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Abstract. OpenFOAM is a package which simplifies the implementation of physical models by mim-
icking the form of partial differential equations in software. Use of OpenFOAM is rapidly expanding
in the research community and among industrial users, covering a wide range of continuum models.
AD provides accurate derivative values and better runtime performance of the adjoint model compared
with finite differences. This paper presents a transformation of the OpenFOAM code that can be used
for calculating derivatives with adjoint mode of AD. An example based on ODE is considered here.

1 Introduction

The OpenFOAM (Open Field Operation and Manipulation) CFD Toolbox is a free, open source
CFD software package produced by OpenCFD Ltd. It has a large user base across most areas of
engineering and science, from both commercial and academic organisations. OpenFOAM has an
extensive range of features to solve anything from complex fluid flows involving chemical reactions,
turbulence and heat transfer, to solid dynamics and electromagnetics. It includes tools for meshing,
a parallelised mesher for pre- and post-processing.

The aim of this paper is Applying Algorithmic Differentiation (AD) in OpenFOAM and
as result Adjoint OpenFOAM , i.e., calculating the derivative with adjoint mode of algorithmic
differentiation by operator overloading (DCO/C++).

Here it is shown how to relate DCO/C++ with OpenFOAM and use it to calculate the deriva-
tives of one simple ODE with tangent-linear and adjoint mode AD in OpenFOAM. Calculating the

derivatives accurately and efficiently (which AD does) plays a very important role in sensitivity
analysis and optimization.

2 ODE in OpenFOAM

The main part of ODE solver in OpenFOAM can be found in:

$FOAM_SRC/ODE

For the initial value ODE problem, there are three different kinds of methods in OpenFOAM:

RK: Runge-Kutta
KRR4: Kaps-Rentrop



SIBS: Semi-Implicit Bulirsh-Stoer
which can be found in $FOAM_SRC/ODE/ODESolvers/:
RK/ , KRR4/ , SIBS/ respectively.

In this description, I consider only the KRR4 method. For the system

implicit differencing gives

Yn+1 = Yn + hf(yn+1) (2)

In general this is some nasty set of nonlinear equations that has to be solved iteratively at each
step. If we try linearizing the equations as in Newton’s method we will have

Yot = Yo+ h[ﬂyn) A yn>] 3)

dy

Yn

Here 0f /0y is the matrix of the partial derivatives of the right hand side (the Jacobian matrix).
Rearrange equation (3) into the form

of1-1
Yst = U+ h[l - ha—ﬁ o) (4)

If A is not too big, only one iteration of Newton’s method may be accurate enough to solve equation
(2) using equation (4). In other words at each step we have to invert the matrix

of
1-hg (5)

to find yp41.

A Rosenbrock (Kaps-Rentrop) method seeks the solution of the form

ylxo+h) =yo+ Y _ciki (6)
=1



where the corrections k; are found by solving s linear equations that generalize the structure in (4):

(1_7hf)k _h‘f<y0+zalj >+hf Z%] R iZl,...,S (7)

j=1 j=1

Here we denote the Jacobian matrix by f’. The coefficients 7, ¢;, o; and ~;; are fixed constants
independent of the problem. If v = ~;; = 0, this is simply a Runge-Kutta scheme. Equation (7) can
be solved successively for ki, ko, ... .

Crucial to the success of a stiff integration scheme is an automatic stepsize adjustment which here
will be done in "ODESolver.C”.

To minimize the matrix-vector multiplications on the right hand side of the (7), we rewrite the
equation in terms of quantities

i—1
g9 =Y Yijkj + ki (8)
=1
The equation then takes the form
(1/vh = f").91 = f(»o)
(1/vh — f).92 = f(yo + a2191) + c2191/h )
(1/vh — f").95 = f(yo + a3191 + as2g2) + (c3191 + c3292) /h
(1/vh = f' )g4<— f(yo + asg1 + as292 + as393) + (ca191 + ca2g92 + ca3g3)/h

In the implementation of Kaps-Rentrop algorithm, OpenFOAM provides a routine in the ODE
class (in file ?7ODE.H”) called derivatives that returns f (called dydz) as a function of z and y. It
also supplies a routine jacobian that returns f’ (called dfdy) and df/0z (called dfdzx) as a function
of x and y .

3 Simple ODE
Given initial value ODE:
y' = cos(ax),y(0) =0

We want to solve our own ODE with OpenFOAM, we will write it in
$FOAM_APP/ test/ ODETest.

At the begining of the code we firstly define the dimension of our ODE:

label nEqns() const

{



return 1;

}

Because in our case the order of the ordinary differential equation is ’1’. Then change our ODE to
the first order ODE.

y' = dydx[0] = cos(ax)

void derivatives

(

const scalar x,

4 const scalarField& vy,
scalarField& dydx
) const
{
scalar alpha = 1.0;

dydx [0] = cos(alphaxx);

}

Then we calculate the Jacobian for both x and y:
Suppose f = cos(ax)
The Jacobian for x in our case : % = —asin(ax)

The Jacobian for y in our case : g—g =0

void jacobian
(

const scalar x,
4 const scalarField& vy,
scalarField& dfdx,
scalarSquareMatrix& dfdy

) const
; {

scalar alpha = 1.0;
1 dfdx [0] = (—1)xalphaxsin(alphaxx);
13 dfdy [0][0] = 0.0;

4 )




Finally we define the method of solver and add the initial values in our case and solve our ODE in

the main function:

int main(int argc, char xargv|[])
1{
word ODESolverName("KRR4" ) ;
testODE ode;
autoPtr<ODESolver> odeSolver =
ODESolver :: New(ODESolverName, ode);
§
scalar xStart = 0.0; \\ starting time
1 scalarField yStart(ode.nEqns());
yStart [0] = 0.0; \\ y(0) =0
13
scalarField dyStart(ode.nEqns());
14 ode.derivatives(xStart, yStart, dyStart);
1 scalar x = xStart;
scalar xEnd = x + 1.0; \\ end time
1 scalarField y = yStart;
2 scalar hEst = 0.001; \\ the time step
24 odeSolver—>solve(ode, x, xEnd, y, le—4, hEst);
24 Info << nl << "y.=." << y << endl;
Info << "\nEnd\n" << endl;
2
return 0;
24 }

Then we need to compile the file so that we can run it in OpenFOAM using the linux command

wmake”. We get:

Selecting ODE solver KRR4

y = 0.841471

End

If we solve our ODE analytically we can see that:

y =cos(azx) = [y = [ cos(ax)




=y = [ cos(ax) = Lsin(ax)

fora=10andz:0—1:
y = sin(1) — sin(0) = 0.841470985

which is the same as the result we obtained above.

4 Algorithmic Differentiation

Algorithmic Differentiation (AD), sometimes alternatively called automatic differentiation, is a
method for computing derivatives of output of numerical programs with respect to its inputs both
accurately (with machine precision) and efficiently. The two basic modes of AD — forward and
reverse — and combinations thereof yield products of a vector with Jacobian, its transposed, or
Hessian respectively.

Numerical simulation programs map potentially very large number of input parameters (let there
be n) onto often much fewer outputs (say m of them, also refer to as objectives). The classical
numerical approach to quantifying the sensitivities of those objectives with respect to the parame-
ters through Finite Difference quotients increase the computational complexity by a factor of O(n).
The number of parameters may reach values of the order of n = 10? . Hence forward sensitivity
analysis would require n runs of the simulation, which is simply not feasible. Reverse (or Adjoint)
methods and corresponding program transformation techniques have been developed to replace the
dependence on n with that on the number of objectives m. Often the number of objectives is equal
to 1. In this case adjoint programs deliver the sensitivities of the objective with respect to all input
parameters with an increase in the computational complexity of O(1).

Methods of implementation of AD:

— Overloading — STCE tool : dco
— Source transforming — STCE tool : dcc

In this paper I will only consider dco.

5 Derivative Code by Overloading

Derivative Code by Overloading (DCO/C++) is a developement of the institute Software and Tools
for Computational Engineering (LuFG Infomatik 12, RWTH Aachen) implementing AD. The range
of capabilities covered by DCO/C++ is deriven by different application research subjects. This pa-
per discusses the application of DCO/C++ in OpenFOAM.

The objective is to provide an efficient and robust tool for the computation of the projection of
derivatives of arbitrary order of the a function given as an implementation in C/C++. Additionally
the capability of coupling the robust overloading technique with optimized computer generated or
hand-written external computations of adjoint projection is provided.



The main idea of DCO/C++ is to use the so-called active variable concept. DCO/C++ provides
data types for tangent-linear and adjoint projection. Thereby adjoint projections require an ad-
ditional data structure for saving data during the forward sweep. This is covered by a tape. The
tape can be thought of as directed acyclic graph holding all necessary information for reverse sweep.

All data types and tapes are C+-+-objects inside the namespace dco. Additionally every data type
has its own namespace:

namespace|classes |description

dco::tls type tangent-linear 1st-order floating point type

dco::als type adjoint 1st-order floating point type
static_tape|data structure for propagating adjoints

dco::t2s_als |type tangent-linear over adjoint 2nd-order floating point type
static_tape|data structure for propagating 2nd-order adjoints

Every data type holds not only a floating point value but also the derivative information, e.g. the
tangent-linear type for a variable & must hold the value and also 1), the adjoint type for a variable
x must hold the value and also @(y), etc.. To access those additional components there are set and
get routines. Those functions are globally defined in the appropriate namespace.

In DCO/C++ the mathematical operators like 4+, —,*, / and standard features such as sin, cos,

pow, etc. with their own operators or functions are overwritten. These are desiged so that for each
calculation with an active variable the derivative will also be computed.

6 Applying DCO/C++ in OpenFOAM

The purpose of this section is to compute the derivative of our ODE (see section 3) with respect
to a in OpenFOAM with DCO/C++, i.e.,

0
0 {y/ = cos(ax)}
e —
ODESolver:K RR4

DCO/C++

The very first task is to change the data types of the active variables into dco :: tls :: type (or
dco :: als :: type) for tangent — linear (or adjoint). Here the active variables are:

« : which is independent and has scalar type,
y : which is dependent and has scalarField type.

In OpenFOAM nearly all of the data types are based on scalar type which is defined on two basic
types double and float, in which double type is preput.

First of all the definition of the basic type double in OpenFOAM must be found. This definition is
in "doubleScalar.H” in $FOAM _SRC/OpenFOAM /primitives/Scalar/doubleScalar which has



the form:
typedef double doubleScalar;
A list of changes that should be done to OpenFOAM are:
1) Add 7dco.hpp” and the related files to SFOAM _SRC/OpenFOAM /InInclude.
2) In SFOAM _SRC/OpenFOAM /primitives/Scalar /doubleScalar.H :
— Include the header file ”dco.hpp” , i.e., #include’ dco.hpp”.
— Change the 7 typedef double doubleScalar ” to 7 typedef dco::t1s::type doubleScalar ”.

— Delete the inline functions for hypot, atan2, etc , because all of them are defined in ”dco.hpp”

for dco type.
— Add a function to return the double value of the dco type, later we will see the usage of this

function.
inline double value (Scalar s)
H

return dco::tls::value(s);
13

which the dco::t1s::value function is defined in tIm_type.hpp and returns the value of the dco
type.

3) In SFOAM _SRC/OpenFOAM /primitives/Scalar /doubleFloat.H :

— Include the header file ”dco.hpp” , i.e., #include’ dco.hpp”.
— Change all double types to dco::t1s::type.

4) In $FOAM _SRC/OpenFOAM /primitives/Scalar/Scalar.H :

— Delete all standard C++ transcendental functions because they are defined in the dco file for
dco type.

5) In $FOAM _SRC/OpenFOAM/db/10streams/IOstreams/IOstreams.H the cast to integer
is needed. So we use the function "value” to change dco::t1s::type to double and then cast it to int

— Code:

return int (10*num + SMALL);

Solution:

return int (10* value(num) + value(SMALL));
— Code:

return int (versionNumber_ );

Solution:

return int (value(versionNumber_ ));

10




— Code:
return int (10.0 * (versionNumber_ - majorVersion());
Solution:
return int (10.0 * (value(versionNumber_) - majorVersion());

6) Eliminating

— UNARY_FUNCTIONS ,
— BINARY_TYPE_OPERATOR and
— BesselFunction

from all files containing them e.g. from
$FOAM _SRC/OpenFOAM/ fields/Fields/scalarField/scalar Field.H,
because all of the unary functions and binary operators are defined in dco files for dco type.

Furthermore, delete the ”::” at the begining of the functions like abs(), sqrt(), etc, for example:
Code:  return ::abs(s);
Solution: return abs(s);

7) In $FOAM _SRC/OpenFOAM/db/I0stream/token/token.H one union is used. DCO/C++
does not support any unoin. Deleting the union will not cause error in the program.

8) In $FOAM _SRC/OpenFOAM/db/10stream/token/tokenl.H delete all functions and vari-
ables related to union.

9) In some cases a cast to dco type is needed. For example in
$FOAM _SRC/lagrangian/basic/ Particle/ Particlel .H:

Code :

scalar 11 = —0.5 % (ap — :: sqrt(cp));
scalar 12 = —0.5 x (ap + :: sqrt(cp));

Solution:

scalar 11 = scalar(—0.5) * (ap — sqrt(cp));
scalar 12 = scalar(—0.5) x (ap + sqrt(cp));

10) For simplicity, we comment all of the ODESolvers in $FOAM _SRC/ODE/Make/ files out
except for the Runge-Kutta and KRR4 .
9y

11) The goal is to compute 52 , so the changes of a should be observed. Therefore, add « to the

signature of the ”solve” function.

As it is shown in section 3, the dependency of a and y is written in functions derivatives and
jacobian, changing also the signature of those functions we will have:

11



void derivatives

(
const scalar x,
const scalarField& vy,
scalarField& dydx,
scalar& alpha

) const

{

dydx [0] = cos(alphaxx);
¥

14

void jacobian

(
const scalar x,
const scalarField& vy,
scalarField& dfdx,
scalarSquareMatrix& dfdy,
scalar& alpha

) const

{
dfdx [0] = (—1)*alphaxsin(alphaxx);

dfdy [0][0] = 0.0;

I

In the jacobian function Jf/dx and also 0f/Jy are calculated. Another alternative is to use
DCO/C++ locally to compute them. This is especially efficient for more comlex equation(s) which
the derivatives are not easy to calculate.

The process of applying the adjoint mode of the DCO/C++ is the same as the tangent-linear mode,
the only difference is that instead of ”“dco::t1s::type” use "dco::als::type”.

For tangent-linear mode the definitions of the set and get routines in the main function are:

H

int main(int argc, char xargv|[])
word ODESolverName (" KRR4" ) ;

testODE ode;
autoPtr<ODESolver> odeSolver = ODESolver :: New(ODESolverName, ode);

scalar xStart = 0.0;

12




14

14

24

34

}

scalar alpha = 1.0;
scalarField yStart(ode.nEgns());
yStart [0] = 0.0;

scalarField dyStart(ode.nEqns());
ode.derivatives(xStart, yStart, dyStart, alpha);

scalar x = xStart;

scalar xEnd = x + 1.0;

scalarField y = yStart;

scalar hEst = 0.001;

double derivative = 0;

dco::tls::set(alpha, 1.0, 1);

odeSolver—>solve (ode, x, xEnd, y, le—4, hEst, alpha);
dco::tls::get(y[0], derivative, 1);

std ;i cout << nl << "y.=." << y[0].v << std ::endl;
std::cout << nl << "Derivative:_..y.=." << derivative << std::endl;

Info << "\nEnd\n" << endl;

return O0;

For adjoint mode the definitions of the set and get routines in the main function are:

1{

14

int main(int argc, char xargv|[])

word ODESolverName ("KRR4" ) ;

testODE ode;
autoPtr<ODESolver> odeSolver = ODESolver :: New(ODESolverName, ode);

scalar xStart = 0.0;

scalar alpha = 1.0;

scalarField yStart(ode.nEqns());
yStart [0] = 0.0;

dco::als::static_tape tape(le05);
tape.register_variable(alpha);

13




1 scalarField dyStart(ode.nEqns());
ode.derivatives(xStart, yStart, dyStart, alpha);
1§
scalar x = xStart;

2 scalar xEnd = x + 1.0;
scalarField y = yStart;

scalar hEst = 0.001;

24
double derivative = 0;

odeSolver—>solve(ode, x, xEnd, y, le—4, hEst, alpha);

dco::als::set(y[0], 1.0, —1);
3 tape.interpret_reverse ();

31 dco::als::get(alpha, derivative, —1);

34

std ::cout << nl << "y.=." << y[0].v << std ::endl;

3 std :: cout << nl << "Derivative:_._.y.=." << derivative << std::endl;
34 Info << "\nEnd\n" << endl;
4 return 0;

}

12) Running the ODE Library "wmake libso ODE” in $FOAM_SRC.

13) Running our ODETest with “wmake”. We get:

Selecting ODE solver KRR4
y = 0.841471
Derivative: y = —0.301169

End

In Section 3 the analytical solution of our ODE is shown:

1

y' = cos(ax) — y = < sin(ax)

The derivative with respect to a will be:

14



sin(az)} = — 2 sin(ax) + £ cos(ax)

&

Q=

_ 0
a_%{

Q

fora=10and 2z:0—1:
{—sin(1) + cos(1)} — {—sin(0) + 0} = —0.301168679

which is the same as the result we obtained above.

7 Future Work

The aim of this paper was computing g—g where y is given as solution of ODE to be solved by one
of the methods of OpenFOAM ’ s ODESolver.

An interesting area of future work is expanding the application of DCO/C++ in all examples and
"solve” functions of OpenFOAM. KRR4 solver requires Jacobian matrix and also df/0z that both
can be computed by DCO/C++ locally instead of calculating it manually, because sometimes the
functions are so complicated that manual calculation will not be easy. Another opportunity to make
the computations more efficiet is that only the data types of active variables are dco types not all
of the variables. In this paper actually we define the ”scalar” to be the dco type, although we
just needed the dco type for y and «. For this purpose the appropriate unary function and binary
operators should also be defined in OpenFOAM. It means that it should differentiate between e.g.
cos(scalar a) and cos(active_type a) .
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H. Kuchen, A. Wagener: Comparison of Dynamic Load Balancing Strate-
gies

Kai Jakobs, Frank Reichert: Directory Services for Mobile Communica-
tion

Kai Jakobs: What’s Beyond the Interface - OSI Networks to Support
Cooperative Work

Kai Jakobs: Directory Names and Schema - An Evaluation

Ulrich Quernheim, Dieter Kreuer: Das CCITT - Signalisierungssystem
Nr. 7 auf Satellitenstrecken; Simulation der Zeichengabestrecke

H. Kuchen, R. Loogen, J.J. Moreno Navarro, M. Rodriguez Artalejo:
Lazy Narrowing in a Graph Machine

Kai Jakobs, Josef Kaltwasser, Frank Reichert, Otto Spaniol: Der Com-
puter fahrt mit

Rudolf Mathar, Andreas Mann: Analyzing a Distributed Slot Assign-
ment Protocol by Markov Chains

A. Maassen: Compilerentwicklung in Miranda - ein Praktikum in funk-
tionaler Programmierung (written in german)

Manfred Nagl, Andreas Schiirr: A Specification Environment for Graph
Grammars

A. Schiirr: PROGRESS: A VHL-Language Based on Graph Grammars
Marita Moller: Ein Ebenenmodell wissensbasierter Konsultationen - Un-
terstiitzung fiir Wissensakquisition und Erklarungsfahigkeit

Eric Kowalewski: Entwurf und Interpretation einer Sprache zur Beschrei-
bung von Konsultationsphasen in Expertensystemen

Y. Ortega Mallen, D. de Frutos Escrig: A Complete Proof System for
Timed Observations
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1990-22

1991-01
1991-03

1991-04

1991-05

1991-06 *

1991-07 *

1991-09 *

1991-10

1991-11

1991-12 *

1991-13 *

1991-14 *

1991-15

1991-16

1991-17

1991-18 *

1991-19

1991-20

1991-21 *

1991-22

1991-23
1991-24

1991-25 *

1991-26

Manfred Nagl: Modelling of Software Architectures: Importance, No-
tions, Experiences

H. Fassbender, H. Vogler: A Call-by-need Implementation of Syntax Di-
rected Functional Programming

Guenther Geiler (ed.), Fachgruppe Informatik: Jahresbericht 1990

B. Steffen, A. Ingolfsdottir: Characteristic Formulae for Processes with
Divergence

M. Portz: A new class of cryptosystems based on interconnection net-
works

H. Kuchen, G. Geiler: Distributed Applicative Arrays

Ludwig Staiger: Kolmogorov Complexity and Hausdorff Dimension
Ludwig Staiger: Syntactic Congruences for w-languages

Eila Kuikka: A Proposal for a Syntax-Directed Text Processing System
K. Gladitz, H. Fassbender, H. Vogler: Compiler-based Implementation
of Syntax-Directed Functional Programming

R. Loogen, St. Winkler: Dynamic Detection of Determinism in Func-
tional Logic Languages

K. Indermark, M. Rodriguez Artalejo (Eds.): Granada Workshop on the
Integration of Functional and Logic Programming

Rolf Hager, Wolfgang Kremer: The Adaptive Priority Scheduler: A More
Fair Priority Service Discipline

Andreas Fasbender, Wolfgang Kremer: A New Approximation Algorithm
for Tandem Networks with Priority Nodes

J. Borstler, A. Ziindorf: Revisiting extensions to Modula-2 to support
reusability

J. Borstler, Th. Janning: Bridging the gap between Requirements Anal-
ysis and Design

A. Ziindorf, A. Schiirr: Nondeterministic Control Structures for Graph
Rewriting Systems

Matthias Jarke, John Mylopoulos, Joachim W. Schmidt, Yannis Vassil-
iou: DAIDA: An Environment for Evolving Information Systems

M. Jeusfeld, M. Jarke: From Relational to Object-Oriented Integrity
Simplification

G. Hogen, A. Kindler, R. Loogen: Automatic Parallelization of Lazy
Functional Programs

Prof. Dr. rer. nat. Otto Spaniol: ODP (Open Distributed Processing):
Yet another Viewpoint

H. Kuchen, F. Liicking, H. Stoltze: The Topology Description Language
TDL

S. Graf, B. Steffen: Compositional Minimization of Finite State Systems
R. Cleaveland, J. Parrow, B. Steffen: The Concurrency Workbench: A
Semantics Based Tool for the Verification of Concurrent Systems
Rudolf Mathar, Jiirgen Mattfeldt: Optimal Transmission Ranges for Mo-
bile Communication in Linear Multihop Packet Radio Networks

M. Jeusfeld, M. Staudt: Query Optimization in Deductive Object Bases
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1991-27
1991-28

1991-30
1991-31

1992-01
1992-02 *

1992-04
1992-05 *

1992-06
1992-07 *

1992-08 *

1992-09 *

1992-10

1992-11

1992-12

1992-13 *
1992-14

1992-15

1992-16 *

1992-17
1992-18 *

J. Knoop, B. Steffen: The Interprocedural Coincidence Theorem

J. Knoop, B. Steffen: Unifying Strength Reduction and Semantic Code
Motion

T. Margaria: First-Order theories for the verification of complex FSMs
B. Steffen: Generating Data Flow Analysis Algorithms from Modal Spec-
ifications

Stefan Eherer (ed.), Fachgruppe Informatik: Jahresbericht 1991
Bernhard Westfechtel: Basismechanismen zur Datenverwaltung in struk-
turbezogenen Hypertextsystemen

S. A. Smolka, B. Steffen: Priority as Extremal Probability

Matthias Jarke, Carlos Maltzahn, Thomas Rose: Sharing Processes:
Team Coordination in Design Repositories

O. Burkart, B. Steffen: Model Checking for Context-Free Processes
Matthias Jarke, Klaus Pohl: Information Systems Quality and Quality
Information Systems

Rudolf Mathar, Jirgen Mattfeldt: Analyzing Routing Strategy NFP in
Multihop Packet Radio Networks on a Line

Alfons Kemper, Guido Moerkotte: Grundlagen objektorientierter Daten-
banksysteme

Matthias Jarke, Manfred Jeusfeld, Andreas Miethsam, Michael Gocek:
Towards a logic-based reconstruction of software configuration manage-
ment

Werner Hans: A Complete Indexing Scheme for WAM-based Abstract
Machines

W. Hans, R. Loogen, St. Winkler: On the Interaction of Lazy Evaluation
and Backtracking

Matthias Jarke, Thomas Rose: Specification Management with CAD
Th. Noll, H. Vogler: Top-down Parsing with Simultaneous Evaluation on
Noncircular Attribute Grammars

A. Schuerr, B. Westfechtel: Graphgrammatiken und Graphersetzungssys-
teme(written in german)

Graduiertenkolleg Informatik und Technik (Hrsg.): Forschungsprojekte
des Graduiertenkollegs Informatik und Technik

M. Jarke (ed.): ConceptBase V3.1 User Manual

Clarence A. Ellis, Matthias Jarke (Eds.): Distributed Cooperation in
Integrated Information Systems - Proceedings of the Third International
Workshop on Intelligent and Cooperative Information Systems

1992-19-00 H. Kuchen, R. Loogen (eds.): Proceedings of the 4th Int. Workshop on

the Parallel Implementation of Functional Languages

1992-19-01 G. Hogen, R. Loogen: PASTEL - A Parallel Stack-Based Implementation

of Eager Functional Programs with Lazy Data Structures (Extended
Abstract)

1992-19-02 H. Kuchen, K. Gladitz: Implementing Bags on a Shared Memory MIMD-

Machine
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1992-19-03 C. Rathsack, S.B. Scholz: LISA - A Lazy Interpreter for a Full-Fledged
Lambda-Calculus

1992-19-04 T.A. Bratvold: Determining Useful Parallelism in Higher Order Func-
tions

1992-19-05 S. Kahrs: Polymorphic Type Checking by Interpretation of Code

1992-19-06 M. Chakravarty, M. Kohler: Equational Constraints, Residuation, and
the Parallel JUMP-Machine

1992-19-07 J. Seward: Polymorphic Strictness Analysis using Frontiers (Draft Ver-
sion)

1992-19-08 D. Gértner, A. Kimms, W. Kluge: pi-Red"+ - A Compiling Graph-
Reduction System for a Full Fledged Lambda-Calculus

1992-19-09 D. Howe, G. Burn: Experiments with strict STG code

1992-19-10 J. Glauert: Parallel Implementation of Functional Languages Using
Small Processes

1992-19-11 M. Joy, T. Axford: A Parallel Graph Reduction Machine

1992-19-12 A. Bennett, P. Kelly: Simulation of Multicache Parallel Reduction

1992-19-13 K. Langendoen, D.J. Agterkamp: Cache Behaviour of Lazy Functional
Programs (Working Paper)

1992-19-14 K. Hammond, S. Peyton Jones: Profiling scheduling strategies on the
GRIP parallel reducer

1992-19-15 S. Mintchev: Using Strictness Information in the STG-machine

1992-19-16 D. Rushall: An Attribute Grammar Evaluator in Haskell

1992-19-17 J. Wild, H. Glaser, P. Hartel: Statistics on storage management in a lazy
functional language implementation

1992-19-18 W.S. Martins: Parallel Implementations of Functional Languages

1992-19-19 D. Lester: Distributed Garbage Collection of Cyclic Structures (Draft
version)

1992-19-20 J.C. Glas, R.F.H. Hofman, W.G. Vree: Parallelization of Branch-and-
Bound Algorithms in a Functional Programming Environment

1992-19-21 S. Hwang, D. Rushall: The nu-STG machine: a parallelized Spineless
Tagless Graph Reduction Machine in a distributed memory architecture
(Draft version)

1992-19-22 G. Burn, D. Le Metayer: Cps-Translation and the Correctness of Opti-
mising Compilers

1992-19-23 S.L. Peyton Jones, P. Wadler: Imperative functional programming (Brief
summary)

1992-19-24 W. Damm, F. Liu, Th. Peikenkamp: Evaluation and Parallelization of
Functions in Functional + Logic Languages (abstract)

1992-19-25 M. Kesseler: Communication Issues Regarding Parallel Functional Graph
Rewriting

1992-19-26 Th. Peikenkamp: Charakterizing and representing neededness in func-
tional loginc languages (abstract)

1992-19-27 H. Doerr: Monitoring with Graph-Grammars as formal operational Mod-
els
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1992-19-28 J. van Groningen: Some implementation aspects of Concurrent Clean on

distributed memory architectures

1992-19-29 G. Ostheimer: Load Bounding for Implicit Parallelism (abstract)

1992-20
1992-21
1992-22
1992-23
1992-24
1992-25 *
1992-26 *
1992-27

1992-28 *

1992-29
1992-30

1992-32 *

1992-33 *

1992-34

1992-35

1992-36

1992-37 *

1992-38

1992-39

1992-40 *

1992-41 *

1992-42 *

H. Kuchen, F.J. Lopez Fraguas, J.J. Moreno Navarro, M. Rodriguez
Artalejo: Implementing Disequality in a Lazy Functional Logic Language
H. Kuchen, F.J. Lopez Fraguas: Result Directed Computing in a Func-
tional Logic Language

H. Kuchen, J.J. Moreno Navarro, M.V. Hermenegildo: Independent
AND-Parallel Narrowing

T. Margaria, B. Steffen: Distinguishing Formulas for Free

K. Pohl: The Three Dimensions of Requirements Engineering

R. Stainov: A Dynamic Configuration Facility for Multimedia Commu-
nications

Michael von der Beeck: Integration of Structured Analysis and Timed
Statecharts for Real-Time and Concurrency Specification

W. Hans, St. Winkler: Aliasing and Groundness Analysis of Logic Pro-
grams through Abstract Interpretation and its Safety

Gerhard Steinke, Matthias Jarke: Support for Security Modeling in In-
formation Systems Design

B. Schinzel: Warum Frauenforschung in Naturwissenschaft und Technik
A. Kemper, G. Moerkotte, K. Peithner: Object-Orientation Axiomatised
by Dynamic Logic

Bernd Heinrichs, Kai Jakobs: Timer Handling in High-Performance
Transport Systems

B. Heinrichs, K. Jakobs, K. Lenflen, W. Reinhardt, A. Spinner: Euro-
Bridge: Communication Services for Multimedia Applications

C. Gerlhof, A. Kemper, Ch. Kilger, G. Moerkotte: Partition-Based Clus-
tering in Object Bases: From Theory to Practice

J. Borstler: Feature-Oriented Classification and Reuse in IPSEN

M. Jarke, J. Bubenko, C. Rolland, A. Sutcliffe, Y. Vassiliou: Theories Un-
derlying Requirements Engineering: An Overview of NATURE at Gen-
esis

K. Pohl, M. Jarke: Quality Information Systems: Repository Support for
Evolving Process Models

A. Zuendorf: Implementation of the imperative / rule based language
PROGRES

P. Koch: Intelligentes Backtracking bei der Auswertung funktional-
logischer Programme

Rudolf Mathar, Jiirgen Mattfeldt: Channel Assignment in Cellular Radio
Networks

Gerhard Friedrich, Wolfgang Neidl: Constructive Utility in Model-Based
Diagnosis Repair Systems

P. S. Chen, R. Hennicker, M. Jarke: On the Retrieval of Reusable Soft-
ware Components
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1992-44

1993-01 *
1993-02 *

1993-03

1993-05

1993-06

1993-07 *

1993-08 *

1993-09

1993-10

1993-11 *

1993-12 *

1993-13
1993-14

1993-15

1993-16 *

1993-17 *

1993-18
1993-19

1993-20 *

1993-21

1994-01

W. Hans, St.Winkler: Abstract Interpretation of Functional Logic Lan-
guages

N. Kiesel, A. Schuerr, B. Westfechtel: Design and Evaluation of GRAS,
a Graph-Oriented Database System for Engineering Applications
Fachgruppe Informatik: Jahresbericht 1992

Patrick Shicheng Chen: On Inference Rules of Logic-Based Information
Retrieval Systems

G. Hogen, R. Loogen: A New Stack Technique for the Management of
Runtime Structures in Distributed Environments

A. Ziindorf: A Heuristic for the Subgraph Isomorphism Problem in Ex-
ecuting PROGRES

A. Kemper, D. Kossmann: Adaptable Pointer Swizzling Strategies in
Object Bases: Design, Realization, and Quantitative Analysis
Graduiertenkolleg Informatik und Technik (Hrsg.): Graduiertenkolleg In-
formatik und Technik

Matthias Berger: k-Coloring Vertices using a Neural Network with Con-
vergence to Valid Solutions

M. Buchheit, M. Jeusfeld, W. Nutt, M. Staudt: Subsumption between
Queries to Object-Oriented Databases

O. Burkart, B. Steffen: Pushdown Processes: Parallel Composition and
Model Checking

R. Grole-Wienker, O. Hermanns, D. Menzenbach, A. Pollacks, S. Repet-
zki, J. Schwartz, K. Sonnenschein, B. Westfechtel: Das SUKITS-Projekt:
A-posteriori-Integration heterogener CIM-Anwendungssysteme

Rudolf Mathar, Jirgen Mattfeldt: On the Distribution of Cumulated
Interference Power in Rayleigh Fading Channels

O. Maler, L. Staiger: On Syntactic Congruences for omega-languages
M. Jarke, St. Eherer, R. Gallersdoerfer, M. Jeusfeld, M. Staudt: Con-
ceptBase - A Deductive Object Base Manager

M. Staudt, H.-W. Nissen, M.A. Jeusfeld: Query by Class, Rule and Con-
cept

M. Jarke, K. Pohl, St. Jacobs et al.: Requirements Engineering: An In-
tegrated View of Representation Process and Domain

M. Jarke, K. Pohl: Establishing Vision in Context: Towards a Model of
Requirements Processes

W. Hans, H. Kuchen, St. Winkler: Full Indexing for Lazy Narrowing
W. Hans, J.J. Ruz, F. Saenz, St. Winkler: A VHDL Specification of a
Shared Memory Parallel Machine for Babel

K. Finke, M. Jarke, P. Szczurko, R. Soltysiak: Quality Management for
Expert Systems in Process Control

M. Jarke, M.A. Jeusfeld, P. Szczurko: Three Aspects of Intelligent Co-
operation in the Quality Cycle

Margit Generet, Sven Martin (eds.), Fachgruppe Informatik: Jahres-
bericht 1993
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1994-02

1994-03 *

1994-04 *

1994-05 *

1994-06 *

1994-07

1994-08 *

1994-09 *
1994-11
1994-12
1994-13
1994-14
1994-15 *
1994-16
1994-17
1994-18
1994-19
1994-20 *
1994-21
1994-22
1994-24 *
1994-25 *

1994-26 *

1994-27 *

M. Lefering: Development of Incremental Integration Tools Using Formal
Specifications

P. Constantopoulos, M. Jarke, J. Mylopoulos, Y. Vassiliou: The Software
Information Base: A Server for Reuse

Rolf Hager, Rudolf Mathar, Jiirgen Mattfeldt: Intelligent Cruise Control
and Reliable Communication of Mobile Stations

Rolf Hager, Peter Hermesmann, Michael Portz: Feasibility of Authenti-
cation Procedures within Advanced Transport Telematics

Claudia Popien, Bernd Meyer, Axel Kuepper: A Formal Approach to
Service Import in ODP Trader Federations

P. Peters, P. Szczurko: Integrating Models of Quality Management Meth-
ods by an Object-Oriented Repository

Manfred Nagl, Bernhard Westfechtel: A Universal Component for the
Administration in Distributed and Integrated Development Environ-
ments

Patrick Horster, Holger Petersen: Signatur- und Authentifikationsver-
fahren auf der Basis des diskreten Logarithmusproblems

A. Schiirr: PROGRES, A Visual Language and Environment for PRO-
gramming with Graph REwrite Systems

A. Schiirr: Specification of Graph Translators with Triple Graph Gram-
mars

A. Schiirr: Logic Based Programmed Structure Rewriting Systems

L. Staiger: Codes, Simplifying Words, and Open Set Condition
Bernhard Westfechtel: A Graph-Based System for Managing Configura-
tions of Engineering Design Documents

P. Klein: Designing Software with Modula-3

I. Litovsky, L. Staiger: Finite acceptance of infinite words

G. Hogen, R. Loogen: Parallel Functional Implementations: Graphbased
vs. Stackbased Reduction

M. Jeusfeld, U. Johnen: An Executable Meta Model for Re-Engineering
of Database Schemas

R. Gallersdorfer, M. Jarke, K. Klabunde: Intelligent Networks as a Data
Intensive Application (INDIA)

M. Mohnen: Proving the Correctness of the Static Link Technique Using
Evolving Algebras

H. Fernau, L. Staiger: Valuations and Unambiguity of Languages, with
Applications to Fractal Geometry

M. Jarke, K. Pohl, R. Démges, St. Jacobs, H. W. Nissen: Requirements
Information Management: The NATURE Approach

M. Jarke, K. Pohl, C. Rolland, J.-R. Schmitt: Experience-Based Method
Evaluation and Improvement: A Process Modeling Approach

St. Jacobs, St. Kethers: Improving Communication and Decision Making
within Quality Function Deployment

M. Jarke, H. W. Nissen, K. Pohl: Tool Integration in Evolving Informa-
tion Systems Environments
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1995-01 *
1995-02

1995-03

1995-04

1995-05

1995-06
1995-07

1995-08

1995-09

1995-10

1995-11 *

1995-12 *

1995-13 *

1995-14 *

1995-15 *

1995-16 *

1996-01 *
1996-02

1996-03 *
1996-04
1996-05

1996-06 *

1996-07

O. Burkart, D. Caucal, B. Steffen: An Elementary Bisimulation Decision
Procedure for Arbitrary Context-Free Processes

Fachgruppe Informatik: Jahresbericht 1994

Andy Schiirr, Andreas J. Winter, Albert Ziindorf: Graph Grammar En-
gineering with PROGRES

Ludwig Staiger: A Tight Upper Bound on Kolmogorov Complexity by
Hausdorff Dimension and Uniformly Optimal Prediction

Birgitta Konig-Ries, Sven Helmer, Guido Moerkotte: An experimental
study on the complexity of left-deep join ordering problems for cyclic
queries

Sophie Cluet, Guido Moerkotte: Efficient Evaluation of Aggregates on
Bulk Types

Sophie Cluet, Guido Moerkotte: Nested Queries in Object Bases
Sophie Cluet, Guido Moerkotte: Query Optimization Techniques Ex-
ploiting Class Hierarchies

Markus Mohnen: Efficient Compile-Time Garbage Collection for Arbi-
trary Data Structures

Markus Mohnen: Functional Specification of Imperative Programs: An
Alternative Point of View of Functional Languages

Rainer Gallersdorfer, Matthias Nicola: Improving Performance in Repli-
cated Databases through Relaxed Coherency

M.Staudt, K.von Thadden: Subsumption Checking in Knowledge Bases
G.V.Zemanek, H.W.Nissen, H.Hubert, M.Jarke: Requirements Analy-
sis from Multiple Perspectives: Experiences with Conceptual Modeling
Technology

M.Staudt, M.Jarke: Incremental Maintenance of Externally Materialized
Views

P.Peters, P.Szczurko, M.Jeusfeld: Oriented Information Management:
Conceptual Models at Work

Matthias Jarke, Sudha Ram (Hrsg.): WITS 95 Proceedings of the 5th
Annual Workshop on Information Technologies and Systems

W.Hans, St.Winkler, F.Saenz: Distributed Execution in Functional Logic
Programming

Jahresbericht 1995

Michael Hanus, Christian Prehofer: Higher-Order Narrowing with Defi-
nitional Trees

W.Scheufele, G.Moerkotte: Optimal Ordering of Selections and Joins in
Acyclic Queries with Expensive Predicates

Klaus Pohl: PRO-ART: Enabling Requirements Pre-Traceability

Klaus Pohl: Requirements Engineering: An Overview

M.Jarke, W.Marquardt: Design and Evaluation of Computer—Aided Pro-
cess Modelling Tools

Olaf Chitil: The Sigma-Semantics: A Comprehensive Semantics for Func-
tional Programs
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1996-08 *

1996-09

1996-09-0

1996-09-1

1996-09-2

1996-09-3
1996-09-4

1996-09-5

1996-10

1996-11 *

1996-12 *

1996-13 *

1996-14 *

1996-15 *

1996-16 *

1996-17

1996-18

1996-19 *

1996-20

1996-21 *

1996-22 *

1996-23 *
1997-01

S.Sripada: On Entropy and the Limitations of the Second Law of Ther-
modynamics

Michael Hanus (Ed.): Proceedings of the Poster Session of ALP96 - Fifth
International Conference on Algebraic and Logic Programming
Michael Hanus (Ed.): Proceedings of the Poster Session of ALP 96 -
Fifth International Conference on Algebraic and Logic Programming:
Introduction and table of contents

Ilies Alouini: An Implementation of Conditional Concurrent Rewriting
on Distributed Memory Machines

Olivier Danvy, Karoline Malmkjaer: On the Idempotence of the CPS
Transformation

Victor M. Gulias, José L. Freire: Concurrent Programming in Haskell
Sébastien Limet, Pierre Réty: On Decidability of Unifiability Modulo
Rewrite Systems

Alexandre Tessier: Declarative Debugging in Constraint Logic Program-
ming

Reidar Conradi, Bernhard Westfechtel: Version Models for Software Con-
figuration Management

C.Weise, D.Lenzkes: A Fast Decision Algorithm for Timed Refinement
R.Domges, K.Pohl, M.Jarke, B.Lohmann, W.Marquardt: PRO-
ART/CE* — An Environment for Managing the Evolution of Chemical
Process Simulation Models

K.Pohl, R.Klamma, K.Weidenhaupt, R.Domges, P.Haumer, M.Jarke: A
Framework for Process-Integrated Tools

R.Gallersdérfer, K.Klabunde, A.Stolz, M.Efimajor: INDIA — Intelligent
Networks as a Data Intensive Application, Final Project Report, June
1996

H.Schimpe, M.Staudt: VAREX: An Environment for Validating and Re-
fining Rule Bases

M.Jarke, M.Gebhardt, S.Jacobs, H.Nissen: Conflict Analysis Across Het-
erogeneous Viewpoints: Formalization and Visualization

Manfred A. Jeusfeld, Tung X. Bui: Decision Support Components on the
Internet

Manfred A. Jeusfeld, Mike Papazoglou: Information Brokering: Design,
Search and Transformation

P.Peters, M.Jarke: Simulating the impact of information flows in net-
worked organizations

Matthias Jarke, Peter Peters, Manfred A. Jeusfeld: Model-driven plan-
ning and design of cooperative information systems

G.de Michelis, E.Dubois, M.Jarke, F.Matthes, J.Mylopoulos, K.Pohl,
J.Schmidt, C.Woo, E.Yu: Cooperative information systems: a manifesto
S.Jacobs, M.Gebhardt, S.Kethers, W.Rzasa: Filling HTML forms simul-
taneously: CoWeb architecture and functionality

M.Gebhardt, S.Jacobs: Conflict Management in Design

Michael Hanus, Frank Zartmann (eds.): Jahresbericht 1996
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1997-03

1997-04

1997-05 *

1997-06

1997-07

1997-08

1997-09

1997-10

1997-11 *

1997-13

1997-14

1997-15

1998-01 *

1998-02

1998-03

1998-04 *

1998-05

1998-06 *

1998-07

1998-09 *

1998-10 *

Johannes Faassen: Using full parallel Boltzmann Machines for Optimiza-
tion

Andreas Winter, Andy Schiirr: Modules and Updatable Graph Views for
PROgrammed Graph REwriting Systems

Markus Mohnen, Stefan Tobies: Implementing Context Patterns in the
Glasgow Haskell Compiler

S.Gruner: Schemakorrespondenzaxiome unterstiitzen die paargramma-
tische Spezifikation inkrementeller Integrationswerkzeuge

Matthias Nicola, Matthias Jarke: Design and Evaluation of Wireless
Health Care Information Systems in Developing Countries

Petra Hofstedt: Taskparallele Skelette fiir irregular strukturierte Prob-
leme in deklarativen Sprachen

Dorothea Blostein, Andy Schiirr: Computing with Graphs and Graph
Rewriting

Carl-Arndt Krapp, Bernhard Westfechtel: Feedback Handling in Dy-
namic Task Nets

Matthias Nicola, Matthias Jarke: Integrating Replication and Commu-
nication in Performance Models of Distributed Databases

R. Klamma, P. Peters, M. Jarke: Workflow Support for Failure Manage-
ment in Federated Organizations

Markus Mohnen: Optimising the Memory Management of Higher-Order
Functional Programs

Roland Baumann: Client/Server Distribution in a Structure-Oriented
Database Management System

George Botorog: High-Level Parallel Programming and the Efficient Im-
plementation of Numerical Algorithms

Fachgruppe Informatik: Jahresbericht 1997

Stefan Gruner, Manfred Nagel, Andy Schiirr: Fine-grained and
Structure-Oriented Document Integration Tools are Needed for Devel-
opment Processes

Stefan Gruner: Einige Anmerkungen zur graphgrammatischen Spezifika-
tion von Integrationswerkzeugen nach Westfechtel, Janning, Lefering und
Schiirr

O. Kubitz: Mobile Robots in Dynamic Environments

Martin Leucker, Stephan Tobies: Truth - A Verification Platform for
Distributed Systems

Matthias Oliver Berger: DECT in the Factory of the Future

M. Arnold, M. Erdmann, M. Glinz, P. Haumer, R. Knoll, B. Paech, K.
Pohl, J. Ryser, R. Studer, K. Weidenhaupt: Survey on the Scenario Use
in Twelve Selected Industrial Projects

Th. Lehmann: Geometrische Ausrichtung medizinischer Bilder am
Beispiel intraoraler Radiographien

M. Nicola, M. Jarke: Performance Modeling of Distributed and Repli-
cated Databases
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1998-11 *

1998-12 *

1998-13

1999-01 *
1999-02 *

1999-03 *
1999-04

1999-05 *

1999-06 *

1999-07
1999-08

2000-01 *
2000-02

2000-03

2000-04

2000-05

2000-06

2000-07 *

2000-08

2001-01 *
2001-02

2001-03
2001-04

2001-05
2001-06

2001-07

Ansgar Schleicher, Bernhard Westfechtel, Dirk Jager: Modeling Dynamic
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