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Cache Consistency



“ A system is sequentially consistent if the result of any
execution is the same as if the operations of all the
processors were executed in some sequential order, and
the operations of each individual processor appear in the
order specified by the program”

Leslie Lamport

Sequential Consistency =
Z P HE M FHERRHRIEATLUERRX
FMHENESERERBRERF
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TABLE 3.1: Should r2 Always be Set to NEW?

Core C1

Core C2

Comments

S1: Store data = NEW:;
S2: Store flag = SET;

L1: Load rl = flag;
Bl:if (rl # SET) goto L1;
L2: Load r2 = data;

/* Initially, data =0 & flag = SET */
/* L1 & B1 may repeat many times */

program order (<p) of Core C1

S1: data = NEW: /* NEW *#/

2025-6-12

memory order (<m)

L1:rl = flag; /* 0 */

- — — — = —— — — — —— — -

g Li:rl = flag: /* 0 %/

- — — — — — — —— — -
L1:r1 =flag; /*0*/

-+ — — — = — — — — — — — — -
L1: rl1 =flag; /* SET */

- — - — — — — — — — — — — — -
L2: r2 = data; /* NEW */

-+ — ———— — — — — — — — — -

FIGURE 3.1: A Sequentially Consistent Execution of Table 3.1’s Program.
THEHUARED

program order (<p) of Core C2

(1) FrBcore1THILoad/Storeidh B 12 F -
/* Load -> Load */

If L(a) <p L(b) => L(a) <m L(b)

/*Load -> Store */

If L(a) <p S(b) => L(a) <m L(b)

/* Store ->Store */

If S(a) <p S(b) => S(a) <m S(b)

/* Store -> Load */

If S(a@) <p L(b) => S(a) <m L(b)

(2) M E—7F &2 T A LoadR{ERIEFRIFE T &
IE— X B#{E(global memory order)

Value of L(a) = Value of Max_,{S(a) <m
L(a)},

Max.,, 7~ s VLB memory order



Sequential Consistency

- SC YR T BRI ERIRERYE:

* Write »> Read
* Write —> Write
* Read — Read
* Read — Write

- ERXHITIEFRITAREREE

- (B, BN LEPLIERSE ERSIENFEESIRIERISEHE
F&iERkSCIRE

- GRS T R —EE M EN R EHFRERIRGIE
geieF (write buffers, overlapped writes, non-
blocking reads...).

 Question: Y{AiNEAEEEIRAH S SCAILIR?

2025-6-12 TTEUAR G 6



MR FEN R G SLISC B e]

e Qut-of-order execution capability
Load(a); Load(b) yes
Load(a); Store(b) yesifa=b
Store(a); Load(b) yesifa=b
Store(a); Store(b) vyesifa=b

e Caches. Write buffer
Cachef{F5F—4AIEEEaYstoretE R et 53— IE S ENBTE 2

No common commercial architecture has a sequentially
consistent memory model I I [

2025-6-12 TTENWKRREMS 7



Rules:

— X — Y :Operation X must complete before operation Y is done

Sequential consistency requires (SC) :

R-WR—->RW->RW->W (D ;:‘C;
an TSé /IBM:_? 70
___________ S
Relax W — R (TSO) i e
“Total store ordering” (X86) | ~ ———-F/ - /S N
Relax W — W (PSO) . L | Alpha
“Partial store order” Rc/pc RMO PO

Figure 2.24: Relationship among models according to the “stricter” relation.

Relax R —-Wand R—R

“Weak ordering” and “release consistency”
RelaxR—- R,R—> W, W-R, W —> W (RMO)

“Release Memory Ordering”

Maintains the program order to access the same location:

W-oR W—-oW

2025-6-12 TTENARSEE



Simple categorization of relaxed models

Relaxation W—=R | W—W | R—RW || Read Others” | Read Own || Safety net
Order Order Order Write Early | Write Early
SC [16] Vi
IBM 370 [14] v/ serialization instructions
TSO [20] i/ o RMW
PC [13, 12] o o V RMW
PSO [20] o i v RMW, STBAR
WO [5] v/ Vi Vv vV synchronization
RCsc [13, 12] v/ Vv v vV release, acquire, nsync,
RMW
RCpc[13, 12] v/ i vV v/ it release, acquire, nsync,
RMW
Alpha [19] " 7 o o MB, WMB
RMO [21] v/ vV vV vV various MEMBAR’s
PowerPC [17, 4] i Vv Vv v/ V/ SYNC

Figure 8: Simple categorization of relaxed models. A / indicates that the corresponding relaxation is allowed by
straightforward implementations of the corresponding model. It also indicates that the relaxation can be detected
by the programmer (by affecting the results of the program) except for the following cases. The “Read Own Write
Early” relaxation is not detectable with the SC, WO, Alpha, and PowerPC models. The “Read Others’ Write Early”
relaxation is possible and detectable with complex implementations of RCsc.

2025-6-12 TTEUAR G 9



TABLE 4.1: Can Both r1 and 2 be Set to 02

Core C1 Core C2 Comments
Sl:x=NEW; 32: y=NEW; /* Ininially, x = 0 & y= 0%
Ll:tl=y; L2:12=x;
program order (<p) of Core C1 memory order (<m) program order (<p) of Core C2
S1: x = NEW; /* NEW */
_______________ - 52:y = NEW: = NEW ¥/
Ll:rl = y; /* NEW #/ e e e e e =
—————————————— - LEr2=x; FNEW #
i e e - e, A L e

‘ Outcome: (rl, r2) = (NEW, NEW)

{a) TSO & SC Execution 1

51: x = NEW; /* NEW */

B S ol oy St e S S 2 Il ey SR e P <o iy S5

. 52: y = NEW; * NEW *f

LZ:ir2=x; /* NEW %

..q_ ________ S o — e ——

Outcome: (ri, r2) = (0, NEW)

() TSO & SC Execution 2

2025-6-12

THETUWRREN

Y

10



TABLE 4.1: Can Both r1 and 2 be Set to 02

Core C1 Core C2 Comments
51l:x=NEW; 32: y=NEW; /#* Initially, x = 0 & y= 0%
Ll:rl=y; L2:12=x;

2025-6-12

52: y=NEW; /* NEW */

S1: x = NEW: /* NEW */ A R = i R e R =

_____________ 8 Outcome: irl,r2)= (NEW, &)

(c) TSO & SC Execution 3
_ SEx=NEW, ¥ NEW % §2: y = NEW; /* NEW #/
ey e e e e T e o,
_ILI'LliF;’I*_[’E____E.x._.-. ,I L2 =x; 03
' 'Y -ql—;—-f —————————————
F
Outcome: (ri, r2) = (0, 0y

(d} TS Execution, but NOT an 5C Execution

RE 4.2: Four Alternative TSO Executions of Table 4.1 Program.

11



TABLE 4.3: Can rl or 3 be Set to 0?

Core C1 Core C2 Comments

S1: x =NEW,; S2: y=NEW; /* Inmitially, x =0 & y = 0%/
Ll:rl =x; L3:r3=y;

L2: 12 =y; L4: 14 =x; /* Assume1r2=0&r4 =0 */

. M(r2, rd) = (0, 0) B, (r1, r3) —E¥H (0, 0) ?

2025-6-12

TTENARSEE 12




program order (<p) of Core C1 memory order (<m) program order (<p) of Core C2

_ aE P e S2: y = NEW; /* NEW */
Ll:rl=x;/*NEW#  \ _bypass e m pemna
i o e 3 e 3 b—\ — bypas_i//L?’:rz’:y;/*NEW*/
T B
_ L_2.i2_y,_/*_0’i/ - l\_., Yy, Ld:rd =x;/*0*/
\ il = e e a e R G e G R
Y 4
Outcome: (r2, r4) = (0, 0)
' and (rl, r3) = (NEW, NEW) '

FIGURE 4.3: A TSO Execution of Table 4-3’s Program (with “bypassing”).

6/12/2025 PERIZFRAKRE 13



Memory Fences

Instructions to sequentialize memory accesses

LIRSS R — M S AR R F i eR AR B R AL TR (RIS XA [ b Y

loads FistorestR{EELF) TERMGFHEFMIZIESRKEHIXT KL FME
FTERIERITIL

Examples of processors with relaxed memory models:
Sparc V8 (TSO,PSO): Membar
Sparc V9 (RMO):
Membar #LoadlLoad, Membar #LoadStore
Membar #StoreLoad, Membar #StoreStore

PowerPC (WO): Sync, EIEIO
ARM: DMB (Data Memory Barrier)
X86/64: mfence (Global Memory Barrier)

FIEZS = E—FC T L B A RTARIE, IKIREFEZERT, XiFhEasrelEE
1Tt

2025-6-12 TTEUAR G 14
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XX xE

Alpha
AMDG64

(PA-RISC)

PA-RISC CPUs

POWER.

(SPARC RMO)
(SPARC P50)
SPARC TS0

X806

{(x86 OOStore)
ZSeries =
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Synchronization

R h OB LR, IEERRAL
MR Rk }

producer
B R AR E SR IR A
E/oEEEE G — iBREHIENIM consumer
FHEFEHRHIETEHIE v
GF/EEE (Mutual Exclusion) : fRIEFE— P1 P2

e MR E R R A — MR A Z AR
(ERX)

Shared
Resource

2025-6-12 TTENWKRREMS 16



A Producer-Consumer Example

Producer

RtaiI Rta|I Rhead R
Producer posting Item x: Consumer:
Load Ry, (tail) ~Load Ryeaq, (head)
Store (Ry), X spin: 'Load Rey, (tail)
Reail=Reaii+ 1 If Rheaq==R¢ai goto spin
Store (tail), R Load R, (Rpead)

Rhead= Rhead+ 1
Store (head), Ryeaq
process(R)

R te < &2 NFHRITRY

2025-6-12 TTENWKRREMS 17
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A Producer-Consumer Example conined

Producer posting Item x: Consumer:
Load R, (tail) Load R;..q, (head)
1Store (Rii), X spin: Load Ry, (tail) 3
RtaiI=RtaiI+1 if Rhead==RtaiI gOtO Spin
2Store (tail), Re Load R, (Rhead) 4

Rhead = Rhead +1

Can the tail pointer get updated Store (head), Rpead
before the item x is stored? process(R)

Programmer assumes that if 3 happens after 2, then 4
happens after 1.

Problem sequences are:
2,3,4,1
4,1,2,3

2025-6-12 TTEUAR G 18



Producer posting Item x:

RtaiI Rhead R

Consumer:

Load Ry, (tail) - Load Rpe,q, (head)
Store (Riy), X spin: Load R, (tail) |
Membarss if Rpeag==R¢aji gOto spin
Rtail = Reail +1 Membar,

Store (tail), Ryi :ioad_Ré (Rriaf)
head — "“head

ensures that tail ptr  ensures that R is Store (head), Ryeaq
is not updated before not loaded before Process(R)
x has been stored x has been stored

2025-6-12 TTENWKRREMS 19



Producer

RtaiI

Consumer:

Producer posting Item Xx:
P J Load Ry..q, (head)

Load R, (tail)

Store (Ry.;), X spin_: Load R, (tail)

Resi=Reu+ 1 if Rheag==R¢zi goto

Store (tail), Ry, SpIn

(tall), Reai / Load R, (Rpeaq)
Iy . Rhead=Rheadt1

Critical section: Store (head), Ry,
Needs to be executed process(R)
atomically by one consumer What is wrong with this code?

2025-6-12 TTEUAR G 20



Mutual Exclusion Using Load/Store

ETRNMNEETEcIFM2BIEZHIN . #FIRIRTSc1Fc2t5H0

Process 1 Process 2
cl=1; c2=1;
L: ifc2=1thengo toL L: ifcl=1then goto L
< critical section> < critical section>
cl=0; c2=0;
What is wrong? Deadlock!

2025-6-12 TTENWKRREMS 21



Mutual Exclusion: second attempt

Process 1 Process 2
L: cl1=1; L: c2=1;
if c2=1 then if cl=1 then

{ c1=0; go to L}
< critical section>
cl=0

{ c2=0; go to L}
< critical section>
c2=0

2025-6-12

— Process 1 sets c1 to 0.

AL — R LRI i S reservation (Ti7])
TR AN A T, HE RS RAE iEBi(livelock) BL%

- £1‘= 1, C2=1, Read C2, Read C1,C1 =0, C2 =0, C1=1, C2=1, C1=0, C2=0 )
Al geib 2 M FEANHFR G A Tk Nm AL IX. = starvation
- Zﬁ?ﬂ: Ci=1, C2=1, C1=0, Read C1 # A5 ZIX . P1FIP2 55 P2 ip24

THETUWRREN
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YA Protocol for Mutual Exclusion

I. Dekker, 1966

EF3INEZETEc], 2 FturnERIINL, FIIERE=1NTEA40.

Process 1 Process 2
cl=1; c2=1;
turn = 1; turn = 2;
L: ifc2=1 & turn=1 L: ifcl=1 & turn=2
then go to L then go to L
< critical section> < critical section>
cl1=0; c2=0;

o turn = i RUFINIKIHAFE | FiF
o o cl # 2 RIENNMEREERHIFOIGERKX, 1ZHEEZH
Dijkstraa/t, 1345715

2025-6-12 TTENWKRREMS 23



Locks or Semaphores

E. W. Dijkstra, 1965

=2 (A semaphore) RB—IES1EH, BB T#IE:
P(s): if s>0, decrement s by 1, otherwise wait

V(s): increment s by 1 and wake up one of
the waiting processes

P(s)FIV(s) W ME R FIE{E, i.e., TEEMH BT, TEEHZAIE
g% X X ifiia)s

Process i
P(s)
<critical section> SHIFIIEE R E 79 BT 15 /0]l 72 X BY
V(s) BRAIHFEH

2025-6-12 TTENWKRREMS 24



Atomic Operations

- B AR RS EET S
- B GRSREERRLLRE, B

ﬂE) —IRER lexchange (3Zi#
exchange(rM): BEIREFFasSFEERETTMAINS
r0O =1,

do exchange(rO,S) while (rO != 0);
//S is memory location
//enter critical section

//exit critical section
S=0;

2025-6-12 TTEUAR G 25



Implementation of Semaphores

ElnFRE—4RE G, {55 = (mutual exclusion) AJ LA
FE#H) Load #0 Store 35S LI, {BEREREIIHNTR
MEIIT. —MERAERALS R2IRME:

atomic read-modify-write instructions

Examples: m is a memory location, R is a register

Test&Set (m), R: Fetch&Add (m), Ry, R: | | Swap (m), R:
R« M[m]; R« M[m]; Ri < M[m];
if R==0 then M[m] «< R + Ry; M[m] <« R;
M[m] « 1; R« Ry;

2025-6-12 TTENWKRREMS 26



Multiple Consumers Example

using the Test&Set Instruction

P: Test&Set (mutex),Riemp
iIf (Reemp!=0) goto P
Load Ry..q, (head)

spin: Load Ry, (tail)

If Rheag==Rai goto spin
Load R, (Rhead)
Rhead=Rheadt1

Store (head), Ryeaqg

V: Store (mutex),0
process(R)

Critical
Section

H{th 7 FHIread- modlfy -write #§< (Swap,
Fetch&Add, etc.) HEESEI P(s)F0 V(s)iR{E

2025-6-12 TTEUAR G 27



Nonblocking Synchronization

Compare&Swap(m), R, R.:

if (Re==M[m]) status is an
then M[m]=R; implicit
Rs=R¢; argument

status « success;
else status <« fail;

try: Load Rj..q, (head)

spin: Load Ry, (tail)
If Rheag==Ri goto spin
Load Rl (Rhead)
Riewhead = Rhead™ L
Compare&Swap(head), Rheads Rnewhead
if (status==fail) goto try
process(R)

2025-6-12 TTEUAR G 28



Performance of Locks

Blocking atomic read-modify-write instructions
e.g., Test&Set, Fetch&Add, Swap
VS
Non-blocking atomic read-modify-write instructions
e.g., Compare&Swap,
Load-reserve/Store-conditional
VS
Protocols based on ordinary Loads and Stores

Performance depends on several interacting factors:
degree of contention,
caches,
out-of-order execution of Loads and Stores

2025-6-12 TTENWKRREMS 29



NRIEEEANT

XiE=F:
Hi7 (F&) . Hh. i
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ERXiE: SEGEE. 5% (885) AXAIEE

HEEES

— [I[']F'HT|ET_I(responsetime)

— Nt (Throughput)

CPUHTEIE] = IC x CPI x T

— CPI ( Cycles per Instruction)

MIPS = Millions of Instructions Per Second

Latency versus Bandwidth

— LatencyfEERMESAIHITATIE], Bandwidth IEER(URTBISSREVIESSE (rate)
— Latency BURFHE TR (FEIdXRI305F)

Amdahl’ s Law FRESIhEEL (speedup)

— MHEERASZIRHMES R INESR S Fr SAYEL )

- Q%E?Lﬂa&%%ﬁ’]gﬁiﬂ%ﬁ ELATENRIRRAME R, AREEIESSZER
Benchmarks: }§—#HBFMiER

— HERITENRSEMEE

— SPEC benchmark : 1 X0—2HN GRS 4EEEESZFISPEC ratios BYJ LA

2025-6-12 31



Power & Energy

« Dynamic Energy «
Capacitive Load x Voltage?

— MO-1-0 8 1-0-1iZ1EERIFRIBKIPEER
— Capacitive Load =il RIAEFISLAIE S RE,
— 20 REBANEHEBEEEELEMEVEFER 1V

« Dynamic Power «

Capacitive Load x Voltage2x Frequency Switched

6/12/2025 32



28 5O

- ERXE: ISAZITRIBESRIE. RISC
- ISAFZEERIAR:

— Class of ISA; Memory addressing; Types and sizes of operands ;
Operations ; Control flow instructions ; Encoding an ISA

- ISARYSEEY
- BRSFRE LTS
- StnN

- BEENFUA T WS UE0, SEIES U5, FFEsEREE
* SPECIUIHERAR, {ERIMEIAE 75%-99%
— {RIBFERHA/INNOZIE 12 - 16 bits, BIHE 75%-99%HITEK
— M BEDEFERHIA/\RLZEE 8 -16 bits, Bl #E50%-80%HIEK
 IRIEERYSEEIFNR )
- WEZF, WFRIHIEHHERREMINE
- FFOAMINFEE, BEF—RRE

2025-6-12 33




ISARITIEEIZIT E? R S HF I g 1’E

hiEEFTAE. FECISCHIRISCHfhss

— CISC (Complex Instruction Set Computer)
- Bin: @BAiESIEE, BE E’J?‘aﬁ/v\%"‘ﬂl LIRS RS teE
. 1%ZIKTU‘%: ET ) Eﬁ\ zf‘ S, ERES ln.:?FDJH*'mq:a%EI’JﬁE

— RISC (Reduced Instruction Set Computer)

- B BUEUIECRS, ARSI ELI&RERINES
- EEFE T \7,5?5;.1,7}(@%5’])&? B (DU4L) CPI

IEHIEEIEIES
IESRmiE (IF<EN)
MIPS ISA

RISC-V ISA

2025-6-12 34



+ K IEREVEAFNINICHIAR

- SEfREME: RIBKER, N ™MES, B
(A EPRrEChR e AMESSES.

- IhELL: kKERFKZERNEESEFINEERVAER
IKGERNEEZLL.

o WEE: TIKERNSFFIAZE,



6/12/2025

P, =

" max{At,}
TP = — !
ZAtj + (n — DAY,
=1
k
n- Z At,
S — P =1
> At + (n - DAL,
=1
k
n- Z At,
F = - =1
k-[> At + (n = DAL,]
=1
k
D At
E=17pP =

k
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- IESHKEEIIESES R/ CPI
- EOFIBEREER
- HBEHESHUTEY, Bal F—FES

- EERER IR T BT A A IRHYER
—- HNFHRRER
» AR FIFRkERARRA
- MBS <EFK
- RERIOHIESERN
— A FLoad/Store KA1 T ERSIIA]

6/12/2025 chapter3.37



K ZBIIIEREG TR

CPI = Ideal CPI + Average Stall cycles per Inst

pipelined
Ideal CPI x Pipeline depth Cycle Time inelined

Speedup =

Ideal CPI + Pipeline stall CPI Cycle Time, iined

For simple RISC pipeline, CPI = 1:

P |pelme dep‘l’h CYC|3 Timeunpipelined
1 + Pipeline stall CPI Cycle Time

Speedup = .
pipeline

6/12/2025 chapter3.38



- RImifiIkEe1ERE
— SRR, #UERX
- ZEHEXR. BE

- FELE
- M5 DER

— fEifRSIAFEIETET

© TFEHZREURERIMIPS Ik

— Latency & Repeat Interval
— [ARR: ZEMEtEX (18%) ; #dEEX. =HEXRSERstalllgZ,; B
MEEEAE,; ERRARIES, REGESES
— MIPS R4000 84K Zk
« FESRERIEDINER - loadfEIR /92 cycles
* Branchi{FEEXERIAE D 25 M- 3/ cyclesHIFEIR
- Z/NEMIR . EX/DF, DF/DS, DS/TC, TC/WB
— MIPS R4000RYZ m&iR/E

6/12/2025 chapter03.39



7@1&‘ Cachel e {EFMiL. EFHER,

CacheEZISl?IE 4Q
» Cachel%gen i

CPU time = (CPU execution clock cycles +
Memory stall clock cycles) x clock cycle time

Memory stall clock cycles =

(Reads x Read miss rate x Read miss penalty +
Writes x Write miss rate x Write miss penalty)

Memory stall clock cycles =
Memory accesses x Miss rate x Miss penalty

Different measure: AMAT
Average Memory Access time (AMAT) =
Hit Time + (Miss Rate x Miss Penalty)

2025-6-12 TTEUAR G 40



Cachefi{t

Hit Miss Power Hardware cost/

Technigque time width penalty rate consumption complexity Comment

Small and simple + — -+ O Trivial: widely used

caches

Way-predicting caches + + 1 Used in Pentium 4

Pipelined cache access — 1 Widely used

Monblocking caches 3 Widely used

Banked caches + 1 Used in L2 of both 17 and
Cortex-AS

Critical word first 2 Widely used

and early restart

Merging write buffer 1 Widely used with write
through

Compiler techniques to + O Software is a challenge. but

reduce cache misses many compilers handle
common linear algebra
calculations

Hardware prefetching + — 2 instr., Most provide prefetch

of instructions and data 3 data instructions; modern high-
end processors also
automatically prefetch in
hardware.

Compiler-controlled + = MNeeds nonblocking cache:

prefetching

possible instruction overhead:
in many CPUs

Figure 2.11 Summary of 10 advanced cache optimizations showing impact on cache performance, power con-
sumption, and complexity. Although generally a technique helps only one factor, prefetching can reduce misses if
done sufficiently early; if not, it can reduce miss penalty. + means that the technique improves the factor, — means it
hurts that factor, and blank means it has no impact. The complexity measure is subjective, with O being the easiest and

3 being a challenge.

2025-6-12
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- REESHRATIEEGE. RERE

« IBSHHAHITILP) : RKERIFICPI
— Pipeline CPI = Ideal Pipeline CPI + Struct Stalls + RAW Stalls + WAR
Stalls + WAW Stalls + Control Stalls +......

- IReESHRFTIE L
- WG BEORMBAE, BINEF, B4imKE, trace scheduling
- WA
RERE: BESREE-EAREH
fEHE%E: mESRISEERE
ol LIRS =S i el
— Out-of-order execution -> out-of-order completion!
— WA S ?
TS5 ST
- BEUREEEMWE? G
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» FifEBIRRY PSS HE
— Total Ordering
— Partial Ordering
— Load Ordering, Store Ordering
— Store Ordering

« Superscalar and VLIW: CPI < 1 (IPC > 1)

— Dynamic issue vs. Static issue

— [E—HIZIRTESHES => SEEXAHRSFH

2025-6-12 B IARER 43



Memory Disambiguation

TABLE 6.1: ?»-‘Iem(}r}' disambiguatimn schemes.

SPECULATIVE DESCRIPTION
Total Ordering No All memory accesses are processed in order.
Partial Ordering No All stores are processed 1n order, but loads execute out

of order as long as all previous stores have computed

their address.
Load Ordering No Execution between loads and stores 1s out of order, but
Store Ordering all loads execute in order among them, and all stores

execute in order among them.

Store Ordering Yes Stores execute in order, but loads execute completely

out of order.
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« GPU: Z&iEih =8

- GPU{mTEIEEL: SPMD (Single Program Multiple Data)
— {EF3%AE (SPMD JRiEtREY), ANZ2FESIMDIESYRIE
« BEERITRIFRAME, EER(EREREEETE
.%EEE\;C)%E?’J ? EEI’J%:‘F%@EL%EE%EE)J/ HITSE) o
— ITERAXENREIRNIAIZFE(CUDA threads or microthreads) STk,
A AR A (iend ooy ”
- GPU1F1EBEY: SIMT (Single Instruction Multiple

Thread)
- —HRITHEEIESRIZ

SRS B R Fwarp

— — ) warp 2 (42 ARYSIMDIRE

- GPUT=i#rRALR

— Local Memory, Shared

Memory, Global Memory

- GPURZLE (RAISICER)
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« EaKiE: Coherence, Consistency
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