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Redundancy Optimization for Error Recovery in Digital Microfluidic Biochips

Microfluidic-based biochips are replacing the conventional biochemical analyzers, and are able to integrate all the
necessary functions for biochemical analysis. The digital microfluidic biochips are based on the manipulation of liquids not
as a continuous flow, but as discrete droplets. Researchers have proposed approaches for the synthesis of digital
microfluidic biochips, which, starting from a biochemical application and a given biochip architecture, determine the
allocation, resource binding, scheduling, placement and routing of the operations in the application. During the execution
of a bioassay, operations could experience transient errors (e.g., erroneous droplet volumes), thus impacting negatively
the correctness of the application. Researchers have proposed fault-tolerance approaches, which apply predetermined
recovery actions at the moment when errors are detected. In this paper, we propose an online recovery strategy, which
decides during the execution of the biochemical application the introduction of the redundancy required for fault-tolerance.
We consider both time redundancy, i.e., re-executing erroneous operations, and space redundancy, i.e., creating
redundant droplets for fault-tolerance. Error recovery is performed such that the number of transient errors tolerated is
maximized and the timing constraints of the biochemical application are satisfied. The proposed redundancy optimization
approach has been evaluated using several benchmarks.
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