Page 1cs252 15.1� Patterson 1994Who Cares about the Memory Hierarchy?¥Processor Only Thus Far in Course:—CPU cost/performance, ISA, Pipelined Execution CPU-DRAM Gap¥1980: no cache in mproc; 1995 2-level cache, 60% trans. on Alpha 21164 mproc

11 0 1 0 0 1 0 0 0

1 9 8 0

1 9 8 1

1 9 8 2

1 9 8 3

1 9 8 4

1 9 8 5

1 9 8 6

1 9 8 7

1 9 8 8

1 9 8 9

1 9 9 0

1 9 9 1

1 9 9 2

1 9 9 3

1 9 9 4

1 9 9 5

1 9 9 6

1 9 9 7

1 9 9 8

1 9 9 9

2 0 0 0DRAMCPUcs252 15.2� Patterson 1994General Principles¥Locality—Temporal Locality: referenced again soon—Spatial Locality: nearby items referenced soon¥Locality + smaller HW is faster = memory hierarchy—levels: each smaller, faster, more expensive/byte than level below—inclusive: data found in top also found in the bottom¥Definitions—Upper is closer to processor—block: minimum unit that present or not in upper level—address = Block frame address + block offset address—Hit time: time to access upper level, including hit determination

Page 2cs252 15.3� Patterson 1994Cache Measures¥Hit rate: fraction found in that level—So high that usually talk about Miss rate—Miss rate fallacy: as MIPS to CPU performance, miss rate to average memory access time in memory ¥Average memory-access time = Hit time + Miss rate x Miss penalty (ns or clocks)¥Miss penalty: time to replace a block from lower level, including time to replace in CPU—access time: time to lower level = f(lower level latency)—transfer time: time to transfer block =f(BW upper & lower)cs252 15.4� Patterson 1994Block Size vs. Cache Measures¥Increasing Block Size generally increases Miss Penalty� and decreases Miss RateBlock SizeBlock Size

Page 3cs252 15.5� Patterson 1994Implications to CPU¥Fast hit check since every memory access¥Non-predicatable memory access time—10s of clock cycles: wait—1000s of clock cycles: interrupt & switch & do something else¥How handle miss (10s => HW, 1000s => SW)cs252 15.6� Patterson 19944 Questions for Memory Hierarchy¥Q1: Where can a block be placed in the upper level? (Block placement)¥Q2: How is a block found if it is in the upper level? (Block identification)¥Q3: Which block should be replaced on a miss? (Block replacement)¥Q4: What happens on a write? (Write strategy)

Page 4cs252 15.7� Patterson 1994Q1: Where can a block be placed in the upper level? ¥Block 12 placed in 8 block cache:—Fully associative, direct mapped, 2-way set associative—S.A. Mapping = Block Number Modulo Number Sets

CPUtime = (CPUexecution clock cycles+ Memory stall clock cycles)× Clock cycle time Memory stall clock cycles= Reads× Read miss rate × Read miss penalty +Writes× Write miss rate × Write miss penalty Memory stall clock cycles= Memory accesses × Miss rate × Miss penalty CPUtime = IC× CPI_{Execution} + Memory accesses Instruction × Miss rate × Miss penalty

× Clock cycle time Misses Instruction =

Memory accesses Instruction × Miss rate CPUtime = IC× CPI_{Execution} + MissesInstruction × Miss penalty

× Clock cycle time