Page 1RHK.S96 1Lecture 18: Memory Hierarchy�Main Memory and Enhancing its PerformanceProfessor Randy H. KatzComputer Science 252Spring 1996RHK.S96 2Review: Reducing Miss Penalty Summary

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 —

Page 2RHK.S96 3Review: Improving Cache Performance1. Reduce the miss rate, 2. Reduce the miss penalty, or3. Reduce the time to hit in the cacheFast hit times by small and simple cachesFast hits via avoiding virtual address translationFast hits via pipelined writesFast writes on misses via small subblocks

Technique MR MP HT Complexity

Larger Block Size + — 0 Higher Associativity + — Pseudo-Associative Caches + 2 HW Prefetching of Instr/Data + 2 Compiler Controlled Prefetching + 3 Compiler Reduce Misses + 0 + + 1 Early Restart & Critical Word 1st + 2 Non-Blocking Caches + 3 Second Level Caches + 2 Avoiding Address Translation + 2 Pipelining Writes + 1

Page 3RHK.S96 5Review: What is the Impact of What You�ve Learned About Caches?¥1960-1985: Speed = ~(no. operations)¥1995—Pipelined

Out-of-Order

completion — Superscalar

Instruction Issue ¥ 1995: Speed =

~(non-cached memory accesses) ¥ What does this mean to — Compilers?,Operating Systems?, Algorithms? Data Structures?

11 01 0 01 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 0DRAMCPURHK.S96 6Main Memory Background¥Performance of Main Memory: —Latency: Cache Miss Penalty¨Access Time: time between request and word arrives¨Cycle Time: time between requests—

Bandwidth: I/O & Large Block Miss Penalty (L2)

Dynamic since needs to be refreshed periodically (8 ms) — Addresses divided into 2 halves (Memory as a 2D matrix): ¨ RAS or

Row Access Strobe ¨ CAS or Column Access Strobe ¥ Cache uses SRAM

: Static Random Access Memory — Size

: DRAM/SRAM » 4-8 , Cost/Cycle time

: SRAM/DRAM » 8-16

Page 4RHK.S96 7Main Memory Performance¥Simple: —CPU, Cache, Bus, Memory same width (32 bits)¥Wide: —

bits) ¥ Interleaved : — CPU, Cache, Bus 1 word:

Memory N Modules

(4 Modules); example is

word interleaved