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Cache Structure

HFIK CPU IBSMITIRE +E T M Memory REREIE.
AT CPU 5 Memory IREZERE, % CPU 5 Memory Hjd]
¥A07T Cache.
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Cache Structure

X Cache £5#95E A N ER4AFEEE (N-way set associative)
AR . —PNAFEUEIF N — cache line.

Way 0 Way 1
0x0 0x12345000
Oxi 0x12345100
0x2 0x12345200
0x3 0x12345300
Oxd 0x12345400
0x5 0x12345500
0x6 0x12346600
0x7 0x12345700
0x8 0x12345300
0x9 0x12345900
OxA 0x12345A00
0xB 0x12345B00
0xC 0x12345C00
0xD 0x12345D00
0xE 0x12345E00 0x43210E00
0xF

Figure 2: CPU Cache Structure
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Cache Structure

cache miss — %i AE CPU E—RigEIREIERN, BEAE
CPU BY4EF, —~"cache miss”

capacity miss — '_—Lll_TT—,ElHTJ'|Eﬂ)—E_’ CPU MEFFWIER.
HH miss MR FEMBRBIE T 5IBR—IUK A # 3R BLAT I S
HZE,

associativity miss — S1R—BEHEHIFRBII X #IFE T,
X [8] 5] % —4" cache miss.

write miss — —4~ CPU EEXIEZAIEEHM CPU BIK
BRAE (validation). HXMEETHE, CPU FEAT AR £ HIfEEL

It TR B £ -

communication miss — fifg, MR F— CPU BERE R

BRI, ES51%&—1 cache miss.
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Cache-Coherence Protocols

AT {EH cache-line TEZALIEFPHI—EE, FATATLUER
Cache-Coherence Protocols.

BAZMILE R TH+MRT, ERRNAFEXE 4

/I\'{kll“-\'
» M - BEBUIRE "Modify”, ItEEfREiZ CPU B9 cache €25
EmABNEIE.

» E - "Exclusive” K755 "Modified” RIZiE, H—RIX3Z
cache line EARMFEF L CPU 1824

» S— —AT”Shared” AR7STBY cache line AT EEFEE M CPU
R EHRED—

> | - FE Invalid” IKSTHY line =Y, RBEIE.
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MESI State Diagram
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Improvement in Cache Structure

cache BI5IN—EZE LEMT cpus 5 memory IRE R IL
BCayalRE, MES| #2IRT cache BB —EU4RYERE. (B R2IXXH
MTHHBIEIRE, cpu ZEIBIEFEEIR, FTLAZE cpu 5 cache #
BN store buffers.

CPUO CPU1
Store
Buffer

Cache Cache
Interconnect

Memory
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Improvement in Cache Structure

AT store buffers, f#RT Stalls, BRX 3| N T ##JEl .
store buffers 5 cache BRI —EI%.

MG RAEXRE, XMEIMET AR, ELIIANT
Store Forwarding: tEtZEIR—MHFE CPU B store EIEEF4ATE
FEFRBYINEL, M AIEIT cache. X#EE%R T cpu BY cache iR S
store buffer & HYE17% .
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Improvement in Cache Structure

CPUO CPU 1
A ¢ ! ¢
~*—| Store ~*— Store
| | Buffer | | Buffer
Cache Cache
‘ Interconnect ‘
Memory
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Read & Write Memory Barriers

void foo(void)//CPUO b

a=1

b=1;

void bar(void)//CPUL a
while (b == 0) continue;
assert(a == 1);

CPU1 4T “assert(a == 1);”, EH a &KL
CPUl-cache #1, ME{EZ 0, FTHIE AR

CPU1 YZl read invalidate iH 2, FHIFE S a B cache-line
f&iB4% CPUO, PAJE#RIC cache-line /3 invalid. EREZKIRT .
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Read & Write Memory Barriers

MY memory barrier B smp_mb() #§ < AT LUES CPU £
AT smp_mb() [FHY store $RIERIRIFN store-buffer. LA EEBIFE
FA5, A0 memory barrier 2[5, FAAILAMRIEZEINIT b=1 B
B & CPUO-store-buffer HE) a EZRIFZEI cache AT, ErLALLRT
CPUl-cache 189 a &SRB ZHRICA invalid. XFF CPUL H#AT
B9KES, MATLUMRIES b==0 A{RE, a ELATE CPUl-cache
i, MMM CPUO-cache iEEY, MMSRIEE “1.
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Invalidate Queues

HF store buffers IEE /)N, cpu FITILA store IRIEFASIE
buffer 1Ei#, XBHE CPU W% 1F invalidation ACK SHE, k&
F4E X 25 ] invalidation ACK ;HEHIEEREREH 2 cache
i, FEM store buffer RFEFR. FTIAFATEXE SN Invalidate

Queues.,

lizhaozhong MCE



Invalidate Queues 777EHY (0] &l

B “Invalidate Queues” BJ CPU &7 E—HTE)45 Invalidate
EHEMABS, FEE Invalidate Ack, A ELET cache line
EROWHKR. CPU EZRZEREZRE, CPUFESEHATHMN
5. GNRAFRIE) cache line BEEMNTIF, CPU AEEILRD & [
g MEFEEHX—NELERFEEE.

X SH—1ERE: & CPU HEBAEA invalidate iHE/E,
EEREBAERXNMEEZH, RERIZEIZE SRR EE
T, ZEAE LB AR 1% B 42 KT
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Invalidate Queues & smp_mb()

FRIR L ZE (B AT KB FZ AN Read & Write Memory
Barriers. FTEAZH— CPU #11T memory barrier Bf &% 5L 2B 51
R P B INERMMRRIC, F5RE] memory barrier [RELHIFT A INE AR
EZIFIC IR R A AT

Memory barrier J&R] A4l 43 73 “write memorybarrier(wmb)”
#A “read memory barrier(rmb)”.

» rmb RALIE Invalidate Queues, M RBRHIE rmb B CPU

#Y load #R1E.

» wmb RAbIE store buffer, M RPRHIE wmb I CPU HY
store #1E.

> SZEZAY mb ¥ Invalidate Queues FA store buffer ERMFRIT,
FrA3tF CPU BY load #A store ¥RIEERBRHI
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Invalidate Queues & smp_mb()

Eban7E Ordering-Hostile Architecture 1, ZF&i8Z|
Invalidate Queues i#, T4 cpu &£ load EHAth node FIERITFKEN
BB, SHHIE KM,

FRLAMER smp_mb() ZRFER, EMUFIRFXBIHEX.

BREMAKIE: smp_mb() REZEHE—NMAFIREESE
TR, MREEZ R MBI FRIEL EHE Z T MK
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Summary of Memory Ordering(Specific CPU in x86)

HANE SMP IMET, HMNARERE:
» — CPU BEBIZRIMFEE 5 —1 CPU BIIAGFHR
» —it5 CPU HHXBBHSIRINF .
Read & Write Memory Barriers = [Bl3Z &2 M0 th R4 A #Y
CPU sifEffiRE . NMMEIRBINFBHERF, SAEEF.
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Summary of Memory Ordering(Specific CPU in x86)

Memory ordering in some architectures2![]

Type Alpha ARNwT|PA-RISC POWER SPARC RNO SPARC PSO SPARC TSO x86 x86 costore AND64 IA-64 zSerie

Loads reordered after loads T T T T T T T

Loads reordered after stores T T T T T T T

Stores reordered after stores T T T T T T T T

Stores reordered after loads T T T T T T ¥ T T ¥ T ¥
Atomic reordered with loads T T T T T

Atomic reordered with stores T T T T T T
Dependent loads reordered T

Incoherent instruction cache pipeline T T T T T T T T T T
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Summary of Memory Ordering(Specific CPU in x86)

x86 CPUs t{k /5 St 1F FER load ELFF, store 3§47 load 1§
ST,

7E Intel BHET cpu F, FE—NL2FBINGFFXK store, {8
2 cpus T 2MEFEIBC store BIEHE. XEHFBHZEF store
buffers BJFEHMI . cpus ZIBJFFEE transitivity, HFEEEIAR
CPUO ATLLEZI CPUL 89 store, ABAFLATLUARIUE CPUO BE
CPUL FTEH) store. MEMIFRE AR FIRIMERTIREHMIL,
BANEFFHEAT R RA. E—LFHERN <86 cpu B, SFHE
store &LIF, XAER cpu EE(FH lock;addl 35S
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Summary of Memory Ordering(Specific CPU in x86)

ERZFEAS, WREE memory barriers 4. CPUS 5
Compilers AT LABEEIZEL memory, XS FE kernel crash, EZE
I

BEXTFRZAFLEFAEIE L memory barriers, REERK
oA =488 locking primitives (spinlocks, reader-writer lockers,
semaphores, RCU....), HHXLFENIIMEFEEHEX.
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THX!
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