

BGE BGE
BGT BGT

BIT_SIZE BIT_SIZE BIT_SIZE BIT_SIZE BIT_SIZE
BLE BLE
BLT BLT

BTEST BTEST BTEST BTEST BTEST
CEILING CEILING CEILING CEILING CEILING

CHAR CHAR CHAR CHAR CHAR
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Table D.5 (continued)
Fortran 90 Fortran 95 Fortran 2003 Fortran 2008 Fortran 2018

CMPLX CMPLX CMPLX CMPLX CMPLX
CO_BROADCAST

CO_LBOUND CO_LBOUND
CO_MAX

CO_MIN
CO_REDUCE
CO_SUM

CO_UBOUND CO_UBOUND
COMMAND+ COMMAND+ COMMAND+

_ARGUMENT+ _ARGUMENT+ _ARGUMENT+
_COUNT _COUNT _COUNT

CONJG CONJG CONJG CONJG CONJG

COS COS COS COS COS
COSH COSH COSH COSH COSH

COSHAPE
COUNT COUNT COUNT COUNT COUNT

CPU_TIME CPU_TIME CPU_TIME CPU_TIME

CSHIFT CSHIFT CSHIFT CSHIFT CSHIFT
DATE_AND_TIME DATE_AND_TIME DATE_AND_TIME DATE_AND_TIME DATE_AND_TIME

DBLE DBLE DBLE DBLE DBLE
DIGITS DIGITS DIGITS DIGITS DIGITS
DIM DIM DIM DIM DIM

DOT_PRODUCT DOT_PRODUCT DOT_PRODUCT DOT_PRODUCT DOT_PRODUCT
DPROD DPROD DPROD DPROD DPROD

DSHIFTL DSHIFTL
DSHIFTR DSHIFTR

EOSHIFT EOSHIFT EOSHIFT EOSHIFT EOSHIFT

EPSILON EPSILON EPSILON EPSILON EPSILON
ERF ERF
ERFC ERFC

ERFC_SCALED ERFC_SCALED
EVENT_QUERY

EXECUTE+ EXECUTE+
_COMMAND+ _COMMAND+
_LINE _LINE

EXP EXP EXP EXP EXP
EXPONENT EXPONENT EXPONENT EXPONENT EXPONENT

EXTENDS+ EXTENDS+ EXTENDS+
_TYPE_OF _TYPE_OF _TYPE_OF

FAILED_IMAGES

FINDLOC
FLOOR FLOOR FLOOR FLOOR FLOOR

FRACTION FRACTION FRACTION FRACTION FRACTION
GAMMA GAMMA

GET_COMMAND GET_COMMAND GET_COMMAND

GET_COMMAND+ GET_COMMAND+ GET_COMMAND+
_ARGUMENT _ARGUMENT _ARGUMENT

GET+ GET+ GET+
_ENVIRONMENT+ _ENVIRONMENT+ _ENVIRONMENT+
_VARIABLE _VARIABLE _VARIABLE

GET_TEAM
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Table D.5 (continued)
Fortran 90 Fortran 95 Fortran 2003 Fortran 2008 Fortran 2018

HUGE HUGE HUGE HUGE HUGE
HYPOT HYPOT

IACHAR IACHAR IACHAR IACHAR IACHAR
IAND IAND IAND IAND IALL

IBCLR IBCLR IBCLR IBCLR IAND
IBITS IBITS IBITS IBITS IANY
IBSET IBSET IBSET IBSET IBCLR

IBITS
IBSET

ICHAR ICHAR ICHAR ICHAR ICHAR
IEOR IEOR IEOR IEOR IEOR

IMAGE_INDEX IMAGE_INDEX

IMAGE_STATUS
INDEX INDEX INDEX INDEX INDEX

INT INT INT INT INT
IOR IOR IOR IOR IOR

IPARITY

IS_CONTIGUOUS IS_CONTIGUOUS
IS_IOSTAT_END IS_IOSTAT_END IS_IOSTAT_END

IS_IOSTAT_EOR IS_IOSTAT_EOR IS_IOSTAT_EOR
ISHFT ISHFT ISHFT ISHFT ISHFT
ISHFTC ISHFTC ISHFTC ISHFTC ISHFTC

KIND KIND KIND KIND KIND
LBOUND LBOUND LBOUND LBOUND LBOUND

LCOBOUND
LEADZ LEADZ

LEN LEN LEN LEN LEN

LEN_TRIM LEN_TRIM LEN_TRIM LEN_TRIM LEN_TRIM
LGE LGE LGE LGE LGE
LGT LGT LGT LGT LGT

LLE LLE LLE LLE LLE
LLT LLT LLT LLT LLT

LOG LOG LOG LOG LOG
LOG_GAMMA LOG_GAMMA

LOG10 LOG10 LOG10 LOG10 LOG10

LOGICAL LOGICAL LOGICAL LOGICAL LOGICAL
MASKL MASKL

MASKR MASKR
MATMUL MATMUL MATMUL MATMUL MATMUL
MAX MAX MAX MAX MAX

MAXEXPONENT MAXEXPONENT MAXEXPONENT MAXEXPONENT MAXEXPONENT
MAXLOC MAXLOC MAXLOC MAXLOC MAXLOC

MAXVAL MAXVAL MAXVAL MAXVAL MAXVAL
MERGE MERGE MERGE MERGE MERGE

MERGE_BITS MERGE_BITS

MIN MIN MIN MIN MIN
MINEXPONENT MINEXPONENT MINEXPONENT MINEXPONENT MINEXPONENT

MINLOC MINLOC MINLOC MINLOC MINLOC
MINVAL MINVAL MINVAL MINVAL MINVAL
MOD MOD MOD MOD MOD

MODULO MODULO MODULO MODULO MODULO
MOVE_ALLOC MOVE_ALLOC MOVE_ALLOC
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Table D.5 (continued)
Fortran 90 Fortran 95 Fortran 2003 Fortran 2008 Fortran 2018

MVBITS MVBITS MVBITS MVBITS MVBITS
NEAREST NEAREST NEAREST NEAREST NEAREST

NEW_LINE NEW_LINE NEW_LINE
NINT NINT NINT NINT NINT

NORM2 NORM2
NOT NOT NOT NOT NOT

NULL NULL NULL NULL

NUM_IMAGES NUM_IMAGES
OUT_OF_RANGE

PACK PACK PACK PACK PACK
PARITY PARITY
POPCNT POPCNT

POPPAR POPPAR
PRECISION PRECISION PRECISION PRECISION PRECISION

PRESENT PRESENT PRESENT PRESENT PRESENT
PRODUCT PRODUCT PRODUCT PRODUCT PRODUCT
RADIX RADIX RADIX RADIX RADIX

RANDOM_INIT
RANDOM+ RANDOM+ RANDOM+ RANDOM+ RANDOM+

_NUMBER _NUMBER _NUMBER _NUMBER _NUMBER
RANDOM_SEED RANDOM_SEED RANDOM_SEED RANDOM_SEED RANDOM_SEED
RANGE RANGE RANGE RANGE RANGE

RANK
REAL REAL REAL REAL REAL

REDUCE
REPEAT REPEAT REPEAT REPEAT REPEAT
RESHAPE RESHAPE RESHAPE RESHAPE RESHAPE

RRSPACING RRSPACING RRSPACING RRSPACING RRSPACING
SAME_TYPE_AS SAME_TYPE_AS SAME_TYPE_AS

SCALE SCALE SCALE SCALE SCALE

SCAN SCAN SCAN SCAN SCAN
SELECTED+ SELECTED+ SELECTED+

_CHAR+ _CHAR+ _CHAR+
_KIND _KIND _KIND

SELECTED_INT+ SELECTED_INT+ SELECTED_INT+ SELECTED_INT+ SELECTED_INT+

_KIND _KIND _KIND _KIND _KIND
SELECTED+ SELECTED+ SELECTED+ SELECTED+ SELECTED+

_REAL+ _REAL+ _REAL+ _REAL+ _REAL+
_KIND _KIND _KIND _KIND _KIND
SET_EXPONENT SET_EXPONENT SET_EXPONENT SET_EXPONENT SET_EXPONENT

SHAPE SHAPE SHAPE SHAPE SHAPE
SHIFTA SHIFTA

SHIFTL SHIFTL
SHIFTR SHIFTR

SIGN SIGN SIGN SIGN SIGN

SIN SIN SIN SIN SIN
SINH SINH SINH SINH SINH

SIZE SIZE SIZE SIZE SIZE
SPACING SPACING SPACING SPACING SPACING
SPREAD SPREAD SPREAD SPREAD SPREAD

SQRT SQRT SQRT SQRT SQRT
STOPPED_IMAGES

STORAGE_SIZE STORAGE_SIZE
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Table D.5 (continued)
Fortran 90 Fortran 95 Fortran 2003 Fortran 2008 Fortran 2018

SUM SUM SUM SUM SUM
SYSTEM_CLOCK SYSTEM_CLOCK SYSTEM_CLOCK SYSTEM_CLOCK SYSTEM_CLOCK

TAN TAN TAN TAN TAN
TANH TANH TANH TANH TANH

TEAM_NUMBER
THIS_IMAGE

TINY TINY TINY TINY TINY

TRAILZ TRAILZ
TRANSFER TRANSFER TRANSFER TRANSFER TRANSFER

TRANSPOSE TRANSPOSE TRANSPOSE TRANSPOSE TRANSPOSE
TRIM TRIM TRIM TRIM TRIM
UBOUND UBOUND UBOUND UBOUND UBOUND

UCOBOUND
UNPACK UNPACK UNPACK UNPACK UNPACK

VERIFY VERIFY VERIFY VERIFY VERIFY
N = 113 N = 115 N = 126 N = 166 N = 200
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D.11 Standard Intrinsic Modules

The standard defines five standard intrinsic modules:

• a Fortran environment module
• a set of three modules to support floating-point exceptions and IEEE arithmetic
• a module to support interoperability with the C programming language

The intrinsic modules

• IEEE_EXCEPTIONS
• IEEE_ARITHMETIC
• IEEE_FEATURES are described in Clause 17 of the standard.

The intrinsicmoduleISO_C_BINDING is described inClause 18 of the standard.
The intrinsic module ISO_FORTRAN_ENV provides public entities relating to

the Fortran environment.
The processor shall provide the named constants, derived types, and procedures

described in subclause 16.10.2. of the standard.
Here is a complete list of the public entities in this module.

• ATOMIC_INT_KIND
• ATOMIC_LOGICAL_KIND
• CHARACTER_KINDS
• CHARACTER_STORAGE_SIZE
• COMPILER_OPTIONS ( )
• COMPILER_VERSION ( )
• CURRENT_TEAM
• ERROR_UNIT
• EVENT_TYPE
• FILE_STORAGE_SIZE
• INITIAL_TEAM
• INPUT_UNIT
• INT8, INT16, INT32, and INT64
• INTEGER_KINDS
• IOSTAT_END
• IOSTAT_EOR
• IOSTAT_INQUIRE_INTERNAL_UNIT
• LOCK_TYPE
• LOGICAL_KINDS
• NUMERIC_STORAGE_SIZE
• OUTPUT_UNIT
• PARENT_TEAM
• REAL_KINDS
• REAL32, REAL64, and REAL128
• STAT_FAILED_IMAGE
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• STAT_LOCKED
• STAT_LOCKED_OTHER_IMAGE
• STAT_STOPPED_IMAGE
• STAT_UNLOCKED
• STAT_UNLOCKED_FAILED_IMAGE
• TEAM_TYPE

Consult the standard for more information.
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Text extracts, English, Latin and coded

English and Latin

YET IF HE SHOULD GIVE UP WHAT

HE HAS BEGUN, AND AGREE TO MAKE US OR

OUR KINGDOM SUBJECT TO THE KING OF ENGLAND

OR THE ENGLISH, WE SHOULD

EXERT OURSELVES AT ONCE TO DRIVE HIM OUT AS

OUR ENEMY AND A SUBVERTER

OF HIS OWN RIGHTS AND OURS, AND MAKE SOME

OTHER MAN WHO WAS ABLE TO

DEFEND US OUR KING; FOR, AS LONG AS BUT A

HUNDRED OF US REMAIN ALIVE,

NEVER WILL WE ON ANY CONDITIONS BE BROUGHT

UNDER ENGLISH RULE. IT

IS IN TRUTH NOT FOR GLORY, NOR RICHES, NOR

HONOURS THAT WE ARE FIGHTING,

BUT FOR FREEDOM - FOR THAT ALONE, WHICH NO

HONEST MAN GIVES UP BUT

WITH LIFE ITSELF.

QUEM SI AB INCEPTIS

DIESISTERET, REGI ANGLORUM AUT ANGLICIS NOS

AUT

REGNUM NOSTRUM VOLENS SUBICERE, TANQUAM

INIMICUM NOSTRUM ET SUI NOSTRIQUE

JURIS SUBUERSOREM STATIM EXPELLERE NITEREMUR

ET ALIUM REGEM NOSTRUM

QUI AD DEFENSIONEM NOSTRAM SUFFICERET

FACEREMUS. QUIA QUANDIU CENTUM

EX NOBIS VIUI REMANSERINT, NUCQUAM ANGLORUM

© Springer International Publishing AG, part of Springer Nature 2018
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DOMINIO ALIQUATENUS VOLUMUS

SUBIUGARI. NON ENIM PROPTER GLORIAM,

DIUICIAS AUT HONORES PUGNAMUS

SET PROPTER LIBERATEM SOLUMMODO QUAM NEMO

BONUS NISI SIMUL CUM VITA

AMITTIT.

from‘The Declaration of Arbroath’

c.1320. The English translation is by

Sir James Fergusson.

Coded

OH YABY NSFOUN, YAN DUBZY LZ DBUYLTUBFAJ

BYYBOHNX GPDA FNUZNDYOLH

YABY YAN SBF LZ B GOHTMN FULWOHDN DLWNUNX

YAN GFBDN LZ BH NHYOUN DOYJ,

BHX YAN SBF LZ YAN NSFOUN OYGNMZ BH NHYOUN

FULWOHDN. OH YAN DLPUGN

LZ YOSN, YANGN NKYNHGOWN SBFG VNUN ZLPHX

GLSNALV VBHYOHT, BHX GL YAN

DLMMNTN LZ DBUYLTUBFANUG NWLMWNX B SBF LZ

YAN NSFOUN YABY VBG YAN

GBSN GDBMN BG YAN NSFOUN BHX YABY DLOHDOXNX

VOYA OY FLOHY ZLU FLOHY.

MNGG BYYNHYOWN YL YAN GYPXJ LZ DBUYLTUBFAJ,

GPDDNNXOHT TNHNUBYOLHG

DBSN YL RPXTN B SBF LZ GPDA SBTHOYPXN

DPSENUGLSN, BHX, HLY VOYALPY

OUUNWNUNHDN, YANJ BEBHXLHNX OY YL YAN

UOTLPUG LZ GPH BHX UBOH. OH

YAN VNGYNUH XNGNUYG, YBYYNUNX ZUBTSNHYG LZ

YAN SBF BUN GYOMM YL EN

ZLPHX, GANMYNUOHT BH LDDBGOLHBM ENBGY LU

ENTTBU; OH YAN VALMN HBYOLH,

HL LYANU UNMOD OG MNZY LZ YAN XOGDOFMOHN LZ

TNLTUBFAJ.
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Formal syntax

Statement Ordering
Format statements may appear anywhere between the use statement and the contains
statement.

The following table summarises the usage of the various statements within indi-
vidual scoping units.

Kind of scoping unit Main Module External Module Internal Interface
program sub sub sub body

program program program
use Y Y Y Y Y Y
format Y N Y Y Y N
misc dec. Y Y Y Y Y Y
derived type definition Y Y Y Y Y Y
interface block Y Y Y Y Y Y
executable statement Y N Y Y Y N
contains Y Y Y Y N N

misc dec. (miscellaneous declaration) are parameter statements, implicit statements,
type declaration statements and specification statements.

Syntax Summary of Some Frequently Used Fortran Constructs
The following provides simple syntactical definitions of some of the more frequently
used parts of Fortran.
Main Program

program [ program-name ]
[ specification-construct ] ...
[ executable-construct ] ...
[contains
[ internal procedure ] ... ]
end [ program [ program-name ] ]

© Springer International Publishing AG, part of Springer Nature 2018
I. Chivers and J. Sleightholme, Introduction to Programming with Fortran,
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Subprogram
procedure heading
[ specification-construct ] ...
[ executable-construct ] ...
[contains
[ internal procedure ] ... ]
procedure ending

Module
module name
[ specification-construct ] ...
[contains
subprogram
[ subprogram ] ... ]
end [ module [ module-name ]

Internal Procedure
procedure heading
[ specification construct ] ...
[ executable construct ] ...
procedure ending

Procedure Heading
[ recursive ] [ type specification ] function function-name
( [ dummy argument list ] ) [ result ( result name ) ]
[ recursive ] subroutine subroutine name
[ ( [ dummy argument list ] ) ]

Procedure Ending
end [ function [ function name ] ]
end [ subroutine [ subroutine name ] ]

Specification Construct
derived type definition
interface block
specification statement

Derived Type Definition
type [[ , access specification ] :: ] type name
[ private ]
[ sequence ]
[ type specification [[ , pointer ] :: ] component specification list ]
...
end type [ type name ]

Interface Block
interface [ generic specification ]
[ procedure heading
[ specification construct ] ...
procedure ending ] ...
[ module procedure module procedure name list ] ...
end interface
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Specification Statement
allocatable [ :: ] allocatable array list
dimension array dimension list
external external name list
format ( [ format specification list ] )
implicit implicit specification
intent ( intent specification ) :: dummy argument name list
intrinsic intrinsic procedure name list
optional [ :: ] optional object list
parameter ( named constant definition list )
pointer [ :: ] pointer name list
public [ [ :: ] module entity name list ]
private[ [ :: ] module entity name list ]
save[ [ :: ] saved object list ]
target [ :: ] target name list
use module name [ , rename list ]
use module name , only : [ access list ]
type specification [ [ , attribute specification ] ... :: object declaration list

Type Specification
integer [ ( [ kind= ] kind parameter ) ]
real[ ( [ kind= ] kind parameter ) ]
complex[ ( [ kind= ] kind parameter ) ]
character[ ( [ kind= ] kind parameter ) ]
character[ ( [ kind= ] kind parameter ) ]
[ len= ] length parameter )
logical[ ( [ kind= ] kind parameter ) ]
type ( type name )

Attribute Specification
allocatable
dimension ( array specification )
external
intent ( intent specification )
intrinsic
optional
parameter
pointer
private
public
save
target

Executable Construct
action statement
case construct
do construct
if construct
where construct
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Action Statement
allocate ( allocation list ) [ ,stat= scalar integer variable ] )
call subroutinename [ ( [ actual argument specification list] ) ]
close ( close specification list )
cycle [ do construct name ]
deallocate( name list ) [ , stat= scalar integer variable ] )
endfile external file unit
exit [ do construct name ]
goto label
if ( scalar logical expression ) action statement
inquire ( inquire specification list ) [ output item list ]
nullify ( pointer object list )
open [and close] ( connect specification list )
print format [ , output item list ]
read (i/o control specification list ) [ input item list ]
read format [ , output item list ]
return [ scalar integer expression ]
rewind ( position specification list )
stop [ access code ]
where ( array logical expression ) array assignment expression
write ( i/o control specification list ) [ output item list ]
pointer variable => target expression
variable = expression



Appendix G
Compiler Options

In this appendix we look at some of compiler options we have used during the
development of the programs in the book.

Simplistically there are two kinds of compile or build.

• A debug build - used when developing code
• A production build - used when executing or running code

We provide debug and production build options for each compiler.
There are also extracts from the help files on what the various options mean.

G.1 Cray

G.1.1 Debug

-G Debug level

-R run time checks

G.1.2 Production

We used the default compiler options.

© Springer International Publishing AG, part of Springer Nature 2018
I. Chivers and J. Sleightholme, Introduction to Programming with Fortran,
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G.2 gfortran

G.2.1 Debug

gfortran

-fbacktrace

-fcheck=all

-ffpe-trap=zero,overflow,underflow

-g

-O

-pedantic-errors

-std=f2008

-Wall

-Wunderflow

G.2.2 Production

gfortran

-ffast-math

-funroll-loops

-O3

Here are some extracts from the help files.

debug

-fbacktrace

trace back in the event of a run time

error, i.e. the Fortran runtime library

tries to output a backtrace of the error

-fcheck

Enable the generation of run-time checks;

the argument shall be a comma-delimited

list of the following keywords.

all Enable all run-time test of -fcheck

-ffpe-trap=list

Specify a list of floating point exception

traps to enable
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-pedantic

Issue warnings for uses of extensions to

Fortran 95

-std

standard conformance

-Wall

Enables commonly used warning options

pertaining to usage that we

recommend avoiding and that we believe

are easy to avoid. This

currently includes -Waliasing,

-Wampersand, -Wconversion,

-Wsurprising, -Wc-binding-type,

-Wintrinsics-std, -Wtabs,

-Wintrinsic-shadow, -Wline-truncation,

-Wtarget-lifetime,

-Wreal-q-constant and -Wunused.

-Wunderflow

Produce a warning when numerical constant

expressions are encountered, which

yield an UNDERFLOW during compilation.

Enabled by default

-Wrealloc-lhs

Warn when the compiler might insert code

to for allocation or reallocation of

an allocatable array variable of intrinsic

type in intrinsic assignments

production

-fcoarray

none

Disable coarray support; using coarray

declarations and image-

control statements will produce a

compile-time error. (Default)

single

Single-image mode, i.e. "num_images()"

is always one.

lib Library-based coarray parallelization; a

suitable GNU Fortran
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coarray library needs to be linked

-fopenmp

Enable the OpenMP extensions

G.3 Intel

G.3.1 Debug

ifort

/check:all

/debug:all

/fpe:0

/gen-interfaces

/standard-semantics

/traceback

/warn:all

You will also need

/Qcoarray

/Qopenmp

when compiling the coarray and openmp examples.
Here is an extract from the help files.

/check:all

enables the following

check arg_temp_created

Enables run-time checking on whether actual arguments are

copied into temporary storage before routine calls. If a

copy is made at run-time, an informative message is

displayed.

check assume

Enables run-time checking on whether the

scalar-Boolean-expression in the ASSUME directive is true

and that the addresses in the ASSUME_ALIGNED directive are
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aligned on the specified byte boundaries. If the test is

.FALSE., a run-time error is reported and the execution

terminates.

check bounds

Enables compile-time and run-time checking for array

subscript and character substring expressions. An error is

reported if the expression is outside the dimension of the

array or the length of the string.

For array bounds, each individual dimension is checked. For

arrays that are dummy arguments, only the lower bound is

checked for a dimension whose upper bound is specified as *

or where the upper and lower bounds are both 1.

For some intrinsics that specify a DIM= dimension argument,

such as LBOUND, an error is reported if the specified

dimension is outside the declared rank of the array being

operated upon.

Once the program is debugged, omit this option to reduce

executable program size and slightly improve run-time

performance.

It is recommended that you do bounds checking on

unoptimized code. If you use option check bounds on

optimized code, it may produce misleading messages because

registers (not memory locations) are used for bounds values.

check contiguous

Tells the compiler to check pointer contiguity at

pointer-assignment time. This will help prevent programming

errors such as assigning contiguous pointers to

non-contiguous objects.

check format

Issues the run-time FORVARMIS fatal error when the data

type of an item being formatted for output does not match

the format descriptor being used (for example, a REAL*4

item formatted with an I edit descriptor).

With check noformat, the data item is formatted using the

specified descriptor unless the length of the item cannot

accommodate the descriptor (for example, it is still an

error to pass an INTEGER*2 item to an E edit descriptor).

check output_conversion
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Issues the run-time OUTCONERR continuable error message

when a data item is too large to fit in a designated format

descriptor field without loss of significant digits. Format

truncation occurs, the field is filled with asterisks (*),

and execution continues.

check pointers

Enables run-time checking for disassociated or

uninitialized Fortran pointers, unallocated allocatable

objects, and integer pointers that are uninitialized.

check stack

Enables checking on the stack frame. The stack is checked

for buffer overruns and buffer underruns. This option also

enforces local variables initialization and stack pointer

verification.

This option disables optimization and overrides any

optimization level set by option O.

check uninit

Enables run-time checking for uninitialized variables. If a

variable is read before it is written, a run-time error

routine will be called. Only local scalar variables of

intrinsic type INTEGER, REAL, COMPLEX, and LOGICAL without

the SAVE attribute are checked.

To detect uninitialized arrays or array elements, please

see option [Q]init or see the article titled: Detection of

Uninitialized Floating-point Variables in Intel Fortran,

which is located in

https://software.intel.com/articles/detection-of-uninitializ

ed-floating-point-variables-in-intel-fortran

/debug:all

Generates complete debugging information. It produces

symbol table information needed for full symbolic debugging

of unoptimized code and global symbol information needed

for linking. It is the same as specifying /debug with no

keyword. If you specify /debug:full for an application that

makes calls to C library routines and you need to debug

calls into the C library, you should also specify /dbglibs
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to request that the appropriate C debug library be linked

against.

/fpe:0

Floating-point invalid, divide-by-zero, and

overflow exceptions are enabled throughout the application

when the main program is compiled with this value.

If any such exceptions occur, execution is aborted.

This option causes denormalized floating-point

results to be set to zero.

/gen_interfaces

Tells the compiler to generate an interface block for each

routine in a source file.

/standard_semantics

Determines whether the current Fortran Standard behaviour of

the compiler is fully implemented.

/traceback

Tells the compiler to generate extra information in the

object file to provide source file traceback information

when a severe error occurs at run time.

/warn:all

alignments

Warnings are issued about data that is not naturally

aligned.

general

All information-level and warning-level messages are

enabled.

nodeclarations

No warnings are issued for undeclared names.

noerrors
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Warning-level messages are not changed to error-level

messages.

noignore_loc

No warnings are issued when %LOC is stripped from an

argument.

nointerfaces

The compiler does not check interfaces of SUBROUTINEs

called and FUNCTIONs invoked in your compilation against an

external set of interface blocks.

nostderrors

Warning-level messages about Fortran standards violations

are not changed to error-level messages.

notruncated_source

No warnings are issued when source exceeds the maximum

column width in fixed-format files.

nouncalled

No warnings are issued when a statement function is not

called.

nounused

No warnings are issued for variables that are declared but

never used.

usage

Warnings are issued for questionable programming practices.

G.3.2 Production

Intel (autoparallel)
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ifort

/fast

enables

/QxHOST /O3 /Qipo /Qprec-div

/fp:fast=2

/heap-arrays

/Qopenmp

/Qparallel

Here are some extracts from the compiler documentation.

/QxHost generate instructions for the

highest instruction set and

processor available on the

compilation host machine

/O3 optimize for maximum speed and

enable more aggressive

optimizations that may not

improve performance on

some programs

/Qipo Interprocedural Optimization

(IPO) enable multi-file IP

between files

/Qprec-div improve precision of FP divides

(some speed impact) /Qprec-div-

goes for speed over precision

/fp:<name> enable <name> floating point

model variation

except[-] - enable/disable floating point

exception semantics

fast[=1|2] - enables more aggressive floating

point optimizations

precise - allows value-safe optimizations

source - enables intermediates in

source precision sets

/assume:protect_parens

for Fortran

strict - enables /fp:precise /fp:except,

disables contractions and

enables pragma stdc fenv_access

consistent - enables consistent,

reproducible

results for different

optimization levels or between
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different processors of the

same architecture

/heap-arrays temporary arrays are allocated

in heap memory rather than on the

stack.

/Qparallel enable the auto-parallelizer to

generate multi-threaded code for

loops that can be safely executed

in parallel

G.4 Nag

G.4.1 Debug

nagfor

-C=all

-C=undefined

-f2008

-g

-gline

-ieee=stop

-info

-mtrace=verbose

-thread_safe

Here are extracts from the compiler documentation.

-C=check

Compile checking code according to

the value of check, which must be one of:

all (perform all checks except for

-C=undefined),

array (check array bounds),

bits (check bit intrinsic arguments),

calls (check procedure references),

dangling (check for dangling pointers),

do (check DO loops for zero step values),

intovf (check for integer overflow),

none (do no checking: this is the default),

present (check OPTIONAL references),
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pointer (check POINTER references),

recursion (check for invalid recursion) or

undefined (check for undefined variables).

-f2008

Specify that the base language is Fortran 2008.

This is the default.

-g

Produce information for interactive debugging

by the host system debugger.

-gline

Compile code to produce a traceback when a

runtime error message is generated.

-ieee=mode

Set the mode of IEEE arithmetic operation

according to mode, which must be one of

full, nonstd or stop.

full

enables all IEEE arithmetic

facilities including

non-stop arithmetic.

nonstd

Disables non-stop arithmetic, terminating

execution on floating overflow, division

by zero or invalid operand. If the

hardware supports it, this also disables

IEEE gradual underflow, producing

zero instead of a denormalised number;

this can improve performance on some systems.

stop

enables all IEEE arithmetic facilities
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except for non-stop arithmetic;

execution will be terminated on

floating overflow, division by zero

or invalid

operand.

The -ieee option must be specified when

compiling the main program unit, and its

effect is global.

The default mode is -ieee=stop. For more

details see the

IEEE 754 Arithmetic Support section.

-info

Request output of information messages. The

default is to suppress these messages.

-mtrace=trace_opt_list

Trace memory allocation and deallocation

according to the value of trace_opt_list,

which must be a comma separated

list of one or more of:

address (display addresses),

all (all options except for off),

line (display file/line info if known),

off (disable tracing output),

on (enable tracing output),

paranoia (protect memory allocator data structures

against the user program),

size (display size in bytes) or

verbose (all options except for off and paranoia ).

-thread_safe

Compile code for safe execution in a

multi-threaded environment.
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This must be specified when compiling

and also during the link phase.

It is incompatible with the -gc and -gline

options.

G.4.2 Production

nagfor

-O4

-openmp

-thread_safe

Here are some extracts from the compiler documentation.

-ON

Set the optimisation level to N. The

optimisation

levels are:

-O0

No optimisation. This is the default, and

is recommended when debugging.

-O1

Minimal quick optimisation.

-O2

Normal optimisation.

-O3

Further optimisation.

-O4

Maximal optimisation.
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G.4.3 Nag Polish

The Nag compiler has a polish option. Here are some of the options used in the
reformatting of the examples in the book. The examples in the book were set with a
line length of 48 to fit the printed page. The examples on the web site were set with
a line length of 132.

nagfor =polish -alter_comments

-noblank_cmt_to_blank_line

-blank_line_after_decls -break_long_comment_word

-format_start=100 -format_step=10 -idcase=L

-indent=2 -indent_continuation=2 -indent_max=16

-keep_blank_lines -keep_comments -kwcase=L

-leave_formats_in_place -margin=0

-noindent_comment_marker

-noseparate_format_numbering -relational=F90+

-renumber -renumber_start=100 -renumber_step=10

-separate_format_numbering

-terminate_do_with_enddo -width=48

G.5 Oracle

G.5.1 Debug

sunf90

-ansi

-w4

-xcheck=all

-C

-ftrap=common,overflow,underflow

G.5.2 Production

sunf90 -fast ch2502.f90 -V -v

maps into

-xO5

-xtarget=native
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-xchip=pentium

-xcache=generic

-xarch=sse3

-xdepend=yes

-aligncommon=dalign

-fma=fused

-fsimple=2

-fns=yes

-ftrap=division,invalid,overflow

-xlibmil

-xlibmopt

-nofstore

-xregs=frameptr

-y-fsimple=2

-a dalign

-m3

-ev

-xall

-xivdep=loop

-H

Here are some extracts from the help files.

-C

Enable runtime subscript range checking

-O

Use default optimization level (-xO3)

-O<n>

Same as -xO<n>

-aligncommon[=<a>]

Align common block elements to the

specified boundary requirement;

<a>={1|2|4|8|16|dalign}

-ansi

Report non-ANSI extensions

-autopar

Enable automatic loop parallelization

-dalign

Expands to -aligncommon=dalign

-fma=<a>

Enable floating-point multiply-add

instruction; <a>={none|fused}

-fns[={yes|no}]

Select non-standard floating point mode

-fopenmp
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Equivalent to -xopenmp=parallel

-fprecision=<a>

Set FP rounding precision mode;

<a>={single|double|extended}

-fstore

Force floating pt. values to target

precision on assignment

-ftrap=<t>

Select floating-point trapping mode in

effect at startup

-g

Compile for debugging

-xO<n>

Generate optimized code; <n>={1|2|3|4|5}

-xarch=<a>

Specify target architecture instruction set

-xcache=<t>

Define cache properties for use by optimizer

-xchip=<a>

Specify the target processor for use by the

optimizer

-xdepend[={yes|no}]

Analyze loops for data dependencies

-xivdep[=<a>]

Ignore loop-carried dependences on array

references in a loop;

<a>={loop|loop_any|back|back_any|none}

-xlibmil

Inline selected libm math routines for

optimization

-xlibmopt

Link with optimized math library

-xregs=<a>[,<a>]

Specify the usage of optional registers;

<a>={frameptr}

-xtarget=<a>

Specify target system for optimization
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Array, 113

allocatable, 127
allocatable arrays, 128
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array element ordering, 144, 159
assignment, 144
attribute

dimension, 122
bounds, 143, 144
by column, 144
conformable, 143, 144
control structure

do loop, 116
dimension, 116
expressions, 145
extent, 144
higher dimension arrays, 129
implied do loops, 132
index, 116
initialisation, 147
rank, 143
rank 2 array sections, 149
reshape, 153

order, 153
pad, 153

reshape example, 153
reshape function, 152
sections, 143, 148, 150
setting the size with a parameter, 121
shape, 143, 144
size, 143, 144
sum

two d arrays, 156
sum intrinsic, 156
two dimensional arrays, 129
varying the size at run time, 127
whole array manipulation, 143, 144
whole arrays, 143

Array and linked list performance, 395
Array arguments, 224, 239, 328, 759
Array constructor, 143, 146, 150, 152, 161
Array element, 143, 144, 148, 153, 160, 184,

224, 269, 437, 607
Array element order, 143, 144, 148, 153,

160, 184, 437
Array element ordering, 144, 159
Array element ordering in more detail, 159
Array initialisation, 143, 147
Array pointer, 322
Array section, 143, 148–150, 155, 182, 183,

201, 437, 602, 607
Arrays in Fortran, 116
Array size, 121, 127, 128, 601
Artificial language, 8
Artificial or stylised language, 8
Asin function, 223
Assemblers, 20

Assignment, 144, 466
Assignment statement, 60, 61, 72, 74, 107,

108, 110, 117, 230, 302, 303, 466,
491

Associate construct, 244, 467
Associated intrinsic function, 304
Association status, 39, 302
Assumed character length functions, 757
Assumed-shape array, 321, 325, 328, 356,

759
Assumed shape parameter passing, 323
Assumed-size, 759
* asterisks on output, 167
Atan function, 81, 223
Atan2 function, 223
Attribute, 464

allocatable, 161
asynchronous, 161
bind, 161
dimension, 161
external, 161
intent, 161
intrinsic, 161
optional, 161
parameter, 161
pointer, 161
private, 161
protected, 161
public, 161
save, 161
target, 161
value, 161
volatile, 161

Attribute specification, 464
Automatic array, 322, 329, 332, 434, 435
Automatic arrays and median calculation,

329

B
Background technical material, 462
Backward substitution, 439
Bandwidth, 571, 572
Bandwidth and latency, 572
Base class, 470, 473, 475, 480, 485, 494
Base class with private data, 473
Base shape class, 478, 485
Base type, 281, 294, 462, 494
Basic, 25
Basic array and linked list performance, 395
Basic background, 392
Basic coarray terminology, 622
Basic module syntax, 344
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Better alternatives, 758
Bibliography, 107, 162, 241, 263, 342, 388,

395, 420, 450, 580, 684, 814
Big O notation

constant , 392
double logarithmic , 392
exponential , 392
factorial , 392
fractional power , 392
linear , 392
linearithmic, loglinear, quasilinear , 392
logarithmic , 392
n log-star n , 392
polynomial or algebraic , 392
quadratic , 392

Binary device, 20, 71, 87
Binary representation of a real number, 101
Binary representation of different integer

kind type numbers, 99
Binding labels for common blocks and vari-

ables, 637
Bit data type, 87
Bit data type and representational model, 87
Bit integers, 703
Bit model, 87
Bit reals, 703
Bit representational model, 87
Block construct, 244
Block do statements, 260
Block if construct, 246
Block if statement, 245, 260
Blocks of statements, 244
Block structure, 23
BNF, 23
Book catalogue, 114
Bottom up, 10, 13, 15
Bounds, 144
Brackets, 75
Brief explanation, 392
Brief review of the history of object oriented

programming, 461
Brief technical background, 544
By column, 144

C
C, 26, 27

ANSI C, 26
C11, 26
C89, 26
C99, 26
K&R C, 26
structs, 27

C Interop
binding labels for common blocks and
variables, 637

C calling a Fortran function, 641
C++ calling a Fortran function, 642
c_loc description, 662
c_loc examples, 662
derived types, 633
Fortran calling a C function, 640
interoperability of intrinsic types, 635
interoperability of procedures and proce-
dure interfaces, 636

interoperability of scalar variables, 636
interoperabilitywithC pointer types, 636
interoperation with C functions, 637
interoperation with C global variables,
636

iso_c_binding module, 633
module procedures, 633
named constants and derived types in the
module, 634

other aspects of interoperability, 636
passing an array from C to Fortran, 644
passing an array from C++ to Fortran,
645

passing an array from Fortran to C, 643
passing a rank 2 array from C to Fortran,
647

passing a rank 2 array from Fortran to C,
646

passing a rank 2 array from C to Fortran
and taking care of array storage, 654

passing a rank 2 array from C++ to For-
tran, 649

passing a rank 2 array from C++ to For-
tran and taking care of array storage,
651

C++, 34, 420
C++03, 34
C++11, 34
C++14, 35
C++17, 35
C++98, 34
C++TR1, 34

C++03, 34
C++11, 34
C++14, 35
C++17, 35
C++98, 34
C++TR1, 34
C11, 26
C99, 26
C#, 36, 420
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Cache, 572
Calendars, 533
Calling the dislin library to display tsunami

events, 804
Calling the Nag m01caf sorting routine, 715
Call statement, 316, 319
Call statement for subroutines, 313
Cardinal numbers, 87
Case construct, 260
Case statement, 249, 250, 759
Character arguments and assumed-length

dummy arguments, 325
Character data, 265
Character data type, 74, 265
Character functions, 270
Character input, 59, 266
Character interoperability, 635
// character operator, 218
Character operators, 268
Character output and the a edit descriptor,

175
Characters

* edit descriptor, 267
// character operator, 268
a edit descriptors, 267
ASCII character set, 266
character functions, 270
character input, 266
character operators, 268
character variables, 266
collating sequence, 272
delimiters, 266
len function, 271
len_trim function, 271
scan function, 275
substrings, 269

Characters—a format or edit descriptor, 175
Characters and the a format or edit descrip-

tor, 175
Character string, 100, 175, 241, 266, 268,

271, 273, 276
Character string arguments, 273
Character substrings, 269
Character variables, 58, 175, 187, 266, 268–

270, 273
CHARACTER* form of CHARACTER

declaration, 757
Chomsky and program language develop-

ment, 23
Choosing the decimal symbol, 184
Circle - derived type 1, 478, 487
Class, 463
Class keyword, 485

C_loc examples on our web site, 662
C_loc(x) description, 662
Close a file, 195
Close statement, 165, 178, 206, 215
Cmplx function, 282
Coarray

broadcasting data, 624
parallel solution for pi calculation, 627
work sharing, 628

Coarray allocate-object, 622
Coarray Fortran, 578
Coarray intrinsics, 622
Coarray programming, 632
Cobol, 22
Codimension, 622
Coindexed named objects, 622
Collating sequence, 272
Column information, 194
Commercial numerical and statistical sub-

routine libraries, 342
COMMON and EQUIVALENCE state-

ments and the block data program
unit, 758

Common mistakes, 177
Common programming error, 231
Compare function, 719
Compilation when using modules, 435
Compiler documentation, 66
Compiler options, 67, 305, 753
Compilers used, 64
Compilers used in the examples, 637
Compiler switches, 653, 656
Complex and kind type, 284
Complex arithmetic, 281
Complex data type, 281
Complex numbers, 281
Component modelling, 14
Computed GO TO statement, 756
Computer arithmetic, 72
Computer programming, 401, 714
Computer systems, 87, 422
Concrete data type, 27
Concurrency, 33
Conformable, 144
Conjg function, 282
Consistency models, 573
Contains statement, 231, 236
Control statements, 27, 260
Control structure, 28, 38, 57, 113, 116, 123,

127, 137, 228, 244, 260
associate construct, 244
block construct, 244
block if statement, 244
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blocks of statements, 244
case statement, 249
cycle and exit, 254
do concurrent, 257
do construct, 244
do statement, 252
executable constructs containing blocks,
244

execution control, 244
if construct, 244
Logical expressions, 244
logical operators, 244
select case construct, 244
select rank construct, 244
select type construct, 244

Control structure formal syntax, 260
Conversion tools, 759
Convert, 760
Cos function, 223
Counting vowels, consonants, etc., 251
Cray Archer system, 583
Critical, 622
Cycle and exit, 254
Cycle control statement, 217
Cycle statement, 218, 254, 260

D
Data dependencies, 574
Data description statements, 57
Data entity, 663
Data file, 141, 197–200, 207, 340, 811
Data object, 578, 607
Data-processing statements, 57
DATA statements among executables, 756
Data structures, 113, 359, 389, 402, 451, 462
Data structuring, 27, 359

date data type or class, 372
perfectly balanced tree, 369
ragged arrays, 359, 365
singly linked list, 359

Data structuring and procedural program-
ming, 27

Data transfer statements, 211
Data type, 25–27
Date calculation, 248
Date class, 372
Date data type, 295, 359
Date data type with USA and ISO support,

383
Date formats, 534
Date module, 500, 719
Dates, date validity and calendars, 533

Date wrapper module, 531
Day and month name module, 500
DC edit descriptor, 184
Debugging, 290
DEC Alpha, 160
DEC Alpha hardware, 162
Decimal point, 74, 166, 168, 169, 173
Declaring variables to be of a user defined

type, 293
Decremented features, 754
Default kind, 97, 107
Deferred-shape array, 322, 328, 443
Defined assignment statement, 466
Defined types, 293, 298, 397
Defined variable, 318
Defining our own types, 293
Deleted features from Fortran 2008, 755
Deleted features from Fortran 90, 754
Denormal, 665
Derived data types, 343, 349, 356
Derived type definition, 344, 477
Derived types, 293, 294, 472, 485, 634
Derived types and constants defined in the

modules, 673
Derived types and structure constructors,

465
Design, 13
Detailed design, 13
Diagonal extract of a matrix, 421
Diff output between original module and

new oo module, 507
Diff output between original program and

new oo test program, 518
Dimension attribute, 116, 127, 134, 135
Direct access, 210
Disassociated pointer, 302
Dislin graphics library, 797
Display subroutine, 488
Do and end do statements, 218
Do concurrent, 257
Do construct, 138, 139, 244
Do loop, 101, 113, 118, 119, 123, 125, 127,

131, 132, 134–139, 147, 150, 182,
183, 228, 252, 597, 601, 608, 629

implied do loop, 151
Do loops and straight repetition, 136
Do statement, 113, 119, 125, 127, 135, 137,

251, 254
Dot product, 145, 152
Dot_product function, 152, 225
Dot_product intrinsic, 152
Double precision, 95, 443
Do while end do statement, 231
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Dp - double precision, 345
DP edit descriptor, 184
DST in the USA, 383
DTR 19767 enhanced module facilities, 41
Dummy argument, 231, 238, 317, 318, 321–

326, 349, 355, 356, 434, 436, 464,
622, 759

Dummy arguments or parameters and actual
arguments, 317

Dummy procedure argument, 435, 759
Dynamic binding, 462, 485, 488, 489, 491,

492
Dynamic data structures, 451
Dynamic type, 467

E
Easter calculation, 226
Edit descriptor, 165–168, 173, 183, 188, 207,

267, 290
a, 186
b, 186
d, 186
dt, 186
e, 186
en, 186
es, 186
f, 186
g, 186
l, 186
o, 186
z, 186

* edit descriptor, 267
‘(a)’ edit descriptor, 267
E edit descriptor, 165, 183
E formats, 207
Eiffel, 33
Elemental e**x function , 445
Elemental function, 221, 224, 238, 239, 339,

421, 445
Elemental function use, 224
Elemental procedure, 39, 340
Elemental subroutine, 339
Element by element, 156
Elements of a programming language, 56
Else block, 233
Elsewhere block, 158
End critical, 622
End do statement, 251
End-of-file, 214, 215
End-of-file condition, 214
End-of-file condition and the end= specifier,

214

End of file record, 210
End-of-record condition and the eor= speci-

fier, 214
End= specifier, 214
End statement, 622
End type, 470
Enhanced module facilities, 41
Entity relationship diagrams, 14
ENTRY statements, 757
Environment variables, 67, 577
Eor= specifier, 214
Error analysis, 108
Error analysis and summation methods, 108
Error condition, 214, 215
Error conditions and the err= specifier, 214
Error, end of record and end of file, 213
Error message, 69, 271, 290, 305, 311, 474
Error number, 585
Err= specifier, 214
Evaluation and testing, 14
Evaluation of arithmetic expressions, 71
Examination marks or results, 115
Examples

Chapter 4
Example 1: Simple text i/o, 58
Example 2: Simple numeric i/o and

arithmetic, 60
Chapter 5

Example 1: Simple arithmetic
expressions in Fortran, 73
Example 2: Type conversion and

assignment, 77
Example 3: Integer division and real

assignment, 78
Example 4: Time taken for light to

travel from the Sun to Earth, 79
Example 5: Relative and absolute

error, 83
Example 6: Overflow, 85
Example 7: Underflow, 86
Example 8: Testing what kind types

are available, 89
Example 9: Using the numeric

inquiry functions with integer types, 91
Example 10: Using the numeric

inquiry functions with real types, 93
Example 11: Literal real constants in

a calculation, 97
Example 12: Rounding problem, 98
Example 13: Binary representation of

different integer kind type numbers, 99
Example 14: Binary representation of

a real number, 101
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Example 15: Initialisation of physical
constants, version 1, 102
Example 16: Initialisation of physical

constants, version 2, 104
Example 17: Initialisation of physical

constants, version 3, 104
Chapter 6

Example 1: Monthly rainfall, 117
Example 2: People’s weights and set-

ting the array sizewith a parameter, 121
Chapter 7

Example 1: Allocatable arrays, 128
Example 2: Two dimensional arrays

and a map, 129
Example 3: Sensible tabular output,

131
Example 4: Average of three sets of

values, 132
Example 5: Booking arrangements in

a theatre or cinema, 133
Example 6: Voltage from –20 to +20

volts, 134
Example 7: Longitude from –180 to

+180, 135
Example 8: Table of liquid conver-

sion measurements, 136
Example 9:Means and standard devi-

ations, 137
Chapter 8

Example 1: Rank 1 whole arrays in
Fortran, 146
Example 2: Rank 2 whole arrays in

Fortran, 147
Example 3: Rank 1 array sections,

148
Example 4: Rank 2 array sections,

149
Example 5:Rank1array initialisation

— explicit values, 151
Example 6:Rank1array initialisation

using an implied do loop, 151
Example 7: Rank 1 arrays and the

dot_product intrinsic, 152
Example 8: Initialising a rank 2 array,

153
Example 9: Rank 1 arrays and a stride

of 2, 154
Example 10: Rank 1 array and the

sum intrinsic function, 155
Example 11: Rank 2 arrays and the

sum intrinsic function, 156
Example 12: Masked array assign-

ment and the where statement, 157

Example 13: Array element ordering,
159

Chapter 9
Example 1: Twelve times table, 167
Example 2: Integer overflow and the

i edit descriptor, 167
Example 3: Imperial pints and US

pints, 168
Example 5: Narrow field widths and

the f edit descriptor, 170
Example 6: Overflow and the f edit

descriptor, 171
Example 7: Simple e edit descriptor

example, 172
Example 8: Simple g edit descriptor

example, 173
Example 9: Three ways of generating

spaces, 174
Example 10:Character output and the

a edit descriptor, 175
Example 11: Character, integer and

real output in a format statement, 176
Example 12: Open and close usage,

178
Example 13: Timing of writing for-

matted files, 179
Example 14: Timing ofwriting unfor-

matted files, 181
Example 15: Implied do loops and

array sections for array output, 182
Example 16: Repetition and whole

array output, 184
Example 17: Choosing the decimal

symbol, 184
Example 18:Alternative format spec-

ification using a string, 185
Example 19:Alternative format spec-

ification using a character variable, 186
Example 4: Imperial pints and litres,

169
Chapter 10

Example 1: Reading integer data, 192
Example 2: Reading real data, 194
Example 3: Reading one column of

data from a file, 196
Example 4: Skipping lines in a file,

198
Example 5: Reading from several

files consecutively, 199
Example 6: Reading using array sec-

tions, 201
Example 7: Reading using internal

files, 203
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Example 8: Timing of reading for-
matted files, 204
Example 9: Timing of reading unfor-

matted files, 205
Chapter 11

Example 1: simple use of the read,
write, open, close, unit features, 215
Example 2: using iostat to test for

errors, 216
Example 3: use of newunit and

lentrim, 217
Examples, 215

Chapter 12
Example 1: Simple function usage,

223
Example 2: The abs generic function,

224
Example 3: Elemental function use,

224
Example 4: Simple transformational

use, 225
Example 5: Intrinsic dot_product use,

225
Example 6: Easter, 226
Example 7: Simple user defined func-

tion, 229
Example 8: Recursive factorial eval-

uation, 232
Example 9: Recursive version of gcd,

234
Example 10: gcd After removing

recursion, 235
Example 11: Stirling’s approxima-

tion, 236
Chapter 13

Example 1: Quadratic roots, 247
Example 2: Date calculation, 248
Example 3: Simple calculator, 250
Example 4: Counting vowels, conso-

nants, etc., 251
Example 5: Sentinel usage, 253
Example 6: The evaluation of e**x,

254
Example 7: Wave breaking on an off-

shore reef, 256
Chapter 14

Example 1: The * edit descriptor, 267
Example 2: The a edit descriptor, 267
Example 3: Stripping blanks from a

string, 270
Example 4: The index character func-

tion, 270

Example 5: Using len and len_trim,
271
Example 6: Finding out about the

character set available, 273
Example 7: Using the scan function,

276
Chapter 15

Example 1: Use of cmplx, aimag and
conjg, 282
Example 2: Polar coordinate exam-

ple, 283
Chapter 17

Example 1: Dates, 295
Example 2: Variant of example 1

using modules, 295
Example 3: Address lists, 298
Example 4: Nested user defined

types, 298
Chapter 18

Example 1: Illustrating some basic
pointer concepts, 302
Example 2: The associated intrinsic

function, 304
Example 3: Referencing pointer vari-

ables before allocation or pointer
assignment, 304
Example 4: Pointer allocation and

assignment, 306
Example 5: Simplememory leak, 307
Example 6: More memory leaks, 308
Example 7: Using the C loc function,

309
Chapter 19

Example 1: Roots of a quadratic
equation, 314

Chapter 20
Example 1: Assumed shape parame-

ter passing, 323
Example 2: Character arguments and

assumed-length dummy arguments,
325
Example 3: Rank 2 and higher arrays

as parameters, 327
Example 4: Automatic arrays and

median calculation, 329
Example 5: Recursive subroutines –

Quicksort, 332
Example 6: Allocatable dummy

arrays, 336
Example 7: Elemental subroutines,

339
Chapter 21
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Example 1: Modules for precision
specification and constant definition,
345
Example 2: Modules for globally

sharing data, 347
Example 3: Person data type, 350
Example 4: Amodule for simple tim-

ing of a program, 352
Chapter 22

Example 1: Singly linked list: reading
an unknown amount of text, 359
Example 2: Reading in an arbitrary

number of reals using a linked list and
copying to an array, 363
Example 3: Ragged arrays, 365
Example 4: Ragged arrays and vari-

able sized data sets, 366
Example 5: Perfectly balanced tree,

369
Example 6: Date class, 372
Example 7: Date data type with USA

and ISO support, 383
Chapter 23

Example 1: Order calculations, 393
Chapter 24

Example 1: Overloading the addition
(+) operator, 398

Chapter 25
Example 1: Sorting reals and inte-

gers, 402
Example 2: Generic statistics mod-

ule, 413
Chapter 26

Example 1: Using linked lists for
sparse matrix problems, 422
Example 2: Solving a system of first-

order ordinary differential equations
using Runge–Kutta–Merson, 427
Example 3: A subroutine to extract

the diagonal elements of a matrix, 437
Example 4: The solution of linear

equations using Gaussian Elimination,
438
Example 5: Allocatable function

results, 444
Example 6: Elemental e**x function

, 445
Example 7: absolute and relative

errors involved in subtraction using 32
bit reals, 447
Example 8: absolute and relative

errors involved in subtraction using 64
bit reals, 448

Chapter 27
Example 1: Linked list parameterised

by real kind, 454
Example 2: Ragged array parame-

terised by real kind type, 456
Example 3: specifying len in a PDT,

457
Chapter 28

Example 1: The basic shape class,
468
Example 2: Base class with private

data, 473
Example 3: Using an interface to use

the class name for the structure con-
structor, 475
Example 4: Simple inheritance, 478
Example 5: Polymorphism and

dynamic binding, 485
Chapter 29

Example 1: The base date class, 498
Example 2: simple inheritance based

on an ISO date format, 523
Example 3: using the two date for-

mats and showing polymorphism and
dynamic binding, 531

Chapter 30
Example 1: rewrite of the date class

using submodules, 546
Example 2: rewrite of the first order

RKM ODE solver using modules, 560
Chapter 32

Example 1: Hello World, 584
Example 2: Hello World using send

and receive, 586
Example 3: Serial solution for pi cal-

culation, 590
Example 4: Parallel solution for pi

calculation, 594
Example 5: Work sharing between

processes, 600
Chapter 33

Example 1: Hello world, 607
Example 2: Hello world using default

variable data scoping, 610
Example 3: Hello world with private

thread_number variable , 612
Example 4: Parallel solution for pi

calculation, 612
Example5: comparing the timing of

whole array syntax, simple do loops, do
concurrent and an OpenMP solution,
616

Chapter 34
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Example 1: Hello world, 623
Example 2: Broadcasting data, 624
Example 3: Parallel solution for pi

calculation, 627
Example 4: Work sharing, 628

Chapter 35
Example 1: Kind type support, 638
Example 2: Fortran calling a C func-

tion, 640
Example 3: C calling a Fortran func-

tion, 641
Example 4: C++ calling a Fortran

function, 642
Example 5: Passing an array from

Fortran to C, 643
Example 6: Passing an array from C

to Fortran, 644
Example 7: Passing an array from

C++ to Fortran, 645
Example 8: Passing a rank 2 array

from Fortran to C, 646
Example 9: Passing a rank 2 array

from C to Fortran, 647
Example 10: Passing a rank 2 array

from C++ to Fortran, 649
Example 11: Passing a rank 2 array

from C++ to Fortran and taking care of
array storage, 651
Example 12: Passing a rank 2 array

from C to Fortran and taking care of
array storage, 654
Example 13: Passing a Fortran char-

acter variable to C, 657
Example 14: Passing a Fortran char-

acter variable to C++, 660
Chapter 36

Example 1: Testing IEEE support,
675
Example 2: Testing what flags are

supported, 676
Example 3: Overflow, 679
Example 4: Underflow, 679
Example 5: Inexact summation, 680
Example 6: NAN and other specials,

683
Chapter 37

Example 1: basic syntax, no parame-
ters in call, 691
Example 2: extended syntax, passing

parameters, 694
Example 3: basic syntax with timing,

699

Example 4: extended syntaxwith tim-
ing, 701

Chapter 38
Example 1: Generic recursive quick-

sort example with timing details, 703
Example 2: Non recursive Quicksort

example with timing details, 708
Example 3: Calling the Nag m01caf

sorting routine, 715
Example 4: sorting an array of a

derived type, 718
Example 5: Binary search example,

728
Chapter 39

Example 1: Downloading and saving
the files, 733
Example 3: The program to do the

statistics calculations, 737
Example 4: Met Office Utility pro-

gram, 746
Chapter 40

Example 1: using the plusFORT tool
suite from Polyhedron Software, 761
Example 2: leaving as Fortran 77, 763
Example 3: Simple conversion toFor-

tran 90, 764
Example 4: Simple syntax conversion

to modern Fortran, 769
Example 5: date case study, 775
Example 6: creating 64bit integer and

128 bit real sorting subroutines from
the Netlib sorting routines, 784

Chapter 41
Example 1: using dislin to plot

Amdahl’s Law graph 1 - 8 processors
or cores, 798
Example 2: using dislin to plot

Amdahl’s Law graph 2 - 64 processors
or cores, 800
Example 3: using dislin to plot

Gustafson’s Law graph 1 - 64 proces-
sors or cores, 804
Example 4: using dislin to plot

tsunami events, 804
Example 5: using dislin to plot the

Met Office data, 811
Chapter 42

Example 1: Abstract interfaces and
procedure pointers, 817

Exception handling, 34, 36, 685
Executable constructs containing blocks,

244, 467
Execution control, 244



Index 943

Execution sequence, 622
Execution time, 160, 235
Exit statement, 251, 254, 260
Exp function, 223
Explicit-coshape coarray, 622
Explicit interface, 232, 239, 319, 356, 435,

446, 759
Explicit-shape array, 322
Exponent, 87
Expression equivalence, 76
Expressions, 145
Extent, 144
External, 157, 181
Extracting the diagonal elements of amatrix,

437

F
Feasibility study and fact finding, 13
F edit descriptor, 165, 168
F format, 187
File access, 210

direct, 210
sequential, 210
stream, 210

File inquiry, 209
File name, 217, 326
File=, 177
File= options on the open statement, 215
File positioning, 209
Files in Fortran, 177
Files, records, streams, 209
Finite precision, 72
First-order ordinary differential equations,

427, 432
Fixed format reading, 207
Fixed form source, 757
Floating point, 26, 74, 85, 98, 101, 107, 108,

182, 248, 347, 443, 684, 685
Floating point arithmetic, 107, 108, 685
Floating point formats, 669
Flynn’s taxonomy, 573
Fmt=, 178
FORALL construct and statement, 758
Forall statement, 143
Forcheck, 760
Formal syntax, 239, 355
Format, 372
Format specification using a character vari-

able, 186
Format specification using a string, 185
Format statement, 166, 167, 174, 176, 183,

188, 198, 201, 207

Formatted read timings, 207
Formatted records, 210
Formula translation, 21
Fortran 2003, 39

data manipulation enhancements, 40
allocatable components, 40
deferred-type parameters, 40
enhanced complex constants, 40
explicit type specification in array

constructors, 40
extended initialisation expressions,

40
intent specification of pointer argu-

ments, 40
max and min intrinsics for character

type, 40
specified lower bounds of pointer

assignment, and pointer rank remap-
ping, 40
volatile attribute, 40

derived type enhancements, 39
finalisers, 39
improved structure constructors, 39
mixed component accessibility

(allows different components to have
different accessibility), 39
parameterised derived types, 39
public entities of private type, 39

enhanced integration with the host oper-
ating system, 41

enhanced integration with the operating
system
access to command line arguments

and environment variables environ-
ment variables, 41
access to the processor’s error mes-

sages (improves the ability to handle
exceptional conditions), 41

host association, 40
input/output enhancements, 40

access to input/output error mes-
sages, 40
asynchronous transfer operations

(allow a program to continue to pro-
cess data while an input/output transfer
occurs), 40
named constants for preconnected

units, 40
regularisation of input/output key-

words, 40
stream access (allows access to a file

without reference to any record struc-
ture), 40
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the flush statement, 40
user specified control of rounding

during format conversions, 40
user specified transfer operations for

derived types, 40
interoperability with the C programming
language, 40

object oriented programming support, 40
object oriented support

dynamic type allocation, 40
enhanced data abstraction (allows

one type to extend the definition of
another type), 40
polymorphism (allows the type of a

variable to vary at run time), 40
select type construct (allows a choice

of execution flow depending upon the
type a polymorphic object currently
has), 40
type bound procedures, 40

procedure pointers, 40
scoping enhancements, 40

control of host association into inter-
face bodies, 40
the ability to rename defined opera-

tors (supports greater data abstraction),
40

support for IEC60559 (IEEE754) excep-
tions and arithmetic (to the extent a
processor’s arithmetic supports the IEC
standard), 40

support for international usage, 40
choice of decimal or comma in

numeric formatted input/output, 41
ISO 10646, 41

the associate construct (allows a complex
expression or object to be denoted by a
simple symbol), 40

Fortran 2008, 41
coarrays, 41
data declaration, 41

allocatable components of recursive
type, 41
data statement restrictions lifted, 41
declaring type-bound procedures, 41
extensions to value attribute, 42
implied-shape array, 41
kind of a forall index, 41
long integers, 41
maximum rank, 41
pointer initialization, 41
type statement for intrinsic types, 41

data usage, 42

accessing real and imaginary parts,
42
copying the properties of an object in

an allocate statement, 42
elemental dummy argument restric-

tions lifted, 42
multiple allocations with source=, 42
omitting an allocatable component in

a structure constructor, 42
pointer functions, 42
polymorphic assignment, 42

execution control, 42
exit statement, 42
stop code, 42
the block construct, 42

input/output, 42
finding a unit when opening a file, 42
g0 edit descriptor, 42
recursive input/output, 42
unlimited format item, 42

intrinsic procedures and modules, 42
additional optional argument for

ieee_selected_real_kind, 42
Bessel functions, 42
bit processsing, 42
compiler information, 42
constants, 42
error and gamma functions, 42
Euclidean vector norms, 42
execute command line, 42
extensions to trigonometric and

hyperbolic intrinsic functions, 42
find location in an array, 42
Function for C sizeof, 42
optional argument back added to

maxloc and minloc, 42
optional argument radix added to

selected real kind, 42
parity, 42
storage size, 42
string comparison, 42

performance enhancements, 41
contiguous attribute, 41
do concurrent, 41
simply contiguous arrays, 41

programs and procedures, 42
elemental procedures that are not

pure, 43
empty contains part, 42
entry statement becomes obsoles-

cent, 43
form of the end statement for an inter-

nal or module procedure, 42
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generic resolutionbypointer/allocatable
or data/procedure, 43
internal procedure as an actual argu-

ment or pointer target, 42
non-pointer actual for pointer dummy

argument, 43
null pointer or unallocated allocat-

able as an absent dummy argument, 43
save attribute for module and sub-

module data, 42
source form, 43

semicolon at line start, 43
submodules, 41

Fortran 2008 and polymorphic intrinsic
assignment, 492

Fortran 2018, 43
additional parallel features

change team construct, 43
coarrays allocated in teams, 43
collective subroutines, 44
critical construct, 43
detecting failed and stopped images,

44
events, 44
failed images and stat= specifiers, 44
fail image statement, 44
form team statement, 43
image failure, 43
image selectors, 43
intrinsic function image index, 43
intrinsic function move alloc, 43
intrinsic function num images, 43
intrinsic function this image, 43
intrinsic functions get team and team

number, 43
lock and unlock statements, 43
new and enhanced atomic subrou-

tines, 44
sync team statement, 43
teams, 43

additional parallel features in Fortran, 43
arithmetic if, 45
conformance with ISO/IEC/IEEE
60559:2011, 44

IEEE 60559:2011 conformance
adjacent machine numbers, 44
comparisons, 44
conversion to integer type, 44
decimal rounding mode, 44
fused multiply-add, 44
maximum and minimum values, 44
remainder function, 44
round away from zero, 44

rounded conversions, 44
subnormal values, 44
test sign, 44
type for floating-point modes, 44

new obsolescences, 45
common and equivalence, 45
labelled do statements, 45
specific names for intrinsic functions,

45
the forall construct and statement, 45

nonblock do construct, 45
removal of deficiencies and discrepan-
cies, 44
advancing input with size=, 44
connect a file to more than one unit,

44
control of host association, 44
d0.d, e0.d, es0.d, en0.d, g0.d and ew.d

e0 edit descriptors, 44
default accessibility for entities

accessed from a module, 44
deletions, 45
enhancements to inquire, 44
enhancements to stop and error stop,

44
extension to the generic statement, 44
formatted input error conditions, 44
hexadecimal input/output, 45
implicit none enhancement, 44
intrinsic function coshape, 44
intrinsic function sign, 44
intrinsic functions extends type of

and same type as, 44
intrinsic subroutine random init, 44
intrinsics that access the computing

environment, 44
kind of the do variable in implied do,

44
kinds of arguments of intrinsic and

IEEE procedures, 45
locality clauses in do concurrent, 44
new elemental intrinsic function out

of range, 44
new reduction intrinsic reduce, 44
nonstandard procedure from a stan-

dard intrinsic module, 44
recursive and non-recursive proce-

dures, 44
removal of anomalies regarding pure

procedures, 44
removal of the restriction on argu-

ment dim of many intrinsic functions,
45
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rules for generic procedures, 44
simplification of calls of the intrinsic

cmplx, 45
Fortran 77, 21
Fortran 77 Version, 762
Fortran 90, 38

array processing, 38
better control structures, 38
control of numeric precision, 38
dynamic storage allocation, 38
implicit none, 38
modules, 38
new source form, 38
pointers, 38
procedures, 38
pure and elemental procedures, 39
recursion, 38
user defined types and operators, 38

Fortran 90 Version, 762
Fortran 95, 38

automatic deallocation of allocatable
arrays, 39

forall construct, 39
implicit initialisation of derived-type
objects, 39

initial association status for pointers, 39
intrinsic function cpu_time returns the
processor time, 39

intrinsic function null returns discon-
nected pointer, 39

nested elsewhere constructs, 39
nested where constructs, 39
references to some pure functions are
allowed in specification statements, 39

sign function distinguishes between –0
and +0, 39

small changes to ceiling, floor, maxloc,
minloc functions, 39

Fortran and Parallel Programming, 575
Fortran and the IEEE 754 standard, 106
Fortran arithmetic expressions

optimisation, 74
semantics, 74
syntax, 74

Fortran character set, 62
Fortran discussion lists, 46
Fortran expressions

mathematically equivalent expressions,
74

Fortran intrinsic functions, 91, 93
atan, 81
abs, 83, 223, 448
abs function, 224

achar, 277
acos, 223
adjustl, 277
adjustr, 277
aimag, 282
asin, 223
associated, 304
atan, 223
atan2, 223
btest, 102
char, 273, 277
cmplx, 281, 282
conjg, 282
cos, 223, 281
cpu_time, 181, 206
dble, 394
digits, 91, 93
dot_product, 145, 152
elemental, 221
epsilon, 91, 93
exp, 223, 256
generic, 221
huge, 91, 93
iachar, 277
index, 203, 270, 277
int, 223
kind, 90, 93, 101
kind query functions, 90
len, 271, 277
len_trim, 217, 218, 271, 277
lge, 273, 277
lgt, 273, 277
lle, 273, 277
llt, 273, 277
log, 223, 281, 394
log10, 223
matmul, 146
maxexponent, 91, 93
maxloc, 443
maxval, 443
minexponent, 91, 93
mod, 223, 226
null, 302, 361, 364, 371, 422
numeric query functions, 90
pack, 437
precision, 91, 93
present, 436
radix, 91, 93
range, 91, 93
real, 223, 394
repeat, 277
reshape, 152, 183
scan, 275, 277
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selected_char_kind, 90
selected_int_kind, 90, 101, 403, 413,
422, 427

selected_real_kind, 90, 93, 284, 345,
394, 403, 413, 422, 427, 438, 448, 454,
456, 457, 590, 594, 612, 616, 627

sin, 223, 224, 281
sqrt, 223, 248
sum, 155, 156, 162, 183, 198–200, 202,
218, 331

tan, 223
tiny, 91, 93
transfer, 102
transformational, 221
trim, 277
verify, 277

Fortran kind intrinsics, 93
Fortran nonnumeric types

character and logical, 89
Fortran numeric types

integer, real, complex, 89
Fortran operator hierarchy, 289
Fortran operators, 72
Fortran representational model

bit, 87
integer, 87
real, 87

Fortran representational models, 87
Fortran’s origins, 21
Fortran sources, 719
Fortran support for IEEE arithmetic, 672
Free and commercial conversion tools, 759
Function argument, 222, 230, 239
Function argument name and type, 228
Function definition, 229
Function formal syntax, 239
Function header, 232, 233, 240
Function name, 228, 230, 239, 240
Function parameters, 222, 230
Function reference or use, 229
Function results, 444
Function return type, 228
Function return values, 222
Functions, 313, 343
Function side effect, 230
Function statement, 344
Further information, 675
Further reading, 495

G
Gaussian elimination, 439
Gaussian elimination with partial pivoting,

439

G edit descriptor, 165
General comments about the standard, 671
Generic function, 221, 224, 228, 401
Generic interface, 466
Generic name, 465
Generic programming, 401, 402, 420

Ada, 401
C++, 401
C#, 401
Eiffel, 402
Java, 402

Generic programming and other languages,
401

Generic quicksort in C++, 410
Generic quicksort in C#, 411
Generic recursive quicksort with timing

details, 703
Generic statistics module, 413, 417
Gfortran, 66, 305
Gfortran support for Intel extended (80 bit)

precision, 97
Global data, 344, 356
Good programming guidelines, 63
Goto statement, 244, 263
Granularity and types of parallelism, 575
Graphics library, 569, 797
Gustafson’s law, 571
Gustafson’s Law graph 1 - 64 processors or

cores, 571, 804

H
Hardware

AMD, 162
AMD64 64 bit mode, 160
AMD64 legacy mode, 160
DEC Alpha, 160, 162
Intel, 163
Intel 64 and IA-32, 160
Intel 80x86, 160
Sun UltraSparc, 160

Hardware sources, 686
Health warning: optional reading, beginners

are advised to leave until later, 87
Hierarchy of operations, 287
Higher-dimension arrays, 129
High-level languages, 21, 24, 26
History, 665
HOPL, 48
HPF, 579

I
IBM, 66
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ICON, 31
I edit descriptor, 165
IEEE

denormal, 665
derived types and constants defined in the
modules, 673

divide by zero, 665
floating point formats, 665
inexact, 665
inexact summation example, 680
infinity, 665
integer formats, 665
invalid, 665
NAN, 665
NAN and other specials example, 683
overflow, 665
subnormals, 672
testing IEEE support, 675
testing what flags are supported, 676
underflow, 665, 672

IEEE 754, 26
IEEE 754 floating point support, 26
IEEE specifications, 667
Ieee_arithmetic, 674
Ieee_exceptions, 673
Ieee_features, 674
If construct, 244
If statement, 288
If then else if, 260
Image control statements, 622
Image index, 622, 623
Image numbers, 625
Image selectors, 622
Imaginary part of complex number, 281
Implementation, 13
Implicit and explicit interfaces, 356
Implicit none, 74
Implicit none statement, 62
Implied do loop, 132
Index, 116
Index function, 203
Inheritance, 32
Initialisation of physical constants, version

1, 102
Initialisation of physical constants, version

2, 104
Initialisation of physical constants, version

3, 104
Initialising a rank 2 array, 153
Initialising rank 2 arrays, 152
Initial value problems, 428
Initial values, 61, 150, 151, 295, 472, 473,

480

Inner product, 422, 423
Inner product of two sparse vectors, 422
Input and output (I/O) statements, 57
Input-item-list, 62
Inquire statement, 212, 214
Integer argument, 102, 241, 272
Integer arrays, 419
Integer data, 105, 372, 419
Integer data type, 74, 88, 372, 419
Integer data type and representation model,

88
Integer declaration, 230
Integer division, 78, 79, 107, 248
Integer division and real assignment, 78
Integer formats, 665
Integer function return type, 230
Integer kind type, 71, 92, 93, 105
Integer number system model, 87
Integer overflowand the i edit descriptor, 167
Integer representation, 117
Integer representational model, 88
Integers and the i format or edit descriptor,

166
Integer scalar, 95
Integer variable, 102, 107, 187, 303, 470
Intel, 67, 163, 305
Intel 64 and IA-32, 160
Intel 80x86, 160
Intel Pentium III, 160
Intent, 317
Intent attribute for parameters, 313
Intent in, 317
Intent(in), 230
Intent inout, 317
Intent out, 317
Interface, 355
Interface block, 323, 403, 408, 759
Interface blocks andmodule procedures, 403
Interface checking, 231
Internal file, 203, 204, 207, 209, 213, 214
Internal function, 236, 239, 759
Internal procedure, 344, 356
Internal subroutines and scope, 332
Internal user defined functions, 221
Interoperability of array variables, 636
Interoperability of intrinsic types, 635
Interoperability of procedures and procedure

interfaces, 636
Interoperability of scalar variables, 636
Interoperability with C pointer types, 636
Interoperation with C functions, 637
Interoperation with C global variables, 636
Int function, 223
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Intrinsic assignment, 486
Intrinsic assignment statement, 466
Intrinsic data type, 55, 372
Intrinsic function, 81, 107, 152, 155, 156,

221–224, 228, 238, 239, 281, 282,
322, 342

Intrinsic functions maxval and maxloc, 443
Intrinsic module, 214
Intrinsic procedure, 67, 145, 146, 222, 228,

356
Intrinsic subroutine, 222, 336
Intrinsic types, 89, 293, 635
Introduction, 55, 166, 221, 244, 265, 281,

287, 293, 301, 359, 391, 397, 401,
422, 453, 461, 497, 543, 567, 581,
605, 621, 633, 665, 689, 733, 753,
797, 817

I/O concepts, 209
I/O concepts and statements, 209
Iomsg= specifier, 215
Iostat= options on the open statement, 215
Iostat= specifier, 214
I/O statements, 74, 209

backspace, 209
close, 209
endfile, 209
flush, 209
inquire, 209
open, 209
print, 209
read, 209
rewind, 209
wait, 209
write, 209

ISO date module, 523
ISO technical reports TR15580 and

TR15581, 39
ISO test program, 527
Iso_fortran_env, 89

character_kinds, 89
integer_kinds, 89
logical_kinds, 89
real_kinds, 89

, item separator, 167

J
Java, 35

K
Key points, 470
Keyword argument, 322, 421, 436
Keyword and optional arguments, 322

Keyword and optional argument variation,
436

Kind inquiry functions, 90, 101
kind, 90, 93, 101
selected_char_kind, 90
selected_int_kind, 90, 101
selected_real_kind, 90, 93

Kind parameter, 89
Kind type, 90
Kind type parameter, 93, 95, 97, 347, 402,

635
Kind types, 71, 89, 92, 97, 105, 241, 284,

345, 413, 703
K&R C, 26

L
Label DO statement, 758
Language strengths and weaknesses, 56
LAPACK naming convention

dp - double precision, 95
sp - quad precision, 95
sp - single precision, 95

LAPACK95, 95
Lcobound, 623
Leap year, 248
Left to right evaluation, 76
Len and len_trim functions, 271
Len and len_trim usage, 271
Len_trim function, 217, 218
Linked list, 359–361, 395, 421–423, 451

sparse matrix problems, 421, 422
Linked list parameterised by real kind, 454
Linking unit numbers with files, 194

unit= file=, 193
LINPACK, 439

SGEFA, 439
SGESL, 439

Lisp, 23
List directed input, 191
Literal real constants in a calculation, 97
Local variables, 231, 238, 239, 313, 317, 332
Local variables and the save attribute, 313,

317
Loc function usage, 309
Locks, 574
Lock statement, 622
Log function, 223
Log10 function, 223
Logical data type, 287
Logical expression, 244–247, 252, 287, 288
Logical i/o, 290
Logical operators, 244, 287, 289
Logical record, 210
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Logical variable, 246, 287, 288, 290, 291,
318

Logic programming, 31, 51
Logo, 30
Lower bound, 155, 256, 325

M
Machine language, 20
Magnitude of the exponent, 173
Main program, 231, 232, 234, 296, 314, 318–

320, 322, 323, 325, 326, 328, 336,
339, 343, 344, 347, 350, 357, 402,
403, 408, 417, 434, 435, 438, 443,
491, 515, 704, 711, 727

Maintenance, 14
Manipulating variables of our own types,

293
Mantissa, 87
Masked array assignment, 157
Masked array assignment and the where

statement, 157
Matrix multiplication, 146, 328
Maxloc function, 443
Maxval function, 443
Memory access, 571
Memory leak examples, 307
Met Office Historic Station Data, 195
Miscellaneous array examples, 154
Mixed mode arithmetic, 78
Mod function, 223, 226
Modula, 29
Modula 2, 29
Modular programming, 11
Module

basic syntax, 344
Module for precision selection, 443
Module for simple timing of a program, 352
Module procedures, 318–320, 356, 403, 408,

759
Module procedures to provide interfaces,

313
Modules, 343

containing procedures, 343
derived types, 343
module usage and compilation, 354
precision definition, 344
the use statement, 343

Modules containing procedures, 318, 343,
344

Modules for derived data types, 343, 349
Modules for global data, 343, 344
Modules for globally sharing data, 347

Modules for precision specification and con-
stant definition, 345

Module usage and compilation, 354
Monitors, 574
Monthly rainfall, 115
More memory leaks, 308
More on parameter passing, 321
MPI, 576

compiler and implementation combina-
tion, 582

compiler and MPI combinations used in
the book, 583

hello world using send and receive, 586
individual implementation, 582
MPI memory model, 584
parallel solution for pi calculation, 594
work sharing between processes, 600

MPICH2, 582
MPI Programming, 581
Mutual exclusion - mutex, 574

N
Nag, 68, 306
Nag compiler polish tool, 760
Nag SMP library, 715
Named constants and derived types in the

module, 634
Narrow field widths and the f edit descriptor,

170
Natural language, 8, 59, 273
Nested user defined types, 298
Nesting types within types, 293
Netlib, 708
Non recursive Quicksort with timing details,

708
Non-standard pointer example, 309
Notations, 8, 9
Note: Alternative form of the allocate state-

ment, 434
Note: Automatic arrays, 434
Note: compilation when using modules, 435
Note — Flexible design, 335
Note — Recursive subroutine, 335
Notes, 136, 158, 167, 325, 328, 443, 473
Notes on function usage, 226
Note: subroutine as a dummy procedure

argument, 435
Notes - version control systems, 714
Num_images, 623
Numerical approximations, 82
Numeric inquiry functions, 91, 93

digits, 91, 93
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epsilon, 91, 93
huge, 91, 93
maxexponent, 91, 93
minexponent, 91, 93
precision, 91, 93
radix, 91, 93
range, 91, 93
tiny, 91, 93

Numeric limits, 85
Numeric models, 71

O
Oberon and Oberon 2, 33
Object file, 320
Object modelling, 14
Object oriented programming, 12, 32, 34, 52,

461, 462, 465, 471, 472, 474, 477,
480, 494, 497

Obsolescent features, 755
Open and close usage, 178
OpenMP, 577

hello world using default variable data
scoping, 610

hello world with private thread_number
variable, 612

OpenMP memory model, 606
parallel solution for pi calculation, 613

Open MPI, 583
OpenMP memory model, 606
Open statement, 165, 177, 206, 210, 215

change file and unit modes, 211
connect to existing file, 210
create a file and connect to a unit, 211
create a file that is preconnected, 210

Operating systems, 50, 53, 65, 188, 577, 666,
687

Operator hierarchy, 75, 289
Operator overload

addition operator, 398
Operator overloading, 397

Ada, 397
Algol 68, 397
C++, 397
C#, 397
Eiffel, 397

Optional argument, 323, 421, 436
Options on the close statement, 209
Options on the open statement, 209
Options on the read statement, 209
Options on the write statement, 209
Oracle/Sun, 68
Order of evaluation, 76

Ordinary differential equations, 421, 427,
428

Original Fortran 66, 761
Other aspects of interoperability, 636
Other calendar systems, 535
Other languages, 397
Other parallel options, 578
Output

array sections, 165
whole arrays, 165

Output formats, 207
Output formatting, 141
Output-item-list, 62
Overflow, 85, 171, 679
Overflow and the f edit descriptor, 171
Overflow and underflow, 85

P
Pack function, 437
Page size, 160
Parallel computing, 571
Parallel computing classification, 569
Parallel programming, 567, 569, 572, 574,

575, 577, 580, 604, 621, 624
Parallel solution, 580, 594, 598
Parameter attribute, 71, 80, 81, 107
Parameterised derived types, 453
Parameter passing, 314, 321, 325
Parameters, 314
Parameters can be expressions, 222
Partial pivoting, 439
Partitioned global address space - PGAS,

575
Pascal, 17, 25, 27

records, 27
Pass control, 254
Passed object dummy arguments, 464
Perfectly balanced tree, 359, 369
Person data type, 350
Physical and virtual memory, 143, 160
Physical memory, 143
Pi calculation, 594, 613, 627
PL/1 and Algol 68, 24
Plusfort, 761
PlusFORT capability, 761
Pointer allocation and assignment, 306
Pointer assignment, 301, 303, 304, 663
Pointer association, 302
Pointer attribute, 301
Pointer component, 663
Pointer initialisation, 302
Pointer variables, 303, 304
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Polish, 760
Polymorphic and dynamic binding test pro-

gram, 532
Polymorphic variables, 467
Polymorphism and dynamic binding, 485,

492
Portability, 28
Positional number systems, 71, 87, 108
Positive numbers, 87
Positive values, 157
Possible missing data, 119
Postscript language, 48
Postscript, TEX and LATEX, 30
Precedence, 76
Precision, 71, 81, 84
Predefined functions, 221
Present function, 436
Print *, 166
Print * and unit 6, 219
Print statement, 148, 166, 167, 169, 183, 188
Private attribute, 343, 353
Private data, 474
Private, public and protected attributes, 353
Problem definition, 12
Problems, 70, 108, 123, 139, 162, 188, 207,

219, 241, 261, 277, 284, 291, 300,
310, 320, 340, 357, 389, 399, 419,
450, 460, 494, 540, 566, 604, 619,
632, 664, 687, 702, 732, 752, 796,
815, 820

Problem solving, 7
algorithm, 7, 9
algorithmic problem solving, 7
artificial language, 8
bottom-up, 10
modular programming, 11
natural language, 8
notations, 8

algebra, 9
calculus, 9
logic, 9

object oriented programming, 12
software engineering, 7
stepwise refinement, 11
systems analysis and design, 7, 12

analysis, 12
detailed design, 12
evaluation, 12
evaluation and testing, 14
feasibility study and fact finding, 12
implementation, 12
initial design, 12
maintenance, 12

problem definition, 12
technical terminology, 8
top-down, 10
Unified Modelling Language (UML), 7,
14

Procedure pointer, 817
Procedures, 313
Procedures in the module, 635
Procedure summary, 669
Program statement, 62, 344
Program unit, 122
Program development, 69
Program execution, 301
Programming languages, 19, 20, 23, 25, 26,

36, 47, 50, 52, 53, 55, 61, 117, 397,
401, 461, 573, 665

abstraction, 27
Ada, 28
Algol, 22
Algol 68, 24
APL, 25
B, 26
Basic, 25
C, 26
ANSI C, 26
C89, 26
C99, 26
C++, 34
C++14, 35
C++17, 35
C11, 26
C#, 36
Chomsky, 23
classes, 32
Cobol, 22
data structuring, 27
dynamically bound procedure calls, 32
early theoretical work, 20
Eiffel, 33
engineering, 20
extensible data types, 32
Fortran, 21

1966 standard, 21
1977 standard, 21

Fortran 2003, 39
Fortran 2008, 41
Fortran 2018, 43
Fortran 90, 38
Fortran 95, 38
Fortran discussion lists, 46
Fortran’s origins, 21
ICON, 31
instances of a class, 32
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Java, 35
K&R C, 26
LATEX, 30
Lisp, 23
Logo, 30
messages, 32
methods, 32
Modula, 29
Modula 2, 29
modules, 27
Oberon, 33
Oberon 2, 33
object oriented programming, 32
objects, 32
Pascal, 25
PL/1, 24
Postscript, 30
procedural programming, 27
Prolog, 31
Python, 36
second generation languages, 24
Simula, 24, 32
Smalltalk, 32
Snobol, 24
SQL, 31
standardisation, 28
stepwise refinement, 27
structured programming, 27
TEX, 30
Turing, 20
von Neumann, 20

Program statement, 61
Program unit, 161, 230, 231, 284, 296, 316–

320, 323, 344, 349, 350, 353, 354,
371, 435, 715

Proleptic Gregorian calendar, 535
Prolog, 31
Protected attribute, 343, 353
Public and private accessibility, 477
Public and protected attribute, 353
Public attribute, 343, 353
Pure constraints, 238
Pure functions, 39, 221, 237, 238
Pure procedure, 238
PVM, 579
Python, 36

Python 2, 37
Python 3, 37

Python 2, 37
Python 3, 37

Q
Qp - quad precision, 345

Quad precision, 95
Quadratic roots, 247

R
Race conditions, 574
Ragged array parameterised by real kind

type, 456
Ragged arrays, 359, 365
Ragged arrays and variable sized data sets,

366
Random number, 340
Range, 84
Range, precision and size of numbers, 84
Rank, 143
Rank 1 array and the sum intrinsic function,

155
Rank 1 array initialisation, 151
Rank 1 array initialisation— explicit values,

151
Rank 1 arrays, 152
Rank 2 arrays and the sum intrinsic function,

156
Rank 1 array sections, 148
Rank 2 array sections, 149
Rank 1 whole array, 146
Rank 2 whole array, 147
Rational Software, 14
Read * and unit 5, 219
Reading formatted files, 204
Reading from files, 191, 206
Reading from several files, 191
Reading in an arbitrary number of reals using

a linked list and copying to an array,
363

Reading integer data, 191, 192
Reading one column of data from a file, 196
Reading real data, 191, 194
Reading several files, 199
Reading unformatted files, 205
Reading using array sections, 201
Reading using internal files, 191, 203, 207
Read integer data, 206
Read statement, 215, 267, 362
Real literal constant, 97
Real variable, 97, 136, 187, 357
Real data type, 74, 88
Real data type and representational model,

88
Real function, 223, 352
Real integer data, 206
Real kind type, 71, 105, 241, 284, 413
Real literal constant, 97
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Real number system model, 87
Real numeric kind types, 95
Real part of complex number, 281
Real representational model, 88
Reals and the e edit descriptor, 171
Reals and the f edit descriptor, 168
Reals and the g edit descriptor, 173
Record at a time, 199
Records, 210

end of file, 210
formatted, 210
unformatted, 210

Rectangle - derived type 2, 481, 488
Recursion and problem solving, 242
Recursive factorial evaluation, 232
Recursive functions, 221, 232, 239, 332
Recursive gcd function, 234
Recursive subroutines, 332
References, 535
Referencing a subroutine, 316
Referencing pointer variables before alloca-

tion or pointer assignment, 304
Relational operator, 246
Relative and absolute errors, 82
Relative error, 71, 82
Repeat until loop, 252
Repetition and whole array output, 184
Result clause, 240
Result value, 662
Resume, 239, 672
Return statement, 239
Rkm, 435
Rounding, 71, 77
Rounding and truncation, 77
Rounding error, 82
Rounding problem, 98
Round off, 71
Round off error, 81, 82
Round off errors and computer arithmetic,

81
Rules and restrictions, 240
Rules and restrictions on functions, 240
Rules for arithmetic expression evaluation,

72
Runge kutta merson, 429, 434–436

S
Save attribute, 238, 313
Scalar variable, 140
Scan function, 275
Scan function usage, 276
Scope of variables, 231, 313, 318

Scope rules, 23
Scope rules for variables and functions, 221
Second-generation languages, 24
Sections, 150, 156
Select case construct, 244
Selection among courses of action, 244
Select rank construct, 244
Select type, 467, 492
Select type construct, 244, 467
Sentinel usage, 253
Sequential access, 210
Sequential, direct and stream access, 209
Serial non recursive Quicksort, 703
Serial recursive Quicksort, 703
Setting the array size with a parameter, 121
Shape, 144
Shape wrapper module, 488
Side effect, 237
Significant digits, 82, 172
Sign of the entire number, 173
Sign of the exponent, 173
Simple arithmetic expressions in Fortran, 73
Simple function usage, 223
Simple g edit descriptor example, 173
Simple inheritance, 478
Simple inheritance test program, 483
Simple memory leak, 307
Simple user defined function, 229
Simula, 24, 32
Sine function, 225, 401
Sin function, 223, 224
Single precision, 95
Singly linked list: reading an unknown

amount of text, 359
Size, 84, 144
Skipping columns in a file, 206
Skipping columns on input, 191
Skipping lines in a file, 198, 206
Skipping lines on input, 191
Smalltalk, 32
Snobol, 24
Software tools, 17
Solution of linear equations using Gaussian

Elimination, 438
Solution of systems of linear simultaneous

equations, 438
Solving a system of linear simultaneous

equations using Gaussian Elimina-
tion, 421

Some more Fortran rules, 61
Sorting, 394
Sorting reals and integers, 402
Sort module, 727
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Source code, 35, 420, 704, 709, 714, 798,
800, 802, 804, 811

Spaces, 174, 187
Sparse matrices, 421, 422
Sparse matrix problems, 301, 421, 422
Sparse vectors, 422
Specific names for intrinsic functions, 758
Sp - single precision, 345
SQL, 31
Sqrt function, 223
Standardisation, 28
Statement functions, 756
Status of the action carried out in the subrou-

tine, 318
Stepwise refinement, 11, 13, 18, 27
Stirling’s approximation, 236
Stop statement, 238, 622
Storage size, 93, 95
Stride, 155
Stripping blanks from a string, 270
Structure component, 607
Structure constructor, 465, 472–477, 480,

485
Structure constructors and generic names,

465
Structured programming, 16, 27, 244, 263
Submodules, 543
Subroutine

arguments, 314
parameter passing, 314

intent, 317
intent in, 317
intent inout, 317
intent out, 317

parameters, 314
Subroutine and function libraries, 715
Subroutine as a dummyprocedure argument,

435
Subroutines, 313, 343

actual arguments, 322
allocatable dummy arrays, 322
automatic arrays, 322, 329
character arguments, 325
elemental subroutines, 339
keyword and optional arguments, 322
local variables, 317

save attribute, 317
parameter passing, 321

allocatable dummy arrays, 336
arrays, 321
assumed shape arrays, 321
deferred shape arrays, 321
scalars, 321

rank 2 arrays as parameters, 327
recursive subroutines, 332
scope of variables, 318

Subroutine statement, 344
Subroutine subprograms, 322
Subscript triplet, 155
Subtraction operator, 399
Sum function, 155, 156, 162
Summary, 107, 122, 138, 161, 187, 206, 219,

260, 276, 284, 291, 319, 340, 356,
494, 580, 604, 619, 632, 684, 702,
796

Summary of how to select the appropriate
kind type, 105

Summation and finite precision, 98
Sun UltraSparc, 160
Supplying your own functions, 229
Sync all, 622
Synchronization, 575
Sync images, 622
Sync memory, 622
Systems analysis, 7, 12, 16, 17, 422
Systems analysis and design, 7, 12, 16, 17

T
Tables of data, 113
Tabular output, 131
Tan function, 223
Target attribute, 302
Technical terminology, 8
Telephone directory, 114
Templates, 401
Terminology, 143
Testing the numerical representation of dif-

ferent kind types on a system, 90
Test program for polymorphism and

dynamic binding, 489
The basic shape class, 468
The case statement, 249
The date class, 498
The Fortran rules for arithmetic, 74
The index character function, 270
The intent attribute, 317
The iso_c_binding Module, 633
The MPI memory model, 584
TheNagLibrary for SMPandmulticore, 715
The remaining control and data edit descrip-

tors, 186
32 bit floating point real, 85
32 bit integer 2, 147, 483, 647, 168
This_image, 623
Threads and processes, 574
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Threads and threading, 573
Three-dimensional spatial problems, 301
Three ways of generating spaces, 174
Time taken for light to travel from the Sun

to Earth, 79
Timing formatted reads, 191
Timing module, 343
Timing of reading formatted files, 204
Timing of reading unformatted files, 205
Timing unformatted reads, 191
Top-down, 10, 11, 13, 15
Top 500 supercomputers, 579
Trailing blanks, 268, 271
Transformational functions, 221, 225, 226
Triangular matrix, 439
Truncation, 71, 77
Truth tables, 287
TS 29113 Further Interoperability of Fortran

with C, 43
Two-dimensional spatial problems, 301
Two n-bit integers, 392
Type, 463
Type construct, 467, 492
Type construction, 295
Type conversion, 80
Type conversion across the = sign, 78
Type conversion and assignment, 77
Type declaration, 61, 80, 129, 240, 296, 464,

471–473
Type declaration statement, 464
Type declaration statement summary, 161
Type definition, 295, 361, 443, 465, 471, 477
Type integer, 230
Type statement, 81, 106, 318
Type transfer functions, 33

U
Ucobound, 623
Underflow, 85–87, 171, 177, 665, 672, 679
Unformatted files, 182, 205, 207
Unformatted read timings, 207
Unformatted records, 210
UnifiedModelling Language (UML), 14, 17
Unit=, 177, 178
Unit numbering, 219
Unit numbers, 206
Unit numbers and files, 206
Unit 5 keyboard association, 216
Unit 6 screen association, 216
UNIX, 26
Unlock statement, 622
Upper bound, 155, 256, 325
Use association, 464

Use module_name, 354
Use precision_module, wp => dp, 347
Use statement, 343, 353
Use statement and extensions, 343
User-defined derived-type editing, 691
User defined elemental functions, 221
User defined functions, 221, 236, 238, 239,

314
User defined pure functions, 221
User defined types, 293, 298
Using an interface to use the class name for

the structure constructor, 475
Using iostat to test for errors, 216
Using modules, 345, 349, 435
Using the numeric inquiry functions with

integer types, 91
Using the numeric inquiry functions with

real types, 93

V
Variable declarations, 596
Variable definition, 295
Variable names, 266
Variables — name, type and value, 59
Variable status, 106
Variable types, 282, 290
Various forms of the do statement, 252
Varying the array size at run time, 128
Version control systems, 714
Virtual memory, 143, 160

W
Wave breaking on an offshore reef, 256
Web-based sources, 685
Where construct, 39, 158
Where statement, 143
While loop, 252, 256, 362
Whole array, 143, 146–148, 156, 157, 161,

184, 601
Whole array manipulation, 143, 144
Whole array output, 184
Why bother with subroutines?, 319
Work arrays, 421
Work flows, 14
Work sharing, 628
Write statement, 165, 187, 215
Writing formatted files, 179
Writing unformatted files, 181

X
X edit descriptor, 165
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