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4 Fortran 90 explained

214 Summary

n this chapter we have introduced the elements of the Fortran 90 language.
‘he character set has been listed, and the manner in which sequences of char-
«ters form literal constants and names explained. In this context we have
‘ncountered the five intrinsic data types defined in Fortran 90, and seen how
-ach data type has corresponding literal constants and named objects. We
1ave seen how derived types may be constructed from the intrinsic types. We
iave introduced one method by which arrays may be declared, and seen how
heir clements may be refcrenced by subscript expressions. The concepts of
he array section, characier substring, and pointer have been presented, and
.ome important terms defined. In the following chapter we shall see how
hese elements may be combined into expressions and statements, Fortran's
‘quivalents of 'phrases’ and 'sentences’.

With respect to Fortran 77 there arc many changes in this area: the larger
:haracter set; a new source form; the significance of blanks, the
»arameterization of the intrinsic types; the binary, octal, and hexadecimal con-
tants; the ability 10 obtain a desired precision and range; quotes as well as
ipostrophes as character constant delimiters; longer names; derived data types;
1ew array subscript notations; array consiructors; and last, but not least,

wointers. Together they represent a substantial improvement in the ease of use
ind power of the language.

Exercises (qu,éw 2)

I. For cach of the following assertions, state whether it is true, faise or not determined,
iccording to the Fortran 90 collating sequences: )

B is less than M

8 is less than 2

* is greater than T

$ is less than /

blank is greater than A
blank is less than 6

. Which of the Forttan 90 lines in Figure 4 are cotrectly written according 1o the
cquirements of the Fortran 90 source form? Which ones comtain commentary?
Nhich lines are initial lines and which are continuation lines?
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L )
1 A= 84 1 Add
WORD = 'tring’
A=18:8=2.0
A=15 ! Initfallze A; B=22. 1 and 8
SONG = “Life 15 justhk
4 a bowl of cherries®
CHIOE = 'Waste not,
want not!’
8 C{3:4) - 'up"

Figure 4.

3. Classify the following litera) constants according to the five intrinsic data types of
Fortran 90. Which are not legal literal constanis?

-43 "WORD'

4.39 1.9-4

6.0001E+20 *STUFF & KONSENSE®
49 8..1.3

(1.e3.2) "I CANT
(4,369, 6.2)  .TRUE._1

3] *SHOULDN® 'T*

1.2 *0.x.*

118 1'18*

4, Which of the following names arc legal Fortran 90 names?

NAME NAME 32
QUOTIENT 123
AlB2C3 NO-GO
STOP! BURN_

NO_G0 LONG__NAME
S. What arc the first, tenth, eleventh and last clements of the following arrays?

REAL, DIMENSION(11)

REAL, DIMENSION(B:11)
REAL, DIMENSION(-11:8)
REAL, DIMENSION{(18,18)
REAL, DIMENSION(S,9) i
REAL, DIMENSION(5,B:1,4} ::

"mTmoOm >

Write an array constructor of cleven integer elements.
6. Given the array declaration

FLABAFTEDM CU-10Y ATMCNCIANIA-& 13 -
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€(2.3) C(4:3)(§.1) \ l\ , la[‘l
(6,2} €(5.3)(9:9} aret ALV .
€e.3) C(2.1)(4:8) A

Cl4.3)() £(3,2(8:9)

C(5)¥(2:3) Ces:8)

C5.319) €

7. Write derived 1ype definitions appropriate for:
a) a vchicle registration;
b) a circle;
¢) a book (title, author, and number of pages).

Give an example of a derived type constant for each one.

8. Given the declaration for T in Section 2.12, which of the following objects and
subobjects are arrays?

T TC4)IVERTEX(])
T(10} T(5:6)
TC1)AVERTEX T(5:5)

9. Write specifications for thesc entities:

a) an integer variable inside the range ~10® 10 10,

b) a rea} variable with a minimum of 12 decimal digits of precision and a
range of 10-'% 1 10,

c) a Kanji character variable on a processor that supports Kanji with
KIND=2.

s
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If the target in a pointer assignment statement is itself a pointer, then a
straightforward copy of the pointer takes place. If it is undefined or disassoci-
ated, this state is copied; otherwise the targets become identical.

The type, type parameters, and rank of the pointer and target in a pointer
assignment statement must cach be the same. 1f the pointer is an array, it
takes its shapc and bounds from the targer. The bounds are as would be
returned by the functions LBOUND and UBOUND (Section 8.12.2) for the
target, which means that an array section or array expression is always taken
to have the value 1 for a lower bound and the extent for the corresponding
upper bound.

3.13 Summary

In this chapter, we have seen how scalar and array expressions, of numeric,
logical, character, and derived types may be formed; and how the corre-
sponding assignments of the results may be made. The relational expressions
and the use of pointers have also been presented. We now have the informa-
tion required to write short sections of code forming a sequence of statements
to be performed one afler the other. In the following chapter we shall sce
how morc complicated sequences, involving branching and iteration, may be
built up.

Features described in this chapter which arc new to Fortran are the use of
the alternative representations <, <=,... for the relational operators; the ability
of the two sides of a character assignment to overlap; structure constructors;
defined operators and assignment; array cxpressions and assignment; and the
use of pointers in expressions and assignment.

Exercises (CL.(,&., 1)

L If all the variables are numeric scalars, which of the following are valid numeric
cxpressions?

A+8 -C

A= B+{-F)

(A+C)*(P+]) (A+{)(P+])

SX4Y)ee] 4.{(A-D)-(Ard =X)+})

2. In the following expressions, add the parentheses which correspond 1o Fortran 90's

rules of precedence (assuming A, C—F are real scalars, [-—N are logical scalars, and B
is a logical array), for example

_\3),_
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AtD**2/C becomes A+{(D**2)/0)
C+4.*F

4, =G-A+0/2.

A"E"C*'D

AE-C =D/ AsE

1 .AND. J .OR. K

NOT, L .OR .NOT. I .AND. M .NEQV. N

B(3).AND.B(1).0R.B(6).0R. .NOT.B(2)

3. What arc the results of the following expressions?

4/2 6/4/2
J.rden2 KLk TF
=142 (=13

4. A scalar character vatiable R has length 8. What are the contents of R after cach of
the following assignments?

R = *ABCDEFGH'
R = "ABCD'//'B1234"
R{:7) = 'ABCOEFGH'
R(:6) = *aBCOY

5. Which of the following logica! expressions are valid, (B is a logical array)?

JOR.B(D)

NOT,B{1).AND.8(2)
ok B(2)(.AND.B(3).0R.B(4))

B(1).0R. NOT.B(4)

6. If all the variables are rea! scalars, which of the following relational expressions are

valid?

0.tk C p.LT T>0
-1 /=Y ¥+Y <3 0R. > 4.
0.LT.C.AND.J.O 0.EQ.R .AND. ST

7. Wrilc expressions lo compulc:

a) the perimeter of a square of side L;

b) the arca of a triangle of base B and height H;

¢) the volume of a sphere of radius R.
8. An item costs a cenls. Wrile a declaralion statement for suitablc var:lablcs and
assignment statements which compute the change to be given from a §1 bill for any
value of # from 1 to 99, using coins of denomination 1, 5, 10, and 25 cents.

9. Given the type declaration for INTERVAL in Scction 3.8, the definitions of + given

.. alana AN and tha derlaratinne
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TYPECINTERYAL) A,B,C,D
REAL R

which of the following statements are valid?

A=B+(
C=8+1.0
D=B+1
ReB~+(
A=R+2

10. Given the type declarations

REAL. DIMEWSION(S,6) :: &, B
REAL. DIMENSION(S) :: C

which of the following statements are valigd?

A=B C = A(:,2) + B(5,:5)

A=Cel0 C=AL2,:) + B(:.,5)

ALY = C B(2:,3) = C + B(:5,3)
H

™
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which will output a line such as

VARL = 1.0 VAR2 - 2.8

Similarly, input data can be read by statements like

READ *, VALL, VALZ

This is sufficient 10 allow us 10 write simple programs like that in Figure 12,
which outputs the converied values of a lemperature scale between specified
limits. Valid inputs ar¢ shown at the end of the example.

Exercises (Cl\a (){‘.er 1(~)

1. Write a program which
a) defines an array 10 have 100 elements;
b) assigns o the clements the values 1,2,3,....100;
¢} reads two integer values in the range 1 to 100;
d) reverses the order of the elements of the array in the range specified by the two
values.

2. The first two terms of the Fibonacci series are both 1, and all subsequent terms are
defined as the sum of the preceding (wo lerms. Write a program which reads an
integer value LIMIT and which computes and prints the first LIMIT 1erms of the
SEries.

3. The coefficients of successive orders of the binomial expansion ate shown in the
nommal Pascal triangle form as

Wrile a program which reads an integer value LIMIT and prints the first LIMIT lincs
of this Pascal triangic.

4. Define a character variable of length 80. Wrile a program which reads a value for
this variable. Assuming that each characier in the variable is alphabetic, write code

which sorts them into alphabetic order, and prinis out the frequency of occurrence of
cach letter.

5. Write a program to read an integer value LIMIT and print the first LIMIT prime
numhers. by anv method.

Sy
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6. Wrile a pro i

value w(l_ixiral;h :r::': r;adslas\}rlzlu;; X, and calculates and prints the comresponding
-l 1]

an attempt 10 resd a new value of X, produce an error message and be followed by

7. Given a chain of entrics of
, : the type ENTRY of Secti i
Figure 9 (Section 4.5) so that it removes the enlry with :::;c)z:ll::]' :‘n?’ry v ode in

vious entry point to the following enlry. makes the pre-
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5.22 Summary

A program consists of a sequence of program un.its. in any order. It must
contain exactly one main program but may contain any number of modulfs
and external subprograms. We have described cach km.d of program unit.
Modules contain data definitions, type definitions, namelist groups, nimcrface
blocks, and module subprograms, all of which may be accessed in other
program units with the USE statement. ‘ .

Subprograms define procedures, which may be functions or subroutines.
They may also be defined intrinsically (Chapter 8) and exlc‘mal procc_durcs
may be defined by means other than Fortran. We have explained how infor-
mation is passed between program units and to procedures through argument
lists and through the use of modules. Procedures may be called recursively
provided they are suitably labelled. o N

The interface to a procedurc may be explicit or implicit. If it is explicit,
keyword calls may be made, and the procedure may have optional ar‘gumcms.
Interface blocks permit procedures to be invoked as operations or assignments,
or by a generic name. The character lengths of dummy arguments may be
assumed.

We have also explained about the scope of labels and Fortran names, and
introduced the concept of a scoping unit.

Many of the features are new to Fortran: the internal subprogram, mOdl'.IICS,
the interface block, optional and keyword arguments, argument intent, pointer
dummy arguments and function results, recursion, and overloading. These are
powerful additions to the language, particularly in the construction of large
programs and libraries.

Exercises (CLa(: Qe 5)

L. A subroutine receives as arguments an array of values, x, and the number of ele-
ments in x, n. 1f the mean and variance of the values in x are estimated by

mean w (zx(i))/n

and

variance = (z(x(i)—mean)z)l{n-—l)
i=

write a subroutine which returns these calculated values as arguments. The subroutine
should check for invalid values of n (=1).
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2. A subroutine MATRIX_MULT multiplies together two matrices A and B, whose
dimensions are IxJ and IxK, respectively, ecturning the result in a matrix C, dimen-
sioned IxK. Write MATRIX_MULT, given that cach clement of C is defined by

J
C(m,n) = Z(A(m.f) x B(/,n)}

The matrices should appear as arguments to MATRIX_MULT.

3. The subroutine RANDOM_NUMBER (Scction 8.15.2

) returns a random number in
the range 0.0 10 1.0, that is -

CALL RANDOM_NUMBER(R) ! 0sR<l
Using this function, write the subroutine SHUFFLE of Figure 16

4. A character string consists of a scquence of letters. Write a function to retusn that
letter of the string which occurs carliest in the alphabet, for example, the result of
applying the function to 'DGUMVETLOIC is 'C.

5. Write an intemal procedure to calculate the volume of a cylinder of radius r and

length /, nril, using as the value of n the result of ACOS(-1.0), and reference it in a
host procedure.

6. Choosing a simple card game of your own choice, and using the random number

procedure (Section 8.15.2), write subroutines DEAL and PLAY of Scction 3.4, using
daia in a module 1o communicate between them.

7. Objects of the intrinsic type CHARACTER arc of a fixed length. Write a moduls

containing a definition of a variable fength character string type, of maximum icngth
80, and also the procedures necessary 10:

1) assign a character variable to a string;

li) assign a string to a character variable;
iii} return the length of a string;

iv) concatenale two sirings.
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Exercises ( Cla (;'te r 6 )

1. Given the array declaration

REAL, DIMENSION(S0,28) :: A

wrile array sections representing
i} the first row of A;
ii) the last column of A;
ili) every second element in each row and column,
iv) as for (iii) in reverse order in both dimensions;
v} a zero-sized array.

2. Write 2 WHERE statement to double thg value of all the positive elements of an
array Z.

3. Write an array declaration for an array J which is to be completely defined by the
statement

J=(/ (3,5 I-1,8), 5,55 (I, I = 53.-1)/)
4. Classify the following arrays:

SUBROUTINE EXAMPLE(N, A, B)
REAL, DIMENSION(N, 18} :: W
REAL A(:), B(B:)
REAL, POINTER e 0z, 0)

5. Write a declaration and a pointer assignment statement suitable to reference as an
array all the third elements of component DU in the elements of the array TAR having
all three subscript values even (Section 6.9).

6. Given the aray declarations

INTEGER, OIMENSION(188, 168) L MN
INTEGER, DIMENSION(:. :). POINTER :: LL. MM, WN

rewrite the statements

L{J:kel, J-1:iK) = LGJ:K#), J-1:K) + L{J:K+1, J=1:K)
LEd:K+l, J-1:K) = M(J:K+l, 0-1:K) & N(J:K+], J-1:K) & NCJ:K+1, J:Kel}

as they could appear following execution of the statements

Array features 12

L = L{J:Kel, J=1:K)
MY o= H{J:Kel, J-1:K)
NN => HLJ:K+l. J-1:K)

7. Complete Exercise 1 of Chapter 4 using array syntax instead of DO constructs.

8. Write a modulc 10 maintain a data structure consisting of a linked list of integers '
with the ability to add and delete members of the list, efficiently.

9. Write a module that contains Figure 31 (Section 6.6) as a module procedure and
suppotts the defined operations and assignments that it contains.
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has the same cffect as a single statement containing all the variable names in
the same order. A namelist group object may belong to mote than one
namelist group.

If the type, type parameters, or shape of a namelist variable is specified in
a specification statement in the same scoping unit, the specification statement
must either appear before the NAMELIST statement, or be a type declaration
statement that confirms the implicit typing rule in force in the scoping unit for
the initial letter of the variable. Also, if any variable has the PUBLIC attri-
bule, no variable in the list may have the PRIVATE attribute.

7.16 Summary

In this chapter all of the specification statements of Fortran 90 have been
described. The following concepts have been introduced: implicit typing and
its attendant dangers, named constants, constant expressions, data initialization,
control of the accessibility of entitics in modules, saving dala between proce-
dure calls, selective access of entities in a module, renaming entities accessed
from a module, specification expressions that may be used when specifying
data objects and function results, and the formation of variables into namelist
groups. In addition, we have explained altemative ways of specilying attri-
butes.

The features described here that are new to Fortran are IMPLICIT NONE;
initialization and specification expressions; a much extended type declaration
statement; DATA statement extended to include derived types, subobjects, and
binary, octal, and hexadecimal constants; new attributes and statements:
PUBLIC, PRIVATE, POINTER, ALLOCATABLE, TARGET, INTENT, and
OPTIONAL; and the USE and NAMELIST statements.

Exercises C Cla eter ?)

1. Write suitable type statements for the following quantities:

i) an array to hold the number of counts in each of the 100 bins of a histogram
numbered from 1 10 100;

ii) an array to hold the temperature to two significant decimal places at points, on 2
sheet of iron, equally spaced at lcm intcrvals on a rectangulag grid 20cm square,
with points in each comer, (the meiting point of iron is 1530°C);

iii) an array to describe the state of 20 on/off switches;
iv) an amay to contain the information destined for a printed page of 44 lines each of
70 letters ar digits.

A Cemiain sha Aiffasance hotwesn the following pair of declarations

T
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gent oo =31

and

IMPLICIT REAL (1}
PARAMETER ([ = 3.1}

What is the value of I in cach case?

3. Write type declaration statements which initialize:
i) all the elements of an integer array of length 100 10 the value zcro,
ii) all \he odd clements of the same array to 0 and the even clements to 1.

it} the clements of a real 10x10 square array t0 1.0 .

iv) a character string to the digits 010 9.

4. In the following module, identify all the scoping units and list the mappings for
implicit typing for all the letters in all of them:

MODULE MOD
IMPLICIT CHARACTER(1B, 2) (A-B}

CONTAINS
SUBROUTINE OUTER
IMPLICIT NONE

CONTAINS
SUBROUTINE INNER(FUN)
IMPLICIT COMPLEX (1)
INTERFACE
FUNCTION FUN(X)
IMPLICIT REAL (F, X}

END FUNCTION FUN
END INTERFACE
END SUBROUTINE INNER
END SUBROUTINE QUTER
END MODULE HOD
5.

1) Wrile a type declaration stalement that declares and initializes a variable of derived
type PERSON (Section 2.9).

it} Either

a) writc a type declaration statement that declares and initializes a variable of
type ENTRY (Section 2.13), or

b} write a type declaration statement for such a variable and a DATA statement
to initialize its nonpointer componcats.

—

Specification stalements
1) KIvo(x) | for X of f?,’k REAL
ii) SELECTED_REAL_KIND(6, 20)
i) 1.7°2
iv) 1.7°*2.0
v) (1.7, 23)**(-2)
vi) (/ (7°1, I=1, 10) )
vii) PERSON(REID', 25°2,, 22°*2)
viii) ENTRY(1.7, 1, NULL)

)
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la @is chapter, we introduced the four categorics of intrinsic procedures,
#n-ed the INTRINSIC statement, and gave detailed descriptions of all the
| pmcedures. The procedures of Sections 8.2, 8.6.2, and 8.7 to 8.15 are all new
- m Fotan. Within Sections 8.3 to 8.5 the procedures CEILING, FLOOR,
" MODULO, ACHAR, [ACHAR, ADJUSTL, ADJUSTR, LEN_TRIM, SCAN,
¥ \ERIFY, and LOGICAL are new; the remaining functions were present in
- §erwan T7, have been generalized 10 handle all kind type parameters, have
. acome elemental, and several have been given additional optional arguments.
> The fuoction LEN has become an inquiry function.

Exerclses CC Lar{er 8)

L Write a program 1o calculate the real or imaginary rools of the quadratic equation
ate bz +c=0 for any values of a, b, and ¢. The program should read these three
wadues and print the results. Use should be made of the appropriate intrinsic functions.

L Repeat Excercise 1 of Chapter 5, avoiding the use of DO constructs.

3. Given the rules explained in Sections 3.12 and 8.2, what arc the values printed by
e following program?

REAL, TARGEY :: A(3:10)

REAL, POQINTER :: PI{:), P2(:)

Pl => A(3:9:2)

P2 => A{9:3:-2)

PRINT =, ASSOCIATED(P1, P2}

PRINT =, ASSOCIATEO(PY, P2{4:1:-1})
END PROGRAM

4 In the following program, two poinler assignments, one to an array the other 10 an
amay section, are followed by a subroutine call. Bearing in mind the rules given in
Sections 3.12, 6.3, and 8.12.2, what values does the program print?

REAL, TARGET :: A(5:18)
REAL, POLINTER :: P1(:), P2(:)
Pl => A
P2 => A(:)
PRINT =, LBOUND (A), LBOUND (A{:))
PRINT =, LBOUND (P1), LBOUND (P2)
CALL WHAT (A, A(:)}
CONTAIRS
SUBROUTINE WHAT (X, Y}
REAL, INTENT (IN) :: X(:), Y(:)
PRINT *, LBOUND (X), LBOUND (Y)
END SUBROUTINE WHAT
END PROGRAM

e —

s

“rx



