rwer Analyzer

Trevor Mudge Industrial Partners

Olntel

Todd Austin “Support ot studens Dirk Grunwald

eMentors ~ George Cai (Texas

), . .
. . 8 ey ") University of Colorado
University of Michigan Mike Morrow (Chandier.AZ)
OCobalt Networks
eEquipment for Sys'cm Level modeling & optimization
OCompaq Computer
eltsy mmherbonrds (V1.5 & V2)

R SimpleScalar/ARM Second Release m

Project Overview m

. = Validated core ARM components
= Project Goal
O Develop the first high-performance

- validated architectural-level power
E xte n d in g Tmodel of 2 power-sensitive embedded
target

- = PowerAnalyzer
Widely Used et arhiesarat smato forcaly

power/performance studies

OARM 7 and FPA emulation, SA-pipeline, memory system, basic /O
O ARM cross-compiler kit now available, with pre-built libraries

O Download from

0 Used by 7 PACC groups

m Validation effort
' : ¢ ) O Functional validation via random testing
@ Calibrated against detailed physical models 500+ billion instructions tested against ARMulator and SA-1110 references

Ar C h i t e ct ura I fgﬁ,.’.;’.‘;ﬁ:;"gf iPAQ) o 6 bugs found in the ARMulator! (reported to ARM Ltd)
= Deliverables R T O Performance validation via micro/macro-benchmark testing
. . Against SA-1110 reference hardware using cycle counter
- - O SimpleScalar ARM simulator and iPAQ '
Simulartor Toolkit i o | pers

Bench K impl 1: A-111 % Diffe
O MiBench embedded benchmark suite Functional | Performance m:h":h“m" Simpl eScn‘ﬂ;Z S. |?; - % Dif mmo»
o Pe Anal; technole inte ted inte —
Foveransyuer echnougyintegrated into Model Model Cache_miss T 70 05

= Additional Research Items e - i I
O Architectural Stack Scheduling K

O Operating support for Dynamic Voltage bzip2 10 320 310 32

Scheduling Gl Owting 5 750 T

ft short. pem 145 1.44] 0.1

{@ Functional Unit Power Model m

= Value-sensitive activity
based model
o similar to Wattch,

Adding Interconnect Power Model m

= Interconnect & clock
distribution need -
floor-plan estimates Strategy

Value Sensitive
Activity Model
with
Components Extracted
From Michigan
"ARM-like" design

o lnclude gm ~coded value
sensitive modeling of

= Significant variance between
major processor variants
O E.g. PentiumPro vs. Alpha 264

= Use analytical models
(Rents Rule) for
interconnect

= “Open” validation process
O Netlist extraction from
Verilog ARM model
O Functional Unit Power
analysis using
Synposys PowerGate

SimpleScalar
Simulation

= Support for
Dynamic Voltage Scaling
© Simulated “syscall for DVS
control - power value
extrapolated lumg data from
LARY o

= Analytical DRAM model
0 Adding support for Infineon’s
“Mobile DRAM”

leScalar/ARM System Simulation m

- — ,
U Ssin g P roven = System simulation development Senbus = Bochs Platform Simulator Sy s

0 SA-1110 device set
0 Compaq IPa reference hardware

Appl cation simulator O Linux + MiBench workload

SimpleScalar/ARM Platform Simulation m

O Liberally harvesting components

from “Bochs™ x86 platform .

simulator
O Functional models for IDE,
m Status Ethernet, VGA, Cdrom, efc
& 0 Core components deployed 0 Goal: Common devices & interfaces

O Virtual memory, RTC, PIC, DMA,
SERO development ongoing
Exten d in to O Booting Linux kernel only requir
9 serial, DMA, PIC, RTC,
MMU

P I atfo rm s i mu I ato r = Concurrent Development

across x86 & ARM simulators

= Augmenting Devices with
Approximate Power Models

O Empirical measurements of 802.11,
microdrive, flash, etc.

0 Develop SA-1100 specific devices Bochs
O Integrate Bochs platform simulator Device
Model

[ y—

in developmentest

xt generation

@ Test Drive: Slack Scheduling m @ Test Drive: DVS Scheduling ,‘m
= Program dependence & machine

constrains mean some
* Extend interval methods (OSDI’00)

instructions have “scheduling

"Test Driving"

lack” * Use models of process
slac] “PID controller w/optional signal for interacti
responsiveness interaction I f t t
= Program dependence & machine «Accurately hits rate based applications w/o «Daemon mediates voltage n raS ru c u re
constrains mean some real time interface . 2
instructions have “scheduling “Implementation on SA-1100, AMD K6 sealing -
slack” ~Allows comparison to RTLinux -Implementation on via
= Add can execute in cycle 2 or 3

*Multi-architecture DVS interface TransMeta

= Alternatively, add can execute

“Application
during both cycles

(optional hints ~ “I'm Impo

Microarchitectural

User-mode process.

et et
= Slower component

ing aigorithm.

impler component

= About 15-55% of all integer
instructions can execute in 2
cycles w/o performance penalty

and
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. . . Publications
= SS/ARM available since mid-November = =
2000 | H2 [SA-1 processor core simulator T, oo st o dosgn consvant.Computr vl 34,04, A
Component-level power design = Power model design nearly completed L T A e el e DT
i |SA-1110 processor simulator « K. o . s T g s an s
2001 |—{Power model calibration & i i Egg;gg;‘:g°'::;*;zz:m::;.%‘;;";i,‘;:zu:msgﬂg SERR b
12 |System-level simulator (iPAQ running Linux) = Platform simulator on-target for end-of-summer / early fall + nCaema 1 G, Drame rscin sl S
Whitebox calibration of existing design (MARM) = [Initial release targets SA-1100, later release for full system . %Z,m s, o s, conparon o ot v
R RO AR e A
2002 | 11 |Demonstration experiments with Power Analyzer . . * B R Gmast en
Blackbox calibration of pocket computer (iPAQ) | = DVS interface available for SA-]]DO, AMD K6 w/PowerNow! Power Censumplion 2000 Woriahop on Compioxty Elociue O

¢ Dik s Pt Lo, ooy Mo vl Pl o Dy
Clock Schaauin, Procedaings of 1o 2000 Operaing Systsms Desigh and
impismonia

= Farkas ol al Quanifying the Encray Consumpton of  Packet Computor and

= Validation target moving to Xscale w/help from Intel i



