MPO2OMOIQ2zH APXITEKTONIKHZ
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« O¢uaTta EvOia@EpovToc APXITEKTOVIKAC
YTTOAOYIOTWV
- 2xediaon emegepyaoTn
» 1 thread — pipeline, branch prediction

» n threads — SMT resource allocation,
threads scheduling

- ETEPOYEVEIC APXITEKTOVIKES

Complex,

code-heavy,

high-end
digital
system

T

<=7

e‘\('

» Cell (PS 3), Intel Sandy Bridge, AMD Fusion, Intel Stellarton (Atom

E600C), ARM
- lepapxia pvnung

» cache sharing, coherence protocols, NUMA

- MapdAAnAa cuoTAuaTa
» Coherence, Aiktua diaocuvdeong
» Compilers, automatic parallelization

» Programming Models, synchronization costs, locks, computation and

communication oveheads
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« Xprion Uttapxoviwy pnxavnuaTwy
- MeydAo KOOTOG

» QOracle SPARC Enterprise T5120 server (2*16*8=256 threads,
512GB mem) ~ 64K $ (2014)

» Intel Sandy Bridge E5-4620 (4 * 8 cores, 64 threads) ~ 15K $
(2013)

- Aduvapia TrapéuBaong oTo UAIKO TOUG
» pipeline, caches, interconnection network

- [leplopiopévn duvaToTNTA TTAPAKOAOUBNONG KAl HETPIOEWV
» performance counters — Aiyol, JIKpO documentation

- [leplopicuOC OTO OAUEPQ
»  MEANOVTIKEG APXITEKTOVIKEG (TT.X. chip pe 100 rj 1000 threads) ;

- AUon : Simulation (Trpoocopoiwon)
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- 'Eva epyaAcio TTou avatrapdayel TN « GUPTTEPIPOPA» EVOG
UTTOAOYIOTIKOU OUOTAMATOC.

- [1aTi va xpnoigotroinooupe €va simulator;
- TTANPOPOPIEC OXETIKA JE TNV EOCWTEPIKN AEITOUPYIa
» Performance Analysis

- AuvatoTnTa avarrTu¢ng AoyIoMIKOU Yia PN OIaB£0IES (1) Kal un
UTTAPKTEG) TTAOTQPOPUEC

- [MpoBAEweIc aTTOdOO0NC VIO 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

- [lpooouoiwon TG A&ITOUPYIKOTNTOC Twv evioAwv (instructions
semantics and functionality), yetaBoAr Tou state (registers, memory)

- 2W0TO program output
- Kupio¢ okomro¢: Software development and/or emulation

- Timing Simulators
- Microarchitecture details

- NETTTOUEPNG UAOTTOINON TWwV dIa@OPETIKWY dodwv (pipeline, branch
predictors, interconnection networks, memory hierachy, etc)

- XPOVIOUOG YeYOVOTWY, TIPOKEINEVOU Vva UTToAoyioBei o  xpdvog
EKTEAEONG TOU TTPOYPAMMATOC

 Functional simulation TTOAU 1110 Ypryopo
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Trace Simulators

- EKTEAEON TNG €QAPUOYNG OE TTPAYMATIKN TTAATPOpUa — trace (instruction,
address, ...)

- Ta traces xpnoidoTtrolouvTal oav inputs Tou simulator
Execution-driven Simulators

- O simulator ekTeAei TNV EQapuoyn

- Alatipnon application state kai architecture state
Trace-driven simulation ocuviBwc¢ TTI0 YpPryopo

- AlatApnon MOvo Tou architecture state, Ogv ekTEAOUVTAlI OAOI Ol
UTTOAOYIOJOI

Ta traces eMTPETTOUV TNV TTPOCOUOIWaoN proprietary applications
& Input sets.

[Mp6BANpa . Ta traces dev PTTOPOUV va OCUAAGBOUV/PaVEPWOOUV
TNV OUVAUIKN CUMTTEPIPOPA TNG EPAPHOYNS



- User code Simulators
- [1pocopoiwaon HOvo Tou KwOIKA TNG EQAPMOYNG
- System calls kai I/O ekteAouvral pe functional simulation

- 2uvnOwcg 1o functional emulation TrpayuaroTtrolcital atrd 1o host OS
» host OS = target OS

- Full system Simulators

- lNpooouoiwaon TNG EQAapUOYNG
- [pooouoiwon Tou OS
- MNpooopoiwon Twv devices (disks, network, etc.)
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Speed - Aev uTTApYElI O TEAEIOC Simulator

- FPGA prototypes

- ['pAyopa, akpin, aAAaG EAAEIYPN eUEAICIiOC
- A\etrTouepn software povrEAa

- AKpIBNR, EVEAIKTA, aAAG apyd

Accuracy Flexibility - Apnpnuéva software povTéAa
- 'pyopa, euéAIKTa aAAG Ox1 akpIBn
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Speed vs. Accuracy

> - (>10,000x)

o

§ emulator

= Simics™ —
/ Virtual PC, VMWare,
—r Crusoe, etc

| >
1 KIPS 100 MIPS
speed

.
Copyright © 2002, Virtutech AB, Virtutech Inc. Simics Tutorial, MicroArch 35, 198 Nov 2002 v I I l : u te C h
10
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[MTapdadelypa xpovwy 1Tpocouoiwong (1)

- spec2k with gcc and small inputs

Time Ratio to Native Ratio to Functional

cslab@ntua 2013-2014 11



+ Ol TTPAYUATIKEC EQAPUOYEC TTAIPVOUV WPEC OE TTPAYMATIKA
unxaviuara

« XpelalOUaoTE APKETA PEYAAEC TAXUTNTEC VIO VA TPECOUME
EVa ONUAVTIKO KOUMATI 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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- ATTQITAOCEIG
- ['evikoTnTa (Generality)

» MTtropei To epyaAeio va avaAuoel Ta workloads?

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

- [pakTikdéTNTA (Practicality)
» MT1TopEi TO epyaAeio va xpnolpotroinBei atrodoTIKA;

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

- Epapuooiyotnra (Applicability)
» MTtTOopEi TO EpyaAEio va atravTAoel OTA EPWTNHUATA UAG;

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

cslab@ntua 2013-2014 13



- [NAeovekTpaTa
- Early availability
- EukoAia xpnong
» [MAQpN¢ dla@aveia kal EUKOAIa TTapakoAoUuBnong Kal JETPACEWY
» AIOQOPETIKA eTTITTEDA AETTTOUEPEIAC KAI AKPIBEIOC
* Pipelines, caches, branch predictors, ...
- Hardware devices (timer, drives, cards, ...)
» ‘EAEYXOC KAIVOTOP WY TTPOTACEWV/IDEWV
- KéoTog
» Open source (Free)

» Academic licenses (Free 1 IKPO KOOTOC YIa support)

cslab@ntua 2013-2014
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* [1pokAnoeIg
- Xpovog avaTmTug¢ng Twv povtéAwv (modeling time)
- 'EAeyxoc opBotnTac povréAwy (validation)
- TaxutnTa TTPOCON0IWONG

- Evepyo gpeuvnTIKO TTEDIO
* [1AnBwpa etTIAoywv
- WindRiver Simics (x86, SPARC, MIPS, Leon, ARM...)
- AMD SimNow (x86)
- Simplescalar (Alpha, PISA, ARM, x86)
- SimFlex
- MARSSx86
- SniperSim

cslab@ntua 2013-2014
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- Kpitnpia EmmAoyng

cslab@ntua 2013-2014

Modularity simulator

Extensibility simulator

ETritredo akpielag simulator

Tayxurtnta simulator

MéEyeBog Tou design space 1TTou OEAoUPE va EAETIIOOUME

EmiAoyn katdAAnAwv benchmarks

16



« O oKOTTOC¢ £vOG timing simulation €ival n CUYKEVTPWON
TTANPOPOPIWV KAl JETPNON dIAPOPWY PEYEBWV
- IPC
- Memory accesscycles
- On-chip network contention
- Ta mpoypdpuata Tapouaialouv dIOQPOPETIKEC PATEIC
- Initialization phase
- Main phase
- Wrap-up phase
- [T TTAipVOUUE TA OTATIOTIKA TTOU POG EVOIQPEPOUV;

cslab@ntua 2013-2014
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- H mrpooopoiwon cival €va single-thread process
- AKOua KAl av TTPOCOPOIWVOUUE Eva TTAPAAANAO cuoTnua
- H taxutnta trpoocouoiwong O€ BEATIWVETAI TTIA UE TNV
TEXVOAOYiQ

- MapaAAnAa ocuoTApaTta TPEXOUV TTOAAATTAEC TTPOCOUOIWOTEIG
TauTOXpPOVA.

« Agv PTTOPOUME VA PTIAEOUUE Ypryopoucs simulators
- Agv TTPOCOPOIWVOUNE OAOKANPO TO cUCTNUA
- Agv TTPOCOPOIWVOUPE OAOKANPN TNV EQAPUOYN

cslab@ntua 2013-2014 18



- [Npooopoiwon MIKPOTEPOU CUCTHMATOC
- T1.X. 16 cores avTi yia 1024
- Agv ekBETEI BEpaTa KAIpakwoiuoTnTac (scalability)
» AvVTaywviouog yia shared resources

» Conflicts
» Race conditions

- [Npooopoiwon MIKPOTEPNG EPAPUOYNG
- 11.X. Matrix multiply 1K x 1K avTiyia 1M x 1M

- Aev eceTalel Ta Opla Tou hardware
» To working set xwpdagl oTIG caches
» Capacity/conflict issues
» AlyoTEPN £TTAVAXPNOIPOTTOINON data/code

» Initialization vs. steady state

cslab@ntua 2013-2014
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(@)

(b)

(©)

(d)

2. TATIOTIKA [1Ipocopoiwaong

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 2013-2014
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Sampling

- [1pooopoiwon TuXaiwv CNUEIWY TNG EQAPUOYNG

Fast-forwarding

- Méxpl va taocoupe oto sample point

Warm-up

- ['prayopn TTpOCOPOIWON TTPIV TN @ACH TWV JETPNOEWV
Checkpointing

- AtroBnkeuon architectural state Trpiv 10 sample

Phase detection

- EmAoyn Twv samples petd atmo avaAuon TG eQAapPoyng

cslab@ntua 2013-2014
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N instructions (total benchmark execution)

«  2TOATIOTIKA TTPOCEYYION

- ECerdooupe avTITTPOOWTTEUTIKA OEiyuaTa

* MaBnuaTtikr TTpocéyyion
- confidence margin (eg. 95%)
- confidence interval (eg. +/- 2.5)

+ AUO TTPOCEYYIOEIC OXETIKA ME TNV ETTIAOYNA
OEIYMATWY

- Systematic sampling
» Sample every N instructions
- Random sampling

cslab@ntua 2013-2014

U
Actual simulator
measurement

v
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N instructions (total benchmark execution)

v

— I - — -

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

Warm-up of large structures

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

« XpelaleTal KATToI0G XPOVOC yia warm-up
- Ooo peyaAutepn n dour], TOOO PEYAAUTEPOC O XPOVOG
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N instructions (total benchmark execution)

v

— I - — -

> > -
W U
Detailed simulator Actual simulator

Functional simulation
Warm-up of large structures

- L

Restore checkpoint state

warm-up measurement

- Atmrobnkeuon warmed-up state TTpiv ammd KaBe sample
- functional simulation overhead time vs more detailed simulations

- [lapdAANAn TTpoocopoiwon OAwv Twv samples

cslab@ntua 2013-2014 24
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« H kaBe epappoyn eppavilel pAoEIC o1 OTTOIEC TTOANEC POpPEC eTTAVAAUBAvovTal
- EmAoyr cwoTtwy samples

* YTTOB£TOUE OTI N CUMTTEPIPOPA TNG EPAPMOYNAC ECAPTATAI AUNECO ATTO TNV
EKTENEON TOU Static code.

Kabe @aon avtioToixietal o€ éva static section Tou KwAIKaA

cslab@ntua 2013-2014
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« MeTpAue TIC ekTEAEOEIC yia KAOE basic I
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EmiAoyr) Simpoints

To 1Mo avTITTPOoWTTEUTIKO BBV ptTopei va gival pakpida
- MeyaAog xpovoc fast-forward

- EmAoyn katrolou sample vwpitepa

Movadiké sample;
- ‘Eva atro kaBe phase

Ta samples eival architecture dependent
« O id10¢ KWOIKAC e OIAPOPETIKO compiler £xel To idlo BBV.

cslab@ntua 2013-2014
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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 a1t TToOAAATTAG threads PTTOPEI va N CUUTTITITOUV XPOVIKA

+ To «kdBeTo» sample dev eyyudTtal cwoTr «EUBUYPAUMIC»
- H taxutnta Tou KAB¢ thread diagEpel katd T dIAPKEIQ:
» Functional simulation
» Warm-up
» Simulation

- To Fast-forward petpiétal o€ instructions ox1 xpévoT
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- 2uvepyaoia petagu Intel (Intel Exascience Lab), IMEC kai
5 BEAYIKWYV TTAVETTIOTAMIWY

* 2KOTTOC : MeAETN TOU Kaipou Tou OdlaaThpaTtog w¢ HPC
workload.

| = =
S 1 190

!

Architectural Simulation [:> L ]

29
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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

[MapaAAnAog simulator

http://snipersim.org

cslab@ntua 2013-2014
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- Interval Model
- Superscalar OOO, 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 2013-2014
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- User-level

- |davikog yia HPC

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

- Ox1 kat@AAnAo¢ yia Tn povteAoTToinon OAWV TWV OUVETTEIWV
ecaItTiac aAAaywv oTo £TTiITTEQO TOU COore

- |davikog yia memory subsystem ) NoC
- Movo x86

cslab@ntua 2013-2014

32



- ETepoyeveic ouptrepipopéc Twy threads piag opoyevoucg
EQapUoynNg;

Percent of time
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SPLASH-2 - FFT

0

1

2 3 4 5
Thread number

6

7

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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large small

SRAD

16c  16¢C
large small

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%

Percent of time
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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
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Snipersim Demo
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