MPOZOMOIQZzH APXITEKTONIKHZ

- Alagpaveieg amo o MicroArch 35 Tutorial Tou Simics

http://www.cs.pitt.edu/~cho/cs2410/currentsemester/handouts/simics_tutorial.pdf
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« O¢uarta EvOlagpEpovToc APXITEKTOVIKNC YTTOAOYIOTWYV
- 2xediaon €TTECEPYQOTH)
» 1 thread — pipeline, branch prediction
» n threads — SMT resource allocation, threads scheduling
- ETepoyeveic apXITEKTOVIKES

» Cell, Intel Sandy Bridge, AMD Fusion, Intel Stellarton (Atom
E600C)

- lepapyia pvAung

» cache sharing, coherence protocols, NUMA
- MNapaAAnAa cuoTthuaTa

» Coherence, Aiktua diaouvdeong

» Compilers, automatic parallelization

» Programming Models, synchronization costs, locks, computation and
communication oveheads
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2.Ta0Ia YAoTroinong

* APXITEKTOVIKI)

ol - 2xediaon
c%c_i;lhea\éy, - YAotroinon
1€2N-C1 ’
digital  AokIun/EAeyxog
system - AvaAuon

- Avarrtuén (Deployment)
- EKTmTaideuon xpnotwyv
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- XpNon UTtapxovTwy hNXoavnuaTwy
- MeyaAo KO6OTOG

» Sun SPARC Enterprise T5120 server (64 threads, 128GB mem)
~ 16K $ (2012)

» Intel Westmere X5680 (2 * 6 cores, 24 threads) ~7K $
- Aduvapia TTapéuBaong oTo UAIKO TOUC
» pipeline, caches, interconnection network
- [eplopiopévn duvaroTnTa TTAPAKOAOUONONC KAl HETPACEWV
» performance counters — Aiyol, JIKpO documentation
- [eplopioudg OoTO ONUEPQ
» MEANOVTIKEG APXITEKTOVIKEG (TT.X. chip pe 100 ) 1000 threads) ;

- AUon : Simulation (Trpocopoiwaon)
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- ATTQITAOEIC

- ['evikéTnTa (Generality)
» Mrtropei 1o epyalAeio va avaAuoel Ta workloads?

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

- [pakTikdéTNTO (Practicality)
» MT1TopEi To epyaAeio va XpnoluoTroinBei amodoTIKA;

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

- E@appooiuornta (Applicability)
» MTtropei TO EpyaAgio va atravTroel OTa EPWTHMATA PAG;

» Restricted state that can be monitored, restrictions on parameter
visibility, restricted length of observations.
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[Tpoocopoiwon ApXITEKTOVIKNG (2)

- [Mpooopoiwon = SW studying SW

source code

code transformation

object code

code augmentation

OS profilers virtual machines

simulation ~

Jull system simulation

simulation

simulation

- To onueiofl oto oT0i0 OuvavTwvTal o1 software kai hardware
engineers. Eival 10 1Mo XaunAG eTTiTredo OTO OTT0i0 €XEl TTPOCRACN
TO software kal Tautoxpova gival To 1o oTaBepd (stable), KaAuTepa
opiopéEvo (best defined) kal Alyotepo TToAUTTAOKO (least complicated)
ETTITTEDO.
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[Tpoocopoiwon ApXITEKTOVIKNG (3)

- Taxutnta (Speed) vs. AkpiBeia (Accuracy)

accuracy

- (>10,000x)

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

Copvright © 2002, Virtutech AR, Virtutech Inc.

cslab@ntua 2011-2012

Simics Tutorial, MicroArch 35, 108 Nov 2002

virtutech



 [NAgovekTRUATO
- Early availability
- EukoAia xpriong
» [MAApNG dlagaveia Kal EUKOAIa TTapakoAouBnonG Kal HETPHOEWVY
» AIQQOPETIKA ETTITTEOA AETITOPEPEIAG KAl AKPIEIac
- Pipelines, caches, branch predictors, ...
- Hardware devices (timer, drives, cards, ...)
» ‘EAEYX0C KAIVOTOUWY TTPOTACEWV/IOEWV
- KoéoTtog
» Open source (Free)

» Academic licenses (Free 1] JIKpO KOOTOG yia support)
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- [1pokANoeIg
- Xpovog avamrtu¢ne Twv JovtéAwv (modeling time)
- ‘EAeyxoc opBoTnTac povrEAwv (validation)

- Taxutnta TTPOCOoUoIWwang
- Active research field

* [TIANBwpa etTIAOYWYV
- WindRiver Simics (x86, SPARC, MIPS, Leon, ARM...)
- AMD SimNow (x86)
- Simplescalar (Alpha, PISA, ARM, x86)
- SMTSIM (Alpha SMT)
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- Alad@opol TUTTOI TTPOCONOIWTWY
- Trace-driven vs. Execution-driven
- Cycle-level accurate vs. Functional models
- Full system simulators (17.X. Simics)

- Alagpopol TUTTOI TTPOCOU0IWONG

- [AAPNG ekTEAEON €PapPOYAS
- Xprjon oTaTIoTIKWV HEBOdWV

cslab@ntua 2011-2012
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« Functional Simulation

- MMpooopoiwon NG AsIToupyikOTNTAGC TwV  €viOAwv (instructions
semantics and functionality)

- MeTtaBoAn Tou state (registers, memory, ...)
- 2WaT0 program output

- Timing Simulation
- Functional simulation

- N\emrTodEPNGC  UAoToinon  Twv  OIAQOPETIKWY  dOHWV  TTOU
XPNOIUOTTOIOUVTQI

- XPOVIOUOG YEYOVOTWY, TIPOKEIMEVOU VA UTTOAOYIOBEI O XPOVOGg
EKTEAEONG TOU TTPOYPAUMATOG

+ Functional simulation 1TOAU TTI0 YPYOPO

cslab@ntua 2011-2012
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[ToAAOiI Dladedouevol TTpoocopoiwTeG (TT.X. Simplescalar)
TTPOCOMOIWVOUV HJOVO TOV KWOIKA TNG €QAPMOYNG TIoU
ETTIAEYEI O XPNOTNG

- ‘EANeiyn OS

- Hack yia tnv trpooopoiwaon system calls

Full system simulators
- PeaAioTiKOi
- EKTEAEON TTPAYUATIKWY EQAPUOYWV
- Mpooopoiwon OS (11.%X. Simics boots Linux)

AkpiBela (accuracy) ;

Taxutnta ;

cslab@ntua 2011-2012
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- spec2k with gcc and small inputs

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

simics w/ ruby+opal 155,621 147,648

Measured by Lei Jin on antimony (3.8GHz Xeon w/ 8GB memory

cslab@ntua 2011-2012
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- Kpitpia EtmiAoyng

cslab@ntua 2011-2012

Modularity simulator

Extensibility simulator

Emitredo akpieliag simulator

Taxurtnta simulator

MéEyeBoc Tou design space TTou BEAOUME va JEAETIIOOUUE

EmiAoyr) katdAANAwv benchmarks

14



« O oKomro¢ €vog timing simulation €ival n OCUYKEVTPWON
TTANPOPOPIWYV Kal HETPNON DIAPOPWYV UEYEBWV
- IPC
- Memory access cycles
- On-chip network contention
- Ta Tpoypaupara TTapouaialouV OIAPOPETIKEC PATEIC
- Initialization phase
- Main phase
- Wrap-up phase
- [10T€E TTAipVOUNE T OTATIOTIKA TTOU MAC EVOIAPEPOUV;

cslab@ntua 2011-2012
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(@)

(b)

(©)

(d)

2.1aTIOTIKA [Npocopoiwang

whole execution w/ detailed simulation N instructions

9
t=T

t

I
()

M instructions

t=T,,

K instructions

> t=T+Tsppen+ Twarmup

detalls skipped

representative phases

t=TacruarT Tsiapren + Twarm-up

sampled periods

t =TACTUAL+TSI(IPPED +TWARM—UP

cslab@ntua 2011-2012
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Full system simulator
- Y1mrooTpign Ol1a@opETIKWY ouoTNUATWY (X86, Sun, ARM, ...)
- ExtéAeon OS kai workloads xwpic TTpooOnkec/aAAayEC

EUxpnoTo interface yia microarchitecture modeling

- O Simics Trapéxel 10 functional simulation kai o XpPAOTNG
atropaaidel yia To timing Twv d1a@OPWYV YEYOVOTWV

- YAotroinoeig cache memories

- Evopxnotpwaon yia OUYKEVTPWAON TTANPOPOPIWY KATA TO run time

Eupfwcg amodekTog aTOo architecture research community

@a ToV XPNOINOTTIOINOOUME OTIC QOKINOEIC

- Academic license for NTUA

http://www.windriver.com/products/simics

cslab@ntua 2011-2012
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 Instruction Set Level Simulation

- O1 TTpaydaTIKEC EQAPMOYEC TIAIPVOUV WPEC OE TIPAYMATIKA
unaxvnuata

- XpelalOUaoTe APKETA MEYAAEC TAXUTNTEC VIO va TPECOUME €va
ONMAVTIKO KOMMUATI QUTWYV TWV EQAPUOYWV.

Number of Ops (B)

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

.
Copyright € 2002, Virtutech AB, Virtutech Inc Simics Tutorial, MicroArch 35, 19® Nov 2002 VI I l Iu te c
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Simics

.E Virtual Serial,
g W Application Software Keyboard, Mouse,
8 E Middlewara Graphics
e ¢
Maodel Librar e %
. il -~ Drivars, BSP, Firmware, RTOS
- |
Off-the-Shelf - E m
L £ as 5im, Dabug,
Wind Rul.'@r | n 'EL' C = o Test
| - o
- 1;'* : Processors| | Memory Storage Devices i:-:l l.-'IE}
Customers *| I | | ; Real-World
] Equipment
tcosystem | Simies Core
I Cow l,".-'p'.li-l"l:f'.
Pythan, DML
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Simics Pipeline
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- Simics — Functional Simulation
- Instruction Set semantics
- Devices
- User — Timing
- O xpnoTtng ptropei va kaBopilel To timing.
- Ymadpxouv modules 1a otroia trapExouv auTtr Tn duvartoTnTa.
» GEMS Ruby — Memory Hierarchy
» GEMS Opal — Processor pipeline

» SimFlex — Memory Hierarchy

cslab@ntua 2011-2012
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Host machine

- To ynxavnua/OS oT1o oT1Toio TPEXEI O SimIcS

Target machine

- To ynxavnua/OS To OTTOI0 TTPOCOMOIWVEI O Simics

Aev QmraITeiTal N APXITEKTOVIKN Kal
MNXavVNUATWV va givail Ta idld

- Compile o€ diagpopeTika pnxaviuaral

Steps vs. cycles vs. instructions

cslab@ntua 2011-2012

T0 OS TwWV 2
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Command line interface, rapouolo ye 1o gdb

Scripting

- AuvartoTtnTa scripting kai o Python

Avartrtuen povréAwyv (C, Python)

Checkpointing

AIQ@QOPETIKOI TPOTTOI TTPOCONU0IWONG
- Fast, stalls, MAI
- Speed vs. accuracy

cslab@ntua 2011-2012
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- Functional
- Modules
» C, Python, DML
» Devices, components, boards, machines...

- EvepyoTtrolouvral ye Simics ) Python scripts
- Timing

- Memory, caches, Simics MAI

- O xpnoTtng opilel TIc KOBUOTEPNOEIC TOU KABe module

cslab@ntua 2011-2012
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Simics Demo
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