Page 1cs252 20.1� Patterson 1994Review: Reducing Miss Penalty Summary¥5 techniques—Read priority over write on miss—Subblock placement—Early Restart and Critical Word First on miss—Non-blocking Caches (Hit Under Miss)—Second Level Cache¥Can be applied recursively to Multilevel Caches—Danger is that time to DRAM will grow with multiple levels in betweencs252 20.2� Patterson 1994L2 cache block size & A.M.A.T.¥32KB L1, 8 byte path to memory

Relative CPU Time Block Size 11 . 1 1 . 2 1 . 3 1 . 4 1 . 5 1 . 6 1 . 7 1 . 8 1 . 9 21 6 3 2 6 4 1 2 8 2 5 6 5 1 2 1 . 3 61 . 2 81 . 2 71 . 3 41 . 5 41 . 9 5

Page 2cs252 20.3� Patterson 1994Impact of What You�ve Learned About Caches?¥1960-1985: Speed = f(no. operations)¥1995—Pipelined Execution & Fast Clock Rate—Out-of-Order completion—Superscalar Instruction Issue¥1995: Speed = f(non-cached memory accesses)¥What does this mean to—Compilers?,Operating Systems?, Algorithms? Data Structures?

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 20.4� Patterson 1994Review: Improving Cache Performance1. Reduce the miss rate, 2. Reduce the miss penalty, or3. Reduce the time to hit in the cache.

Page 3cs252 20.5� Patterson 19941. Fast Hit times via Small and Simple Caches¥Why Alpha 21164 has 8KB Instruction and 8KB data cache + 96KB second level cache¥Direct Mapped, on chipcs252 20.6� Patterson 19942. Fast hits by Avoiding Address Translation¥Send virtual address to cache? Called Virtually Addressed Cache or just Virtual Cache vs. Physical Cache—Every time process is switched logically must flush the cache; otherwise get false hits¨Cost is time to flush + �compulsory� misses from empty cache—Dealing with aliases (sometimes called synonyms); 2 different virtual address to same physical address—I/O must interact with cache, so need virtual address¥Solution to aliases—HW that guarantees� that every cache block has unique physical address—SW guarantee�: lower n bits must have same address; as long as covers index field & direct mapped, they must be unique;called page coloring¥Solution to cache flush; add process identifier tag that identifies process as well as address within process: can�t get a hit if wrong process

Page 4cs252 20.7� Patterson 19942. Avoiding Translation: Process ID impact¥Black is uniprocess¥Gray is multiprocess when flush cache¥White is multiprocess when use Process ID tag¥Y axis: Miss Rates up to 20%¥X axis: Cache size from 2 KB to 1024 KBL a y e r 1

Page 5cs252 20.9� Patterson 19943. Fast Hit times via Pipelined Writes¥Pipeline Tag Check and Update Cache as separate stages; current write tag check & previous write cache update ¥Only Write in the pipeline; empty during a miss¥In color is Delayed Write Buffer; must be checked on reads; either complete write or read from buffer

bi = xmodai,0 ≤ bi < ai,0 ≤ x< a0 × a1× a2×…