FORTRAN Subroutines

Syntax

Form 1

SUBROUTINE subroutine-name (argl, arg?2,
IMPLICIT NONE
[specification part]
[execution part]
[subprogram part]
END SUBROUTINE subroutine-name

Form 2

SUBROUTINE subroutine-name ()
IMPLICIT NONE
[specification part]
[execution part]

[subprogram part]
END SUBROUTINE subroutine-name

Form 3

SUBROUTINE subroutine-name
IMPLICIT NONE
[specification part]
[execution part]

[subprogram part]
END SUBROUTINE subroutine-name

., argn)



FORTRAN Subroutines

. Subroutine can be internal or external to a program
or a module.

. A subroutine is a self-contained unit that receives
some “input” from the outside world via its formal ar-
cuments, does some computations, and then returns
the results, if any, with some formal arguments.

. Unlike functions, the name of a subroutine is simply
a name for identification purpose and cannot be used
1n computation.

. Subroutines can only be CALLed.

. A subroutine receives its input values from formal ar-
cuments, does computations, and saves the results in
some of its formal arguments. When the control of ex-
ecution reaches END SUBROUTINE. the values stored
in some formal arguments are passed back to their
corresponding actual arguments.

. Any statements that can be used in a PROGRAM can
also be used in a SUBROUTINE.



Arguments’ INTENT

. A formal argument can be declared with INTENT (IN),
INTENT(OUT), or INTENT (INOUT).

CIf an argument only receives value from outside of
the subroutine, its intent is INTENT (IN). This is the
simplest case.

. An argument does not have to receive anything from
outside of the subroutine. It can be used to pass a
computation result back to the outside world. In this
case, its intent is INTENT (OUT). In a subroutine, an
argument declared with INTENT (OUT) is supposed to
hold a computation result so that the final value can
be passed “out”.

. An argument can receive a value, use it for compu-
tation, and hold a result so that it can be passed
back to the outside world. In this case, its intent
is INTENT (INOUT).



5. In subroutine Means (), formal arguments a, b and ¢
receive values from outside and are used to compute
results into Am, Gm and Hm. The values stored in Am,
Gm and Hm are passed back.

SUBROUTINE Means(a, b, ¢, Am, Gm, Hm)
IMPLICIT NONE
REAL, INTENT(IN) :: a, b, c
REAL, INTENT(OUT) :: Am, Gm, Hm

END SUBROUTINE Means

6. In subroutine Swap (), formal arguments a and b re-
ceive values from outside and are used to compute
some results which are stored back to a and b.

SUBROUTINE Swap(a, b)

IMPLICIT NONE
INTEGER, INTENT(INOUT) :: a, b

END SUBROUTINE Swap



The CALL Statement

Syntax

CALL subroutine-name (argl, arg2, ..., argn)

CALL subroutine-name ()
CALL subroutine-name

e When the CALL statement is executed, values of ac-
tual arguments are passed to those formal arguments

declared with INTENT(IN) and INTENT (INQUT).

e Then. the statements of the called subroutine are ex-
ecuted.

e When the execution reaches END SUBROUTINE, val-
ues stored in those formal arguments declared with
INTENT (OUT) and INTENT(INOUT) are passed back
to their corresponding actual arguments.

e The caller executes the statement following the CALL
statement.



Short Examples

The larger value of two.

PROGRAM Examplel SUBROUTINE Larger(u, v, w)
IMPLICIT NONE IMPLICIT NONE
INTEGER a, b, c INTEGER, INTENT(IN) :: u, v
......... INTEGER, INTENT(OUT) :: w
CALL Larger(a, b, c¢) IF (u > v) THEN
......... W =u
END PROGRAM Examplel ELSE
W=V
END IF

END SUBROUTINE Larger

Sort two numbers into increasing order.

PROGRAM Example?2 SUBROUTINE Sort(u, v)
IMPLICIT NONE IMPLICIT NONE
INTEGER a, b INTEGER, INTENT(INOUT) :: u, v
......... INTEGER LW
CALL Sort(a, b) IF (u > v) THEN
......... Ww=auu
END PROGRAM Example?2 u=1v
V=W
END IF

END SUBROUTINE Sort



No particular meaning.

PROGRAM Example3
IMPLICIT NONE
INTEGER :: a, b, c
READ(*,*) a
b =20
CALL DoSOmething(a,b,c)
WRITE(*,*) a, b, c

SUBROUTINE DoSomething(p, q, r)
IMPLICIT NONE
INTEGER, INTENT(IN) L p
INTEGER, INTEGER(INOUT) :: q
INTEGER, INTENT (OUT) LT
IF (p > 3) THEN
q=q+1
r=1
ELSE IF (p < -3) THEN
q=q9-1
r =2
ELSE
r =3
END IF
END SUBROUTINE DoSomething



Computing Means

PROGRAM Mean6
IMPLICIT NONE
REAL :: u, v, w
REAL :: ArithMean, GeoMean, HarmMean

READ(*,*) u, v, w

CALL Means(u, v, w, ArithMean, GeoMean, HarmMean)

WRITE (*,*) "Arithmetic Mean = ", ArithMean

WRITE (*,*) "Geometric Mean = ", GeoMean

WRITE (*,*) "Harmonic Mean = ", HarmMean
CONTAINS

SUBROUTINE Means(a, b, ¢, Am, Gm, Hm)
IMPLICIT NONE
REAL, INTENT(IN) :: a, b, c
REAL, INTENT(OUT) :: Am, Gm, Hm

Am = (a + b + ¢)/3.0

Gm = (a * b * ¢c)**x(1.0/3.0)

Hm = 3.0/(1.0/a + 1.0/b + 1.0/c)
END SUBROUTINE Means

END PROGRAM Mean6



Triangle Area

PROGRAM HeronFormula
IMPLICIT NONE
REAL :: Sidel, Side2, Side3
REAL :: Answer
LOGICAL :: ErrorStatus
READ(*,%) Sidel, Side2, Side3
CALL TriangleArea(Sidel, SIde2, Side3, Answer, ErrorStatus)
IF (ErrorStatus) THEN
WRITE(*,*) "ERROR: not a triangle"
ELSE
WRITE(*,*) "The triangle area is ", Answer
END IF

CONTAINS
SUBROUTINE TriangleArea(a, b, c, Area, Error)
IMPLICIT NONE

REAL, INTENT(IN) ::a, b, c

REAL, INTENT(OUT) :: Area

LOGICAL, INTENT(QUT) :: Error

REAL :: 8

LOGICAL :: Testl, Test?2

Testl = (a > 0) .AND. (b > 0) .AND. (c > 0)

Test2 = (a+b > ¢) .AND. (a+c > b) .AND. (b+c > a)

IF (Testl .AND. Test2) THEN
Error = .FALSE.
(a+b+c¢c)/2.0

S

Area = SQRT(s*(s-a)*(s-b)*(s-c))
ELSE

Error = .TRUE.

Area = 0.0
END IF

END SUBROUTINE TriangleArea
END PROGRAM HeronFormula



YYYYMMDD to Year, Month and Day

PROGRAM YYYYMMDDConversion
IMPLICIT NONE

INTERFACE
SUBROUTINE Conversion(Number, Year, Month, Day)
INTEGER, INTENT(IN) :: Number

INTEGER, INTENT(OUT) :: Year, Month, Day
END SUBROUTINE Conversion
END INTERFACE
INTEGER :: YYYYMMDD, Y, M, D
DO
WRITE(*,*) "A YYYYMMDD please (O to stop) -> "
READ (3, %) YYYYMMDD
IF (YYYYMMDD == 0) EXIT

CALL Conversion(YYYYMMDD, Y, M, D)

WRITE(*,*) '"Year =", Y
WRITE(*,*) "Month =", M
WRITE(*,*) "Day =" D
WRITE (*,*)

END DO

END PROGRAM YYYYMMDDConversion

SUBROUTINE Conversion(Number, Year, Month, Day)
IMPLICIT NONE
INTEGER, INTENT(IN) :: Number
INTEGER, INTENT(OUT) :: Year, Month, Day

Year = Number / 10000
Month = MOD(Number, 10000) / 100
Day = MOD(Number, 100)

END SUBROUTINE Conversion



PROGRAM QuadraticEquation
IMPLICIT NONE

INTEGER, PARAMETER :: NO_ROOT =0
INTEGER, PARAMETER :: REPEATED_ROOT = 1
INTEGER, PARAMETER :: DISTINCT_ROOT = 2
INTEGER :: SolutionTypee
REAL ::a, b, ¢, r1, r2

READ(*,*) a, b, c
CALL Solver(a, b, ¢, rl, r2, SolutionType)
SELECT CASE (SolutionType)
CASE (NO_ROOT)
WRITE(*,*) 'mno real root"
CASE (REPEATED_ROOT)
WRITE(*,*) '"repeated root ", rl
CASE (DISTINCT_ROOT)
WRITE(*,*) '"two roots ", rl, " and ", r2
END SELECT
CONTAINS
SUBROUTINE Solver(a, b, ¢, Rootl, Root2, Type)
IMPLICIT NONE

REAL, INTENT(IN) ::a, b, c
REAL, INTENT(OUT) :: Rootl, Root2
INTEGER, INTENT(OUT) :: Type

REAL i d

Rootl = 0.0

Root2 = 0.0

d = bxb - 4.0*a*c

IF (d < 0.0) THEN
Type = NO_ROOT
ELSE IF (d == 0.0) THEN
Type = REPEATED_ROOT
Rootl = -b/(2.0%a)
ELSE
Type DISTINCT_ROOT
d = SQRT(d)

Rootl = (-b + d)/(2.0%*a)
Root2 = (-b - d)/(2.0x*a)
END IF

END SUBROUTINE Solver
END PROGRAM QOuadraticFauation



Mean, Variance and Standard Deviation

1 (n
Mean = ( CCZ>
n \i=1
. 1 (n s 1 (n 2
Variance = ;1 x; — — (.Z Cl?z)

n—1 n u=1
Standard Deviation = / Variance

PROGRAM MeanVariance
IMPLICIT NONE
INTEGER :: Number, IOstatus

REAL :: Data, Sum, Sum?2
REAL :: Mean, Var, Std
Number = 0O

Sum = 0.0

Sum?2 = 0.0

DO

READ(*,*,I0STAT=I0status) Data
IF (IOstatus < 0) EXIT
Number = Number + 1

WRITE(*,*) "Data item ", Number, ": ", Data
CALL Sums(Data, Sum, Sum?2)
END DO

CALL Results(Sum, Sum2, Number, Mean, Var, Std)
CALL PrintResult(Number, Mean, Var, Std)



CONTAINS

SUBROUTINE Sums(x, Sum, SumSQR)
IMPLICIT NONE

REAL, INTENT(IN) 10X
REAL, INTENT(INOUT) :: Sum, SumSQR
Sum = Sum + X

SumSQR = SumSQR + x*x
END SUBROUTINE Sums

SUBROUTINE Results(Sum, SumSQR, n, Mean, Variance, StdDev)
IMPLICIT NONE
INTEGER, INTENT(IN) :: n
REAL, INTENT(IN) :: Sum, SumSQR
REAL, INTENT(OUT) :: Mean, Variance, StdDev

Mean = Sum / n
Variance = (SumSQR - Sum*Sum/n)/(n-1)
StdDev = SQRT(Variance)

END SUBROUTINE

SUBROUTINE PrintResult(n, Mean, Variance, StdDev)
IMPLICIT NONE
INTEGER, INTENT(IN) :: n

REAL, INTENT(IN) :: Mean, Variance, StdDev
WRITE (*,*)

WRITE(*,*) "No. of data items =", n
WRITE(*,*) "Mean = "  Mean
WRITE(*,*) "Variance = " Variance
WRITE(*,*) "Standard Deviation = ", StdDev

END SUBROUTINE PrintResult

END PROGRAM MeanVariance



More About Argument Association

The corresponding actual argument of a formal
argument declared with INTENT(OUT) or
INTENT (INOUT) must be a variable.

PROGRAM Errors SUBROUTINE Sub(u,v,w,p,q)
IMPLICIT NONE IMPLICIT NONE
INTEGER :: a, b, ¢ INTEGER, INTENT(QUT)

.......... INTEGER, INTENT(INOUT) ::
CALL Sub(1l,a,b+c,(c),1+a) INTEGER, INTENT(IN)
.......... INTEGER, INTENT(OUT)
END PROGRAM Errors INTEGER, INTENT(IN)

L T o= < a

END SUBROUTINE Sub

=: INTENT(IN) <=: INTENT(OUT) <: INTENT(INOUT)

e 1 « u Wrong

e a & v: Wrong

® b+c = w: correct
e (c) < p: Wrong

e 1+a = q: correct.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


