Evaluation and Comparison of Existing

Cache Des igns Im plemented as an IRAM

http://www.cs.berkeley.edu/~kozyraki/ project/cs252

Christ oforos E. Kozyr akis and Helen J. Wa ng

Intelligent RAM

¯ Integrat ion of l ogic and mem ory in a single DRAM

chip:

˘ lower memory latency

˘ higher memory bandwi dth

˘ higher energy efficiency, flexible memory granularity,

board space savi ngs

¯ Potential Drawback:

˘ logic slowdown in a DRAM process.

Motivation

¯ Evaluate the expe cted performance of IRAM as a

function of logi c, SRAM and DRAM speed i n a

DRAM process. In which cases does IRAM have

a performance advantage?

¯ Compare the IRAM implement ati ons of a simpl e

and a complex processor/cache architecture.

Whi ch one is more appropriate for IRAM?

Performance Fact ors

Factor Optimistic

Slowdown

Pessimistic

Slowdown

Logic 1 2

SRAMaccess 1.1 1.3

DRAM access 0.1 0.2

¯ All factors expressed as slowdown for uniformity.

IRAM Organization

¯ Processor core.

¯ On-c hip SRAM I/D caches for perfor mance

reas ons.

¯ On-c hip DRAM.

¯ No SRAM L2 cac he needed beca use on-chip

DRAM equally fas t.

¯ IRAM impl ementations of Al pha and P6: same

organizations in a DR AM chip, with no L2 cache.

Methodology

¯ Use two existing architectures to evaluate t he

IRAM perf ormance of similar organizations : t he

Alpha 21064 and the Pe ntium Pro.

¯ Analytical model for e xecut ion time calculati on of

IRAM impl ementations:

Time = processor time component * logic slowdown +

(L1 m iss count * original memory access cost )/

DRAM speedup

Measurement Met hod

¯ Monit or execution using hardware performance

count ers:

˘ capture processor and mem ory event s

˘ no interference

˘ more accurate measurements

˘ faster and easier than simulation

¯ Data collection based on:

˘ interrupt handling on counter overflow (Alpha)

˘ reading the actual values of the counters (P6)

Processor Characteristics

Alph a 21064 Pen t ium Pro

Year 1992 1996 (Q4)

Ar ch i tectu r e Alpha I A-32

C l o ck sp eed 133M Hz 200M Hz

Pi p el i n e stag es (i n t, fp ) 7, 10 14, 16

I ssu e r ate 2 3

Ou t o f o r d er i ssu e no y es

L 1 I cach e 8KB (D M ) 8K (4-way )

L 1 D cach e 8KB (D M ) 8K (2-way )

L 2 C ach e 256KB (off-c hip) 256KB (off-c hip)

Mem o r y l at en cy (L 1/ L 2/ D R AM) 22. 5ns / 52. 5ns / 266. 5ns 15ns / 35ns / 285ns

T r an si st o r s 1. 7M 5. 5M

D i e si z e 234mm2 306 mm2

T ech n o l o g y 0. 75um C M OS 0. 35um Bi C M OS

SP EC i n t 92 74. 7 320

SP EC fp 92 112. 5 283

Benchmarks

B enchm ar k C haracte ristics

gcc, vort ex, ijpeg,

li, m 88k sim , perl,

go, co m pres s

Fr om SPE C95 s uite (reference

input)

lin pack 100 0x10 00 lin ear equation s olver

(do uble p recis ion)

m peg_ en c ode E ncodes 4 8 720x 480 color fram es

into a m peg video file

sort D is k-to-d is k so rt of 1 00-by te s

records in a 21 M B datab a se

¯ Benchmarks selected fromvarious fields of applicationswith different

resource requirements.

Performance Evaluation

¯ Progr am execution time analys is.

¯ Speedup of I RAM over conventional

impl eme ntat ions.

¯ Performance comparison of IRAM Alpha and

IRAM P6.

¯ Performance comparison of IRAM Alpha and

original P6.

¯ Effect of off-chip a ccesses in IRAM.

¯ Effect of IRAM on specific pr ogram components.

Time Components

¯ Sort and Linpack are mem ory intensi ve, others are CPU int ensive

Kernel/User t ime distribution

¯ Only sort spends more than 10% in kernel mode.

Sort: IRAM Vs. Convent ional

¯ Speedup > 1 when the logic slowdown factor < 1.5.

¯ Maximum Speedup: 1.32 (Alpha), 1.5 (P6).

Alpha

P6

Linpack: IRAM Vs. Conventional

Alpha P6

¯ Alpha: speedup for all factor val ues, maximum 1.95.

¯ P6: speedup for logic slowdown < 1.4, maximum 1.57.

Mpeg_encode: IRAM Vs. Convent ional

Alpha

P6

¯ Performance comparable only for almost no logic slowdown.

¯ Maximum performance degradation i s 0.5!

¯ Reason: CPU int ensive application.

SPECint95: IRAM Vs. Conventional

Alpha

P6

¯ Averaged speedup for t he SPECint95 benchmarks.

¯ Performance simi lar to mpeg_encode.

IRAM Alpha Vs. IRAM P 6

Linpack Sort

¯ Linpack : Alpha is 1.15 to 1.35 times faster.

¯ Sort: P6 is 1.38 times faster.

IRAM Alpha Vs. P6

Linpack: Sort:

¯ Linpack: IRAM Alpha is up to 2.85 t imes faster than P6.

¯ Sort: IRAM Alpha is up to 1.53 t imes faster.

Effect of Off -chip accesses

Alpha

P6

¯ Off-chip access causes the transfer of a whole page into IRAM.

¯ P6: speedup reduced up to 10% for 4MB implementat ions.

Effects on Specific Program Components

Kernel

User

¯ Sort: Both modes behave ident ical; equal speedup is achieved.

Effect on Specif ic Program Components II read phase sort phase

write phase

Conclus ions

¯ Memory i ntensive a pplications benef it s ignificantly from IRAM whe n logic slowdown i s less than 1.5.

Maximum spe edup between 1.3 and 1.9.

¯ For CPU inte nsive applications, I RAM performs equally we ll only under no logi c slowdown.

¯ Logic s lowdown is the critical parameter .

Conclus ions

¯ A simpl e processor arc hite cture is more appropriate for IRAM than a c omplex one.

¯ An IRAM implement ati on of a simpl e archi tecture performs better than the conventiona l complex one for memory intensi ve applications .

¯ Off-chip access c ost should be an i ssue i n future

IRAM impl ementations.