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Sensitivity Analysis in Sisyphe with the AD-Enabled NAGWare
Fortran Compiler

Uwe Naumann' and Jan Riehme?

! LuFG Informatik 12, RWTH Aachen University, Germany
2 Department of Computer Science, University of Hertfordshire, Hatfield, UK

Abstract. We present the final report for a collaborative research project with the Federal Water-
ways Engineering and Research Institute, Karsruhle. A numerical model of a dune implemented
in Sisyphe is considered. Sensitivity analysis is performed using a tangent-linear model that is
generated automatically by the differentiation-enabled NAGWare Fortran compiler.

1 Motivation

We consider a simplified numerical model of a (sand) dune on the ground of a channel whose
shape and position changes due to flowing water. The given experiment is implemented
in Sisyphe® [8] using the programming language Fortran 90. Our aim is to determine the
sensitivity of the dune’s shape with respect to the roughness of the material (sand etc.). The
grid consists of 891 mesh points. Values for roughness and height (of the dune) are associated
with each mesh point. Two tasks need to be solved:

1. Computation of the full Jacobian F’ € IR891*891,
2. Computation of the sum over the columns of F', thatis, I’ - e, where e = (1,...,1)T €
BSQI .

The following three approaches are used:

1. A hand-written tangent-linear code available at the Federal Waterways Engineering and
Research Institute;

2. finite difference quotients;

3. atangent-linear code that is automatically generated by a prototype of the differentiation-
enabled NAGWare Fortran compiler [12].

2 Introduction to Automatic Differentiation

Automatic Differentiation(AD) is a method for computing derivatives of functions imple-
mented as numerical simulation programs automatically. Refer to [1-4] for an impressive
collection of successful applications of AD to a wide variety of real-world application. Infor-
mation on tools, publications, and applications can also be obtained from the communities
web portal

www. aut odi ff. org.

3 See website wwv. t el emacsyst em com



We consider an implementation of a nonlinear multivariate vector function
y = F(x,z), F:R"™ - R™ (1)

as a (part of a) Fortran code. We are interested in the computation of directional derivatives
that are products of the Jacobian matrix

AN\ J=1...m
F' = F'(x,2) = <g—iﬂi>

i=1,...,n

containing the sensitivities (partial derivatives) of all active outputs (or dependent variables)
y = (y1,--.,ym)’ with respect to the active inputs x = (z1,...,7,)? (or independent vari-
ables) with a vector x € IR™. The vector z € IR" contains all passive inputs, i.e. variables
that y depends on but whose impact on the sensitivity of y is of no interest in the given con-
text. W.o.w., we are looking for ways to evaluate the tangent-linear model (TLM) of y = F(x)
defined as

y = F(x,%x,2z) = F'(x,2) -

In the following we discus a number of example codes, that can be obtained from our
website.*

2.1 Approximation of the TLM by Finite Difference Quotients

Finite difference quotients (FD) can be used to compute an approximation of the TLM as
follows:
Fx+h- -%x,2z)— F(x,2)
5 @
The quality of this approximation depends to a large extend on the user’s ability to pick the
“right” value for h. For complex simulations this search amounts to trial and error. Moreover
the objective remains unclear since the quality of a given approximation cannot be evaluated
without knowledge of exact values. Trusting FD approximations of derivatives is danger-
ous. Refer to [9] for further discussion of this method. An impressive illustration of the harm
inflicted by approximate derivatives in the context of a matrix-free Truncated Newton algo-
rithm [6] for unconstrained nonlinear optimization can be found in [10].

y ~

Example: Jacobian by FD Consider the code in Listing 1.1. The example illustrates the use
of FD for accumulating an approximation of the Jacobian matrix consisting of the partial
derivatives of x(1) and x(2) on the left-hand® side of the assignments in lines 56 and 57 with
respect to x(1) and x(2) on the right-hand side of both assignments. The code of interest
is preceeded and succeeded by further computations. We choose a perturbation parameter
h = 1075 (line 32). Three function evaluations (line 42) are required when using forward
differences as in Equation (2). The code is run at the original point (i=0) and at two perturbed
(line 52) points (i=1,2). The original point needs to be stored (line 44) as x is overwritten in
lines 56 and 57. The sensitivities are written into the text file sensi FD. dat (line 65). The
unperturbed function value is returned to the caller of subroutine foo (lines 75 and 83).

“http://wki.stce.rw h-aachen. de/ bi n/ vi ew Proj ect s/ ADExanpl es/ WebHorre
5 x at the left-hand side replaces y in Equation (1).
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The main program sets the original point x (lines 8 and 9) followed by calling foo (line
13) and it prints the sensitivities (lines 17-23).

The same example is used throughout this section. The setup is intentional. With this
example we aim to show the application of differentiation to a selected section of a numerical
simulation code. A similar approach is followed when tangent-linear code is generated by
the NAGWare Fortran compiler [11].

A compilation and execution log of Listing 1.1 is given in Figure 1.

Listing 1.1: Jacobian by FD (j acFD. f 95)

PROCGRAM j acFD

| MPLI CI T NONE

DOUBLE PRECI SI ON :: x(2)

DOUBLE PRECI SION :: sens(2)

| NTEGER R

x(1)
x(2)

2.D0
3.D0

PRI NT *,’ | NPUT T,X
CALL foo ( x )
PRI NT *,’ FUNCTI ON VALUES ", X

OPEN( UNI T=111, FILE="sensiFD.dat’ )
PRI NT *,’ JACOBI AN
DOi=1,2
READ( 111, *) sens
PRI NT *, sens
END DO
CLOSE( 111 )

CONTAI NS

SUBROUTINE foo ( X )
I MPLI CI T NONE
DOUBLE PRECI SI ON, | NTENT(INOUT) :: x(2)
DOUBLE PRECI SI ON tit, xorig(2)
DOUBLE PRECI SI ON .. Forig(2), ForigFD(2)
DOUBLE PREC! SI ON o h=1.D6
| NTEGER R

Isave inputs for nultiple runs
Xxorig = X

! open output file
OPEN( UNI T=111, FILE= sensiFD.dat’ )

! loop to get all columms of the Jacobian
DOi =0, 2

Irestore input values

X = Xorig

! initial conputations, sensitivities not wanted
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t = x(1) + x(2)

! perturbed x(i) by h in second and third iteration
IF (i .GI. 0) THEN

x(i) = x(i) +h
END | F

I conputations that senstivities are wanted for
x(1) SIN( t = x(1) / x(2) )
x(2) = COS( t = x(2) /I x(1) )

I HARVESTI NG | sensitivities
IF (i .EQ 0 ) THEN
| store results of unperturbed inputs for FD
Fori gFD = x
ELSE
I output approxination of sensitivities
WRI TE( 111, ) (x - ForigFD) / h
END I F

I final conputations, sensitivities not wanted

X(1) = COS(x(1))
X(2) = SIN(x(2))
I HARVESTING || function val ues

IF (i .EQ 0 ) THEN
| store final results of unperturbed inputs
Forig = x

END | F

END DO

I c

| osing output file

CLOSE( 111 )

Lor
X:

estore unperturbed results
Forig

END SUBRQUTI NE f oo

END PROGRAM j acFD

exanpl e
exanpl e

I NPUT
FUNCTI
JACOBI
-1.63
1.09

Exampl

s> F95 -fpp -O4 -0 jacFD jacFD. f 95

s> ./jacFD

2. .0000000000000000 3. 0000000000000000
ON VALUES 0.9818968118936291 -0.8333826108478083
AN
61230767425461 -1.1560945738597894E+02

07486486244622 81. 8333640053570122

Fig.1: Compilation and execution trace of Listing 1.1

e: Sum over Columns of Jacobian by FD The example in Listing 1.2 illustrates the
use of FD for computing an approximation of the sum over all columns of the Jacobian
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matrix.® Two function evaluations are required when using forward differences as in Equa-
tion (2) (line 38). The code is run at the original point (i=0) and at a perturbed (line 48) point
(i=1). This time the perturbation is applied to both entries of x simultaneously (vector oper-
ation). Everything else is similar to the previous example.

A compilation and execution log of Listing 1.2 is given in Figure 2.

Listing 1.2: Sum over Columns of Jacobian by FD (j acvecFD. f 95)

PROGRAM j acvecFD

I MPLICI T NONE
DOUBLE PRECI SI ON :: x(2)
DOUBLE PRECI SION :: sens(2)

x(1)
x(2)

2.D0
3.D0

PRI NT *,’ | NPUT T,X
CALL foo ( x )
PRI NT *,’ FUNCTI ON VALUES ",X

OPEN( UNI T=111, FILE="sensiFD.dat’ )
READ( 111, *) sens

PRI NT *,’ SENSI TI VI TI ES ', sens
CLOSE( 111 )

CONTAI NS

SUBROUTI NE foo ( X )
I MPLI CI T NONE
DOUBLE PRECI SI ON, | NTENT(INQUT) :: x(2)
DOUBLE PRECI SI ON cot, xorig(2)
DOUBLE PRECI SI ON .. Forig(2), ForigFD(2)
DOUBLE PRECI SI ON :: h=1.D8
I NTEGER S

Isave inputs for nultiple runs
xorig = X

! open output file
OPEN( UNI T=111, FILE= sensiFD. dat’ )

! 1oop to get a single Jacobian vector product
DOi =0, 1

Irestore input values

X = xorig

I initial conputations, sensitivities not wanted
t = x(1) + x(2)

I perturb ALL inputs x(i) by h in second |oop interation
IF (i .GI. 0) THEN

6 Also called row-sum, since for any row of the Jacobian all elements of the row-vectors are added.
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X =X + h
END | F

I conmputations that sensitivities are wanted for
x(1) = SINC t = x(1) / x(2) )
x(2) = COS( t = x(2) /I x(1) )

I HARVESTI NG | sensitivities
IF (i .EQ 0 ) THEN
| store results of unperturbed inputs for FD
Fori gFD = x
ELSE
I output approximtion of sensitivities
WRI TE( 111,* ) (x - ForigFD) / h
END | F

I final conputations, sensitivities not wanted
x(1) = Co5(x(1))
x(2) = SIN(x(2))

I HARVESTING Il function val ues
IF (i .EQ 0 ) THEN
I store final results of unperturbed inputs
Forig = x
END | F
END DO

! closing output file
CLOSE( 111 )

! restore unperturbed results
X = Forig
END SUBROUTI NE f oo

END PROGRAM j acvecFD

exanpl es>F95 -fpp -O4 -0 jacvecFD jacvecFD. f95
exanpl es>./jacvecFD

I NPUT 2.0000000000000000  3.0000000000000000
FUNCTI ON VALUES 0.9818968118936291 -0.8333826108478083
SENSI TI VI TI ES -0.5453744039707331 -34.1142907589464528

Fig.2: Compilation and execution trace of Listing 1.2

2.2 Exact TLM by Forward Mode AD

Forward mode AD [7] yields tangent-linear codes for the computation of directional deriva-
tives with machine accuracy. During a semantic modification process the code for F is trans-
formed into code for F'. The Jacobian F” is accumulated column-wise by letting x range over
the Cartesian basis vectors in IR". Sparsity in F” can be exploited by merging structurally

orthogonal columns as described in [5].



Example: Jacobian by Forward Mode AD The example in Listing 1.3 illustrates the use
of the tangent-linear code for accumulating the Jacobian matrix. Two evaluations of the
tangent-linear code are required (line 45). The derivative components of x are initialized
to the two Cartesian basis vectors in IR? (lines 53 and 55). Their values are written into a text
file after running the relevant code (line 62). The tangent-linear code is generated internally
by the compiler. Runtime support routines are defined in conpad_scal ar _nodul e. nod
(line 6). Access to the function and derivative components of active program variables is
guided by special macros (lines 16,20,25,26, and 62) that are defined in the special preproces-
sor file conpad_conponent _handl er . f pp (line 1). Further details go beyond the scope of
this document.
A compilation and execution log of Listing 1.3 is given in Figure 3.

Listing 1.3: Jacobian by forward mode AD (j acAD. f 95)

#i ncl ude "conpad_conponent _handl er. f pp"
PROGRAM j acAD
USE conpad_scal ar _nodul e
| MPLI CI T NONE
DOUBLE PRECI SI ON :: x(2)
DOUBLE PRECI SION :: sens(2)
| NTEGER U
x(1l) = 2.D0
x(2) = 3.D0
PRI NT *,’ | NPUT ", COVPADVAL( x )
CALL foo ( x )
PRI NT *,’ FUNCTI ON VALUES ", COVPADVAL( x )
OPEN( UNI T=111, FILE="sensi.dat’ )
PRI NT *,’ JACOBI AN
DO i=1,2
READ( 111, ) COVPADDRVCOVP( sens)
PRI NT *, COVPADDRV( sens )
END DO
CLOSE( 111 )
CONTAI NS
SUBROUTINE foo ( x )
I MPLI CI T NONE
DOUBLE PRECI SI ON, | NTENT(INQUT) :: x(2)
DOUBLE PRECI SI ON cot, xorig(2)
I NTEGER S
Isave inputs for nultiple runs
xorig = X
! open output file
OPEN( UNI T=111, FILE="sensi.dat’ )
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! loop to get all colums of the Jacobian
DOi =1, 2
Irestore input values
X = xorig
! initial conputations, sensitivities not wanted
t = x(1) + x(2)
I SEEDING I : reset all sensitivities of x to ZERO
CALL SEED( x , 0.DO0 )
I SEEDING Il : set initial sensitive of i-th input

CALL SEED( x(i) , 1.D0)

I conmputations that sensitivities are wanted for

x(1) = SIN( t * x(1) / x(2) )
x(2) = Cos( t * x(2) / x(1) )
| HARVESTI NG

WRI TE( 111, ) COVPADDRV( x)
I final conputations, sensitivities not wanted
x(1) = COS(x(1))
X(2) = SIN(x(2))

END DO

! closing output file

CLOSE( 111 )

END SUBROUTI NE f 0o

END PROGRAM j acAD

exanpl es>F95 -fpp -ad -ad_ovl -ad_scalar \
- DCOVPADI | _ACCESS_COVPADTYPE_COVPONENTS \
-4 -0 jacAD jacAD.f95 -1l conpadll_scal ar -L.
exanpl es>./jacAD

I NPUT 2.0000000000000000  3.0000000000000000
FUNCTI ON VALUES 0.9818968118936291 -0.8333826108478083
JACCBI AN

-1.6361233411851317 -1.1583543760732589E+02
1.0907488941234211 81.7209476588213590

Fig.3: Compilation and execution trace of Listing 1.3

Example: Sum over Columns of Jacobian by Forward Mode AD The example in Listing 1.4
illustrates the use of the tangent-linear code for computing the sum over all columns of
the Jacobian matrix. A single evaluation of the tangent-linear code suffices. Both derivative
components of x are initialized to one. Their values contain the sum over the Jacobian entries
in the corresponding rows after running the relevant code section. They are written into a

text file (line 48) and printed by the main program (line 24).
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A compilation and execution log of Listing 1.4 is given in Figure 4.

Listing 1.4: Sum over Columns of Jacobian by forward mode AD (j acvecAD. f 95)

#i ncl ude "conpad_conponent _handl er. f pp"
PROGRAM j acvecAD
USE conpad_scal ar _nodul e
I MPLI CI T NONE
DOUBLE PRECI SI ON :: x(2)
DOUBLE PRECI SION :: sens(2)
x(1l) = 2.D0
x(2) = 3.D0
PRI NT *,’ | NPUT ", COVPADVAL( x )
CALL foo ( x )
PRI NT *,’ FUNCTI ON VALUES ", COWPADVAL( x )
OPEN( UNI T=111, FILE="sensi.dat’ )
READ( 111, *) COVPADDRVCOVP( sens)
CLOSE( 111 )
PRI NT *,’ SENSI TI VI TI ES ', COVPADDRV( sens )
CONTAI NS
SUBROUTINE foo ( x )
I MPLI CI T NONE
DOUBLE PRECI SI ON, | NTENT(INQUT) :: x(2)
DOUBLE PRECI SI ON N §
! initial conputations, sensitivities not wanted
t = x(1) + x(2)
I SEEDI NG
CALL SEED( x(1) , 1.D0 )
CALL SEED( x(2) , 1.D0)
! conputations that sensitivities are wanted for
x(1l) = SIN(C t = x(1) / x(2) )
x(2) = Cos( t = x(2) / x(1) )
I HARVESTI NG
OPEN( UNI T=111, FILE="sensi.dat’ )
WRI TE( 111,* ) COVPADDRV( x)
CLOSE( 111 )
! final conmputations, sensitivities not wanted
x(1l) = COS(x(1))
x(2) = SIN(x(2))
END SUBROUTI NE f oo

END PROGRAM j acvecAD
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exanpl es>F95 -fpp -ad -ad_ovl -ad_scalar \

- DCOVPADI | _ACCESS_COVPADTYPE_COVPONENTS \

-4 -0 jacvecAD jacvecAD. f95 -Ilconpadll_scalar -L
exanpl es>. /j acvecAD

I NPUT 2.0000000000000000  3.0000000000000000
FUNCTI ON VALUES 0.9818968118936291 -0.8333826108478083
SENSI TI VI TI ES -0.5453744470617106 - 34.1144899485045130

Fig.4: Compilation and execution trace of Listing 1.4

3 Forward Sensitivities for Sisyphe

The situation in Sisyphe is mostly similar to that described in the previous section. Following
the description of the general approach to get a compiler-generated tangent-linear version of
the code, we discuss the necessary changes to the subroutine si syphe” required to compute
and access the sensitivities within Sisyphe.

3.1 Compiler-Generated Tangent-Linear Code

Applying the AD-enabled compiler to Sisyphe in order to generate a tangent-linear version
of the code is a much more complex task than that of getting the simple example from Section
1 differentiated. The complete source code is divided into five libraries (bi ef , speci al ,
danocl es, par avoi d, and si syphe). The AD-enabled compiler is applied to all of them®
to generate the corresponding tangent-linear libraries.

The compilation with the AD-enabled compiler is referred as active compilation, whereas
passive compilation denotes compilation without differentiation of the code. To generate tan-
gent-linear code of Sisyphe with the AD-enabled NAGWare Fortran compiler some modifi-
cations of the source code are required: For instance, the code generated by the AD-compiler
replaces all calls of intrinsic functions (si n, di m sum ...) by overloaded calls of runtime sup-
port routines defined in conpad_scal ar _nodul e. nod. Therefore these specifiers cannot
be specified no longer as i nt ri nsi c operations. See Section A.2 for details.

Active compilation of tangent-linear code transforms all floating-point variables into
variables of data type conpad_t ype (also called active type) defined by the AD-enabled com-
piler, and inserts code operating on the active variables that computes sensitivities in sync
with the values of the dependent variables (function values). The conpad_t ype for tangent-
linear code consists of two double precision components val and dr v representing the value
and the sensitivity (derivative), repectively:

Listing 1.5: Compiler defined active data type conpad_t ype

type conpad_type
sequence
doubl e precision :: val
doubl e precision :: drv

end type conpad_type

7conmhmdinthefﬂesisyphe/sisyphey5p4/sources/sisyphe.fofSEyphevenﬁonSA

® That is all source code files are compiled into tangent-linear code with only one exception: Filel i t . f of from
library bi ef must be compiled without differentiation. See Section A.3 for details and how to adaptlit. f
manually.



=
= O O 00 N\ O U = W N~

e e e
N U1 = W N

This transformation of data types has a significant impact on any | / O-operation that
deals with variables of real data type (see Sections 3.1 and A.2).

Activated | / Oin the Compiler-Generated Tangent Linear Code Every | / O-statement that
reads or writes a real variable in the original source code reads or writes two reals in the
tangent-linear code, since the variable referenced by the | / O-statement is now of the active
conpad_t ype. Thus the original data files are not a valid input to the tangent-linear code
since they do not contain data for the sensitivity components. In order to get the tangent-
linear code working with the original data files every r ead-operation of active variables is
restricted to their value component.

Moreover in the tangent-linear code every | / O-statement with format specifications that
contains real, engineering, or scientific edit descriptors becomes invalid: Since active variables
consist of two real components the format specifications in the differentiated program needs
to specify two real edit descriptors per active variable.

In the case of Sisyphe the restriction of all active arguments in | / O-statements to their
value component keeps all format specifications valid. This restriction can be imposed easily
by a small set of Fortran-preprocessor (fpp) macros used to encapsulate all active variables
in | / O-statements. Moreover the encapsulation by the component access macros avoids the
creation of a separate AD-enabled source branch.

Listing 1.6 shows the file conpad_conponent _handl| er . f pp defining the preprocessor
macros COMPADVALCOMP (line 3) and COVPADVAL (line 5) that encapsulate the value component
for active compilation’ and leave the variable unchanged for passive compilation (lines 12
and 13):

Listing 1.6: code/compad_component_handler.fpp

#i f def COVPADI | _ACCESS_COWPADTYPE_COVPONENTS
I access VALUE component of a COVPAD_TYPE object (I-value)
#define COVPADVALCOWVP(a) a%al
I return VALUE of COWMPAD_TYPE obj ect (r-val ue)
#defi ne COMPADVAL( a) VALUE( a)
I access DERIV conponent of a COWPAD TYPE object (I-val ue)
#defi ne COVPADDRVCOMP(a) a%lrv
I return DERIV of COVMPAD_TYPE obj ect (r-val ue)
#defi ne COVPADDRV( a) DERI V( a)
#else
I define dumm es for passive conpilation
#define COVPADVALCOMP(a) a
#defi ne COVPADVAL( a) a
#define COVMPADDRVCOMP(a) NoDerivativel nPassi veMde
#defi ne COVPADDRV( a) NoDeri vati vel nPassi veMbde
#endif

The macro COVPADVALCOVP must be used wherever an ”“1-value”!? is required (READ - state-
ments, assignments). If only a “r-value”!! is needed, then COVPADVAL should be used.

? only if the conditional define COMPADII_.ACCESS_ COMPADTYPE_.COMPONENTS was defined at compile
time.

10 A left value denotes something that is valid on the left-hand side of an assignment, i.e. the value are written
by the statement.

! Right values cannot be written (i.e. changed) by a statement. They cannot be left values. However left values
can be used as right values too.



Note that the macros COVPADDRVCOMP (line 14) and COMPADDRY (line 15) for harvesting (i.e.
accessing) the derivative component of an active variable will cause an compilation error in
passive compilation mode, since there is simply no derivative component available. There-
fore every source code with accesses to derivative components will not compile in passive
mode. However this is not a general restriction that disables the compilation of passive and
active variants from one and the same source code branch: Access to derivative components
usually occur only in driver programs!? that call differentiated subroutines. A clean inter-
face to the differentiated code is required. It should be simple enough to get the required
declarations and initialization of all active parameters done correctly by hand. The driver is
compiled in passive mode.

For Sisyphe it is more appropriate to develop the driver from the subroutine si syphe'?,
and compile the driver routine with the AD-enabled compiler avoiding any manual activa-
tion. Moreover, since the complete package is compiled actively, there is no need to examine
and understand the complex calling hierarchy of the system. The major drawback of this
convenient approach is the loss of efficency that arises from the automatic activation of all
floating-point variables.!* As a minor implication the resulting subroutine si syphe can no
longer be compiled in passive mode.

For programs that can restart an interrupted program execution by restoring the required
values from previously stored snapshots, the restriction of all I / O-statements to value com-
ponents yields an error: If derivatives are not contained in the snapshots, then sensitivities
will not be propagated across restarts. Hence, the calculated sensitivities are correct if the
program runs uninterrupted and wrong after a restart. To get correct sensitivities even after
restarts the snapshots must be written and read with sensitivities.

The usage of the component access macros is illustrated by their application to the driver
subroutine si syphe. Original line numbers denote lines in the unchanged original source
code. See Section A.3 for more applications of the component access macros.

Include the macro definitions to make them available (insert after original line 90):

#i ncl ude "conpad_conponent _handl er. f pp"

Change original lines 1573 and 1574 to encapsulate the floating-point variable XMAX which
is written with explicit format specifications (labels 371 and 372):

371 FORMAT( 1X, ' EVOLUTI ON MAXIMUM @ ’, GL6.7,’ NOEUD : ', 16)
372 FORMAT(1X, ' MAXI MAL EVOLUTION : ', Gl6.7,’ NODE : ',16)
IF (LNG EQ 1) WRI TE(LU, 371) COVPADVAL( XMAX) , | MAX
IF (LNG EQ 2) WRI TE(LU, 372) COVPADVAL( XMAX) , | MAX

Similar changes are required in lines 1578, 1579, 1613, 1614, 1617, 1618, and 1725 to 1736
in the original code.

12 A driver program is a passively compiled program or subroutine, that calls the differentiated code. Seeding
and harvesting of derivatives is done in the driver. In the examples from Section 2.2 the driver program and
the code to be differentiated were mixed for the sake of simplicity.

13 Source file si syphe/ si syphe_v5p4/ sour ces/ si syphe. f of the Sisyphe version 5.4.

% This is due to the lack of activity analysis within the AD-enabled compiler, which is currently under develop-
ment.

15 Use conditional compilation #ifdef COMPADII_ ACCESS_COMPADTYPE_.COMPONENTS and #endif to bypass
this.



3.2 Sum over Columns of Jacobian by Compiler-Generated TLM

To compute the sum over all columns of the Jacobian only one execution of the tangent-linear
code is required. The derivative components of all independent variables CHESTROR € IR®!
are initialized to one.

This can be done by calling the routine SEED from the runtime library of the AD-enabled
compiler (insert after original line 294):

#i f def COVPADI | I do that only for active conpilation

C Seeding with vector of ONES to sumover the colums of the Jacobian
CALL SEED(CHESTRMR, 1.D0) ! vector operation

#endi f

The conditional define COMPADI | is used to compile any AD-related code only during
active compilation. Thus passive code can be obtained from the activated source code tree
by passive compilation if COMPADI | is not defined.

The computed derivatives y = F’-x = g—i -x of the dependent variables y = zFoR € IR%!
with respect to the independents x = CHESTRIR are stored in the Sisyphe internal variable
PRI VE by extracting the derivatives'® with the fpp-macro COVPAD DRV (insert after original
line 1622):

#i f def COWPADI | I do that only for active conpilation
C special output of the derivatives to TECPLOT

PRI VEYADR( 1) %P%R = COVPADDRV( ZFIR)
#endi f

If the letter "A” is specified in VARI ABLES FOR GRAPHI C PRI NTQUTS in the Sisyphe
input file (cas_le.txt in the case of BOSSE example), then the sensitivities of any printed time
step appear in the result file. To visualize the derivatives with TecPlot one can choose the
field PRI VE as color on the surface of the dune.

These two modifications of si syphe. f and the changes from section 3.1 transform
the subroutine sysi phe into a driver program that computes the sum over the Jacobian’s
columns.

3.3 Jacobian by Compiler-Generated TLM

A tangent-linear code needs to propagate n Cartesian basis vectors to accumulate the com-

plete Jacobian
PP = (2 e

i=1,...,n

of a multivariate function F'. The driver program for Sisyphe needs to execute n = 891 times
the routine si syphe. Therefore a loop (AD-loop) containing the relevant computational parts
of the subroutine si syphe is introduced into the subroutine itself. The ith execution (variable
COMPAD_COUNTER s used as loop counter) of the loop body propagates the ith Cartesian basis

®To  be more exact: PRIVE is also an  active variable, thus the assignment
PRIVE%ADR%(1)%P%R = COMPAD_DRV(ZF%R) is an overloaded assignment of a double precision array
to an array of compad_type, where the val component of PRIVE%ADR(1)%P%R is set to the drv component
ZF%R. The drv component of PRIVE%ADR(1)%P%R is set to zero. Since all | / O statements of Sisyphe are
restricted to the val components (see Section A.3), only the values of variables are written by Sisyphe into the
result file. Since PRIVE holds the derivatives in their val components Sisyphe finally places the derivatives
into the output file.



vector and stores the computed ith column of the Jacobian in the derivative components
of the local matrix COWPAD_DEP. The dependent values are stored in the value components.
Note again that the matrix COWPAD_DEP is declared as a floating-point variable, while active
compilation turns COMPAD_DEP into a variable of type COMPAD_TYPE containing the components
val and drv.

After collecting all columns of the Jacobian the derivatives are printed to the screen by
a nested loop using the fpp-macro COVPADDRV. Finally, the values of the dependent variables
are printed. Note that even for repeated evaluations within the subroutine SI SYPHE the result
file created by Sisyphe contains the data of the last evaluation only. Any new run of the loop
body recreates the result file.

The following additional modifications turn sysi phe. f into a driver program that com-
putes the complete Jacobian of ZFR with respect to CHESTRUR along with the function values
for ZFUR.

Insert the following variable declarations after original line 154:

DOUBLE PRECI SI ON :: COVPAD DEP(NPO N, NPON) !store val and drv
DOUBLE PRECI SION :: COWPAD_SUM
I NTEGER ;. COVWPAD_AD COUNTER, COWPAD |, COWPAD J

The head of the loop over the n = NPQ N required directions is placed after the original
line 184:

C Loop over colums of the Jacobian
DO 711 COWPAD _AD COUNTER = 1, NPAO N

Initialization of the derivatives of the independent variables CHESTRR (seeding with a
Cartesian basis vector) has to be located after original line 294:

C First: reset derivative conponents of all independents to zero
CALL SEED( CHESTRY&R, 0. DO0)

C Seed with the i-th Cartesian basis vector
CALL SEED( CHESTRYR( COWPAD AD COUNTER ), 1.DO0)

#endi f

The computed values and derivatives are stored in a column of the matrix COMPAD_DEP
(insert after original line 1622). Note that this is an assignment between active variables:

C store colum of the Jacobian (value and derivative)
DO COWAD | =1, NPON
COMPAD_DEP( COMPAD | , COMPAD_AD COUNTER) = ZF%R( COMPAD |)
END DO

The AD-loop is terminated at the end of the original code (original line 1760):

C end of |oop over independents
711 CONTI NUE

Right after the end of the AD-loop place output code for the Jacobian:

#i f def COVPADI | I do that only for active conpilation
PRI NT*, '# COWAD JACOBIAN AD d ZFYR / d CHESTRM&R(i), i=1... ",
$ NPO N

DO COMPAD_| =1, NPOI N
DO COMPAD_J=1, NPOI N
WRI TE(*, ’ (2X, E18. 10e3)’ , ADVANCE=' NO )
$ COVPADDRV( COVPAD_DEP( COVPAD |, COVPAD _J))
END DO



PRI NT =*
ENDDO
PRI NT =, '# COVPAD JACOBI AN AD END
#endi f

Finally, the values are printed:

PRI NT*, '# COMPAD VALUE AD ZF9R i=1 .. ', NPON
DO COMPAD_| =1, NPOI N
DO COWVPAD_J=1, NPOI N
WRI TE(*,’ (2X, E18. 10e3)’ , ADVANCE=' NO )
$ COVPADVAL ( COVPAD_DEP( COVPAD |, COVPAD _J))
END DO
PRI NT *
ENDDO
PRI NT*, '# COMPAD VALUE AD END

3.4 Handwritten Tangent-Linear Code

A tangent-linear version of the parts of Sisyphe that are relevant to the given experiment has
been written by hand at the Federal Waterways Engineering and Research Institute some
time ago. All sides acknowledge that this process has been “painful,” tedious, and error-
prone. Moreover, a different experiment would require a rewrite of the tangent-linear code
possibly involving substantial changes. There is a large number of different experiments that
one might think of... The availability of a compiler to generate tangent-linear Fortran code
automatically improves this situation dramatically. Nevertheless, the availabiliy of know-
ingly correct tangent-linear code turned out to be useful for the verifcation of the correctness
of the automatically generated version.

3.5 Sum over Columns of Jacobian by FD

The sum over all NPOI N columns of the Jacobian can be approximated by FD (see Section
2), where the subroutine si syphe is evaluated once at the unperturbed data CHESTR/R and
once more with all elements of CHESTRR perturbed by adding the perturbation parameter
h = COMPAD_H. Again a loop (FD-loop in short) is introduced into the code of the subroutine
SI SYPHE to simulate repeated calls of the routine itself. After the second execution of the
FD-loop body the FD approximation is computed and stored within the Sisyphe internal
variable PRI VE%ADR( 1) %R

The following modifications compute an approximation of the sum over the columns of
the Jacobian by FD for the very last time step only, since only the dependent values of the
last step of the undisturbed evaluation are stored. For all other time steps PRI VE¥%ADR( 1) is
set to zero. Note that the FD codes need to be compiled passively.

Declare the following variables after the original line 154:

DOUBLE PRECISION :: COWAD H = 1.0D-6 ! pertubation
DOUBLE PRECI SI ON :: COWMPAD_DEP( NPO N) ! store val ues
DOUBLE PRECI SI ON :: COWMPAD_FD I tenporary

I NTEGER ;. COWPAD_FD_COUNTER, COMPAD |

The two values required for the FD are computed by the following loop (insert after
original line 184):



C FD - Loop with two eval uations
DO 711 COWAD _FD COUNTER = 0,1

For the second run the independents CHESTR/R need to be modified by adding the per-
turbation parameter COMPAD_H (insert after original line 294):

| F (COMPAD_FD_COUNTER . GT. 0 ) THEN
CHESTRVR = CHESTRYR + COMPAD H
END | F

In original line 1622 the unperturbed dependent values need to be stored during the last
time step!” of the first evaluation, whereas in the last time step of the second run the FD are
computed and stored within field PRI VE%ADR( 1) %P%R:

C speci al output of the derivatives to TECPLOT
IF ( COWAD FD COUNTER .EQ O .AND. MN .EQ NCALCU) THEN
COWAD DEP(:) = ZF9R
ELSE | F ( COVPAD_FD COUNTER .EQ 1 ) THEN
C only directional derivative of last step is stored
IF ( MN.EQ NCALCU) THEN
DO COVPAD | =1, NPO N

COVPAD _FD =
+ ( ZFYR( COVPAD_| ) - COMPAD_DEP(COMPAD 1)) / COVPAD_H
PRI VEYADR( 1) %P%R( COMPAD_|) = COVPAD_FD
ENDDO
ELSE
PRI VEYADR( 1) %P%R = 0. DO
END | F
ENDI F

The loop is terminated after original line 1760:

C FD | oop: end of | oop over independents
711 CONTI NUE

Add the following code after original line 1761 to print the derivatives to the screen:

PRI NT *, '# COWVMPAD JACOBI AN FD d ZFR / d CHESTRMR(i), ',
$ ' Sum of Cols, H =", COWAD H
DO COVPAD_I =1, NPO N
WRI TE(*, ' (2X, E18.10e3)’ ) PRI VE%ADR( 1) %% COVPAD | )
ENDDO
PRI NTx, '# COVPAD JACOBI AN FD END

3.6 Jacobian by FD

The complete Jacobian F’ € IR®1*891 containing the partial derivatives of the dependent
variables y = zZFoR € IR®! with respect to the independent variables x = CHESTRR € IR%! is
assembled columnwise. 891 evaluations of the original routine si syphe are required, where
only one element of the vector CHESTRUR is perturbed at a time with the perturbation param-
eter COVPAD_H (plus one additional evaluation with unperturbed data).

The values of the dependent variables of all 892 evaluations are stored in COMPAD_DEP, and
finally the FD approximation of the Jacobian is computed and printed. For every evaluation
the variable COMPAD_I NDEP is used to store the unperturbed value of the independent variable
to be restored before the next evaluation.

Declaration of required variables (insert after original line 154):

17 The condition is MP .EQ. NCALCU ...



DOUBLE PRECISION :: COWAD H = 1.0D-6 ! pertubation

DOUBLE PRECI SI ON :: COWVPAD_| NDEP I unperturbed val ue
DOUBLE PRECI SI ON :: COVPAD DEP(NPAO N, 0: NPON) ! store val ues
DOUBLE PRECI SION :: COWPAD_FD

I NTEGER ;1 COVPAD_FD _COUNTER, COWPAD |, COWPAD J

The loop for the repeated evaluations is inserted after original line 184:

Loop over all NPO N columms of the Jacobi an
* needs 1 + NPO N cycles to get all function val ues required
for the full Jacobian
* where the first cycle with 0 == COMPAD_FD_COUNTER conput es
the function value for original (unperturbed) data.

O0000

DO 711 COVWPAD_FD _COUNTER = 0, NPO N

Save and perturb the current independent variable!® by cowAD_H, if the FD-loop counter
COWPAD_FD_COUNTERis greater than zero (insert after original line 295):

I F (COWAD_FD COUNTER . GT. 0 ) THEN
C store original value
C needs to be restored at the end of the | oop body
COVPAD_| NDEP=CHESTRY:( COMPAD_FD_COUNTER)

C add perturbation COWAD H to val ue
CHESTRYR( COMPAD _FD COUNTER) = COMPAD | NDEP + COMPAD H
END | F

Values of the dependent variables are stored in COMPAD_DEP, and the original value of the
current independent variable is restored (insert after original line 1622):

C store function val ue
COWPAD_DEP(:, COVWPAD_FD COUNTER) = ZF%R
C restore original value of current independent for next iteration
| F (COVWAD_FD COUNTER . GT. 0 )
$ CHESTRYR( COVWPAD_FD COUNTER) = COMPAD_| NDEP

The FD-loop is terminated after original line 1760:
711 CONTI NUE

Finally, the code that computes and prints the FD approximation is inserted after original
line 1761:

C FD approxi mati on of the Jacobian
PRI NT+, '# COWPAD JACOBIAN FD d ZFYR / d CHESTRUR(i), i=1... ',
$ NPA N, ’ H =, COWAD_H
DO COWPAD I =1, NPO N
DO COMPAD_J=1, NPO N
COVPAD_ FD = ( COVPAD_DEP( COMPAD_| , COMPAD J)

$ - COVPAD_DEP(COVPAD |,0)) / COVPAD H
WRI TE( *,’ (2X, E18. 10)’ , ADVANCE=' NO ) COMPAD_FD
END DO
PRI NT *
ENDDO

PRI NT+, '# COVPAD JACOBI AN FD END

18 That is CHESTRYR( COMPAD_FD_COUNTER) .



4 Numerical results

Figure 5 shows the dune after 144 time steps (4 hours), and sensitivities (sum over the
columns of the Jacobian) obtained by the compiler-generated TLM are visualized as colors
on the surface. A visual comparison of the sensitivities of the compiler-generated TLM with
the derivatives computed with hand-written tangent-linear code verifies the correctness of
the compiler-generated code. The FD approximation of the sensitivities shown in Figure 6
matches also the AD-compiler based sensitivities.
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Fig. 5: Sensitivity plot at the surface of the dune after 4 hours (144 time steps), obtained by the compiler-generated
tangent-linear code.

Figures 7-10 give a rough impression of the development of both the dune and its sensi-
tivities over time.

Figures 11-13 visualize the sum over all columns of the Jacobian obtained by the compiler-
generated tangent-linear code (red line) and by the FD approximation (blue marks). Fig-
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Fig. 6: Sensitivity plot at the surface of the dune after 4 hours (144 time steps), obtained by the FD.
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Fig.7: Dune and sensitivities at the start configuration (compiler-generated tangent-linear code).
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Fig.8: Dune and sensitivities after 1 hour (compiler-generated tangent-linear code).
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Fig.9: Dune and sensitivities after 2 hours (compiler-generated tangent-linear code).
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Fig.10: Dune and sensitivities after 3 hours (compiler-generated tangent-linear code).




ure 11 shows the sum of the sensitivities of all dependent variables (number on the x-axis),
Figure 12 the first 81 dependents only. Note that there is no noticeable difference between
the compiler-generated and the approximated sensitivities. Variances seem to be introduced
by numerical instabilities only as shown in Figure 13, where only dependents are given with
vanishing sensitivities.
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Fig.11: Comparison of (sum of the) sensitivities for all 891 dependent variables obtained by the compiler-
generated TLM (red line) and FD (blue marks).

5 Outlook

5.1 Backward Sensitivities — Adjoints

The computational complexity of the accumulation of a full row of the Jacobian!” by either
FD approximation or tangent-linear code is O(n) times that of a single function evaluation.
Every single input needs to be perturbed or, similarly, the derivative in the direction of each
Cartesian basis vector needs to be computed. It is well known that for large n neither of the
two approaches is feasible. The solution comes in the form of reverse mode AD [7,11]. It
builds the basis for semantic source transformation algorithms that generate adjoint code F'
for the computation of
x=F(x,2,y)=y - F'(x,2)

19

a single gradient, or in the context of Sisyphe the vector of sensitivities of an dependent variable y; € y with
respect to all independents x.
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Fig.12: Comparison of (sum of the) sensitivities for the first 81 dependent variables obtained by the compiler-
generated TLM (red line) and FD (blue marks).
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Fig.13: Comparison of (sum of the) sensitivities, detail zoom.



automatically. The adjoint input vector X becomes equal to the i-th row of F'(x,z) when
setting 4; = 1 and and the remaining elements of y equal to zero. A single evaluation of the
adjoint code suffices (compared with n evaluations of the tangent-linear code).
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Fig.14: Sensitivity plot obtained in collaboration with colleagues at MIT, Argonne National Lab, Rice University,
and Colorado State University [13].

Certain sensitivity analyses can simply not be run as forward computations with todays
computer systems. An example from oceanography is illustrated in Figure 14. Its shows a
sensitivity plot of the zonal volume transport through the Drake Passage (between South
America and the Antarctis) as a function of bottom topography in earth’s oceans [13]. For-
ward sensitivity analysis would require each point of the shallow water 2D discretization
to be perturbed at least once. Any physically meaningful resolution would lead to runtimes
at the order of several years on the latest high-performance computer architectures. Obtain-
ing the same result through experiments is obviously impossible. Such results can be used
to support decisions about placement of sensors or direction of satellites in order to collect
measurement data to evaluate the numerical prediction and hopefully to improve the un-
derlying mathematical models.

5.2 Example: Curve Fitting

Gradients play a crucial role in nonlinear optimization. Neither FD nor TLM represent fea-
sible alternatives for the computation of very large gradients. As an example we consider a



simple curve-fitting problem as a non-linear least-squares optimization problem. Consider
a numerical simulation program for a mathematical model y = F'(x,p) where x € IR",
p € IR",and y € IR™. For given measurements (x/,y7), j=1,...,k we define the resid-
ual function r(p) : IR"™ — IR* as

r;(p) Eyi—F(xi,p), i=1,...,k

Informally, our objective is to adapt the parameters p such that the data is represented by
the model in the best possible way. Curve fitting can be performed by solving the nonlinear
least-squares problem

minimize g¢(p) =
for example, by using steepest descent

p’t =p’ —a;Vg(p’) forj=0,1,...

to minimize some norm of the residual iteratively. Note, that
Vg(p’) = ('(p"))"r(p’)

can be computed by an adjoint model at small constant multiple of the cost for evaluating r
itself. A line search for «;, that is

minimize g(«;) (for given p’ and Vg(Pj))

is performed at each step j. For example, one might follow a simple bisection approach
where starting from a;; = 1 its value is divided by two a; = 0.5,0.25, ... for as long as there
is (sufficient) decrease in the value g(c;) of the objective function.

The above example is kept very simple in order to illustrate the need for adjoint models
in large-scale nonlinear optimization. Similar problems are expected to occur in waterway
analysis and optimization. Work toward an adjoint version of Sisyphe should seriously be
taken into account.
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Programming conventions

A.1 AD-aware code development

The following guidelines should be respected by any developer of codes that might be dif-
ferentiated by AD-tools. Some of them are specific to Fortran and the AD-enabled NAG-
Ware compiler, but become general rules after abstraction from the specific programming
language Fortran.

learn about AD (what it can do for you and what not)

take (file) I / Oout of active section, if not possible see Section 3.1

take dynamic memory allocation (deallocation) out of active section

avoid side effects of subroutines (write reentrant subroutines; use pur e whenever possi-
ble)

do not use work arrays

try to avoid pointers (because of aliasing)

avoid use of black-box routines (derivatives have to be approximated with FD if source
code is not available)

do not use intrinsic names as variable names (sum di m etc.)

keep in mind that nondifferentiable submodels cannot be differentiated

keep in mind that not chain rule differentiable submodels cannot be differentiated, e.g.

y =sqrt (z % *4)
at z = 0 we would generate

dv =4 %z x*x3 *xdx

v = * x4
dy =—1/(2*sart (v)) * dv
y =sqrt(v)

Evaluation of 1/(2*sqrt(v)) at v=0 yields and arithmetic exception. If we were to exploit
y=sqrt(x**4)=x**2, then everything would be fine.

avoid common blocks (use modules instead)

avoid use of CRAY pointers

avoid aliasing

avoid implicit declarations (use i npl i cit none)

use the compiler hints provided by Fortran (i nt ent, pur e, etc.)
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A.2 NAG - specific changes

This section describes the modifications required to compile and run the Sisyphe system in
passive mode.

FILE bief/bief_v5p4/sources/bief.f

139¢139

< TYPE(BI EF_MESH) , | NTENT(IN) :: MESH

> TYPE(BI EF_MESH) , | NTENT( 1 NOUT) :: MESH
251c251

< TYPE(BI EF_MESH), INTENT(IN) :: MESH

> TYPE(BI EF_MESH), | NTENT(INOUT) :: MESH
359¢359

< TYPE(BI EF_OBJ), | NTENT(IN) 1 B

> TYPE(BI EF_OBJ), | NTENT( | NOUT) 1B

372¢372

< TYPE(BI EF_OBJ), | NTENT(IN) . B

> TYPE(BI EF_OBJ), | NTENT( | NOUT) 1B

530c530

< TYPE(BI EF_OBJ), INTENT(IN) :: X

> TYPE( Bl EF_OBJ) X

537, 538¢537, 538

< TYPE(BI EF_MESH), INTENT(IN) :: MESH

< TYPE(BIEF_OBJ), INTENT(IN) :: X Y

> TYPE(BI EF_MESH) :: MESH

> TYPE(BIEF_OBJ) :: X, Y

545, 546¢545, 546

< I NTEGER, I NTENT(IN) :: NPOIN

< DOUBLE PRECI SION, INTENT(IN) :: X(NPO N), Y(NPO N), FAC(NPO N)
> | NTEGER 1 NPOI N

> DOUBLE PRECI SION :: X(NPOI N), Y(NPO N), FAC( NPO N)
626626

< TYPE(BI EF_OBJ) , | NTENT( | NOUT) 1 VEC
> TYPE(BI EF_OBJ) , | NTENT( OUT) ©: VEC
647c647

< CHARACTER(LEN=6) :: NOVGEN

> CHARACTER(LEN=6), | NTENT(IN) :: NOVGEN
655c655

< TYPE(BI EF_OBJ), | NTENT(INOUT) :: BLO

> TYPE(BI EF_OBJ), |NTENT(OUT) :: BLO

662, 666C662, 666

< DOUBLE PRECI SI ON, | NTENT(IN) C

< CHARACTER( LEN=8), | NTENT(IN) oP

< TYPE(BI EF_OBJ) , | NTENT(I NOUT) X

< TYPE(BI EF_OBJ) , |NTENT(IN) Y,z

< TYPE(BI EF_MESH) , | NTENT(IN) :: MESH
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> DOUBLE PRECI SI ON C

> CHARACTER( LEN=8) oP

> TYPE( Bl EF_OBJ) X

> TYPE( Bl EF_OBJ) Y,z

> TYPE( Bl EF_MESH) MESH

673c673

< TYPE(BI EF_OBJ), | NTENT( | NOUT) MAT

> TYPE(BI EF_OBJ), | NTENT( OUT) NAT

684, 685c684, 687

< TYPE(BI EF_MESH), | NTENT(I NOUT) :: MESH

< I NTEGER, INTENT(IN) :: |ELM CFG2), NFIC

> TYPE( Bl EF_MESH), | NTENT( OUT) MESH

> I NTEGER | NTENT(I N) | ELM

> | NTEGER, | NTENT( | NOUT) CFQ(2)

> I NTEGER | NTENT(I N) NFI C

794, 800c796, 802

< | NTEGER | NTENT( I N) NELEM NELMAX, NDI AG

< I NTEGER | NTENT(I N) | KLE( NELMAX, 2)

< CHARACTER( LEN=8), | NTENT(IN) oP

< DOUBLE PRECI SI ON, | NTENT( I N) DN(*), D( *) , XN( NELMAX, *)
< DOUBLE PRECI SI ON, | NTENT( | NOUT) DM *) , XM NELMAX, *)
< CHARACTER( LEN=1), | NTENT( 1 NOUT) TYPDI M TYPEXM TYPDI N, TYPEXN
< DOUBLE PRECI SI ON, | NTENT( I N) C

> | NTEGER NELEM NELMAX, NDI AG

> | NTEGER | KLE( NELMAX, 2)

> CHARACTER( LEN=8) rooP

> DOUBLE PRECI S| ON DN(*), D( *) , XN( NELMAX, *)
> DOUBLE PRECI SI ON DM *) , XM NELMAX, *)
> CHARACTER( LEN=1) TYPDI M TYPEXM TYPDI N, TYPEXN
> DOUBLE PRECI SI ON C

943945

< TYPE( Bl EF_MESH), | NTENT(IN) MESH

> TYPE(BI EF_MESH), | NTENT( | NOUT) MESH

955, 957¢957, 959

< | NTEGER , I NTENT(I N) | COM

< TYPE(BI EF_MESH), | NTENT(I N) MESH

< TYPE(BI EF_OBJ) , | NTENT( | NOUT) X

> | NTEGER | COM

> TYPE( Bl EF_MESH) MESH

> TYPE( Bl EF_OBJ) X

973, 976c975, 978

< TYPE(BI EF_MESH) , | NTENT(IN) MESH

< TYPE(BI EF_OBJ) , |NTENT(IN) SRY;

< TYPE(BI EF_OBJ) , | NTENT( | NOUT) KX, KY

< DOUBLE PRECI SI ON, | NTENT(I N) XMUL

> TYPE( Bl EF_MESH) MESH

> TYPE( Bl EF_OBJ) U Vv

> TYPE( Bl EF_OBJ) KX, KY

> DOUBLE PRECI S| ON XMUL

984, 990c 986, 992



109 < LOG CAL , I NTENT(I N) MBK
110 < DOUBLE PRECI SI ON, | NTENT( OUT) CFLMAX

11 < DOUBLE PRECI SI ON, | NTENT(I N) DT, XMUL

112 < TYPE(BI EF_OBJ) , | NTENT( | NOUT) RES, T1, T2

113 < TYPE(BI EF_OBJ) , INTENT(IN) U, V, F, MASKEL
114 < TYPE(BI EF_MESH) , | NTENT(IN) MESH

115 < | NTEGER , I NTENT(I N) | ELM

116 - - -

17 > LOG CAL VBK

118 > DOUBLE PRECI S| ON CFLMAX

119 > DOUBLE PRECI SI ON DT, XML

120 > TYPE( Bl EF_OBJ) RES, T1, T2

121 > TYPE( Bl EF_OBJ) U, V, F, MASKEL
122 > TYPE( Bl EF_MESH) MESH

123 > | NTEGER | ELM

124 997, 999¢999, 1001

125 < TYPE(BI EF_OBJ) , | NTENT(IN) z

126 < TYPE(BI EF_OBJ) , | NTENT( | NOUT) COEF

127 < TYPE( Bl EF_MESH), | NTENT(I N) VESH

128 - - -

129 > TYPE( Bl EF_OBJ) v4

130 > TYPE( Bl EF_OBJ) COEF

131 > TYPE( Bl EF_MESH) NESH

132 1194, 1198¢1196, 1200

133 < LOG CAL, | NTENT(IN) | NFOGR

134 < TYPE(BI EF_OBJ), | NTENT( | NOUT) X, B

135 < TYPE( Bl EF_OBJ), | NTENT( | NOUT) B

136 < TYPE( Bl EF_OBJ), | NTENT( | NOUT) A, AUX

137 < TYPE(BI EF_MESH), | NTENT(IN) MESH

138 ---

139 > LOG CAL | NFOGR

140 > TYPE( Bl EF_OBJ) X, B

141 > TYPE( Bl EF_OBJ) B

142 > TYPE( Bl EF_OBJ) A, AUX

143 > TYPE( Bl EF_MESH) MESH

144 1276c1278

145 < TYPE(BI EF_OBJ), | NTENT(IN) B

146 - - -

147 > TYPE(BI EF_OBJ), | NTENT( | NOUT) B

148 1333c1335

149 < TYPE(BI EF_OBJ), | NTENT(IN) B

150 ---

151 > TYPE(BI EF_OBJ), | NTENT( | NOUT) B

152 1354, 1360c1356, 1362

153 < I NTEGER | NTENT(I N) NELEM NPOI N, | ELM

154 < | NTEGER | NTENT( I N) | KLE( NELEM *) , | FABOR( NELEM *)
155 < | NTEGER, | NTENT( | NOUT) | FAVAS( NELEM +)

156 < DOUBLE PRECI SI ON, | NTENT(I N) MASKEL ( NELEM)
157 < DOUBLE PRECI SI ON, | NTENT( | NOUT) MASKPT( NPOI N)
158 < DOUBLE PRECI SI ON, | NTENT( | NOUT) XNEBOR( NPOI N) , YNEBOR( NPOI N)
159 < DOUBLE PRECI SI ON, | NTENT(I N) X(NPOI N), Y( NPOI N)
160 - - -

161 > | NTEGER NELEM NPQOI N, | ELM

162 > | NTEGER | KLE( NELEM *) , | FABOR( NELEM *)
163 > | NTEGER | FAVAS( NELEM +)

164 > DOUBLE PRECI SI ON MASKEL ( NELEM
165 > DOUBLE PRECI SI ON MASKPT( NPOI N)



166 > DOUBLE PRECI SI ON 11 XNEBOR(NPA N) , YNEBOR( NPAI N)
167 > DOUBLE PREC! SI ON 1 X(NPO N, Y(NPO N)
168 1367, 1371c1369, 1373

169 < DOUBLE PRECI SI ON, | NTENT(I N) C

170 < CHARACTER( LEN=8), | NTENT(I N) o OP

171 < TYPE(BIEF_OBJ) , INTENT(INOUT) :: X

172 < TYPE(BIEF_OBJ) , INTENT(IN) Y, Z

173 < TYPE(BI EF_MESH) , | NTENT(I N) MESH

174 - --

175 > DOUBLE PRECI SI ON . C

176 > CHARACTER( LEN=8) o OP

177 > TYPE( Bl EF_0BJ) 00X

178 > TYPE( Bl EF_0BJ) oY, Z

179 > TYPE( Bl EF_MESH) 1. MESH

180 1378, 1381¢c1380, 1383

181 < DOUBLE PRECI SI ON, | NTENT( I N) 1o XMJL

182 < TYPE(BI EF_OBJ) , | NTENT(INOUT) :: DI AG

183 < TYPE(BI EF_OBJ) , |INTENT(IN) A

184 < TYPE(BI EF_MESH) , | NTENT(IN) 1. MESH

185 - - -

186 > DOUBLE PRECI SI ON co XMUL

187 > TYPE( Bl EF_0BJ) . DIAG

188 > TYPE( Bl EF_0BJ) A

189 > TYPE( Bl EF_MESH) .. MESH

190 1436, 1443c1438, 1445

191 < TYPE( Bl EF_0BJ) , INTENT(INOUT) :: M

192 < | NTEGER , I NTENT(I N) 1o 1 ELML, | ELMR
193 < DOUBLE PRECI SI ON, | NTENT(IN) 1o XMUL

194 < LOG CAL , I NTENT(I N) 1o MBK

195 < CHARACTER( LEN=16), | NTENT(IN) 1. FORMUL

196 < CHARACTER(LEN=8) , | NTENT(IN) o OP

197 < TYPE( Bl EF_0BJ) , I NTENT(I N) o F,GH UV, WNMASKEL
198 < TYPE(BI EF_MESH) , I NTENT(INQUT) :: MESH

199 - --

200 > TYPE( Bl EF_0OBJ) oM

201 > | NTEGER co I ELML, | ELMR
202 > DOUBLE PRECI SI ON 1o XMUL

203 > LOG CAL o MBK

204 > CHARACTER( LEN=16) .. FORMUL

205 > CHARACTER( LEN=8) o OP

206 > TYPE( Bl EF_0BJ) o F,GH UV, WNMASKEL
207 > TYPE( Bl EF_MESH) .. MESH

208 1459, 1461c1461, 1463

209 < TYPE(BI EF_OBJ) , | NTENT(IN) X

210 < TYPE(BI EF_OBJ) , I NTENT(INQUT) :: XEL

211 < TYPE( Bl EF_MESH), | NTENT(I N) .. MESH

212 ---

213 > TYPE( Bl EF_0BJ) X

214 > TYPE( Bl EF_0OBJ) oo XEL

215 > TYPE( Bl EF_MESH) .. MESH

216 1478c1480

217 < I NTEGER, | NTENT(INOUT) :: IT1(=*),1T2(*),1T3(*),1T4(*)
218 ---

219 > I NTEGER, I NTENT(QUT) :: I1T1(*),1T2(*),1T3(*),1T4(*)
220

221 FILE bi ef/bi ef _v5p4/ sources/ onseg. f
222 549, 550c549, 552



223
224
225
226
227
228
229
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< 810 FORMAT( 1X, ' OVSEG (BI EF) : MATRI CE DEJA NON SYMETRI QUE : ')

< 811 FORMAT( 1X,’ OVSEG (BI EF) : MATRI X ALREADY NON SYMVETRI CAL: ")
> 810 FORMAT( 1X,

> $ " OMSEG (BIEF) : MATRI CE DEJA NON SYMETRI QUE : ', Al)

> 811 FORMAT( 1X,

> $ " OVBEG (BI EF) : MATRI X ALREADY NON SYMVETRI CAL: ", Al)

FI LE sisyphe/sisyphe_v5p4/sources/bil an_si syphe. f
246¢c246
< 4000 FORMAT(5X,’ GRAIN-FEEDI NG A CET I NSTANT : ,’' Gl6.7)

> 4000 FORMAT(5X, " GRAIN- FEEDI NG A CET | NSTANT : ', Gl6.7)

FI LE sisyphe/sisyphe_v5p4/ sources/ check. f
143c143
< 124 FORMAT( 1X,’ CHECK : TYPE DE FI CH ER | NCONNU : ')

> 124 FORVAT(1X,’ CHECK : TYPE DE FI CH ER | NCONNU : ', 11 6)

FILE special/special _v5p4/sources/plante.f
99c99

< CALL EXI T( | CODE)

> STOP

A.3 AD - specific conventions and changes

This section describes the modifications in Sisyphe required to generate a tangent-linear code
with the AD-enabled NAGWare Fortran compiler (scalar mode, AD by overloading).

Passive compilation in project Bl EF Thefile |l i t. f of subproject Bl EF provides the sub-
routine | i t used to read data of different data types from external files. The parameter TYPE
(a character array) selects the type of data. With* R4’ single precision floating-point data can
be read. Compiling this routine in active mode redeclares all variables as of type conpad_t ype
(see Listing 1.5), including the single precision array Wused to read single precision data. By
encapsulating wwith the macro COVPADVALCOMWP (see 3.1) defined in the preprocessor input
file conpad_conponent _handl er . f pp, the activated array Wcan be restricted to the value
component val of conpad_t ype. However componentval is declared as double precision (see
Listing 1.5). Hence the list-directed READ operation for single precision data in (original) line
6l in file I i t . f is turned into an I/O-operation of double precision data. As the data file
read by I i t contains single precision data only (as signaled by the value ' R4’ of parameter
TYPE), wrong values will be stored in Waal .
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Thus thefile | i t . f of subproject Bl EF needs to be compiled in passive mode, and must
be activated by hand since all calls are made from within the compiler-generated tangent-
linear code. The following modifications are required in file i t. f:

FI LE bief/bief_v5p4/sources/lit.f

Oal

> #i nclude "conpad_conponent _handl er. f pp"

37a39, 41

> #i fdef COVPADI I

> use COVPADMODULE

> #endi f

44249, 53

> #i fdef COVPADI I

> TYPE( COMPAD_TYPE) X( NVAL)

> TYPE( COMPAD_TYPE) W NVAL)

> REAL Wpassi ve( NVAL)

> #el se

46a56, 57

> REAL Wpassi ve( NVAL)

> #endi f

50d60

< I NTRI NSI C DBLE

61c71, 74

< READ( CANAL, END=100, ERR=101) (W J), J=1, NVAL)
> READ( CANAL, END=100, ERR=101) (Wassi ve(J), J=1, NVAL)
> DO J=1, NVAL

> WJ) = Wpassive(J)

> END DO

66c79

< READ( CANAL, END=100, ERR=101) ( X(J), J=1, NVAL)
> READ( CANAL, END=100, ERR=101) ( COMPADVALCOVP( X(J) ), J=1, NVAL)

Passive compilation can be achieved easily by adding to the makefile in subproject bi ef
the following special rule for building | i t. 0 in order to remove the AD-related options
from the compiler’s arguments (the little sed-script in line 17):

R PASSI VE COWPI LATI ON RULES Regl es de conpil ation des sources FORTRAN
lit.o: lit.f
@cho "=>_PASSI VE_Conpilation_de_lit.f _:"
@f [ ! -d ../$(DRLIB) ]; then\
@cho "creation_du_repertoire $(DIRLIB)";nkdir ../$(D RLIB); fi
@f [ "$(DRLIB)" = "unicos" -0 "$(DIRLIB)" = "fuji" ]; then\
DI R="‘whoam * @uname_-n‘:"‘pwd" " ; \
renmsh $(NAVE_CIBLE) -1 $(USR_CIBLE) \
"cd_workdir/conpilation_;\
uuuuuuuuuu rep $$D R $(<F) _. ;)\
uuuuuuuuuu $( FC_CI BLE) $( FCFLAG Cl BLE) _$(<F) _;\
uuuuuuuuuu rm$(+F).f_;\
uuuuuuuuuu rep $(*F). o $$DIR . _";\
el se \

echo " _COWAND: _$(FC) _‘echo "$(FFLAGS)" | _sed 's/-ad[a-zA-Z2\-\_]*//g '
ittt
$(FC) ‘echo "$(FFLAGS)" | sed 's/-ad[a-zA-Z\-\ _]=*//g * lit.f ; \
fi;
@f [ -r ~.nmod ]; then \
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FILE b
55d54
<

FILE bi
57d56
<

FILE bi
42d41
<

FI LE bi
528c528
<
>

6472648
> |

FILE bi
75d74
<

FILE bi
64d63
<

FILE bi
63d62
<

FILE bi
136d135
<

FILE bi
72d71
<

FILE bi
99d98
<

FILE bi
108d107
<

FI LE bi
Oal, 3

echo "Transfert _du_nodul e_$(@:.o=.nod) _";\

cp *.nmod $(DEST)/.; /bin/rm=*.nod; fi
@f [ -r x.MOD ]; then \

echo "Transfert _du_nodul e_$(@:.o=. MD) _";\

cp *.MOD $(DEST)/.; /bin/rm=+. MOD;, fi

ef / bi ef _v5p4/ sour ces/ asnvel. f

INTRINSIC M N

ef / bi ef _v5p4/ sources/ assvel. f

INTRINSIC M N

ef / bi ef _v5p4/ sour ces/ at anc. f

I NTRI NSI C ACGCS, ATAN

ef / bi ef _v5p4/ sources/ bi ef . f
DOUBLE PRECI SI ON FUNCTI ON SUM X )
DOUBLE PRECI SI ON FUNCTI ON SUM BI EF( X )

CHARACTER( LEN=6) :: NOMGEN

ef / bi ef _v5p4/ sources/bil ant.f

I NTRI NSI C ABS, MAX

ef / bi ef _v5p4/sources/cfl pll.f

I NTRI NSI C MAX, M N

ef / bi ef _v5p4/ sources/cfl pl2.f

I NTRI NSI C MAX, M N

ef / bi ef _v5p4/ sour ces/ cgsqua. f

I NTRI NSI C SQRT

ef / bi ef _v5p4/ sources/ cgst ab. f

I NTRI NSI C SQRT

ef / bi ef _v5p4/ sources/char1l.f

I NTRI NSI C | NT, MAX; M N, SCRT

ef / bi ef _v5p4/ sour ces/ char4l.f

INTRINSIC ABS , INT , MAX , SQRT

ef / bi ef _v5p4/ sour ces/ coupl age. f



51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107

> #incl ude "conpad_conponent _handl er. f pp"
>

>

78d80

< I NTRI NSI C TRI M ABS

194, 195c¢196, 197

< VR TE( 80, ERR=85) AT

< VR TE( 80, ERR=86) ( TABYR(1), | =1, TABYDI ML)

> VRl TE( 80, ERR=85) COMPADVAL( AT)

> VR TE( 80, ERR=86) ( COVPADVAL( TABYR(1)), | =1, TABYDI ML)
226c228

< READ( 84, ERR=85, | OSTAT=ERR1) AT1(| VAR)

> READ( 84, ERR=85, | OSTAT=ERR1)  COVPADVALCOVP( AT1(| VAR))
243c245, 246

< READ( 84, ERR=86, | OSTAT=ERRL) (TABYR(I), | =1, TABYDI ML)

> READ( 84, ERR=86, | OSTAT=ERR1)

> $ ( COVPADVAL COVP( TABYR( 1)) , | =1, TABYDI ML)

278, 279c281, 283

< READ( 84, ERR=85, | OSTAT=ERR1)  AT2(| VAR)

< READ( 84, ERR=86, | OSTAT=ERRL) ( TAB2UR(1), | =1, TABYDI ML)
> READ( 84, ERR=85, | OSTAT=ERR1)  COVPADVALCOVP( AT2( | VAR))
> READ( 84, ERR=86, | OSTAT=ERRL)

> $ ( COVPADVAL COVP( TAB29R( 1)), 1 =1, TABYDI ML)

FILE bief/bief_v5p4/sources/crsl11.f

54d53

< I NTRI NSI C MAX

FI LE bief/bief _v5p4/sources/crsl12.f
57d56

< I NTRI NSI C MAX

FILE bief/bief_v5p4/sources/decvll. f
56d55

< I NTRI NSI C MAX, M N

FILE bief/bief_v5p4/sources/decv2l. f
56d55

< I NTRI NSI C MAX, M N

FI LE bief/bief_v5p4/sources/desll. f

69d68

< INTRINSIC M N

FILE bief/bief_v5p4/sources/des2l. f

74d73

< INTRINSIC M N

FILE bief/bief_v5p4/sources/des4l. f

89d88

< INTRINSIC M N

FI LE bief/bi ef _v5p4/sources/dno. f



108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164

40d39
< I NTRI NSI C ACCS, MCD

FI LE bief/bief_v5p4/sources/ecri?2.f

Oa1, 3

> #incl ude "conpad_conponent _handl er. f pp"

>

>

61d63

< I NTRI NSI C REAL

72c74

< WRI TE( CANAL) (REAL( X(J)), J=1, NVAL)

> WRI TE( CANAL) ( REAL( COMPADVAL( X(J))), J=1, NVAL)
74c76

< WRI TE( CANAL) ( X(J), J=1, NVAL)

> W\RI TE( CANAL) ( COMPADVAL( X(J)), J=1, NVAL)
FILE bief/bief_v5p4/sources/el apse. f

43d42

< I NTRINSI C I NT

FI LE bief/bief _v5p4/sources/ equnor. f

86d85

< I NTRI NSI C SQRT

FI LE bief/bief _v5p4/sources/errnmax. f

49d48

< I NTRI NSI C ABS

FILE bief/bief_v5p4/sources/errnin.f

85d84

< I NTRI NSI C SQRT

FI LE bief/bief _v5p4/sources/fluxpr.f

98c98

< I'1=P_I M N(NSEE | SEC))

> I 1 =NSEQE | SEC)

FI LE bief/bief_v5p4/sources/fond.f

Oal

> #i nclude "conpad_conponent _handl er. f pp"

74c75, 76

< READ( NFON, *) BI D, BI D, BI D

> READ( NFON, *) COVPADVAL COVP( Bl D) , COVPADVALCOVP( BI D) ,
> $ COVPADVAL COVP( BI D)

115c¢117, 118

< READ( NFON, *) XRELV(NP) , YRELV(NP) , COTE(NP)
> READ( NFQN, ) COVPADVALCOWP( XRELV(NP)), COVPADVALCOVP( YRELV(NP)),
> $ COVPADVAL COVP( COTE( NP) )

FILE bief/bief_v5p4/sources/front2.f
72d71



165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221

<

I NTRI NSI C ABS

FI LE bief/bief_v5p4/sources/gnres.f

160d159

< I NTRI NSI C SQRT, ABS

FI LE bief/bief _v5p4/sources/gracjg.f

85d84

< I NTRI NSI C SQRT

FI LE bief/bief _v5p4/sources/gtshpl.f

55d54

< INTRINSIC M N

FI LE bief/bief _v5p4/sources/inclu2.f

38d37

< I NTRI NSI C LEN

FI LE bief/bief _v5p4/sources/inclus.f

36d35

< I NTRI NSI C LEN

FI LE bief/bief_v5p4/sources/infcel.f

71d70

< I NTRI NSI C ABS, SQRT

FI LE bief/bief _v5p4/sources/inpoly.f

73d72

< I NTRI NSI C CGs, SI N, ABS, MCD

FI LE bief/bief _v5p4/sources/jultimf

5c5

< * ( YEAR, MONTH, DAY, HOUR, M N, SEC, AT)

> * ( YEAR, MONTH, DAY, HOUR, M NUTES, SEC, AT)
40c40

< I NTEGER YEAR, MONTH, DAY, HOUR, M N, SEC
> I NTEGER YEAR, MONTH, DAY, HOUR, M NUTES, SEC
44d43

< I NTRINSI C | NT

70c69

< JULTI M=(J+( HOUR+( M N+( SEC+AT) / 60. DO) / 60. D0) / 24. D0) / 36525. DO
> JULTI M=( J+( HOUR+( M NUTES+( SEC+AT) / 60. D0O) / 60. DO) / 24. DO) / 36525. DO
FI LE bief/bief_v5p4/sources/kspgll. f

73d72

< I NTRI NSI C MAX, SQRT

FI LE bief/bief _v5p4/sources/latitu.f

49d48

< I NTRI NSI C TAN, ATAN, SI N, CCS, EXP

FILE bief/bief_v5p4/sources/ maskto. f

68d67

<

I NTRI NSI C MAX, NI NT



222
223 FI LE bi ef/bi ef _v5p4/sources/ matvct . f
224 117d116

225 < INTRINSIC M N

226

227 FILE bief/bief _v5p4/sources/merll.f
228 64d63

229 < INTRINSIC M N

230

231 FILE bief/bief_vb5p4/sources/mer2l.f
232 65d64

233 < INTRINSIC M N

234

235 FI LE bi ef/ bi ef _v5p4/ sources/ ner41l. f
236 72d71

237 < INTRINSIC M N

238

239 FILE bief/bief _v5p4/sources/ m 04pp. f
240 100c100, 101

241 < DOUBLE PRECI SI ON PY1Y2, PZX1, PZX2, PZY1, PZY2, | NT
242 - - -

243 > DOUBLE PRECI SI ON PY1Y2, PZX1, PZX2, PZY1, PZY2, | NT1
244 >

245 377, 412c378, 413
246 | NT= PZX1* FACUM+PZY1* FACVWL
247 T (IELEM 1)= T (IELEM 1) + INT
248 XM | ELEM 3)= XM IELEM 3) - INT
249 | NT=PZX1* FACU2+PZY1* FACVW®
250 XM ELEM 1)= XM ELEM 1) + INT
251 XM | ELEM 4)= XM 1ELEM 4) - INT
252 | NT=PZX1* FACUWB+PZY1* FACV\\3

253 XM ELEM 2)= XM ELEM 2) + INT
254 XM | ELEM 5)= XM 1ELEM 5) - INT
255 | NT=PZX2* FACUM +PZY2* FACVWL
256 XM | ELEM 16) = XM | ELEM 16) + | NT
257 XM | ELEM 7)= XM1ELEM 7) - INT
258 | NT=PZX2* FACUWR+PZY2* FACVW2

259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278

T (IELEM 2)= T (1ELEM 2) + INT
XM | ELEM 8)= XM ELEM 8) - INT
| NT=PZX2* FACUB+PZY2* FACVWB

XM | ELEM 6)= XM | ELEM 6) + INT
XM | ELEM 9)= XM IELEM 9) - INT
| NT=PZX1* FACUM+PZY1* FACV\W

XM | ELEM 18) = XM | ELEM 18) + I NT
T (IELEM 4)= T (1ELEM 4) - INT
| NT=PZX1* FACIB+PZY1* FACWb

XM | ELEM 22) = XM | ELEM 22) + I NT
XM | ELEM 13)= XM | ELEM 13) - I NT
| NT=PZX1* FACUW6+PZY1* FACVW\G

XM | ELEM 25) = XM | ELEM 25) + | NT
XM | ELEM 14) = XM | ELEM 14) - I NT
| NT=PZX2* FACUM+PZY2* FACV\W

XM | ELEM 19) = XM | ELEM 19) + I NT
XM | ELEM 28) = XM | ELEM 28) - I NT
| NT=PZX2* FACUIB+PZY2* FACWb

XM | ELEM 23) = XM | ELEM 23) + I NT
T (IELEM 5)= T (1ELEM 5) - INT

NNNNANNANNANNNANNNNANNANNANNNANNNNNANNANNNANNNNNNNANNNANNNANAN



279
280
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284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335

AN N A

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVYV'!

| NT=PZX2* FACUWG+PZY2* FACV\\6
XM | ELEM 26) = XM | ELEM 26) +
XM | ELEM 15)= XM | ELEM 15) -

I NT1= PZX1* FACUM +PZY1* FACVWL

T (IELEM 1)= T (1ELEM 1) +
XM | ELEM 3)= XM ELEM 3) -
| NT1=PZX1* FACU2+PZY1 FACVW
XM | ELEM 1)= XM ELEM 1) +
XM | ELEM 4)= XM | ELEM 4) -
| NT1=PZX1* FACUMB+PZY1* FACV3
XM | ELEM 2)= XM ELEM 2) +
XM | ELEM 5)= XM |ELEM 5) -
| NT1=PZX2* FACUM +PZY2* FACVW
XM | ELEM 16) = XM | ELEM 16) +
XM | ELEM 7)= XM ELEM 7) -
| NT1=PZX2* FACU2+PZY2* FACVW2
T (IELEM 2)= T (1ELEM 2) +
XM | ELEM 8)= XM |ELEM 8) -
| NT1=PZX2* FACUMB+PZY2* FACV\3
XM | ELEM 6)= XM |ELEM 6) +
XM | ELEM 9)= XM |ELEM 9) -
| NT1=PZX1* FACUM+PZY1* FACV\W
XM | ELEM 18) = XM | ELEM 18) +
T (IELEM 4)= T (1ELEM 4) -
| NT1=PZX1* FACUMB+PZY1* FACV\B
XM | ELEM 22) = XM | ELEM 22) +
XM | ELEM 13)= XM | ELEM 13) -
| NT1=PZX1* FACUW6+PZY1* FACVWG
XM | ELEM 25) = XM | ELEM 25) +
XM | ELEM 14) = XM | ELEM 14) -
| NT1=PZX2* FACUM+PZY2* FACV\W
XM | ELEM 19) = XM | ELEM 19) +
XM | ELEM 28) = XM | ELEM 28) -
| NT1=PZX2* FACUNB+PZY2* FACVW\B
XM | ELEM 23) = XM | ELEM 23) +
T (IELEM 5)= T (1ELEM 5) -
| NT1=PZX2* FACUWS+PZY2* FACVWG
XM | ELEM 26) = XM | ELEM 26) +
XM | ELEM 15)= XM | ELEM 15) -

FILE bief/bief _v5p4/sources/nt04tt.f

68a69, 72
>

>
>
>

I MPLI CI T NONE

FI LE bief/bi ef _v5p4/sources/ nt 05aa. f

91d90
<

I NTRI NSI C MAX, M N

FI LE bi ef/bi ef _v5p4/sour ces/ mt 05pp. f

92c92
<

>

I NT
I NT

I NT1

I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

I NT1
I NT1

DOUBLE PRECI SION U1, U2, U3, U4, V1, V2, V3, V4, W, W, W, W

DOUBLE PRECI SI ON XJAC, AUX1, AUX2, AUX3, AUX4

DOUBLE PRECI SI ON | NT, X2, X3, Y2, Y3, DEN

DOUBLE PRECI SI ON | NT1, X2, X3, Y2, Y3, DEN



336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392

233, 280c233, 280

ANNNNANNANANNANNANNNNNANNANNANNNNANNNNNANNANNANNANNNANNNNNANNANNNNNNNANNANNANNANNNNNNNANNA

VVVVVYVYV!

| NT=PZ1* 2 ( 3+ W1 +W52+W\63)
T(1 ELEM 1) =I NT

XM | ELEM 3) =- | NT

| NT=PZ1x (2% (WI1+W52) +W63)
XM | ELEM 1) =I NT

XM | ELEM 4) =- | NT

XM | ELEM 16) =I NT

XM | ELEM 7) =- | NT

| NT=PZ1x ( 2% (WI1+\W63) +W52)
XM | ELEM 2) =I NT

XM | ELEM 5) =- | NT

XM | ELEM 17) =I NT

XM | ELEM 10) =- | NT

| NT=PZ1x 2% (WI1+3% Wp2+W63)
T(1 ELEM 2) =I NT

XM | ELEM 8) = - I NT

| NT=PZ1x ( 2% (W52+\W63) +Wi1)
XM | ELEM 6) =I NT

XM | ELEM 9) =- | NT

XM | ELEM 21) =I NT

XM | ELEM 11) =- | NT

| NT=PZ1* 2% (WI1+WB2+3* W6 3)
T(1 ELEM 3) =I NT

XM | ELEM 12) =- | NT

| NT=PZ1* 2 ( 3+ WL4+W25+\\B6)
XM | ELEM 18) =I NT

T(1 ELEM 4) =- | NT

| NT=PZ1* (2% (WL4+W25) +\\B6)
XM | ELEM 22) =I NT

XM | ELEM 13) =- | NT

XM | ELEM 19) =I NT

XM | ELEM 28) =- | NT

| NT=PZ1* (2% (WL4+WB6) +\25)
XM | ELEM 25) =I NT

XM | ELEM 14) =- | NT

XM | ELEM 20) =I NT

XM | ELEM 29) =- | NT

| NT=PZ1x 2 (\WL4+3* W25+ W\B6)
XM | ELEM 23) =I NT

T(I ELEM 5) =- | NT

| NT=PZ1x ( 2% (\W\25+\\B6) +WL4)
XM | ELEM 26) =I NT

XM | ELEM 15) =- | NT

XM | ELEM 24) =I NT

XM | ELEM 30) =- | NT

| NT=PZ1* 2% (WL4+\W\25+3 \\B6)
XM | ELEM 27) =I NT

T(I ELEM 6) =- | NT

| NT1=PZ1* 2% ( 3* WI1+W62+W63)
T(I ELEM 1) =I NT1

XM | ELEM 3) =- | NT1

I NT1=PZ1x ( 2 (W 1+W62) +W63)
XM | ELEM 1) =I NT1

XM | ELEM 4) =- | NT1

XM | ELEM 16) =I NT1
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398
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400
401
402
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404
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407
408
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410
411
412
413
414
415
416
417
418
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420
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425
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427
428
429
430
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440
441
442
443
444
445
446
447
448
449

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVVYVYVYVYV

XM | ELEM 7) =- | NT1

| NT1=PZ1% ( 2 (\WI1+W63) +W52)
XM | ELEM 2) =I NT1

XM | ELEM 5) =- | NT1

XM | ELEM 17) =I NT1

XM | ELEM 10) =- | NT1

| NT1=PZ1% 2% (WI1+3* Wp2+W\63)
T(1 ELEM 2) =I NT1

XM | ELEM 8) = -1 NT1

| NT1=PZ1% ( 2% (\W52+W63) +Wi1)
XM | ELEM 6) =I NT1

XM | ELEM 9) =- | NT1

XM | ELEM 21) =I NT1

XM | ELEM 11) =- | NT1

| NT1=PZ1% 2% (WI1+W52+3+ \W63)
T(1 ELEM 3) =I NT1

XM | ELEM 12) =- | NT1

| NT1=PZ1% 2% ( 3+ WL4+\W\25+\\B6)
XM | ELEM 18) =I NT1

T(1 ELEM 4) =- | NT1

| NT1=PZ1% ( 2% (\WL4+W25) +\\B6)
XM | ELEM 22) =I NT1

XM | ELEM 13) =- | NT1

XM | ELEM 19) =I NT1

XM | ELEM 28) =- | NT1

| NT1=PZ1% ( 2% (\WL4+W\B6) +\\25)
XM | ELEM 25) =I NT1

XM | ELEM 14) =- | NT1

XM | ELEM 20) =I NT1

XM | ELEM 29) =- | NT1

| NT1=PZ1% 2% (\WL4+3* \25+\\B6)
XM | ELEM 23) =I NT1

T(1 ELEM 5) =- | NT1

| NT1=PZ1x ( 2+ (\\25+\\86) +\WL4)
XM | ELEM 26) =I NT1

XM | ELEM 15) =- | NT1

XM | ELEM 24) =I NT1

XM | ELEM 30) =- | NT1

| NT1=PZ1% 2% (WL4+\\25+3+ \\B6)
XM | ELEM 27) =I NT1

T(I ELEM 6) =- | NT1

FI LE bi ef/bi ef _v5p4/sources/ m 06ff.f

88d87
<

I NTRI NSI C SORT

FI LE bi ef/bi ef _v5p4/sources/ m 06ft.f

87d86
<

I NTRI NSI C SQRT

FILE bief/bief _v5p4/sources/nt06tt.f

42a43, 44
>
>

I MPLI CI T NONE
DOUBLE PRECI SI ON JACOB

FI LE bi ef/bi ef _v5p4/sour ces/ mt 08pp. f

81c81



450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506

<

>

DOUBLE PRECI SI ON | NT, PZ1, XSU360

DOUBLE PRECI SI ON | NT1, PZ1, XSU360

129, 176¢129, 177

ANNNNNANANNANNANNNNNNANNANNANNNNANNNNNANNANNANNANNNANNNNNANNANNNNNNNANNANNANNANNNNNNNANNA

V VV V!

| NT=PZ1* 2 ( 3+ W1 +W52+W\63)
T(1 ELEM 1) =I NT

XM | ELEM 18) =- | NT

| NT=PZ1x (2% (WI1+W52) +W63)
XM | ELEM 16) =I NT

XM | ELEM 19) =- | NT

XM | ELEM 1) =I NT

XM | ELEM 22) =- | NT

| NT=PZ1x ( 2% (WI1+\W63) +W52)
XM | ELEM 2) =I NT

XM | ELEM 20) =- | NT

XM | ELEM 17) =I NT

XM | ELEM 25) =- | NT

| NT=PZ1x 2% (WI1+3% Wp2+W63)
T(1 ELEM 2) =I NT

XM | ELEM 23) = - I NT

| NT=PZ1x ( 2% (W52+\W63) +Wi1)
XM | ELEM 21) =I NT

XM | ELEM 24) =- | NT

XM | ELEM 6) =I NT

XM | ELEM 26) =- | NT

| NT=PZ1* 2% (WI1+Wb2+3+ W6 3)
T(1 ELEM 3) =I NT

XM | ELEM 27) =- | NT

| NT=PZ1* 2 ( 3+ WL4+W25+\\B6)
XM | ELEM 3) =I NT

T(1 ELEM 4) = | NT

| NT=PZ1* (2% (WL4+W25) +\\B6)
XM | ELEM 7) =I NT

XM | ELEM 28) =- | NT

XM | ELEM 4) =1 NT

XM | ELEM 13) =- | NT

| NT=PZ1* (2% (WL4+WB6) +W\25)
XM | ELEM 10) =I NT

XM | ELEM 29) =- | NT

XM | ELEM 5) =I NT

XM | ELEM 14) =- | NT

| NT=PZ1x 2 (\WL4+3* W25+ \\B6)
XM | ELEM 8) =I NT

T(I ELEM 5) =- | NT

| NT=PZ1x ( 2% (\W\25+\\B6) +W14)
XM | ELEM 11) =I NT

XM | ELEM 30) =- | NT

XM | ELEM 9) =I NT

XM | ELEM 15) =- | NT

| NT=PZ1* 2% (WL4+\W\25+3+ \\B6)
XM | ELEM 12) =I NT

T(I ELEM 6) =- | NT

| NT1=PZ1* 2% ( 3* WI1+W62+\W63)
T(I ELEM 1) =I NT1

XM | ELEM 18) =- | NT1

| NT1=PZ1x ( 2 (W 1+\W62) +W63)



507
508
509
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XM | ELEM 16) =I NT1

XM | ELEM 19) =- | NT1

XM | ELEM 1) =I NT1

XM | ELEM 22) =- | NT1

| NT1=PZ1x ( 2% (\WI1+W63) +W52)
XM | ELEM 2) =I NT1

XM | ELEM 20) =- | NT1

XM | ELEM 17) =I NT1

XM | ELEM 25) =- | NT1

| NT1=PZ1% 2% (W 1+3* Wp2+W\63)
T(1 ELEM 2) =I NT1

XM | ELEM 23) = -1 NT1

| NT1=PZ1% ( 2% (\W52+W63) +Wi1)
XM | ELEM 21) =I NT1

XM | ELEM 24) =- | NT1

XM | ELEM 6) =I NT1

XM | ELEM 26) =- | NT1

| NT1=PZ1% 2% (WI1+W52+3+ \W63)
T(1 ELEM 3) =I NT1

XM | ELEM 27) =- | NT1

| NT1=PZ1% 2% ( 3+ WL4+\W\25+\\B6)
XM | ELEM 3) =I NT1

T(1 ELEM 4) =- | NT1

| NT1=PZ1% ( 2+ (\WL4+W25) +\\B6)
XM | ELEM 7) =I NT1

XM | ELEM 28) =- | NT1

XM | ELEM 4) =I NT1

XM | ELEM 13) =- | NT1

| NT1=PZ1% ( 2+ (\WL4+W\B6) +W\25)
XM | ELEM 10) =I NT1

XM | ELEM 29) =- | NT1

XM | ELEM 5) =I NT1

XM | ELEM 14) =- | NT1

| NT1=PZ1+ 2 (\WL4+3* \\25+\\B6)
XM | ELEM 8) =I NT1

T(1 ELEM 5) =- | NT1

| NT1=PZ1+ ( 2+ (\\25+\\86) +\L4)
XM | ELEM 11) =I NT1

XM | ELEM 30) =- | NT1

XM | ELEM 9) =I NT1

XM | ELEM 15) =- | NT1

| NT1=PZ1% 2% (WL4+\W\25+3+ \\B6)
XM | ELEM 12) =I NT1

T(I ELEM 6) =- | NT1

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVVYVYVYVYV

FI LE bi ef/bi ef _v5p4/sour ces/ mvseg. f
84d83
< I NTRI NSI C M N, MAX

FILE bi ef/bi ef _v5p4/ sources/ nor mab. f
81d80
< I NTRI NSI C SQRT

FI LE bi ef/bi ef _v5p4/sour ces/ onseg. f
71d70
< I NTRINSIC M N



564
565
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569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620

FILE bief/bief_v5p4/sources/ov.f

101d100

< I NTRI NSI C SQRT, ABS, CCS, SI N, ATAN, MAX, M N
FI LE bief/bief _v5p4/sources/ paraco.f
91d90

< I NTRI NSI C ABS

FI LE bief/bief _v5p4/sources/ proximf
42d41

< I NTRI NSI C SQRT

FILE bief/bief_v5p4/sources/rentll. f
61d60

< INTRINSIC M N

FI LE bief/bief _v5p4/sources/renkl. f
66d65

< INTRINSIC M N

FI LE bief/bief _v5p4/sources/reml. f
73d72

< INTRINSIC M N

FILE bief/bief_v5p4/sources/rescjg.f
98d97

< I NTRI NSI C SQRT

FI LE bief/bief _v5p4/sources/sl opl0.f
57d56

< I NTRI NSI C SQRT

FILE bief/bief_v5p4/sources/sortie.f
47d46

< I NTRI NSI C LEN

FILE bief/bief_v5p4/sources/sum f

2c2

< DOUBLE PRECI SI ON FUNCTI ON SUM
> DOUBLE PRECI SI ON FUNCTI ON SUM BI EF
38c38

< USE Bl EF, EX_SUM => SUM

> USE Bl EF, EX_SUM BI EF => SUM BI EF
56¢56

< SUM = SOMVE( XUR, XvDI ML)

> SUM BI EF = SOMVE( X%R, X%l ML)
FILE bief/bief_v5p4/sources/tsloc.f

5c5

< * ( YEAR, MONTH, DAY, HOUR, M N, SEC, AT)
> * ( YEAR, MONTH, DAY, HOUR, M NUTES, SEC, AT)

56¢56



621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
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667
668
669
670
671
672
673
674
675
676
677

< I NTEGER YEAR, MONTH, DAY, HOUR, M N, SEC

> I NTEGER YEAR, MONTH, DAY, HOUR, M NUTES, SEC

61d60

< I NTRI NSI C ACCS, | NT

65c64

< ATR = AT + ( HOUR » 60.D0 + MN ) * 60.D0 + SEC

> ATR = AT + ( HOUR » 60.D0 + M NUTES ) * 60.D0 + SEC
FI LE bief/bief_v5p4/sources/valida.f

Oal

> #incl ude "conpad_conponent _handl er. f pp"

66d66

< I NTRI NSI C MAX

125, 126¢125, 128

< I F(LNG EQ 1) WRI TE(LU, 60) TEXTRES(I VAR) (1: 16), P_DVAX( ERRVMAX)
< I F(LNG EQ 2) WRI TE(LU, 61) TEXTRES(I VAR) (1: 16), P_DVAX( ERRVAX)
> I F(LNG EQ 1) WRI TE(LU, 60) TEXTRES(I| VAR) (1: 16),

> $ COVPADVAL( P_DVAX( ERRVAX) )

> I F(LNG EQ 2) WRI TE(LU, 61) TEXTRES(I| VAR) (1: 16),

> $ COVPADVAL( P_DMAX( ERRMAX) )

128, 129¢130, 133

A}

I F(LNG EQ 1) WRI TE(LU, 60) TEXTRES(| VAR) (1: 16) , ERRVAX
< | F(LNG EQ 2) WRI TE(LU, 61) TEXTRES(| VAR) ( 1: 16) , ERRMAX

> I F(LNG. EQ 1) WRI TE(LU, 60) TEXTRES(| VAR) (1: 16),
> $ COVPADVAL( ERRMAX )
> I F(LNG EQ 2) WRI TE(LU, 61) TEXTRES(| VAR) (1: 16),
> $ COVPADVAL( ERRMAX )

FI LE bief/bief _v5p4/sources/vcOOff.f

64d63

< I NTRI NSI C SQRT

FILE bief/bief_v5p4/sources/vcO0ft.f
66d65

< I NTRI NSI C SQRT

FI LE bief/bief_v5p4/sources/vcOlff.f
74d73

< I NTRI NSI C SQRT

FI LE bief/bief _v5p4/sources/vcOlft.f
76d75

< I NTRI NSI C SQRT

FILE bief/bief_v5p4/sources/vcO8aa. f
75d74

< I NTRI NSI C M N, MAX, SI GN

FILE bief/bief_v5p4/sources/vc08bb. f

84d83
< I NTRI NSI C MAX, M N, SI GN
FI LE bief/bief _v5p4/sources/vgfpsi.f
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681
682
683

O 00 NI O U = W N~

N NN R 2R s s =
N —m O WOV O\ Ul b WD~ O

O 00 NI O U = W IN -

N NN R R R R s s
N =P, O WOV 0N U k= WM~ O

51d50
< I NTRINSI C I NT

FI LE bief/bief _v5p4/sources/waitfor.f

61d60

< INTRINSIC TRIM

FILE danocl es/ dano_v5p4/ sources/cnd. f

Oal

> #incl ude "conpad_conponent _handl er. f pp"

213c214, 215

< * MOTCLE(N, 1) (1: 1 SI ZE), | AD, MOTATT(N, | AD) (1: L1) , MOTREA( | AD)
> * MOTCLE(N, 1) (1: 1 SI ZE), | AD, MOTATT(N, | AD) (1: L1),
> * COVPADVAL ( MOTREA( | AD) )

FILE danocl es/ danmo_v5p4/ sources/intlu.f

82d81

< I NTRI NSI C DLOGL0, DBLE, | NT, CHAR

FI LE danocl es/ danb_v5p4/ sources/real u. f

Oal

> #include "conpad_conponent _handl er. f pp"

86086

< I NTRI NSI C DLOGLO, DBLE, | NT, CHAR

229c¢229

< READ ( LIGNE , FORMA , ERR=995 ) RVAL

> READ ( LIGNE, FORMA , ERR=995 ) COVPADVALCOVP( RVAL)

FI LE sisyphe/sisyphe_v5p4/sources/bil an_si syphe. f

Oal

> #incl ude "conpad_conponent _handl er. f pp"
99c¢100

< RMASSE = SUM T1)

> RMASSE = SUM BI EF( T1)
107c108

< RCUMJ = SUM T1)

> RCUMJU = SUM BI EF(T1)
116c117

< FLUDDL = SUM T1)

> FLUDDL = SUM BI EF(T1)
124c¢125

< FLUDI R = SUM T1)

> FLUDI R = SUM BI EF(T1)
140c141

< RVASCLA(I) = SUMT1)



23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79

> RMASCLA(1) =

148c149

< FLUDDLCLA(1) =

> FLUDDLCLA( I )

155c156

< FLUDI RCLA(1) =

> FLUDI RCLA( 1)

170c171

< MASST

81, 185c182, 186

MASST

SUM BI

SUM

SUM T1)

SUM_

ANNNNANEV!

ANNNANNEYV VYV VYV
'

VVVVV!

WRI TE( LU, 1010)
| F(ABS(FLUDI R) .
| F( ABS( FLUDDL) .
VRl TE( LU, 1030)
WRI TE( LU, 1031)

VRl TE( LU, 1010)
| F(ABS(FLUDI R) .
| F( ABS( FLUDDL) .
VRl TE( LU, 1030)
WRI TE( LU, 1031)

88, 192c189, 193

VRl TE( LU, 2010)
| F(ABS(FLUDI R) .
| F( ABS( FLUDDL) .
VRl TE( LU, 2030)
VR TE( LU, 2031)

VRl TE( LU, 2010)
| F(ABS( FLUDI R) .
| F( ABS( FLUDDL) .
VRl TE( LU, 2030)
VR TE( LU, 2031)

199, 200c200, 201

<
<
>
>

WRI TE( LU, 3011)
VR TE( LU, 3032)

WRI TE( LU, 3011)
VR TE( LU, 3032)

204, 205¢205, 206

<
<
>
>

VRl TE( LU, 3010)
VR TE( LU, 3031)

VRl TE( LU, 3010)
WRI TE( LU, 3031)

211, 212c212, 213

<
<
>
>

VR TE( LU,
VR TE( LU,

VR TE( LU,
VR TE( LU,

215, 216¢216, 217

<

VR TE( LU,

4000)
4010)

4000)
4010)

4001)

EF(T1)
T1)

Bl EF( T1)

SUM T1)

SUM BI EF(T1)

SUM BI EF( T1)

RVASSE
GT.1.D 10) WRI TE(LU, 1020)
GT.1.D 10) WRI TE(LU, 1021)
RCUMU
VCUMJ

COVPADVAL ( RVASSE)
GT. 1.D 10) WRI TE(LU, 1020)
GT. 1.D 10) WRI TE(LU, 1021)
COVPADVAL ( RCUMU)
COVPADVAL ( VCUM)

RVASSE
GT.1.D 10) WRI TE( LU, 2020)
GT.1.D 10) WRI TE( LU, 2021)
RCUMU
VCUMJ

COVPADVAL ( RVASSE)
GT.1.D 10) WRI TE( LU, 2020)
GT.1.D 10) WRI TE( LU, 2021)
COVPADVAL ( RCUM)
COVPADVAL ( VCUM)

RVASCLA( 1)
VCUMUCLA( 1)

COVPADVAL( RVASCLA( 1))
COVPADVAL ( VCUMUCLA( 1))

RVASCLA( 1)
VCUMUCLA( 1)

COVPADVAL ( RVASCLA( 1))
COVPADVAL ( VCUMUCLA( 1))

MASST
MASS_GF

COVPADVAL ( MASST)
COVPADVAL ( MASS_GF)

MASST

- FLUDI R
- FLUDDL

COVPADVAL ( - FLUDI R)
COVPADVAL ( - FLUDDL)

- FLUDI R
- FLUDDL

COVPADVAL ( - FLUDI R)
COVPADVAL ( - FLUDDL)



80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136

< WRI TE(LU, 4011) MASS GF

> WRI TE(LU, 4001) COVPADVAL( MASST)

> WRI TE(LU, 4011) COWVPADVAL( MASS GF)
FI LE sisyphe/sisyphe_v5p4/sources/bilan_susp.f
120d119

< I NTRI NSI C ABS

FI LE sisyphe/sisyphe_v5p4/ sources/cal cuw. f

42d41

< I NTRI NSI C SQRT, SINH

FILE sisyphe/sisyphe_v5p4/sources/cfl.f

57d56

< I NTRI NSI C MAX, M N, ABS

FI LE sisyphe/sisyphe_v5p4/sources/coefro_sisyphe.f
53d52

< I NTRI NSI C SQRT, MAX, LOG

FI LE sisyphel/sisyphe_v5p4/ sources/ di sper_susp. f
64d63

< INTRINSI C SQRT

FILE sisyphe/sisyphe_v5p4/sources/effpnt.f

Oal

> #incl ude "conpad_conponent _handl er. f pp"

83c84

< Pl = ACOS(-1.D0)

> Pl = ACOS( COVPADVAL(-1.D0))

FILE sisyphe/sisyphe_v5p4/sources/ entete_sisyphe. f

44d43

< I NTRINSI C I NT

94, 95¢93, 94

< | F(LNG EQ 1) WRITE(LU, 10) FR(11),LT,FR(9),J,H M S, AT
< I F(LNG EQ 2) WRITE(LU, 11) GB(11),LT,GB(9),J, H M S, AT
> I F(LNG EQ 1) WRITE(LU, *) FR(11),LT,FR(9),J,H MS, AT
> I F(LNG EQ 2) WRITE(LU, ) GB(11),LT,GB(9),J,H MS, AT
97, 98c96, 97

< | F(LNG EQ 1) WRITE(LU, 20) FR(11),LT,FR(9),H M S, AT
< | F(LNG EQ 2) WRITE(LU, 20) GB(11),LT,GB(9),H MS, AT
> | F(LNG EQ 1) WRITE(LU, *) FR(11),LT,FR(9),H MS, AT

> I F(LNG EQ 2) WRITE(LU, ) GB(11),LT,GB(9),H MS, AT
100, 101c99, 100

< I F(LNG EQ 1) WRITE(LU, 30) FR(11),LT,FR(9),M S, AT

< I F(LNG EQ 2) WRI TE(LU, 30) GB(11),LT,GB(9),MS, AT

> | F(LNG EQ 1) WRITE(LU, *) FR(11),LT,FR(9),M S, AT

> | F(LNG EQ 2) WRITE(LU, ) GB(11),LT,GB(9),M S, AT
103, 104c102, 103

< | F(LNG EQ 1) WRITE(LU, 40) FR(11),LT,FR(9),S

< | F(LNG EQ 2) WRI TE(LU, 40) GB(11),LT, GB(9),S



137 - - -

138 > | F(LNG EQ 1) WRI TE(LU, *) FR(11),LT,FR(9),S
139 > I F(LNG EQ 2) WRITE(LU, ) GB(11),LT,GB(9),S
140

141 FI LE si syphe/sisyphe_v5p4/sources/fl used. f

142 70d69

143 < I NTRI NSI C SQRT

144

145 FI LE si syphe/si syphe_v5p4/sources/fl used_susp.f

146 57d56

147 < I NTRINSI C SQRT , MAX

148

149 FI LE sisyphe/si syphe_v5p4/sources/krone_part. f

150 54d53

151 < I NTRI NSI C SQRT , MAX

152

153 FI LE si syphe/si syphe_v5p4/sources/ | ayer.f
154 288c288

155 < NLAYER% (J) = NLAYNEWJ)

156 - - -

157 > NLAYERY (J) = | NT(NLAYNEW J))

158

159 FI LE si syphe/ si syphe_v5p4/sources/leclis.f

160 Oal, 2

161 > #i ncl ude "conpad_conponent handl er. f pp"

162 >

163 87, 89c89, 94

164 < & bid , bid, bid,

165 < & bi d,

166 < & l'i ebor(k), eborlu(k), afbor(k), bfbor(k),
167 ---

168 > & COVPADVALCOMWP( bi d) , COWVPADVALCOWP( bi d),
169 > & COVPADVALCOWVP( bi d) , COVPADVALCOWP( bi d),
170 > & I'i ebor (k),

171 > & COVPADVAL COMP( ebor | u(k)),

172 > & COVPADVAL COVP( af bor (k) ),

173 > & COVPADVAL COMP( bf bor (k) ),

174 95, 99¢100, 109

175 < & bid, bid, bid,

176 < & bi d,

177 < & liebor(k), eborlu(k), afbor(k), bfbor(k),
178 < & nbor (k), kfich,

179 < & i seg(k), xseg(k), yseg(k), numiq(k)

180 - - -

181 > & COVPADVALCOWVP( bi d) , COVPADVALCOWP( bi d),
182 > & COVPADVALCOMP( bi d) , COVPADVALCOWP( bi d),
183 > & I'i ebor (k),

184 > & COMPADVALCOWVP( ebor l u(k)),

185 > & COVPADVAL COMP( af bor (k) ),

186 > & COVPADVAL COVP( bf bor (k) ),

187 > & nbor (k), kfich, iseg(k),

188 > & COVPADVALCOMP( xseg(k)), COVPADVALCOWP(yseg(k)),
189 > & num i q( k)

190 >
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Configuring the compilation with AD-enabled NAGWare Fortran compiler Add the fol-

lowing section to configuration file conf i g/ systel .ini:

R Conpad |1 Project,
# Ceneric Linux + NAGMre f95 v 5.1, TLM AD (scal ar) by overl oadi ng
#
[ compadl | - TLM ovl - scal ar - | i nux- nagf 95]
DI RLI B="conpadl I - TLM ovl - scal ar - | i nux- nagf 95"
FC_NAM="/ hone/ ri ehnme/ WORK- COMPADI | / PROOECTS/ BAW ADY . . /. ./ F95"
FC_OPT_OBJEXT="0"
FC_OPT_COWI L=" -c_-ad_scal ar_-ad_ovl _-DCOWADI | -
DCOMPADI | _ACCESS_COVPADTYPE_COVPONENTS,_"
FC _OPT_DEBUG=" - O4_"
FC_OPT_PROFI LE=" "
FC_OPT_I NCLUDE=" -1 "

FC_OPT_OTHERS="_-fpp_-1_/ home/ ri ehme/ WORK- COMPADI | / PROJECTS/ BAW ADY . . / . . | PRJECTS

/ BAW AD/ - DCOVPADMODULE=conpad_scal ar _nodul e_"
#
LK_NAM="/ horre/ ri ehme/ WORK- COVPADI | / PROJECTS/ BAW ADY . ./ ../ F95"
LK_OPT_NORMAL=
LK_OPT _OUTNAME=" -g._ -0._"
LK_OPT_DEBUG="_"
LK_OPT_PROFI LE=" "

LK_LI B_SPECI AL="_/ home/ ri ehme/ WORK- COVPADI | / PROJECTS/ BAW ADY . . /. . /| PRQJECTS/ BAW AD

[/ conpad_scal ar _nodul e. 0_"
#
LI B_NAM=ar
LI B_OPT_LI BEXT="a"
LI B_OPT_OUTNAME="cr u"
LI B_OPT_OTHERS=
LI B_RANLI B="ranl i b"
#
RUN_DEBUG=" _"
RUN_PRCFI LE=
#
FC _MPI =" ${F95} -c _-OL_"
LK_MPI =" ${F95} -I npi __-o_ <EXE>_, <OBJS>_ <LIBS>_"
LI BS_MPI ="-1| npi "
#RUN_MPI ="npi run -np <N> <EXBE>"
RUN_MPI =" npi run_- np_<N>_<EXE>"

#RUN_MPI ="npi run -np <N> /sw sdev/ histx_1.2a/bin/lipfpm-e FP_OPS_RETIRED -e

LOADS _RETI RED - e STORES RETI RED -e CPU _CYCLES -f <EXE>"
#RUN_MPI ="npirun -np <N> /usr/local/bin/profile.pl -s1 -c0-63 <EXE>"
#

For passive compilation of the system:

R Conpad |1 Project,

# Generic Linux + NAGMre f95 v 5.1, passive conpilation

#

[ conmpadl | - passi ve- 1 i nux- nagf 95]

DI RLI B="conpadl | - passi ve- | i nux- nagf 95" ### COWPADI | HOSTTYPE
FC_NAME"/ hone/ ri ehne/ WORK- COMPADI | / PROJECTS/ BAW ADY . . /. ./ F95"
FC_OPT_OBJEXT="0"

FC_OPT_COWPI L=" _-O4. "

FC _OPT_DEBUG=" _-g. "

FC_OPT_PROFI LE=" "
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FC_OPT_| NCLUDE=" -1 _"

—

FC_OPT_OTHERS="_-fpp_-|_/ home/ ri ehme/ WORK- COMPADI | / PROJECTS/ BAW ADY . . / . . | PRJECTS

/ BAW AD/ _"
#

LK_NAM="/ horre/ ri ehme/ WORK- COMPADI | / PROJECTS/ BAW ADY . . /. . [ F95"

LK_OPT_NORMAL=
LK_OPT_OUTNAME=" _-0 "
LK_OPT_DEBUG=" "
LK_OPT_PROFI LE=" _"
LK LI B_SPECI AL="__"

#

LI B_NAM=ar

LI B_OPT_LI BEXT="a"

LI B_OPT_OUTNAME="cCr u"
LI B_OPT_OTHERS=

LI B_RANLI B="ranl i b"

#

RUN_DEBUG=" _"
RUN_PRCFI LE=

#

FC_MPI ="${F95} -c_-O1_"
LK_MPI =" ${F95} -Ilnpi __-o <EXE>_, <OBJS>_ <LIBS>_"

LI BS_MPI ="-1 npi "

#RUN_MPI ="npi run -np <N> <EXBE>"

RUN_MPI =" npi run_- np_<N>_<EXE>"

#RUN_MPI ="npi run -np <N> /sw sdev/ histx_1.2a/bin/lipfpm-e FP_OPS_RETIRED -e
LOADS _RETI RED -e STORES RETI RED -e CPU _CYCLES -f <EXE>"

#RUN_MPI ="npirun -np <N> /usr/local/bin/profile.pl -s1 -c0-63 <EXE>"

#

Note that after changing the configuration a complete re-compile is required after explic-
itly cleaning all sub-projects.



