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The advances in reliability, generality and interdisciplinary nature of the new computational 
methods derived in recent years are primary result of a holistic approach to computational modeling. 
The use of advanced software technologies is playing a central role in the process that leads to the 
ultimate goal, i.e. a complete automation of computational modeling. The problem of automation of 
computational methods has been explored by researches from the fields of mathematics, computer 
science and computational mechanics, resulting in a variety of approaches (e.g. a hybrid object-
oriented approach [1] and a hybrid symbolic-numeric approach [5]) and available software tools (e.g. 
computer algebra systems, automatic differentiation tools [2], problem solving environments and 
numerical libraries). Automation can address all steps of the finite element solution procedure from 
the strong form of boundary-value problem to the presentation of results [6], but more often it is used 
only for the automation of the selected steps of the whole procedure. The paper presents a hybrid 
symbolic-numeric approach to automation of primal as well as sensitivity analysis [3]. The hybrid 
symbolic-numeric approach employs general-purpose automatic code generator [7] to derive and code 
characteristic finite element quantities (e.g residual vector and stiffness matrix) at the level of 
individual finite element and a general-purpose finite element environment to solve the global 
problem. The automatic code generation approach presented combines a symbolic system 
Mathematica, an automatic differentiation technique with the simultaneous expression optimisation 
and an automatic generation of program code in a selected compiled language. 

 The automation of the finite element methods should not be restricted only to the repetition of the 
same procedures that are normally done manually on a sheet of paper. The true advantages of 
automation become apparent only if the description of the problem, the notation and the mathematical 
apparatus used are changed as well. It is demonstrated in the paper that this can be achieved using the 
automatic differentiation technique. The automatic differentiation technique is based on the fact that 
every computer program executes a sequence of elementary operations with known derivatives, thus 
allowing the evaluation of exact derivatives via the chain rule for an arbitrary complex formulation 
[2].  Therefore, the automatic differentiation is a method to evaluate the derivative of a function 
specified by a computer program and represents an alternative to the classical manual derivation of 
derivatives. Recent advances in development of automatic differentiation technique, especially the 
backward mode implementation of the code-to-code approach to automatic differentiation, have 
rejected the traditional assumption that automatic differentiation is impracticable and that the 
automatic differentiation based numerical codes are intrinsically too slow for large-scale numerical 
computations. However, as powerful as automatic differentiation technique is, the results of the 
automatic differentiation procedure might not automatically correspond to the specific mathematical 
formalism used to describe the mechanical problem. The essential feature of the proposed approach is 
that it extends the classical formulation of automatic differentiation technique by additional operators 
defining exceptions in automatic differentiation procedure. Based on these operators a new notation is 
introduced, representing a bridge between the classical mathematical notation of computational 
models and the actual algorithmic implementation of finite elements. Thus, the basis for the proposed 
automation of computational modeling is an automatic differentiation based form or ADB form of 
basic equations used to describe the problem. The introduced notation does not only simplify the 
derivation of the corresponding equations, but also reflects much more closely the actual algorithmic 
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implementation. In this way, the mathematical formulation and computer implementation become 
indistinguishable. 

The automatically generated code is numerically efficient if the number of functions to 
differentiate and the number of calls to automatic differentiation procedure are kept to a minimum. 
One of the consequences of this rule is that, in general, formulations where the element residual vector 
is derived as a gradient of scalar function, e.g. variational potential, lead to a more efficient numerical 
code than those based on weak form of the equilibrium equations where the variation of the kinematic 
quantities, e.g. strain tensor or tangential gap vector, requires differentiation of several scalar 
functions. Thus, the possibility of transforming the weak form into the “pseudo-potential” scalar 
function is worth exploring. The pseudo-potential has to be formed in a way that automatic 
differentiation of the pseudo-potential accompanied with the proper automatic differentiation 
exceptions leads to the correct equations of the problem. 

The paper demonstrates on several examples direct consequences of using automatic 
differentiation exceptions on how the mechanical problem and a corresponding numerical model are 
postulated and solved. The ADB form of the problem description is rather straightforward for e.g. 
total-Lagrangian displacement-based finite element formulation of hyperelastic problems. However, it 
can be nontrivial for e.g. spatial formulation of finite strain elasto-plastic finite elements. The ADB 
form is presented for a general formulation of primal and sensitivity analysis of coupled transient 
problems; total-Lagrangian and spatial formulation of elastic, hyperelastic, small and finite strain 
elasto-plastic problems; nonconservative forces; derivation of geometric tangent matrix needed within  
the solution of linear-buckling problems;  frictional contact problems with penalty and augmented 
Lagrangian constraints and extended system model for direct determination of bifurcation and limit 
points. It is shown that the numerical efficiency of automatically derived program codes based on 
ADB notation is comparable to that of the manually coded finite elements. 
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