Outline of Fortran 90 Topics

« Overview of Computing

—- ComputerOrganization
- Languages
— ProblemSolving

- Data,Part1

— Fortran90 CharacteSet
- Variables
- NumericDataTypes

« NumericExpressions
« Data,Part2: Non-numericDataTypes
« Non-numericExpressions
« ControlStructures
- Branching
- Repetition
» Data,Part3

- 1D Arrays
- DerivedDataTypes

o Procedures

— Subroutines
~ Functions

« Modularity

— Modules
— InterfaceBlocks

o Input/Output

- Formatting
- Files

Note: thisis roughly how this partof the semestewill go.



Data

e NOw:
— Fortran90 CharacteSet
(Programmingin Fortran 90/95 Chapterb)

— Variables
(Programmingin Fortran 90/95 Chapter$-6)

— NumericDataTypes
(Programmingin Fortran 90/95 Chapter6)
o Later:
— Non-numericDataTypes
(Programmingin Fortran 90/95 Chaptero)

— 1D Arrays
(Programmingin Fortran 90/95 Chapter7)

— DerivedDataTypes
(Programmingin Fortran 90/95 Chapter8)



BasicData Types

e Numeric

— Integer
- Real
— Comple

e NONn-numeric

— Character
— Logical

PROGRAM bast ypedec
| MPLI CI T NONE
| NTEGER :: count, nunber _of silly people
REAL .. standard _deviation, relative humdity
COWLEX :: quadratic root 1, quadratic root_ 2
LOG CAL :: count _is less than 5, | _am Henry
CHARACTER (LEN = 20) :: wusernane, honetown

END PROGRAM bast ypedec



Reals

Mathematically a real numberis a number(positve, negative or
zero)with any string of digits on eithersideof the decimalpoint:

—3984.8979729 ... 3.1415926... 0.1111111...

In thecomputeyarealvariablecanonly approximatethis mathemat-
ical property becausét is storedin afinite numberof bits.

Lik e integers,realshave particularwaysof beingstoredin memory
andof beingoperatedn.



Real Declaration

REAL :: X

Here,thecompilergrabsa groupof bytesandcallsthemx.

How many bytes?

Thatdepend®nthecompiler Forexample,onecnal pha, thesize
of arealcanbesetwith acompileroption:

f90 -real size 32 -0 bastypedec bastypedec.f90

Thecompileroption-r eal _si ze 32 tellsthecompilerthatreals
will be 32 bits (4 bytes)long:

X .
?l2?]? 7?7 [?[?[?[?[?[?[?[?[?]?]?]?[?[?[?[?[?[?[?]?]?]?]?]?]?]

Likewise,- r eal _si ze 64 and- r 8 bothtell thecompilerto make
reals64 bits (8 bytes),and-r eal _si ze 128 and-r 16 bothtell
thecompilerto make reals128bits (16 bytes).

OddlyenoughtheDECAlphacompilerdoesnt havean- r 4 option.

OnDEC Alphaslike ecnal pha, andon mary otherplatforms,the
defaultfor realsis 32 bits (4 bytes),soif youdon't useoneof the
-real _si ze or-r options.thecompilerwill assumehatyouwant
-real _si ze 32. (And in fact, in our programmingprojectswe
will usethedefaultrealsize.)

A notableexceptionis Cray’sline of vectormachinege.g.,theCray
J90),whosedefaultrealsizeis 64 bits (8 bytes).



Scientific Notation

In technicalclasseswe often encountescientificnotation whichis
away of writing numberghatareeithervery very big or very very
small:

6, 300, 000, 000,000,000 = 6.3 x 10'8
0.0000000000271 = 2.71 x 1074

In Fortran90, we canexpresssuchnumbersn asimilar way:

6, 300, 000,000, 000,000 = 6. 3E+18
0.0000000000271 = 2. 71E- 11

Becausea real numbercanhave its decimalpoint anywherewithin
its string of digits, we sometimescall real numbersfloating point
numbers.

Similarly, integers are sometimescalled fixed point numbers,be-
causethey have animplicit decimalpoint thatis alwaysto theright
of the“1’s” digit (i.e., therightmostdigit), with implied zerosto the
right of theimplied decimalpoint:

6, 300, 000, 000, 000,000 = 6, 300,000, 000, 000, 000.0000 . . .



How Are RealsRepresentedn Memory?

In computersarealis representeth a manneranalogougo scien-
tific notation.Thereareendlessvaysto configurethis. Heres one:

313029282726252423222120191817161514131211109 8 7 6 5 4 3 2 1 0

\/
exponent \/

mantissa (fraction)

sign

6,300,000,000: sign=0, exponent=19,mantissa=0.63

Note: for theexams,you needto know thatarealis representety a
signbit, a string of exponentbits, anda string of mantisséabits. You
donotneedo know theexactconfigurationsincethis canvary from

platformto platform.



Why Can Fortran 90 RealsOnly
Approximate Mathematical Reals?

In Fortran90 (andin mostothercomputedanguages);ealnumbers
arerepresentetdy afinite numberof bits.

For example,on Dec Alphaslike ecnal pha, the default sizeof a
realnumberis 32 bits (4 bytes).

We know that32 bits canstore2®? ~ 4, 000, 000, 000 possiblevalues.
And that's alot of possibilties.

But: thereareinfinitely mary (mathematicallyyeal numbers,and
in factinfinitely mary realnumbersbetweenary two realnumbers.
For example,betweenl and10we have:

2 3 4 5 6 7 8 9

2.9 3.8 4.7 5.6 6.5 7.4 8.3 9.2
209 3.08 407 506 6.05 704 8.03 9.02
2.009 3.008 4.007/ 5.006 6.005 7.004 8.003 9.002
2.0009 3.0008 4.0007 5.0006 6.0005 7.0004 8.0003 9.0002

So, no matterhow mary bits we useto representa real number
we won't be ableto exactly represenmostreal numbers,because
we have aninfinite setof realnumbersto be representedh a finite
numberof bits.

For example:

if we canexactly represen0.125but not
0.125000000000000000000mEWAMO0M1,
thenwe use0.125to approximate
0.125000000000000000000mWWOMO0OM1.



Real Approximation Example

% cat real approx.f90
PROGRAM r eal appr ox
| MPLI CI T NONE
REAL :: input_val ue
PRI NT *, "What real value would you |ike stored?"
READ *, input _val ue
PRINT *, "That real value is stored as ", &
& I nput _val ue, '
END PROGRAM r eal appr ox
% f90 -0 real approx real approx.f90
% r eal appr ox
What real value would you |like stored?
0. 125000000000000000000000000000001
That real value is stored as 0. 1250000



Real Constants

A real constant sometime<alled a real literal constant is an op-
tional sign, a string of digits, a decimalpoint, an optionalstring of
digits, and an optional exponentstring, which consistsof an E, an
optionalsign,anda string of digits.

0. - 345. 3847 7. 68E+05
+12345. 434E- 13 125. E1

We canuserealliteral constantsn declaringnamedconstants:
REAL, PARAMETER :: w = 0.0

in initializing declaredvariables:
REAL :: x = -1E-05
In assignments:
y = +7.246901200
andin expressions:

z =y + 125E3



Why Have Both Realsand Integers?

1. Precision:Integersareexact,realsareapproximate.

2. Appropriatenesst-or sometasks,integersarebetter

For example:

o countingthe numberof studentsn aclass
« arraysubscriptingwhichwe’ll seelateron)

. Readability: Whenwe declarea variableto be an integer, we
malke obvious to anyonereadingour programthe fact that the
variablewill only have certainvalues.

. Enforcement:Whenwe declarea variableto be aninteger, no
onecanputanon-integerinto it.

. History: For a long time, operationson integers were much
quickerthanoperationn reals,soanything you could do with
integers,youwould.

Nowadays operationn realscanbe asfast,or almostasfast,
asoperationsonintegers.



Complex Numbers

Mathematically a complex numberis an orderedpair of real num-
bers; the first is called the real part and the secondis called the
imaginary part.

(24.0,7.0) (—3984.8979729...,3.1415926...) (123.456,0.0)

A complex numberwhoseimaginarypartis zerois mathematically
thesameastherealnumberin its realpart.

In thecomputeracomplex numberis representedsanorderedoair
of realnumbersandis storedassuch— evenif its imaginarypartis
zero.

Lik e integersandreals,complex numbershave particularways of
beingstoredin memoryandof beingoperatedn.

We will discusscomplex numbersbriefly, but for the mostpartwe
will not usethemin this class,sincethey are only usedin highly
specializedapplications.



Complex Declaration

COWPLEX :: C

Here,thecompilergrabsa groupof bytesandcallsthemc.

How many bytes?

Becausea complex numberis storedas a pair of real numbers,it
takesup twice asmuchspaceasarealnumber




Complex Constants

A comple constantsometimegalleda comple literal constantis

anorderedpair of realliteral constantsin parentheseandseparated
by acomma:

(5.7, -10. 941)

We canusecomple literal constantsn declaringnamedconstants:
COMPLEX, PARAMETER :: w = (0.0, 7.5)

in initializing declaredvariables:
COWMPLEX :: x = (9. 2,234.01)
In assignments:
y = (+7.246901200, 49479E12)
andin expressions:

z =y + (125E3, - 0. 00000001)



