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Fortran 77�Fortran 77� = extension to the ANSI FORTRAN 77 standard.Responsiblity :Ameri
an National Standards Institute (ANSI X3J3)International Organization for Standardization (ISO/IEC JTC1 SC22 WG5)

Fortran 77 (extended) is without standardization and with many diale
ts.
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Obsoles
ent language elements :
ompromising safety and portability : impli
it variable de
laration, double pre
ision, . . .disabling the 
ompiler optimisation : equivalen
e, noninteger do loop variables,multiple loops terminating in a single statement,jumps from outside into loops, . . .hindering the parallelization : data statement, . . .State of the Conventions software :SUBROUTINE ARG(IYEAR,DAY,ANGLE)IMPLICIT DOUBLE PRECISION (A-H,O-Z)REAL ANGFAC(4,11)DIMENSION ANGLE(11),SPEED(11)CC SPEED OF ALL TERMS IN RADIANS PER SECC EQUIVALENCE (SPEED(1),SIGM2),(SPEED(2),SIGS2),(SPEED(3),SIGN2)EQUIVALENCE (SPEED(4),SIGK2),(SPEED(5),SIGK1),(SPEED(6),SIGO1)EQUIVALENCE (SPEED(7),SIGP1),(SPEED(8),SIGQ1),(SPEED(9),SIGMF)EQUIVALENCE (SPEED(10),SIGMM),(SPEED(11),SIGSSA)DATA SIGM2/1.40519D-4/DATA SIGS2/1.45444D-4/DATA SIGN2/1.37880D-4/...
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State of the Conventions softwareCorre
t only SOFA software (impli
it none !)Programming errors be
ome manifest when a program is transfered

• 32-bit pro
essor −→ 64-bit pro
essor,
• Fortran 77 −→ Fortran 90.
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The double pre
ision problem32-bit pro
essor 64-bit pro
essorstandard 
ompiler-dependentdefault real default real default real= 4 byte = 4 byte = 8 bytesingle pre
ision 4 byte 4 byte 8 bytedouble pre
ision 8 byte 8 byte 16 byteThe 4-byte number model a

ording to the IEEE standard 754 : A �oating point number is represented witha signi�
and or mantissa o

upying 24 bits.Relative error of size

2
−24

≈ 5.96 × 10
−8

.This quantity is known as unit roundo�.By error propagation and above all a

umulation this roundo� error 
an in
rease by one to two orders ofmagnitude. Thus, the �nal relative error 
an distort the 7th de
imal pla
e.
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Prevalent error 
ause : Variables have been forgotten to be de
lared, be
ause impli
it none is missing,literal 
onstants with forgotten type....S = 218.31664563D0 + 481267.88194D0*T - 0.0014663889D0*T**21 + 0.00000185139D0*T**3PR = 1.396971278*T + 0.000308889*T**2 + 0.000000021*T**31 + 0.000000007*T**4S = S + PRH = 280.46645D0 + 36000.7697489D0*T + 0.00030322222D0*T**21 + 0.000000020*T**3 - 0.00000000654*T**4P = 83.35324312D0 + 4069.01363525D0*T - 0.01032172222D0*T**2...

Example from the IERS Conventions :The �rst literal 
onstant in the 3rdline will be stored as a single pre
ision
onstant of type default real.PR = 1.3969712x


78000000x


. . .4-byte 8-byte roundo�If default real is set to 4 bytes, the roundo� will 
ut o� signi�
ant digits.Not a safe remedy is

• 
ompiler option -r8

• ma
hine-independent type real*8
• 
ompiler option like -default-real=8The double pre
ision problem has been �nally solved not until Fortran 90.
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Unsafe 
ommon blo
ksThe language does not distinguish between de�nition and referen
e of a 
ommon blo
k.Ea
h referen
e is a new de�nition.Mapping between de�nitions is established byte-wise.Due to byte-wise mapping, two de�nitions of the same 
ommon may di�er intentionally or a

identally.
ommon de�nition : I1 R1 R2

︷ ︸︸ ︷︷ ︸︸ ︷︷ ︸︸ ︷list of bytes : ������������������������

︸ ︷︷ ︸︸ ︷︷ ︸︸ ︷︷ ︸
ommon referen
e : I1 R1 R2

Common blo
ks should be substituted.There is no solution within Fortran 77.
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Portable Fortran 77 programsFortran 77 program whi
h runs on di�erent ma
hines and under di�erent Fortran diale
ts....#ifdef INTEGER_8KBIT = 64KNEG = -9223372036854775807#elif (defined VAX)KBIT = 32KNEG = -2147483648#else KBIT = 32KNEG = -2147483647#endif ...DO 220 JN = JM , KTRUNCINDEX = INDEX + 2IF ( JN .GE. KSUBSP ) THEN#if defined (VAX) || defined (IBM) || defined (__alpha) || defined hpR64 ...ZNORM(JN) = MAX(ZNORM(JN), DBLE(ABS(PSPEC(INDEX))))ZNORM(JN) = MAX(ZNORM(JN), DBLE(ABS(PSPEC(INDEX+1))))#else ZNORM(JN) = MAX(ZNORM(JN), ABS(PSPEC(INDEX)))ZNORM(JN) = MAX(ZNORM(JN), ABS(PSPEC(INDEX+1)))#endif ENDIF220 CONTINUE Prepro
essor 
ommands de�ning and usinglogi
al swit
hes and in
luding 
ommonma
hine-adapted 
ode.
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Disappearan
e of Fortran 77 
ompilersGNU Fortran 
ompiler gfortran alias g77Two lines of development:1. g77, a Fortran 77 
ompiler extended to understand Fortran 95 elements.Never be fully Fortran 95 
ompatible.Example : F = 1.0 for an array F of dimension (1:N).Fortran 77 : F(1) = 1.0 
ustomarily,Fortran 90 : F(1:N) = 1.0 pursuant to standard.2. g95, a Fortran 95 
ompiler extended downwards to Fortran 77.Not all programs that 
ould be 
ompiled with g77 pass g95.The 
ompiler 
an't properly work on programming tri
ks not intended for Fortran 77.In addition, there is no 
ompiler option -std=f77 for a non-standardized language.In the past : gfortran = g77.Now (sin
e g

 4.x): gfortran = g95, support for g77 stopped.I think it's high time to migrate to a new programming language.
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The new Fortran1987 � 1991 the ISO WG5 and ANSI X3J3 �ght for a safe, ma
hine-independent, and 
ompiler-independentprogramming language. The �rst out
ome in 1991 was Fortran 90.Fortran 90 is a 
ompletely new high-level problem oriented language.Three revisions : Fortran 90, Fortran 95, and Fortran 2003.Binary 
ompatibility within Fortran 
ode is possible with Fortran 95, if IEEE standard arithmeti
 is used.Binary 
ompatibility to C was rea
hed with Fortran 2003.For IERS Conventions the Fortran 95 standard is su�
ient.
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MigrationFortran 90 
an be used as
• pro
edural language (as the former Fortran), or as

• obje
t-oriented language (sin
e Fortran 2003), or intermediate, as

• module-oriented language.A module is a program unit whi
h 
ontains data and pro
edures (�methods�) whi
h handle those data.

• Compared with obje
t-oriented programming the modules are single instan
es of 
lasses whi
h are buildat 
ompile-time.
• They are safer and run faster as obje
ts.
• The module is the safe and portable su

essor of the 
ommon blo
k.Sin
e most of you use pro
edures and 
ommon blo
ks (whi
h are outmoded), the modul-oriented approa
hprovides the most easy way of migration.
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My personal migration s
hedule looks like as follows.1. Rewrite the de
larative header of ea
h routine using impli
it none, ma
hine-independent types, andattributes.2. Compile and run. You have to resolve lots of errors that are reported by the 
ompiler.3. Tag all real and 
omplex literal 
onstants with a type.For example: 360.0 −→ 360.0_r8.4. Convert 
ommon into module and repla
e, if possible, data statements by data and parameter attributes.(Fortran 90 is 
apable of parameter arrays!)5. Repla
e obsoles
ent features.6. Ve
torization.7. Transformation of appropriate routines into module subprograms, internal subprograms, or intrinsi
 sub-programs.8. . . .
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Bene�ts of migration

• The 
ode is still legible for someone who is only familiar with Fortran 77.

• The 
ode is shorter: The de�nition of a variable, whi
h was formerly dispersed over several lines,is now 
on
entrated in a single line :Fortran 77: integer IFLdimension IFL(10)data (IFL(i),i=1,10) / 0,1,1,1,2,2,2,2,2,2 /Fortran 90: integer :: IFL(1:10) = (/ 0,1,1,1,2,2,2,2,2,2 /)Fortran 03: integer :: IFL(1:10) = [ 0,1,1,1,2,2,2,2,2,2 ℄

• Ve
torial notation in
reases again the legibility of 
ode.Fortran 77: do i = 1,NF(i) = F(i) + dF(i)enddo Fortran 90: F = F + dFor: F(1:N) = F(1:N) + dF(1:N)

• Lots of errors, whi
h formerly appeared o

asionally at run time, are dete
ted during 
ompilation.This is the 
onsequen
e of stri
t language de�nition.
• Altogether, that implies less maintenan
e e�ort when a program has to be modi�ed.

• In addition, you 
an realize an astonishing gain in velo
ity. Through the 
onversion in 1994, our satelliteorbit perturbation program de
reased in runtime by 50 per 
ent.
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WarningResults from Fortran 77 and Fortran 90 are not 
omparable to the last digit. Fortran 90 has intrinsi
 ve
torand matrix operations, the a

ura
y of whi
h 
an never be rea
hed by Fortran 77.

RemarksI provide assistan
e with migration of 
onventional software.One of my 
olleagues persistently refuses to 
onvert his program be
ause he must integrate 
onventionalsoftware as it is, in order to be 
ompatible. Here we move in a 
ir
le.

LiteratureUnfortunately I do not know a re
ommendable book to learn Fortran 90. As a referen
e book, I useWilhelm Gehrke : Fortran 95 Language Guide. Springer, London 1996


