MATRIX CODE BASED ERROR DETECTION AND CORRECTION FOR MATRIX COMPUTATION IN SYSTOLIC ARRAY 

Abstract

Matrix multiplication has always been a cornerstone in computer science. In fact, linear algebra tools permeate a wide variety of applications: from weather forecasting, to financial market prediction, radio signal processing, computer vision, and more. Since many of the aforementioned applications typically impose strict performance and/or fault tolerance constraints, the demand for fast and reliable matrix multiplication (MxM) is at an all-time high. Unfortunately, matrix computing devices are prone to experiencing radiation-induced faults, potentially manifesting as errors and failures at the application and system level, respectively. Typically, increased reliability is achieved through redundancy. To prevent multi bit upset from causing data corruption, more error correction codes are widely used to protect memory. Matrix codes proposed for memory protection helps in improving error correction capabilities. The divide-symbol is proposed to enhance memory reliability with lower delay overhead. Moreover, the encoder-reuse technique (ERT) is proposed to minimize the area overhead of extra circuits without disturbing the whole encoding and decoding processes. Based on a thorough analysis of the fault model, we propose an error detection and correction technique for MxM that decreases both algorithmic and architectural costs by over a polynomial degree, when compared to existing algorithm-based strategies. Furthermore, we report arithmetic overheads at the application level to be under 1% for three state-of-the-art applications which involves matrix multiplication.

