MPOZOMOIQZzH APXITEKTONIKHX
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Complex,
code-heavy,
high-end
digital
system

* Processor Design

* Single thread - pipeline, branch prediction

Multiple threads - SMT resource allocation,
threads scheduling

* ETEpOYEVELC APXLTEKTOVLKEC
* General Purpose Computing, Gaming, and Entertainment Devices
- Cell (PS3)
- Intel Sandy Bridge, Ivy Bridge, Haswell
- AMD Fusion, AMD APUs (Jaguar in PS4)
Intel Stellarton (Atom E600C + Alter FPGA)
* ARM (big.LITTLE)

HSA architectures
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Computer Architecture

Complex,
code-heavy,
* lepapyia pvnung high-end

digital
system

- Multiple levels

- Cache sharing
- NUMA
- Coherence Protocols
* MapaAAnAa cuotipata
- Coherence, Aiktua dtacuvdeong

- Compilers, automatic parallelization

- Programming Models, synchronization costs, locks, computation and
communication oveheads
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* XpAon umoPXOVTWV UNXOVNULATWY
- Meyalo KOoTOC

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

» Intel Sandy Bridge E5-4620 (4 * 8 cores, 64 threads) ~ 15K S (2013)
- Abduvapia nopepPaonc oto UALKO TOUG

» pipeline, caches, interconnection network
- Meploplopevn duvatotnta mapakoAovOnong Kol LLETPOEWV

» performance counters - Aiyol, uikpo documentation

MepLoplopoc oto ocAUEpPQ

» UEANOVTIKEC APXLTEKTOVLKEC (T1.X. chip pe 100 4 1000 threads) ;
* AUon : Simulation (mpocopoiwon)
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* Eva epyaleio mou avamapayel TN «OUUMEPLPOPA»  EVOC
UTTOAOYLOTLKOU GUOTHHLOTOC.

* lati va xpnowuomnotooupe eva simulator;
- MAnpodoplec OXETLKA LE TNV ECWTEPLKNA AELTOUpYLA
» Performance Analysis

- Auvatotnta avamntuéng AoyLlopkou yla pn StaBeotpec (N Kat pn UTTALPKTECG)
A TPOPUEC

- MpoPAePelc amodoonc yLa SLadbOPETLKEC APXLTEKTOVLKEC.
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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

- MNpooopoiwon ¢ Asttoupylkotntag TwWV evioAwv (instructions semantics
and functionality), petafoAn tou state (registers, memory)

- JWOTO program output

- Kuplog okomnoc: Software development and/or emulation

* Timing Simulators
- Microarchitecture details

- Nentopepng UuAomoinon twv dtadopetikwyv Sopwv (pipeline, branch
predictors, interconnection networks, memory hierarchy, etc.)

- XpOVIOMOC YEYOVOTWY, TIPOKELUEVOU VAl UTtOAOYLOBel 0 XpOvoc eKTEAEONC
TOU TIPOYPAUUOTOC

* Functional simulation toAU 1o ypnyopo
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Trace Simulators

- EktéAeon tnC edpapupoync oe mpaypatikn mAatdoppa —» trace (instruction,
address, ...)

- Ta traces xpnolyomnolouvtat oav inputs tou simulator
Execution-driven Simulators

- O simulator gkteAel TNV edappoyn

- Alatipnon application state ka architecture state
Trace-driven simulation ocuviBwc Lo ypriyopo

- Alatipnon povo tou architecture state, 6ev ekteAovvtal 0AoL ol uTtoAoylopol

Ta traces emiTtpENOUV TNV Mpooopoiwon proprietary applications &
input sets.

MpoBAnua: Ta traces dev pmopouv va cuAAaBouv/davepwoouv TNV
Sduvaplkn cuumneptdopd tnG epapUoynS




* User code Simulators
- Mpoocopoiwon povo tou KwoLka TNG ebappoyniS
- System calls kat I/O ekteAovUvtan pe functional simulation

- ZuvnBwc to functional emulation mpaypatomnoteitatl ano to host OS

» host OS = target OS

* Full system Simulators

- Mpooopoiwon tn¢ edapuoyng
- Mpooopoiwaon tou OS

- Mpooopoiwon twv devices (disks, network, etc.)
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Speed

Accuracy

cslab@ntua 2015-2016

Flexibility

Aev umtapyeL o TEAelog simulator
FPGA prototypes

- pRyopa, akpPn, aAld EAAewdn sveALéiog
Aemnttopepn software povteAa

- AKpLBR, eVEALKTA, AAAA apyd
Adnpnuéva software poviéAa

- [priyopa, eVEALKTA aAAd OxL akpLBA
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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
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Noapadelypa xpovwyv ntpoocopoiwonc (1)

« spec2k with gcc and small inputs

Time Ratio to Native Ratio to Functional
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* Ol MPAYMOTIKEC £DOPUOYEC TIALPVOUV WPEC OE TIPOYUOTIKA
Hnxavnuata

* XpelallOUOOTE APKETA HEYAAEC TOXUTNTEC YLa va TPEEOULLE €val
ONUOVTLKO KOUHATL AUTWYV TWV EPOPOYWV.

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 tu te C
13
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* ATQULTNOELC

- Tevikotnta (Generality)
» Mrmopei to epyaleio va avaAlvoel ta workloads?

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

- Mpaktikotnta (Practicality)
» Mrmnopel 1o epyaleio va xpnotpomnolnOei anodotika;

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

- Edappooipotnta (Applicability)
» Mrmopel To epyaAeio va amavtioeL 0TA EPWTAMATO HOC;

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

cslab@ntua 2015-2016
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* [MAgoveKktpata
- Early availability
- EukoAia xpriong
» MAApNnc dtadavela Kot euKOALa TTapakoAovONoNC KAl LETPACEWVY
» Aladopetika enimedo AemTopEpELAC KoL akpifeLag
* Pipelines, caches, branch predictors, ...
* Hardware devices (timer, drives, cards, ...)
» 'EAEYXOC KOLVOTOUWYV MPOTACEWV/LOEWV
- Kootocg
» Open source (Free)

» Academic licenses (Free i pkpo KOOTOC yLa support)

cslab@ntua 2015-2016
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* [MpOoKANCELC
- Xpovoc avarntuénc twv povteAwv (modeling time)
- ‘EAeyxoc opBotntac povieAwv (validation)

- Toaxvutnto MPOoopoLWoNC

* Evepyo epeuvnTiko ebio
* NMAnBwpa ermoywv
- WindRiver Simics (x86, SPARC, MIPS, Leon, ARM...)
- AMD SimNow (x86)
- Simplescalar (Alpha, PISA, ARM, x86)
- SimFlex
- MARSSx86

= SniperSim

cslab@ntua 2015-2016
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* Kputipla EmAoynig

Modularity simulator

Extensibility simulator

- Eminedo akpiBelag simulator

- Taxvtnta simulator

- Méyeboc tou design space rtou BEAOUE val LEAET)OOUE

- Emdoyn kataAAnAwv benchmarks

cslab@ntua 2015-2016
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* O okomoc evo¢ timing simulation elval n cuykevipwon
nAnpodoplwv Kot pEtpnon dtadpopwv peyebwv
- IPC
- Memory access cycles
- On-chip network contention
* Ta mpoypappota mapouotdlouv SLadpopeTIKEC GAOCELS
- Initialization phase
- Main phase
- Wrap-up phase

* [10TE MALPVOULLE TOL OTATLOTLKA TTOU oG EVOLAPEPOUV;

cslab@ntua 2015-2016
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* H npooopoiwon sival eva single-thread process
- AKOMQ KOL OV T(POCOMOLWVOUME €va TtapdAAnAo clothua
* H toyvtnta mpooopoiwong O& PBeAtwwvetal T PE TNV
TEXVOAoyia

- MapaA\nAat  cuoTtApaTa TPEXOUV  TIOANQTIAEC  TIPOCOMOLWOELS
TOTOXPOVA.

* Aev punmopoupue va ptiasoupe yprnyopouc simulators
- A&V MPOCOUOLWVOUHE OAOKANPO TO cUoTNUA

- A&V MPOCOOLWVOUE OAOKANPN TNV edapuoyn
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* Mpooopolwon UKPOTEPOU CUOTHHATOC
- 1..X. 16 cores avti ywa 1024
- Aev ekBetel Ogpata KALpakwolpotntag (scalability)
» Avtaywviopocg yia shared resources

» Conflicts

» Race conditions

* [Mpocopoiwon HKPOTEPNGS EPAPUOYNG
- 1t.X. Matrix multiply 1K x 1K avti yta 1M x 1M
- Aev g€etalel Ta opla tou hardware
» To working set xwpadel oti¢ caches
» Capacity/conflict issues
» Alyotepn enavaxpnotpornotlinon data/code

» Initialization vs. steady state

cslab@ntua 2015-2016
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whole execution w/ detailed simulation N instructions

®
t=0 t=T

M instructions

t=T,,

K instructions

< details skipped > t=Ty+Tsqpeep + Twarmur

representative phases

t=TacruarT Tsiapren + Twarm-up

sampled periods

(d) —t > b I—r—tr———— b I I

t =TACTUAL+TSKIPP‘ED +TWARM—UP
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Sampling

- Mpooopolwon tuxaiwv ocnueiwyv the ebapuoyng

Fast-forwarding

- Méexptl va ptacoupe oto sample point

Warm-up

- [priyopn nmpooopoiwon npwv tn $Aacn Twv LETPHOEWV

Checkpointing

- AmnoOnkeuon architectural state mpwv to sample

Phase detection

- EmAoyn twv samples petad amo avaluvon tng ePpappoyns

cslab@ntua 2015-2016
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N instructions (total benchmark execution)

* Efetaloupe belypata (samples)
*  MaBnpatikn mpoogyyLlon
- confidence margin (eg. 95%)
- confidence interval (eg. +/- 2.5)
*  AUO TIPOOEYYLOELC OXETIKA UE TNV €TILAOYN OELYUATWV
- Systematic sampling (r.x. sample every N instructions)
- Random sampling
- Non-random sampling (phase detection, simpoints)
* MebBobdoloyia Mpocopoiwonc:
1. Fast-forwarding
2. Warm-up (caches, branch predictors, TLBs, OS)
3. Checkpointing
4. Métpnon

cslab@ntua 2015-2016

U
Actual simulator
measurement
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* Eloaywyn emutAéov kwdka otnv edopupoyn HE OTOXO TNV
ouAAoyn MAnpodoplwyv yla TNV ekteAeon (cache misses, total
instructions executed etc.)

- Avaluon mnpoypappatoc: Performance profiling, error detection,
capture & replay

- MeA€tn ApxLtektoVIKNG: Processor & cache simulation, trace collection

- Binary translation: Emulate unsupported instructions, modify program
behavior
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* Source instrumentation

- Eloaywyn evtoAwv otov nyaio kwdika tng epapUoyng

* Binary instrumentation
- Eloaywyr eVIoAwWV oTo EKTEAECLLO TNG EPOPUOYNAC
1. Static binary instrumentation
» Elooywyn TwV EVIOAWV IIPLV TNV EKTEAECN
2. Dynamic binary instrumentation

» Eloaywyn Twv eVTOAWV SUVOLLLKA KOTA TNV EKTEAECN

cslab@ntua 2015-2016
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Source Instrumentation — Mapadewypua (1)

ApPXLKO IPOYPOAQL Instrumented

char inst[5];
false; void foo () |

0; 1<100; ++1i) { bool found = false;inst[0]=1;
) > 0;
) )

)

void foo () {
bool found
for (int 1

if (1i==50) break; for (int i= 1i<100; ++1) {
if (i==20) found=true; if (i==50) {inst[1l]=1;break;}
} if (i==20) {inst[2]=1;found=true;}
inst[3]=1;
printf (“foo\n”) ; }

}
printf (“foo\n”) ;
inst[4]=1;
}

cslab@ntua 2015-2016
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Binary Instrumentation — Mapadesiyua (2)

Total Instructions counter

counter++;
Sub SOxff, %edx
counter++;
cmp $esi, sedx
counter++;
jle <L1l>
counter++;
mowv SO0x1l, %edi
counter++;

add S0x10, %eax
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Binary Instrumentation — Mapadesiyua (3)

Instruction Trace

Print (ip) ;
sub SOxff, %edx
Print (1p);
cmp %esi, %edx
Print (ip) ;
Jjle <L1>
Print (ip) ;
mov S0x1l, %edi
Print (1p) ;
add S0x10, %eax
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* Binary Instrumentation
- Language independent
- Machine-level view

- Instrument legacy/proprietary software

* Dynamic Instrumentation
- Aev xpelaletal recompile/relink

- EVTOmopOC KWOLKA KATA TNV EKTEAEON

AuvatotnTta XEPLOMOU KWwLKA TTou TapayeTal SUVOLKA

AuvaTtotnTta EVopXnoTpwong running processes

cslab@ntua 2015-2016
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* Epyaleio yia dynamic binary instrumentation.
* AvarmntUooegTal Kal cuvtnpeitat amno tnyv Intel. m
* Meploocotepec mAnpodoplec:
https://software.intel.com/en-us/articles/pin-a-dynamic-binary-instrumentation-tool
« Xapaktnplotikd/MAeovektapota

- EUKOAN evopxnotpwon

- Programmable (APIs)

- Multiplatform (x86, x86-64, Windows, Linux, OSX, Android)
- Robust

» Real-life apps: Database, web browseres, ...
» Multithreaded apps
» Signals
- YPnAnc Anodoonc (compiler optimizations on instrumentation code)

- Eupela amodoxn amnod tnv akadnuaikn kovotnta Kot tTnv fropnxavia

cslab@ntua 2015-2016
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Download latest version:

https://software.intel.com/en-us/articles/pintool-downloads

Unazip:
$ tar xvfz pin-2.14-71313-gcc.4.4.7-1inux.tar.gz

$ cd pin-2.14-71313-gcc.4.4.7-1inux

$ 1ls —aF

./ ../ doc/ extras/ 1a32/ intel64/ LICENSE pin pin.sh README redist.txt
source/

Execute:

$ ./pin.sh -t pintool - application
n
$ ./pin.sh -t pintool -pid 1243

cslab@ntua 2015-2016
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$ ./pin.sh -t inscount0.so -- /bin/ls

|

Total instructions count pintool

$ cd source/tools/ManualExamples/
$ make inscount0.so
$ 1ls obj-intel64/inscount0.so

cslab@ntua 2015-2016
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* Mpoypappata ypappeva oe C++
* XpnoLlpomoLlouvTtol Katd tnv ekteAeon tou PIN ywa tnv avaAuvon
™G epappoyng
* Xpnotpomotwouv to PIN API:
» INS_AddInstrumentFunction(...);

» INS_InsertCall(...);

» ...

* PIN API reference:
- https://software.intel.com/sites/landingpage/pintool/docs/55942/Pin/html/group__APl__REF.html

cslab@ntua 2015-2016
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#include <iostream>
#include “pin.h”

UINT64 icount = 0;

void docount () { analysis routine

icount++;
}

volid Instruction (INS ins, void *v) {
INS_InsertCall (ins, IPOINT_BEFORE, (AFUNPTR) docount, IARG_END) ;

instrumentation routine

}

void Fini (INT32 code, void *wv) { end routine
std::cerr << “Count “ << icount << “\n”;

}

int main (int argc, char *argv[]) {
PIN Init (argc, argv);
INS AddInstrumentFunction (Instruction, 0);
PIN AddFiniFunction(Fini, 0);
PIN StartProgram() ;
return 0O;
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Avtikataotaon twv application functions.

Evtoriiopoc/kataypoadn/EAeyxoc kaBe application instruction.

* Mepaopa mapapeTpwy oto instrumentation routine
* register values, register values by reference (for modification)
* memory addresses read/written

* full register context

Evtomiopocg syscalls kat aAAayn arguments

Evtoriiopoc/eleyyoc application threads
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