Evaluation of Existing Cache Designs Implemented as an IRAM

Christof oros E. Kozyrakis and Helen J . Wang University of California - Berkeley

http://HTTP.CS.Berkeley.EDU/~kozyraki/project/cs252/

Sort

Methodology

• Use existing processor/cache architectures to estimate the IRAM performance of similar organizations.

• Architectures used for the evaluation :

• 21064 Alpha : simple in-order-execution • Pentiun Pro : aggressive out-of-order and speculative execution • Use hardware counters to profile execution time instead of simulation:

• more accurate and faster • easier to program • able to capture more events

Benchmarks

Benchmark Characteristics gcc from SPEC95 suite (reference input) vortex from SPEC95 suite (reference input) ijpeg from SPEC95 suite (reference input) m88ksim from SPEC95 suite (reference input) li from SPEC95 suite (reference input) perl from SPEC95 suite (reference input) go from SPEC95 suite (reference input) compress from SPEC95 suite (reference input) linpack 1000x1000 linear equation solver (double precision) mpeg_encode encodes 48 720x480 color frames into a mpeg video file sort disk-to-disk sort of 100-bytes records in a 21 MB database

Motivation

• Evaluate the expected performance of IRAM as a function of logic, SRAM and DRAM speedup/slowdown in a DRAM process.

• Estimate whether there is a benefit from using a complex processor/cache architecture for an IRAM system instead a simple one.

Time Components Mpeg_encode Linpack Spec95INT

IRAM Alpha vs. P entium Pr o

Sort

Linpack

Effect of Off-Chip Accesses Conclusions

• For memory intensive applications, IRAM can have significant speedup (up to 1.9x for Linpack) for optimistic and intermediate factor values, and comparable performance for pessimistic values .

• For CPU intensive applications, IRAM performs equally well for optimistic values, but has significant slowdown for the rest of them.

• The speedup of a simple architecture is bigger than that of a complex one. In addition, an IRAM implementation of a simple architecture can perform close to or even better than the conventional complex one.

• Off-chip access cost in IRAM affects the overall performance.

Alpha Pentium Pr o

Performance F actors

Factor

Optimistic Slowdown

Pessimistic Slowdown Logic 1 2 SRAM 1.1 1.3 DRAM 0.1 0.2

Alpha 21064

Pentium Pr o

IRAM Or ganization

• Processor • On-chip L1 I-D Caches • On-Chip DRAM • Off-Chip DRAM • No L2 cache

Question: Can IRAM hav e an overall performance advantage despite the possible logic slo wdown in a DRAM process?