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Abstract
In the realm of modern computing, cache memory serves as an essential intermediary, mitigating the speed disparity
between rapid processors and slower main memory. Central to this study is the development of an innovative cache
controller for a 4-way set associative cache, meticulously crafted using VHDL and structured as a Finite State Machine. This
controller efficiently oversees a cache of 256 bytes, with each block encompassing 128 bits or 16 bytes, organized into four
sets containing four lines each. A key feature of this design is the incorporation of the Tree Pseudo Least Recently Used
(PLRU) algorithm for cache replacement, a strategic choice aimed at optimizing cache performance. The effectiveness of
this controller was rigorously evaluated using ModelSim, which generated a comprehensive timing diagram to validate the
design's functionality, especially when integrated with a segmented main memory of four 1KB banks. The results from this
evaluation were promising, showcasing precise logic outputs within the timing diagram. Operational efficiency was
evidenced by the controller's swift processing speeds: read hits were completed in a mere three cycles, read misses in five
and a half cycles, and both write hits and misses in three and a half cycles. These findings highlight the controller's
capability to enhance cache memory efficiency, striking a balance between the complexities of set-associative mapping and
the need for optimized performance in contemporary computing systems. This study not only demonstrates the potential of
the proposed cache controller design in bridging the processor-memory speed gap but also contributes significantly to the
field of cache memory management by offering a viable solution to the challenges posed by traditional cache configurations.
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