KIV Operacni systemy

Symetricky multiprocesor
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Bootstrap procesor x86

» Po zapnuti pocitacCe a inicializaci BIOSu je aktivni
pouze jeden procesor, respektive jedno procesorove
jadro — tzv. BSP aneb bootstrap procesor

o Zavadéc€ OS musi zjistit, zda systém obsahuje i dalSi
procesorova jadra a aktivovat je

- Pokud se mu to nepodari, aktivuje se uniprocesorove jadro



MP Floating Pointer Structure

e Zacina signaturou MP__ a popisuje dostupné
procesory
» Hleda se

oV 1. kB Extended BIOS Data Area

- Poslednim kB zakladni pameti

,040K ought to be enough for anybody." — Bill Gates, 1981

o\ adresnim rozsahu ROM-BIOSu



MP Config

» Jedna z polozek MP Floating Pointer Structure je MP
Config Pointer ukazujici na seznam dostupnych

procesoru
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MP Config

Field Offset

Entry Type 0
Local APIC ID 1
2

Local APIC Version

CPU Enabled Bit 3.0

CPU Bootstrap 3:1
Processor Bit

CPU Signature 4

CPU Feature flags

1B

1B

1B

1b

1b

4B

Processor Entr
Length

Description/Use

Since this is a processor entry, this field is set to 0.
This is the unique APIC ID number for the
processor.

This is bits 0-7 of the Local APIC version number
register.

This bit indicates whether the processor is enabled.
If this bit is zero, the OS should not attempt to
initialize this processor.

This bit indicates that the processor entry refers to
the bootstrap processor if set.

This is the CPU signature as would be returned by
the CPUID instruction. If the processor does not
support the CPUID instruction, the BIOS fills this
value according to the values in the specification.

This is the feature flags as would be returned by the
CPUID instruction. If the processor does not
support the CPUID instruction, the BIOS fills this
value according to values in the specification.

Verze 1.0



MP Config

» Jedna z polozek MP Floating Pointer Structure je MP
Config Pointer ukazujici na seznam dostupnych
procesoru
- BSP
> AP

aka auxiliary processor

aka application processor
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SMP Bootstrap x86

1. Po zapnuti pocCitace jsou vsechny procesory v
realnem rezimu

2. BIOS vybere BSP a ostatni procesory zastavi

3. Kod bézici na BSP prohleda pamét, zda najde _ MP_

4. Pokud nenajde, zavede se jednoprocesorove jadro

5. Pokud nasel, inicializuje APIC BSP

Déje se v protected-mode

6. Kod bézici na BSP postupni vzbudi AP pomoci Init-IPI

(Inter-Processor Interrupt)
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SMP Bootstrap x86

7. Kod bézici na AP ho prepne do protected-mode a
zacne svoji dalsi Cinnost synchronizovat s kodem
bézicim na BSP

8. Jakmile jsou inicializovany vsechny AP, BSP prepne
/O APIC do symetrického |/O rezimu

Routovaci tabulka, ktera presméruje preruseni od sbérnic

periferii na nektery lokalni APIC

9. PokraCuje se vlastni inicializaci SMP jadra
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SMP Uskali planovani

 SMP sice znamena, ze kazdy procesor je stejny, a tudiz
ze lze kazdé vlakno SMP OS naplanovat na libovolny

procesor, ale v praxi to rozhodnée neni dobry napad

» Kazdy procesor ma svoji cache, ve které jsou ulozena
data vlaken, ktera na procesoru naposledy bezela

» Cache podstatnym zplsobem pfispiva k rychlému béhu
viaken

» Pokud vlakna budeme naivné migrovat mezi procesory,

viakna o tuto vyhodu pfrijdou a cely systém se zpomali
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SMP Synchronizace

» VlIakna bézici na jednotlivych procesorech maji pouze

jednu moznost, jak se synchronizovat

(¢]

Atomicke instrukce
Add, Sub, CompareExchange aka TestAndSet
Prefix lock, ktery zamkne sbérnici

Xx86 — mov strojoveho slova zarovnaneho na adresu beze
zbytku délitelnou velikosti strojového slova (napfr. sizeof eax Ci

rax)
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SpinLock

» Potrfebujeme-li, aby pouze jeden z procesoru vykonaval
kritickou sekci, pak v paméti potrebujeme promennou,

jejiz stav rika, zda je kriticka sekce obsazena, Ci nikoliv

» Pokud bude obsazena jinym procesorem, pak prichozi
procesor ceka ve smycce, dokud mu ji jiny procesor

neodemkne (tj. nema smysl na uniprocesoru)

> Pak siji sam zamkne

» Co kdyby ¢ekalo vice procesoru?

o => Qperace s proménnou musi byt atomicke
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SpinLock - zamceni

mov edx, DWORD(-1) //-1 zamcCeno
//otestujeme stav zamku, 0 = odemceno
spin: mov eax, [lockState]
test eax, eax

jnz spin

//lzkusime ho zamknout s -1
lock cmpxchg [lockState], edx
/Inepfedbéhl nas jiny procesor?
//pavodni lockState je v eax

test eax, eax

jnz spin



SpinLock - odemceni

mov DWORD PTR [lockState], O

 Ajeto.

e Odemceni je jednoduché. Ale nedalo by se také udéelat
néco se zamcenim? Pfece jenom, soustavné toCeni se
ve smycce jenom spotrebovava energii. A co kdyz

mame mobilni zarizeni?
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SpinLock — uspora energie

/lintel® 64 and IA-32 Architectures Optimization Reference Manual 2011
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if (lacquire_lock()){

/* Spin on pause max_spin_count times before backing off to sleep */

for(int j = 0; j < max_spin_count; ++j)

>

/* intrinsic for PAUSE instruction*/

C

_mm_pause();

if (read_volatile_lock()) {
if (acquire_lock()) goto PROTECTED_CODE;
}

}
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/* Pause loop didn't work, sleep now */

Sleep(0);

o~

goto ATTEMPT_AGAIN,;

}
PROTECTED_CODE:
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do_work();

release_lock();
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