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Ph.D. Summary: Verification of Transformations on Array-Intensive Source Code by Equivalence Checking K.C. Shashidhar∗ Interuniversitair Micro-Elektronica Centrum (IMEC) vzw, Belgium and Departement Computerwetenschappen, Katholieke Universiteit Leuven, Belgium. We present a method for automatic verification of source code transformations by checking the inputoutput equivalence of the original and the transformed programs.



Motivation Application of program transformations is presently a necessity in many application areas like, mobile computing and communicating systems, scientific computing, etc. This is mainly due to the semantic gap between software and hardware, that is ever widening. Optimizing compilers, however sophisticated, are not able to efficiently bridge this gap. System designers, based on a know-how of the application, are applying program transformations to achieve an efficient implementation of the software on the hardware. Consequently, when transformations are applied, it is necessary that they are applied correctly. Correctly applied transformations preserve the functional behavior of the original program in the transformed program. Time consuming and incomplete testing is employed presently to check this. It is desirable to replace this with a fast, automatic and complete method.



Focus A pragmatic approach to the motivated verification problem is to check the functional equivalence of the original and the transformed programs. But program equivalence is, in general, well-known to be undecidable. Therefore, it is necessary to focus the problem to a decidable set of programs and transformations, that are still relevant to the application area of interest. In signal processing and scientific applications, structured, imperative, array-intensive programs are common. The critical functions requiring rigorous optimization in these programs are often restricted to a program class with certain properties, viz., (a) single-assignment form, (b) affine expressions in the subscripts of arrays and loop bounds, (c) no pointer referencing; and (d) simple data dependent control-flow. On the one hand, these properties make it easier to analyze and transform the programs, and on the other, there are automatic methods that can convert programs, seen in practice, to have these properties. When programs are in this class, it is decidable to check their equivalence under important program transformations like (1) loop transformations, (2) expression propagations; and (3) algebraic transformations. ∗ [email protected]



These transformations are commonly applied in order to achieve dramatic reductions in accesses to the data memory, and hence, the running time and energy consumption of the programs. Our method targets the mentioned class of programs and transformations.



Solution The developed verification method [1, 2] comprises of (1) an equivalence checking method that takes the original and the transformed programs as input and checks whether the two programs are functionally input-output equivalent; and (2) an integrated error diagnostics generating method that helps to debug an erroneously transformed program. The equivalence checking method is based on reasoning on the data dependencies in the two programs. It uses a program representation called an array data dependency graph (ADDG) that captures all the data dependencies in a program in closed form at the level of operators in its statements. Based on a synchronized traversal on the ADDGs of the original and the transformed programs, the method checks that they both have (I) identical sequences of operators and (II) identical data dependencies, for each corresponding paths in the computation between the observable variables. This is a sufficient condition for equivalence and the ADDGs can be suitably normalized under the considered transformations to check this condition. When the checking fails, the method suitably localizes the error with respect to the text of the transformed program. The method has many features that make it efficient to use in practice. The verification is fully automatic and oblivious of the type, number and order of particular transformations that have been applied on the original program. We have implemented the method in a prototype tool that accepts programs in C language. With this tool, it is possible to verify transformations on reallife program codes in the order of only a few seconds.



References [1] K. C. Shashidhar, M. Bruynooghe, F. Catthoor and G. Janssens. Functional Equivalence Checking for Verification of Algebraic Transformations on Array-Intensive Source Code. To appear in DATE, 2005. [2] ——. Automatic Functional Verification of Memory Oriented Global Source Code Transformations. IEEE International High Level Design Validation and Test Workshop (HLDVT), 2003, pp. 31-36.
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