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* APXITEKTOVIKI YTTOAOYIOTWYV
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2xediaon etrecepyaoTn yia Tnv ekTEAeon 1 thread (pipeline, branch
prediction)

2xediaon yia tnv ekTéAeon n threads (SMT resource allocation,
threads scheduling)

Etepoyeveic apxitektovikeg (Cell)
MapA&AAnAa cucTAuaTa

lepapxia pvAung (cache sharing, coherence protocols, NUMA
architectures)

Aiktua dilacuvdeong (on-chip interconnection networks)
Virtualization

Mapaywyn tapdAAnAou kwdika (synchronization costs, locks,
Transactional Memory, automatic parallelization)
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- Avarrruen (Deployment)
- EKTTaidguon xpnotwyv
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- XpNon UTtapxovTwy hNXoavnuaTwy

MeyaAo kooTo¢ (TX. Sun SPARC Enterprise T5120 server (64
threads, 128GB mem) ~ 12.800 $)

Aduvapia tTapéupaonc oto UAIKO Toug (Ouykekpiyévo pipeline,
caches, interconnection network)

[Meplopiopévn duvaTtoTnTa TTapaAKoAoOUBNONG Kal PETPOEWV (TT.X.
performance counters : Aiyol, yiIKpo documentation)

[Meplopiopog oT1o onpepa. MNMwg PEAETAG MEANOVTIKEG APXITEKTOVIKEG
(1r.X. chip pe 100 4 1000 threads;)

- A\Uon : Simulation (TTpocouoiwon)
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- ATTQITNOEIG

- ['evikotnTa (Generality)
» Mrtropei T0 epyalcio va avaAuoel Ta workloads?

» Parallel Systems, Multithreading, Multiple address spaces, OS code,
Network Systems, etc.

- MpakTikotnTta (Practicality)
» MrtTopei To epyaleio va xpnoipoTtroinBei atrodoTIKA;

» Host assumptions, compiler assumptions, OS modifications,
workload language assumptions

- Epapuooiuotnta (Applicability)
» MrtTopei TO EpyaAEio va aTTavToel OTA EPWTAMATA JAG;

» Restricted state that can be monitored, restrictions on parameter
visibility, restricted length of observations.

cslab@ntua 2010-2011



[Tpooouoiwon APXITEKTOVIKNG (2)
- [Npooopoiwon = SW studying SW

source code

object code

OS profilers virtual machines

-

simulation Jull system simulation

simulation

simulation

- To onueiol oto otmoio cuvaviwvTtal ol software kal hardware
engineers. Eival 10 1m0 XaunAo e1Titedo OTO OTT0I0 £XEl TTPOCRACN
TO software kal Tautdxpova gival To 1o oTafepd (stable), kaAuTepa
opiopévo (best defined) kal Aiyotepo TToAUTTAOKO (least complicated)

ETTITTEDO.
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[Tpooouoiwon ApXITEKTOVIKAC (3)
- Taxutnta (Speed) vs. AkpiBela (Accuracy)

g
= |
o
]

emulator
- e (~5x)
Simics /
Virtual PC, VMWare,
—> Crusoe, etc
| >
1 KIPS 100 MIPS
speed

Copyright € 2002, Virtutech AB, Virtutech Ine.
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 [NAeovekTAUATO
- Early availability
- EukoAia xpriong

» [1AfpN¢ dla@Aavela Kal EUKOAIa TTapakoAouBnong Kal JETPACEWV
» AlIQQOPETIKA ETTITTEOA AETTTOPEPEIAC KAl AKPIBEIAC
* Pipelines, caches, branch predictors, ...
- Hardware devices (timer, drives, cards, ...)
» "'EAEYX0C KAIVOTOUWY TTPOTACEWV/IDEWV
- KoéoTtog
» Open source (Free)

» Academic licenses (Free ] hIKpd KOOTOC yia support)

cslab@ntua 2010-2011



* [1pokANCEIC
- Xpovog avaTrTuéng Twv PovréAwv (modeling time)
- 'EAeyxoc opBoTtnTaC novTEAwV (validation)

- Taxurtnra TTpooouoiwong

- Active research field

* [TAnBwpa etmAoywv

Virtutech Simics (x86, SPARC, MIPS, Leon, ...)
AMD SimNow (x86)

Simplescalar (Alpha)

SMTSIM (Alpha SMT)
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* AlGd@opol TUTTOI TTPOCONOIWTWY
- Trace-driven vs. Execution-driven
- Cycle-level accurate vs. Functional models

- Full system simulators (11.x. Simics)

- Alagpopol TUTTOl TTPOCOU0IWONG

- [ANPNG eKTEAEON EQAPUOYNG
- Xprjon oTaTIOTIKWV NEBOdWV
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« Functional Simulation

- [Npooopoiwon TNG AeITOUpPyIKOTNTAC TwWV €evioAwv (instructions
semantics and functionality)

- MeTtaoAn Tou state (registers, memory, ...)
- 2W0TO program output

- Timing Simulation
- Functional simulation

- Aemrtouep)c  uAotroinon  Twv  OIAPOPETIKWY  OOMWYV  TTOU
XPNOIJOTToIoUVTAl

- XPOVIOUOG YEYOVOTWYV, TTPOKEIMEVOU va UTTOAOYIOBOEi 0 YXpOVoC
EKTEAEONG TOU TTPOYPAUMATOG

* Functional simulation TTOAU TTI0 YPYOPO
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[ToAAoI d1adedouEVOl TTPOCOMNOIWTEC (TT.X. Simplescalar)
TTPOCOMNOIWVOUV JOVO TOV KWAIKA TNG €QAPUOYAS TTOU
ETTIAEYEI O XPNOTNG

- ‘EMNepn OS

- Hack yia tnv mrpooopoiwon system calls

Full system simulators
- PealioTikoi
- EKTEAEON TTPAYMATIKWY EQAPHOYWYV

- lNpooopoiwon OS (11.X. Simics boots Linux)

AkpiBela (accuracy) ;

Taxutnta ;

cslab@ntua 2010-2011

12



[Tapadeiyua XpOvwy TTPOCOU0IWONG

- spec2k with gcc and small inputs

Time (sec) Ratio to Ratio to
“native” “functional”

AR
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e : i o5

simics w/ ruby+opal 155,671 147,648

Measured by Lei Jin on antimony (3.8GHz Xeon w/ 8GB memory
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- Kpithpia EmmAoyng
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Modularity simulator

Extensibility simulator

Emitredo akpifelac simulator

TaxuTtnTta simulator

MéEyeBoc Tou design space TTou BEAOUNE va JEAETIIOOUUE

EmiAoyr katdAANAwv benchmarks
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« O oKOTTOG £vOc¢ timing simulation €ival n cuykévtpwaon
TTANPOPOPIWYV Kal HETPNON dlIaPOpWV UEYEBWYV
- IPC
- Memory access cycles

- On-chip network contention

- Ta mrpoypdauuara Tapoucialouv JIAPOPETIKEC PACEIC
- Initialization phase
- Main phase

- Wrap-up phase
* [10TE TTAiPVOUME TA OTATIOTIKA TTOU PAC EVOIQPEPOUV;
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whole execution w/ detailed simulation N instructions

J
t=0 t=T

M instructions

t=T,

K instructions

details skipped > t=Ty+Tskeeen + Twarmur

representative phases

(c) — ¢ — = =
t=TactuaL T Tsiipren + Twarm-up

sampled periods

(d) r—t > b I—r—r———— b I I

t=TACTUAL+TSKIPPED +TWARM—UP
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Full system simulator
- YTooTpign SIaQOPETIKWY cuoTnUATWY (Xx86, Sun, ARM, ...)
- EktéAeon OS kai workloads xwpic¢ rpoocOnikec/aAAayEg

EUxpnoTo interface yia microarchitecture modeling

- O Simics mrapéxel 1o functional simulation kair o xpriotng armrogaacilel yia
10 timing Twv dI1APOPWYV YEYOVOTWYV

- YAotroinoeig cache memories

- Evopxnotpwan yia cuykEVTpwan TTANPOPOpIWY KAt To run time

EupEwc ammodekTog aTo architecture research community

@a ToV XPNOINOTTIOINCOUME OTIC AOKNOEIC

- Academic license for NTUA
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 |Instruction Set Level Simulation

- O1 TTpayPaTIKEC EQAPMOYEC TIAIPVOUV WPEC OE TIPAYMATIKA
hnaxvnuara

- XpelalOUaoTe APKETA MEYAAEC TAXUTNTEC VIO VA TPEECOUME €va
ONMAVTIKO KOPMATI QUTWY TWV EQAPHOYWV.

Number of Ops (B)

Windows XP Boot 5
Linux RH 6.0 Boot 4
Windows XP Install 361
SPECint2000 (train) 279

L]
Copyright € 2002, Virtutech AB, Virtutech Inc Simics Tutorial, MicroArch 35, 19® Nov 2002 VI I l ute c
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Simics

User program

S s action
Set Level

.
Copyright © 2002, Virtutech AB, Virtutech Inc. Simics Tutorial, MicroArch 35, 10% Nov 2002 v I I I u te c h
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Simics Pipeline
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- Simics — Functional Simulation
- Instruction Set semantics
- Devices
- User — Timing
- O xpnoTtng ptropei va kaBopilel 1o timing.
- Y1mrapyxouv modules ta otroia trapExouv autn tn duvaroTnra.
» GEMS Ruby — Memory Hierarchy
» GEMS Opal — Processor pipeline

» SimFlex — Memory Hierarchy

cslab@ntua 2010-2011
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Host machine

- To unxavnua/OS oT1o oTT0IO TPEXEI O Simics

Target machine

- To unxavnua/OS 1O OTTOIO TTPOCOMOIWVEI O Simics

Agv  QTTAITEITAI N APXITEKTOVIKA KAl
unxavnuaTtwy va givai Ta idla

- Compile o€ d1aQOPETIKA punxavrnuara!

Steps vs. cycles vs. instructions
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T0 OS TwWV 2
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Command line interface, rapopolo ue 1o gdb

Scripting

- AuvatoTtnta scripting kair og Python

Avartrtue¢n povréAwyv (C, Python)

Checkpointing

AIQ@QOPETIKOI TPOTTOI TTPOCONOIWONG
- Fast, stalls, MAI

- Speed vs. accuracy

cslab@ntua 2010-2011
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- Functional
- Modules
» C, Python, DML
» Devices, components, boards, machines...

- Evepyotroiouvral ye Simics ) Python scripts

- Timing
- Memory, caches, Simics MAI

- O xpnRoTtng opilel TIc KaBuoTEPNOEIC TOU KABE module
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Simics Demo
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