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Conventional L1 DC Access
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Energy Usage of a 4-way L1 Data Cache
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Energy Breakdown of an Embedded Processor
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Phased L1 DC Access
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Phased L1 DC Performance Overhead
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Context Aware Loads — Case0
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Context Aware Loads — Case1
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Context Aware Loads — Case2
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Context Aware Loads — Case2
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Context Aware Loads — Case3
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Context Aware Loads — Case3
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Context Aware Loads — Cases 0-3
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Context Aware Loads — Pipeline
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Strided Accesses
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Strided Accesses — Strided Access Structure
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Context Aware Loads — Case4
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Context Aware Loads — Case5
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Context Aware Loads — Case6
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Context Aware Loads — Case7
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Context Aware Loads — Cases 4-7
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Context Aware Loads — Pipeline
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Instruction Format

meminfoopcode rs rt immediate

(b) Enhanced Load and Store Instruction Format

14−n bits2+n bits5 bits5 bits6 bits

opcode rs rt

(a) MIPS Instruction I Format

immediate

16 bits5 bits5 bits6 bits



Evaluation Framework

• VPO compiler
• MiBench
• Simple Scalar
• L1 DC: 16KiB, 4-way, 32-byte line
• DTLB: 16 entries, fully associative
• Energy: P&R netlist in 65-nm technology



SAS Entries
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Classification of Loads and Stores

Memory Access Classifications
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Per Case

Memory Access Classifications
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Per Case

Memory Access Classifications
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Energy Improvements
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On average 43% energy usage reduction
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Execution Time Improvements

Benchmarks
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Summary

• Conventional associative L1 caches are power hungry
• Context aware data accesses reduce L1 data cache power
• Speculative and early tag access improves performance

• 43% reduction in L1 data cache and DTLB energy usage
• 6% performance improvement
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