MPOZOMOIQZzH APXITEKTONIKHZ
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Complex,

code-heavy,
- Ocuara EvolapepovTog APXITEKTOVIKNG high-end
YT1roAoyioTwv digital
system

- 2xediaon €mmegepyaoTn
» 1thread — pipeline, branch prediction

» n threads — SMT resource allocation,
threads scheduling

- ETepoyeveic apXITEKTOVIKEC
» Cell, Intel Sandy Bridge, AMD Fusion, Intel Stellarton (Atom E600C)
- lepapxia pvApng
» cache sharing, coherence protocols, NUMA
- MNapdAAnAa cuoTiuata
» Coherence, Aiktua dlaouvdeong
» Compilers, automatic parallelization

» Programming Models, synchronization costs, locks, computation and
communication oveheads
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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 duvatoTnTa 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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- ‘Eva gpyaAcgio TTou avatrapAayel Tn «CUUTTEPIPOPA» EVOC
UTTOAOYIOTIKOU OUCTIMATOG.

- [1aTi va xpnolyoTroinooupe eva simulator;
- [TANPOYOPIEC OXETIKA HUE TNV EOWTEPIKN AEITOUPYIQ
» Performance Analysis

- AuvatoTtnTa avatrTu¢ng AoYIOMIKOU yia un OIaBEaIPeEC (R Kal un
UTTAPKTEG) TTAATQOPUES

- [poBAEYeIc aTOd00NC YIa DIAPOPETIKEC APXITEKTOVIKEC.
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Simulator taxonomy

Architecture simulators

Functional Performance / Timing

Trace-driven Execution-driven Trace-driven Execution-driven

User code Full system
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* Functional Simulators
- Visible architectural state

- pooopoiwon TNG A&ITOUPYIKOTNTAG Twv eVvTOAWV (instructions
semantics and functionality), yetaoAn Tou state (registers, memory)

- 2W0OT0 program output
- Kuplo¢ okotro¢: Software development and/or emulation

- Timing Simulators
- Microarchitecture details

- N\eTTTONEPNC UAOTTOINON TWV dIa@OPETIKWY dopwv (pipeline, branch
predictors, interconnection networks, memory hierachy, etc)

- XPOVIOUOC YEYOVOTWY, TIPOKEIMEVOU Vva UTToAoyioBei o xpovog
EKTEAEONG TOU TTPOYPAUMOATOG

 Functional simulation TToAU TTI0 YPrYOPO
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Trace Simulators

- EKTéEAEON TNGC €PapuoynG o€ TTPpAYHATIKA TTAATPOPUa — trace (instruction,
address, ...)

- Ta traces xpnoiyoTtrolouvTal oav inputs Tou simulator

Execution-driven Simulators
- O simulator ekTeAei TNV e@appoyn
- Alatipnon application state kai architecture state

Trace-driven simulation cuvnBwc¢ TT1I0 Ypryopo

- Alatipnon MOvo Tou architecture state, O0ev ekTeAouvtal OAol Ol
UTTOAOYIOMOI

Ta traces emTPETTOUV TNV TTPOCONOIWON proprietary applications
& Input sets.

[MpOBANpa : Ta traces dev PTTOPOUV VO CUANGBouV/paveEpWoouV
TNV OUVAUIKI) GUMTTEPIPOPA TNG EPAPHOYNG
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- User code Simulators
- [Npocopoiwon JOVO TOU KWOIKA TNG EQApUOYNG
- System calls ka1 I/O ekteAouvTal pe functional simulation

- 2uvnBwcg 1o functional emulation Trpayuartotroieital amd 10 host OS
» host OS = target OS

- Full system Simulators

- [Npooopoiwon TNG EQapuoyng
- Npoocopoiwon Tou OS
- pooopuoiwon Twv devices (disks, network, etc.)
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Speed Agv utrapxel o T€Aelog simulator

FPGA prototypes
- ['pryopa, akpiBry, aAAd ENAeIwn eueNiGiag

NAeTITOUEPN Software povTEAa
- AKpPIPr), EVEAIKTA, aAAG apyd

Accuracy Flexibility - Apnpnuéva software povTéAa

- ['pryopa, eUEAIKTO aAAG OXI akpIfn)
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Speed vs. Accuracy

> - (>10,000x)

o

§ emulator

© Simics™ (%)
/ Virtual PC, VMWare,
—> Crusoe, etc

| >
1 KIPS 100 MIPS
speed

.
Copyright © 2002, Virtutech AB, Virtutech Inc. Simics Tutorial, MicroArch 35, 198 Nov 2002 v I I I u t( : C h
10
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[Tapdadeiyua Xpovwy TTpocopoiwaonc (1)

- spec2k with gcc and small inputs

Time Ratio to Native Ratio to Functional

cslab@ntua 2012-2013 1



+ OI TTPAYHATIKEC EQAPUOYEC TTAIPVOUV WPEC OE€ TTPAYMATIKA
unxaviuara

« Xpe1alOUAOTE APKETA PEYAAEC TAXUTNTEC VIO VA TPECOUME
EVA ONUAVTIKO KOMUATI QUTWY 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 33, 19% Nov 2002 VI I tu t e c
12
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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)
» MTTopEi To epyaAeio va xpnoluoTToinBei amodoTIKA;

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

- E@appooiuornta (Applicability)
» MTtropei To epyaAgio va atravToel OTA EPWTANATA UAG;

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

cslab@ntua 2012-2013 13



 [NAgovekTRUATO
- Early availability
- EukoAia xpriong
» [MAApNG dlagaveia Kal EUKOAIa TTapakoAouBnonG Kal HETPHOEWVY
» AIQQOPETIKA ETTITTEOA AETITONEPEIOG KAl AKPiEIAg
- 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)

cslab@ntua 2012-2013
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* [1pOKANOEIC
- XpOvocg avatTucng Twyv povréAwv (modeling time)
- 'EAgyxocg opBoTnTag povreAwv (validation)

- TaxuTtnTta TTpocouoiwoNng

- Evepyo gpeuvnTIKO TTEDIO
* [TIAnBwpa etTIAOYywWV
- WindRiver Simics (x86, SPARC, MIPS, Leon, ARM...)
- AMD SimNow (x86)
- Simplescalar (Alpha, PISA, ARM, x86)
- SimFlex
- MARSSx86
- ShiperSim

cslab@ntua 2012-2013
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- Kpitpia EtmiAoyng

cslab@ntua 2012-2013

Modularity simulator

Extensibility simulator

Emitredo akpifeliag simulator

Taxurtnta simulator

MéEyeBoc Tou design space TTou BEAOUNE va PJEAETIIOOUUE

EmiAoyr) katdAANAwv benchmarks
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« O oKomro¢ €vog timing simulation €ival n OCUYKEVTPWON
TTANPOPOPIWYV Kal HETPNON OIAPOPWYV UEYEBWV
- IPC
- Memory access cycles
- On-chip network contention
- Ta Tpoypaupara TTapouaialouV OIAPOPETIKEC PATEIC
- Initialization phase
- Main phase
- Wrap-up phase
* [10Te TTAiPpVOUNE TA OTATIOTIKA TTOU HOC EVOIAQPEPOUV;

cslab@ntua 2012-2013
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- H Trpooopuoiwon ival €va single-thread process
- AKOuQ KAl av TTPOCOMOIWVOUUE Eva TTAPAAANAO cuoTNUA
- H taxutnta trpoocopoiwong O€ BEATIWVETAI TTIA ME TNV
TEXVOAOYia

- MNapdAAnAa cuoTtAuaTa TPEXOUV TTOAAATTIAEC TTPOCONOIWOEIC
TaQUTOXPOVA.

« Agv PTTOPOUNE Va PTIACOUME YPryopouc simulators
- Agv TTPOCOPOIWVOUUE OAOKANPO TO cUuCTNUA
- Agv TTPOCOPOIWVOUNE OAOKANPN TNV EQAPUOYN

cslab@ntua 2012-2013 18



- [1lpoocopoiwan UIKPOTEPOU CUCTIMATOG
- T1.X. 16 cores avri yia 1024
- Agv ekBETel BEuaTa kKAlyakwaoipotnTag (scalability)
» AvTaywviouog yia shared resources

» Conflicts

» Race conditions
- [1pooopoiwan UIKPOTEPNS EPapUOYNS
- 11.X. Matrix multiply 1K x 1K avri yia 1M x 1M
- Aev g€etadlel Ta opia Tou hardware
» To working set xwpdel oTi¢ caches
» Capacity/conflict issues

» AlyoTepn eTavaypnoigoTtrolinon data/code

» Initialization vs. steady state
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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
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Sampling

- [Npocopoiwon Tuxaiwv anUEiwyY TNG EQAPUOYNG

Fast-forwarding

- Méxpl va @Tdooupue oTo sample point

Warm-up

- ['pryopn TTpooopoiwan TIPIV TN @ACN TWV PETPINOEWV
Checkpointing

- AmroOrikeuon architectural state mrpiv 1o sample

Phase detection

- EmAoyn Twv samples pyera amo avaAuan TnG EQapPoyng

cslab@ntua 2012-2013
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N instructions (total benchmark execution)

| ] ] ] ] -

v

. A 3 U
2TATIOTIKN TTPOCEYYION Actual simulator

measurement

- ECet@ooupe avTITTPOOWTTEUTIKA OEiyuaTa

*  MaBnpaTikr} TTpoCEyyIon
- confidence margin (eg. 95%)
- confidence interval (eg. +/- 2.5)

- AUO TTPOOEYYIOEIC OXETIKA PE TNV ETTIAOYN
OEIYNATWY

- Systematic sampling
» Sample every N instructions
- Random sampling
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N instructions (total benchmark execution)

v

— L IT—— Ti E——N-

> g —-»>
U
. . . Detailed simulator Actual simulator
Functional simulation warm-up Mmeasurement

Warm-up of large structures

« Agv PTTOPOUNE VA TTPOCOPOIWOOUME CWOTA av £xoupe empty architecture state
- Caches’invalid state
- Branch predictor, TLB, ...
- Operating system state
» Files open/ close, read / write pointers, ...

« Xpeiadetal KATTOI0G XPOVOG YIa warm-up
- 000 peyaAuTepn n dour], TOOO PNEYOAUTEPOG O XPOVOC
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N instructions (total benchmark execution)

v

— L IT—— Ti E——N-

> > -
W U
Detailed simulator Actual simulator

Functional simulation
Warm-up of large structures

- )

Restore checkpoint state

warm-up measurement

- AmoBnkeuon warmed-up state 1rpiv atté kaBe sample
- functional simulation overhead time vs more detailed simulations
- TapdAAnAn TTpocouoiwon OAwv Twv samples

cslab@ntua 2012-2013 24
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« H kdBe epapuoyn eppavicel pacelg o1 oTroieg TTOAAEC POopPEC eTTavVAAUBAvovTal
- EmAoyr) cwoTtwyv samples

*  YTT00£TOUNE OTI N CUUTTEPIPOPA TNG EQAPHOYAGS E€apTaTal AUECa aTrd TNV
EKTEAEON TOU static code.

KdaBe gpaon avTtioTolxiletal o€ éva static section Tou KwOIKa

cslab@ntua 2012-2013
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EmiAoyry Simpoints

To 1o avTITTPooWTTEUTIKO BBV ptropei va eival yakpia
- Meyalog xpovocg fast-forward
- EmmAoyn katroiou sample vwpitepa

Movadiké sample;
- ‘Eva a1ré kdBe phase

Ta samples €ivai architecture dependent
« 0 id10¢ KWOIKAG pE dIaPopeTIKO compiler £xel To idlo BBV.

cslab@ntua 2012-2013
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Multithreaded simulation

MASTER
HELPER SR T N
WORKER 1| I\l -' '3':"" f: :,'L S h
*—. .q.
WORKER 2 1] B \\h.. i - qqﬁ..._ --I
WORKER 3 g e e O S o
WORKER 4 I —— o BN e
WORKER 5 ol e e — : — N ——
WORKER 6 e —— ---- [r—
WORKER 7 ST T—————— A e—
WORKER 8 O (BN
18,763 us 19,479 us

« Ta Tuxaia samples atrd TOANATTAG threads pTTOPEI VA UN GUUTTITITOUV XPOVIKA

+ To «kd&BeTo» sample dev eyyudTal CWOTH «EUBUYPANMION»
- H 1axurnta tou kaBe thread diagépel kata Tn didpKeIQ:
» Functional simulation
» Warm-up
» Simulation
- To Fast-forward upetpiéTal o€ instructions ox1 xpoévoT
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- 2uvepyaoia petacu Intel (Intel Exascience Lab), IMEC kai
5 BEAYIKWYV TTAVETTIOTAMIWV

« 2KOTTOC : MeAETN TOU KaIpou Tou OdlaoThuaTto¢ we HPC
workload.

| = =
S 1 190

Architectural Simulation [:> L ]

cslab@ntua 2012-2013
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Hybrid simulation
- Analytical interval core model

- Micro-architecture structure simulation (branch predictors,
caches, NoC)

Multi/Many-core systems running multithreaded &
multiprogrammed workloads

[TapAAAnAog simulator

http://snipersim.org

cslab@ntua 2012-2013
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- Interval Model
- Superscalar OOQ, ILP, MLP

- CPI Stacks & Visualization

- Parallel simulation

- X86 64, SSE2 support

- Thread scheduling & migration

- DVFS support

- Modern branch predictors

- Pthreads, OpenMP, TBB, OpenCL, MPI

cslab@ntua 2012-2013
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- User-level

- |davikog yia HPC

- Ox1 1600 yia workloads pe apketd OS interaction
- High-abstraction core model

- Ox1 Kat@dAANAOG yia TN HOVTEAOTTOINON OAWV TWV CUVETTEIWV
ecaItTiac aAAaywyv oTo €T1TiTTEdO TOU core

- [davikog yia memory subsystem r NoC

« Mbvo x86

cslab@ntua 2012-2013
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- ETepoyeveic oupTtrepIPopEC Twv threads piag opoyevoucg
EQAPHOYNG;

Percent of time
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sync-barrier
sync-crit_secl
mem-dram
mem-off_socket
mem-I3
mem-12_neighbor
mem-|2
mem-I1_neighbor
mem-I1d

ifetch

branch
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Sniper : Cycle stacks for scaling behavior

- DRAM bound

Percent of time
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SRAD
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IR

sync-barrier
sync-crit_sect
mem-dram
mem-off _socket
mem-I3
mem-l2_neighbor
mem-|2
mem-I1_neighbor
mem-11d

ifetch

branch

depend-fp
depend-int
dispaich_width
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Sniper : Cycle stacks for scaling behavior

- DRAM bound
* sync increases by 20%

Rodinia - SRAD

100% .
sync-barrier

sync-crit_sect
mem-dram
mem-off socket
mem-I3
mem-12_neighbor
mem-|2
mem-I1_neighbor
mem-I1d

ifetch

branch

depend-fp
depend-int
dispatch_width

80%

60%

40%

Percent of time

20%

0%
8c 8c 16c  16¢C

large small large small -
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Snipersim Demo
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