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« Coherence: HEA~datafmulti-copyfyJ—E% . 5%, 27k (FA—E&RERFRF) . LCCP [MSI]
« Race Conditions | ZL&EHFH A/ FTAREEZERE BEEAWNTEREKETelINRTMERNRERSFIRTS
« datarace: HkRiEER—data, BE/DH—SPwrite, TLEH. —Fihrace condition, “MBEHN, HH A E
© RESHA SRSUATE. BFL RO KIFE R, X0 o SHARED
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* Critical Sections: —XXAF—1N%EiAE [H17] HEREX [RBEX] , SYNC (lock)
s RiFHET: NRH#ASTHIIBAEVGBHERRIEN, NFLIEERAS5|4kData Race,
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« Consistency: ThEHINEF (E&@/ELH) SERFEME—E, SC/TSO/RCE, SYNC (fence)
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* memory coherence and consistency/al&: data, {8, B{&E, BIZ&
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(T5%F) EZ:Mconsistency: B{E{JNHIERERE (“FF")
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- BEEX. BFF
- SR BLERR (—EMEBERZE) | BT 2RF O O ©®
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Cache : Tag Array Data Array |

Cache Coherence: $5.10, $5.12
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RER M snoopy, B kMU LI, EHN e T
* Snooping Protocols: a write invalidate protocol S[M|V| Cacheline |Tag

S = Shared Bit M = Modified Bit V = Valid Bit

¢ DETR—BEREES (VI, MSI, MESI)

« 5% EREIMG1ARE [Bus] , HEHEMBIATLIL [eager/lazy]
- SR XWE—data, EZFHIAATFE—TE (SWMR)
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El5.39: EHiILA, T3HWCPU_AE1L, AS=1,/fBS=0
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I RABZEE (a0) 20
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o ifffEErz fER B E A4 ISR S HZ BB TS B R T S
- BXFa0tEE, EF=lock
KRG ARZEMD, scth 2RI
© IEMIFABRKRERE T HEMbIAE]AX
© BIMI-scRIEMERBZBRERAEXNELTEENTS
REBNRERAZRES R EE, KMEHATR
* lock(): EIZFZLE (a0) , A
e unlock()
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.globl lrsc_ins
#a@ PN {7k
#al T HAME
#a2 i H
#a0iR[A{E, WEMIH, WAe! F A1
lrsc_ins:
cas:
lr.w te, (ae)
bne t@, al, fail
sc.w a@, a2, (a0)
jr ra
fail:
1i a@, 1

jr ra
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- (JERAF) w (3262) . d (6441) |

« rd N BHIREFFE
« sl REFFRRL, NEMIHE, MEESIRELEICPU hartizBUZHbHE AR BB AL

« sc{w/d}{aqgrlt rd, rs2, (rs1); FeHIBrrsiX A REMN B X EHIXE
- rdBRRSEEE, HIINAH0, BFMAHL (FEO
o J ) O REBEUTEANEME, SCAEEHITHIN:

aqrl AN EImE, —MFEARBEIAL [T ]

P SRS FEEL SREL, SR 1LRFISCIA MR B At
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* .aq, AR AacquireNFHF
* 11, YR Arelease N1FFF
e agrl, ZYRAMIMF—2L (Sequential Consistency, SC) RNTFEFF

Acquire Release & X

0 0 {5 P PR 1)
0 1 %464 00 P BVA U5 1) 77 A6 £ B 45 R D AUE 38 2T Z AT i 22 3
1 0 1Z48 4 J5 BT A Ul I AE G B4 2 L 151248 20T 78 BUR A TR AU T

W‘T“ SHTFETE Vi RAF TR S R4 R U AEZIE ST Z RN 2R 3], ZE2 R FETE Vi M EMER e 2 U AEZi8 ST
5ERE A AT
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« HITLRET: KX CachefTAric AR IRES, MEEIEE| S Fes
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« WFEBEANLTE, LR/SCERAARFE
. HMAMOIEL =R MR 1/5?7/\% REEHE SN ERE (4T T
« Bl BEFXTHIES . BEFMEES . BEFBEIESMEFERA/|IVEIES

* amoswap.{w/d}{aqrl} rd,rs2,(rs1)
- ERFEMUsIRAEENEEdS TR, ARE2RNEES AEIslisERAFETH

T FHLR/SCSEILAMO

Vaw . —— 1 sd x1, (al) # Arbitrary unrelated store
IIIII??*IZ ) Wiﬁ:{lﬁ/ﬁ 2 1d x2, (a2) # Arbitrary unrelated load
E,Ufﬁamosvvap [Z_I'_] ’ E,Y i agairls to, 1 # Initialize swap value.
e fence [E1 5‘%] 5 amoswap.w td, t0, (a@) # Attempt to acquire lock.
6 fence r, rw # Enforce "acquire" memory ordering
i to, 1 # Initialize swap value. 7/ bnez t@, again # Retry if held.
again: 8 o
amoswap.w.aq t0, t0, (a@) # Attempt to acquire lock. g # Critical section.
bnez t@, again # Retry if held. 10 g ..
B _ 11 fence w, w # Enforce "release" memory ordering
# Critical section. 12 amoswap.w  x@, x0, (a@) # Release lock by storing 0.
... ) 13 sd x3, (a3) # Arbitrary unrelated store
amoswap.w.rl x0, x0, (a@) # Release lock by storing @. 14 1d x4, (ad) # Arbitrary unrelated load



RVEfence: AT E S, NMXATE! $5.14

« RfFAE)RAE (fence) sRIARYZR— hart WY ITII
+ fence [iorw], [iorw]: iorw4) Bk RfenceBAR MFTETEL R Bl
+ PR/PW/SR/SWAL: BRHIBTSE/EEE R EA15L %K
« BT VEEE, FENCETI#—SIRHIFISEMEEE LR/ NINTFHTE
« FENCE RWRW; #HZEFTSO
* FENCERWW; ZHIFFTHRWARERTS, Z/EHWARERH. acquireidX
* FENCE RRW; ZBIHIATER [load] FeEETH, Z/EMRWABEHIT%. releaseidB X

* FENCE R,R
* FENCE W,W [<5-47
+ SEHfence Twe  |Mnemoc  [Name
* ;EPFIJIJZIK:I?@WFI'[G BUffer@JEﬁ FENCE.I Instruction Fence
* E%nﬁ{mcpuiéiﬁgiﬁfﬂuz& Mem. Ordering FENCE Fence
SFENCE.VMA Address Translation Fence
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« ZEPentiumProz BIE@IT #1BusfH (F HEECPUZBI R 1715 18] 2T lock

« MPentiumProffig, lock R&PEZEE MCPUIZXT B </ %42 7114 0]
« LOCKHISEIR, RFEE{RFicache lineFIMFIEIRZES, LTI IABE IE HEfbcputzXd
ZHRNFIER, MAEEXPEENRLZL.
. @A\%ﬂ’\]iﬂlﬁﬁ?ﬁ%%ﬁﬁﬂé&% R ZEHE M cputz T B 2 A FENE T
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