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SAM: A Fault-Tolerant Scalable Address Mapping Method in Last-Level Cache

LI Chong-Min WANG Dong-Sheng WANG Hai-Xia XUE Yi-Bo

(Tsinghua National Laboratory for Information and Technology ., Beijing 100084)

Abstract  With the advance of semiconductor technology, more than 60% area of chip multipro-
cessor may be dedicated to on-chip cache memory. Due to shrinking feature sizes and decreasing
voltage, on-chip caches are more vulnerable to faults including recoverable soft errors and unre-
coverable erratic bit failures. Conventional fault tolerance techniques mainly focus on the protec-
tion of single cache module. For a cache hierarchy with hundreds of modules, there is a considera-
ble probability that one or more cache modules fail even if the fault probability of single module is
relatively low. In this paper we propose Scalable Address Mapping (SAM) method which sup-
ports an efficient and flexible mapping mechanism for the cacheable address space and improves
the LLC reliability. SAM can reconstruct the LLC memory hierarchy. If there is at least one
functional LLC module left on-chip, SAM can maintain the system operating correctly. SAM can
be used in both shared and cluster cache organizations. A reorganization algorithm is proposed
which can adaptively change the region size for cluster organizations. When the number of fault
LLC modules increase, SAM adjusts the region numbers in LLC to alleviate capacity stresses.
Simulation results show that SAM can successfully keep system functional under various cache

fault situations, while sustaining graceful average performance degradation.
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the system. Despite recent advances aimed at improving the
efficiency of single cache module, little attention has been
paid to reliability of multiple LLC modules as a whole.

In this paper, we propose Scalable Address Mapping
(SAM) method which can perform a flexible address map-
ping of the cacheable address space at large scale. When
there is a hard fault in an LLC module, SAM can reconstruct
the cacheable address space by reassigning the missing ad-
dress space to other functional modules. SAM can greatly
improve the reliability of LLC. In extreme cases, SAM can
guarantee that the system functions until all LLC modules
except one fail. Both shared and cluster organizations can use
SAM. A reorganization algorithm is proposed to dynamically
choose an appropriate cache region size and to achieve grace-
ful performance degradation. SAM is orthogonal to other
fault-tolerant cache techniques to extend the lifetime of LLC.
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