BURE->ZEE. HFEREHTH

FIES$2.11

ﬁ%ﬁlﬁ%ﬁ’%ﬁ% 4
%21%$6.5. CC ($5.10. $5.12) , MC$5.14
GPU$6.6 (HMT)




N/ J—

NS FERS5FITERESGZENY, TLP

MEBZIER| B 22T K

o TheE, MEE (ETXPk, FIE, Z[E#AESE)
« kL. race-condition (data-race, #4 (18/Z) ) , consistency (POSEO) |,

WL EERMHMT. $6.4
« ZHREHZIIREETT
ZIEE R 1E
e BEF3IES: ll-sc, amo, $2.11

o ¥iE3=% (datarace, —#hrace condition) :
- EE5ME £EFE-ERE (flag) , 268

RVZ1%Z8+). $6.5, hart
* Cache Coherence: $5.10. $5.12
* Memory Consistency: $5.14 (fence, PO)

GPU: $6.6, HETHMTZEH

HZHIEERFHIE

(rendezvous, meeting point, barrier)

[$4.11"Z X E/BIFE BILPEA, R4ENR]

coherence (Zcopy)



PREIMKEHMTRON (FEFERE) - MIMD, $6.4

o REYI: ZhEFELTX (PC, RF, stack)

e

« G cycle—NERFE ‘

* coarse-grain multithreading: Block Multithreading 0
* FREKHE EZEHF [20L2 miss] =>ZEP)#, TH | 3
 FGMT: &1 CCUI#%Z&FE, RR ) of
- FREAEZERT (RAW) ( KENZEMH, TA e o

P

. ]

e T 1

e = [
itches

!m!w!uln]m|r|

-n
0]

thread scheduler

regfile
I 1$ 1 H 1
i LH: i .
< N
L2 miss?

cﬂ_. X
: B ePr1 ||| P
1 A — A
- d‘l
A
:
; | - —
A 2 Thread W2

select




FOMT: TEBRERMCRIAN D Sl [F2R 3ESR

TID Addr. Inst. Cycle

1 2 3 4 5 6 7 8B
A ABCOD ABCD 0 0x00 BRxOC F D E M W
0 Ox04 I F D -
0 0x08 | F - - - -
0 0x0C | F D E M W
A [a] Al
Sl R E TID Addr.  Inst  Cycle
Al — ; =1 E 1 2 3 4 35 6 7 3
| E: @ 0 0x00 BROxOC F D E M W
B B8] © B| C | 0x30 I F D E M W
2 0x60 | F D E M W
3 0x90 | F D E M W
0 Ox0C | F D E M
N A > T . = 27 I ™ > 1O g
- WMPEZERE [AT] 0 BATEREMRE, BENTHEERELER

« Tfll: OxOC$5<HE T —eycle?



AR E MK ZEHMT . SMT

- BIAEMR: RS, STEE (/ﬁﬁ‘%hazard B B )
- Bl EIRRERIKE (4/I\IOD|) . A %EE, KUIRVEG-5

« CMT/FMT: & cyclefE— & 2R EIE, BEHEERZEERNMILPIR G

* SMT: 8 cycletJEZNEEFEIE, 79 \7F'JH%|LP5FDTLP
 CMT/FMTO[frEE 8 FrE, SMTAIEIRE

Issue Slots

C10]

i (T i B [
g T T
. 1]

|

T [
S | |
o e
e

LILTETL]
] |y

(1]

10

HIN
HiN

min
HiN

<— Time (proc cycles)

Cyeles
‘-

Context switch
Context switches

2] [ | [P en—

(= [>[]o]=]>]

(@[w] [=[>]>]

CGMT FGMT SMT

10

Horizontal waste

Vertical waste

H&P]3.8



Different Synchronization Ops:

* Data-Race

« HK&iFE—data, EHEZE/DHFH—Pwrite,

BARBTL
« 5 X: SWMR
* lock = BTt
.« Mk
« £=F-HERE flag, F
<& 5 barrier
s FEFIMN: F5= (=L =, ag/rl)
o [EF1: CAS, RMW, Ir-sc ( = CAS)
e AT 5 aq, rl

« BHCPU, %CPU

IS

| | | |
"o Lock L
Lock L Wait F
Unlock L - SetF ™
Unlock L "g
l |
Lock Flag

~ Barrier

Barrier II‘.,

Barrier




VEFIES]: LR/SCHES . RV$2.11

aq-rl 5)5%?1?%%2 5)?%1?%%1 f—ljﬁ E*ﬁ?ﬁ%& E%f’fﬁ%
LR/SC3£4: M hart Z[@E% [£FXDR/CS] f
- “RE AIPIR-SCRTM, MEASEEEFTHRERS i il s Bl i o
Irfw/d}{aqrl} rd, (rsl);
c (TEREY w (326) | d (64%L) . aqrihIFFIRFLIR, —REARIAG (TR
- rdBiREFa BlE
« sUEHFasl: AFMIE (BIEE) | HESREZHICPU hartEEEZ IRV R BE i

sc{w/d}{aqrl} rd,
. AN 90, EAL1 (3F0)

* rdBRF 75

rs2, (rsl);, ZeHRrrs1 NI R BB X BHIKE
REFHEIUATHNEMY, SCABEMITAIN:

 sLRFFARL, AREM SR 1. LRFISCI (A48 Ayt
« 1IS2REFFR2, HEN (rsl) 2. IRFISCZ @ BRI H e B EIS 0 E—Hh it
Eé\*ﬁﬁ R—type (218) (%QEE'TEJ_/I\hart) o

3. LRFMISCIgS Z B R B X5 = ”%“Zii

- FEIFES, THEscig< 4. LRFISCIE% Z [E’& B TMRETHEINIES



aqgrl: T FFZIRIRC

s BT EIRFIES EEINRTINEY R 173 o) i BR
* .ag, ARA“acquireF’
e 1l, AR A releaseF”
« agrl, AAERAIMF—2 (Sequential Consistency, SC) &’

Acquire Release & X

0 0 & i P PR |

0 1 ZA8 4 01 FF BT A VI R A7 16 18 2 45 R U AE 218 2 AT Z AT d I 22 )

1 0 %364 5 7 BT A U 10 768 1148 2 U 248 2 PUT 52 a4 I PUT

i : I/TL"H'JH*h}TﬁlfJIEUTf IR 2 B4 RO ZIE L PAT Z A g 2, ZI8 4 R BT A VI R F & 38 2 D %48 2T

5eRE A IR IAT



RVIEF3551: LR/SCFES . Ir=Il, RV$2.11

ige: KIRTFIRIERMWANE]

Ir: BEAERZDZEEZE (a0) Zt0

o HETIREEIT0MIREIES, BIHFHFTRMWE M R 1E
- sc. EEEFLE

o iff: Tz EEE HibhartXiZB T EFHRHTE

« BNXFaofEk, EF=Iixlock
FAIr-scSCIf lock

s IRBAEMP], scth A2

IrSERY A ERERS 7 AR

FLIIEIr-sc: (RIEAE ZEZBRENE S LENT
FEENRIERRHNAL LR, KBHFTR

.globl lrsc_ins

#a@ PN {7k

#al THHA(E

#a2 T E

#a0iR[A{E, WEMIH, WAe! F A1

lrsc_ins:

cas:
lr.w te, (ae) #n= LR AYE
bne t@, al, fail # 45 FH 25 ) Bk 1) Fail

sc.w a@, a2, (ae) #EE R

1
2
3
4
5
6
7
8
9

(Y
&

« lock(): EIEZEE (a0) , WHE 11 jr ra #1% [A]
* unlock() 12 | fail:
unlock: st (a0), 0

=
L

11 a@, 1 #a0
ret ;

« ZAPAIERF O RERIITHfTlock

H
B

jlﬂ ra #]I_‘: |

=
wi




LR/SCIES LI —FhE FCachely 2

* HTLRET: RXF N CachefTAriC A“RE AL, MEBIIEE| S 7%
[Z#%] | T|i@idRa%s Cache —& iTJJ\uﬁﬁ{%ﬁ%ﬂle'lﬁ
« $1% SCH?L ¥ & CachefTE AL F YR IRAS

— H f7store, EERMREBIRC, REIRKY, & — REXK
WHIhR N, #hadid R %& 1% invalidate B A, HEREMCPUAICacheE| A %38

. %E ME—2: LR 1 SC Z2 [BaYIES e EH T
* IR # SC Z[EHEARN RN FHFEfence, PALEIESEHHF

AR ERAETR. FESN LETXURNSEEBREERES
. —ﬂ:J REFLR/SCXT” m% FX IR IERREI—KAR BEIRTS




RF+<2 RTWAFHRIEAMO, RV$2.11

NTERENTENFRE, EH LR/SCJH%#(

FPAMOIE L ST IR TEAR T 21, %&9[\ BER{H Tl

& RFHIES . BFIMERES. E% BigiES . BRTBUA/MEES

« f5]: amoswap.{w/d}{aqrl} rd,rs2,(rs1)
« EBRGFMUsIHHEEMRZdSTERTD, RELES2PHEIES AZsli5EMREFLRTTH

X86: X HFCAS (Llock) F*[EFEUEHN"
* PentiumProz Bii@id §1BusPl IF Hfthmaster (DMA. CPU#%) BINTFIAE), ScRlock
* MPentiumProF44
* LOCKSZI: RESPEZEHMCPUZRNEXRMEFLRE], MARMNEENEL.
« RFEZE{RFcachelineFIMAEIRZS, mt ol IXPA IE Eftbcputz 3 iZRAFHE N
« CASXIL: RIBZEHMcpulaXEXAFNEFRIAR, REFELHEIERLZL.
MIPS. ARM. RV: Z3FAMOFILL/SC [LbSIWCASEfG&E, $2.11]
« BETLUSCHASKIMAMO., CASFIRF#EIE, A=HIMCASHAJABA[G




G eSfence: BBFF = T
RN B, R4 25

© BRFPITHERME
S EBIES: WESR,

2z \-—-\;h'_| /_\,/ RN ——
TEFEE [9i%=,

R

SE—ZEBNIFREREEREARNNEE.
EBEEE]  EEFF

+ in-ordertiTERM: BEL/LEE/EERIKSE, HAF-RER
. OOOMTEM: 1SR, MiTH~RER

- BSEE RiEF

o FSAE: ST, ShnE (StoreBufiflfa T store-load, TSO)

L BIFELFINT, AR —EUE

e fence¥s%

I-$

Store-to-load
forwarding

ME —9{ WB
Iw >

sSwW

—>
Store buffer

L1 misses
D-§ Main
_H:D_.. memory
write-back buffer +
- [[}

write buffer

36 sub x10, x4, x8
40 beq x1, x3, 16
44 and x12, x2, x5
48 or x13, x2, xb
572 add x14, x4, x?2
56 sub x15, x6, x7
/72 1d x4, 50(x7)
, Cache miss (JEFEZE)
LOAD LOAD STORE | | STORE
LOAD| |STORE | |LOAD| |STORE

Sequential Consistency (SC)



fence~fdl): IH5%

« o Hamoswap [£] , =k
- fence [#, fins&E]

1i to, 1 # Initialize swap value.
again:

amoswap.w.aq t0, t@, (a@) # Attempt to acquire lock.

bnez t@, again # Retry if held.

-

# Critical section.

8 i

amoswap.w.rl x0, x@, (a@) # Release lock by storing 0.

X HY]

O ~NOY U B WN -

S I P GRS RN
oW N - WO

N/
™

sd x1, (al)
1d x2, (a2)
1i to, 1
again:
amoswap.w to, to, (a0)
fence r, rw
bnez t0, again
8
# Critical section.
- IR
fence rw, w
amoswap .w x0, x0, (a0)
sd x3, (a3)
1d x4, (a4)

==

E=3

= I T I

Arbitrary unrelated store
Arbitrary unrelated load
Initialize swap value.

Attempt to acquire lock.
Enforce "acquire" memory ordering
Retry if held.

Enforce "release" memory ordering
Release lock by storing 0.
Arbitrary unrelated store
Arbitrary unrelated load



RVENfence: XN ATEIES, ~NMOATF! , $5.14

* AfFIAEIRE (fence) sRIFHIZER—> hart ARINITIUF

» fence [iorw], [iorw]: iorw>7alF~fence BRI AT fFIE S RYRE
* PR/PW/SR/SWAL: BRHIBTS&E/EEEFTFE2IES LR
« FENCE RW,RW; #%FTSO
« FENCE RW W, ZEIBFFBRWAREREF, ZFEHWAREFFE, acquireid X
* FENCE RRW; ZHBTIHIFFER [load] AEE/EF%, Z/EMIRWAEER#%, releasel® X
 FENCE RR
FENCE W,W

7'JT|*£ . FENCET U — RRHFIFISEMEHEAR/NNAFAEE  ms.a7
* fence3LIN m_

o :HF?iz]_(j;ﬁerte BUffGF@JIﬁ FENCE.| Instruction Fence
Mem. Ordering FENCE Fence

° E%H,HTJ@CPU,H%??EUZIK%%Z SFENCE.VMA

Address Translation Fence




T2 SMP (XZ W17, B R%RE)

EFRAE: "LESBERTBEEFFEANIT—FEL
C BEREL BB RTIHNG, SREREERINSE, [THE. 3

SNl

@U.%E

* memory coherence and consistency

CPUO CPU 1
* Coherence: BAEIEL NcopyrI—EME [I/0—ButE] L ;
* Cache coherence: B5%#, =17t - Sim - Sim
* Consistency: Z&EXIEIHF FAEEE e —
. Y v
* 7517/ global memory order P —
- (BB/EZ) mEFSEFFN—EME: SC> TS0 >RC | 1
c EFREEMERFRNGER T ARFERE" fence Invalidate Lovalidate
SHARED
Tﬂ MEM T1 Interconnect
store o Initial state: x=0; y=0; |n|t|a”\f A=B=0
Thread 0 Thread 1 Proc 0 Proc1 Memory
load =1 y=1; ~(1)A=1 - (3)B=1
ro=y rl=x —(2) print B ' (4) print A~

Perfectly timed load



RVWMO'

* PPO RULES: BI“AR~ A IFELF

7/

» EFFFFRATEBZ Y,

- WSS (1/2/3) |
- IEEME (9/10/11)
© KLU (12/13) @ BIRFIEQIEENE, F=ZFNMHERENAMEEHINT,

BIERCIREY.

JIER" [XFRVAL 22 A9 E K]
NEEBRAFERTALIEBZ R

HFEU TR Z—,

E i< (4/5/6/7/8)

5 20 31/ 12 T /AR A

13%PPOHI N .

/j_\/\fg

[LoAD| [LOAD| [STORE | [STORE |

[LOAD] |STORE | IL(_:AD] | STORE |

Sequential Consistency (5C)

(35477 ]

« =/ Axiom: Load Value, Atomicity (—XJ) , Progress (storegxZ%to] )

'

9 Load AMO/SC
: ) |
Overlap | | Overlap | | Overlap

Fence

except “rsw”

and “fri;rfi”

with prfpwfsrfsw
set appropriately

i

F{Csc

Addr/ctrl/
data dep.

Q@

except ctrl deps.
where B is a load

“(addr |data);rfi”

or “addr;po




LSU: BOOMZEA

« HblbAERY, ZFFOOO
o Y IWstore-loadFHE: Searcher

& MRVWMOEH . order failure

LDQ Entry Explanation

entry valid?
address
address is virtual?
load executed?
load succeeded?
load order failura?
load observed?
store depdence mask
store forwarding data?
forwarded store idx

STQ Entry Explanation

entry valid?
address
address is virtual?
store data
store committed?
store succeeded?

Core
(Decoding)
Decode Stage
Reserve Reserve LOAD/'STORE
STO Entry l lLDO Enfry UNIT (LSU)
........ = e
valid [addr [virtual [data [ emi [suce valid| addr| virtual |exec|succ|ord| obs| st_maskist_fw] st_idx
Virtual Virtual
Entries Enfrles
-~ ry
oo Address
Deta (Physical/Virtual) Address .
(Physical/Vinual) Execution
¥ v Stage
Virtual Address off
{Me%uﬁnm New Lnaaesmre: Coniroller TLE
- g
Controller arbitration logic TBHL | |3
¥ ¥ v N
1. Incoming Load >
2. Incoming Ready Store l
. Incomin Add ¥
3. Inco 'J Store e N A SO ST | Data I | LY T T T
4. Incoming Slore Data | [ M;l;‘l;lj‘
All 5TQ AllLDO 8
5. Store Fence Entrias Entries al
6. Load Retry L ik | Data Cache
7. Store Retry Kill Data ¥y ¥ On
Searcher Access _ | Data |Miss |
8. Load Wakeup > rmay [ MSHR
9. Store Committ Core .
(Exception) order_fail * "
@ Tile Link >
¥ '
Connectionfo Core ~ sssssens | Twd_std_idx } . ,|fw\d_51d_ga|id+ e Ifwd_atd_dal,a ............................................. J- .{ Data +7 - { Mack I | A
Core ) — and which unit itis |
(Core Unit) | = connecting to.
@ ,,
Core LDQ
(BR Kill) ¥ Y v ¥
Relevant LDQ Entry ) I
= s updated wilh the Selection Logic —\ /
I
Load Dala """E'i‘igz‘*
CSDN @newyork major

input information

Core
(Mem Unit)




RIE—EUE o) R
[%]5.39: %E;f; TBHTCPU A'ﬁl AS= 1, M BS=0

p— Memory
¢ H d a ta (X ) E/\] g /I\CO py Time Cache contents for Cache contents contents for
step CPUA for CPUB location X
inv 0
1

- 5% i

CPU A reads X inv

s LERENREFME (BRE) T s 0 0

° lﬁﬁ-}- 1/15 E/]%)%)?Z—Eﬁm I_&L 3 CPU A stores 1 into X 1
* PIBgwrSP2HIwWrst/alliF, TZA? P1 P2 P3 P4 P1 P2 P3

¢ E. '%"[__r'f't TE i wr(x=1)
CER BESERESMEE | o) R a0
BN A SN I AN —

@) Q @ AW \\

=

I'I

Cache Cache Cache

o o v
xis 1 Xis 2 xis0 X is 1
=] /—

(3,
DEEE6-2 BERERIERTH ERIXRS®RIERTTH



Cache Coherence: $5.10 $5.12 [V caheine Jrag

 IREKWMsnoopy, HEdir: FENI, SEHN
* Snooping Protocols: a write invalidate protocol

s DTN —BUMEIRTSHETR (VI, MSI, MESI)
- SiE4E: SREMLHE [M] | EERMEIATR [, rErg] O OpriGers o
« 5EEfT{k (SWMR) : XfE—data, BEENRATFE—INE [REEE—1MZEHcopy]

FIGURE 5.40 write-back, invalidation protocol, snooping bus

Kl5.39: EEiLX, T3HCPU_AE1, AS=1,mBS=0 Contents of
Memory Contents of Contents of memory
Time Cache contents for Cache contents contents for Processor activity Bus activity CPU A’s cache CPU B’s cache location X
step Event CPUA for CPUB location X . .
inv
1

inv 0
inv ° CPU A reads X Cache miss for X 0 inv 0
CPU A reads X inv 0 )
CPU B reads X Cache miss for X 0 0] 0]
2 CPU Breads X 0 0 0 -
- CPU AwritesaltoX Invalidation for X 1 18\ (0]
3 CPU A stores 1 into X 1 0 1
CPU B reads X Cache miss for X 1 1 1 HlO




VI(BES L) => MSI => MESI =>MOES| =>

* MESI: Jik/b> 8 2181 Processor
« E: M, alfEARCache’t. ACPUVHEREET 0 @ _______
¢ >Ij(;§ $$&: Ziiﬂxﬂ;’f@,CPUUﬂ'ﬂ HT/ﬁJﬂEE&jﬂSo Cache ITag Array Data Array

- #. AlZa, BiZa, BHa, AlLa
(a) (b)

] B FSM %
(©) (d) i Outstanding | ~ [JFSILD . i
A B c A B c ' Trans. Table =\ ﬁp |
2]| | B (= . Coherence Controller - [ .
[ M__ ] E s | Bus

= = 7. K7-2




Grid

GPU: —MIMDAMEZE  RV$6.6 S S S
e

o ¥IBRIFTDLP: HARZHMT SIMDAME 22 4248 B— PMIMDALTESS — : £
- SIMDZF2: XHSIMDIESHMMLETE, MIgS1 — HIBA, $UEB, BUEC, $ED; [FA—%350, 4N TE]

s GfiEssEmE ™ (B WE) MIELR, AT HDRAM (HBM, dielfEE)
« SIMDAMESEAMATE, GPULBRNTE. WKREFCGMTRARRBIAEFEIKHTZE, MmIECache (FrhkGPU{EHCache)

- WA BIELTEI2 [3290x] | 0 EEE32D : : SIMD Lan
o s Instruction register {ﬂﬂrea; ;;c )
- SMBERTATRITE, HHIESA 2 . | rocessors
' 1 L 1 1 ' L T L v i v ' i 1 L
- CUDARRE: ZL&EFITITE @gg@%@%g@%gg%@@g
© Mi&grid: ZNEER, TiR—%. "4 =HAR
- %#block: nMSIMDLER, HAEREE—ID Regh | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg | Reg
— NP RET IMNEL, S@idshared memoryﬁ% 1K 32 [1Kx32 [ 132 | 1Kx32 | 1Kx32 | TKx32 | 1Kx32 | TKx32 [ 1Kx32 [ 1K=32 | 1Kx32 | 1K=32 | 1Kx32 | 1Kx32 [ 1Kx32 | 1Kx32
N #kﬁ-lﬁ %fiﬂw}ikUQj}mﬁ\g&ﬁ Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load Load
© WD hostiF, deviceWfy sore | sore | sore | store | store | store | store | store | store | stoe | store | stoe | stove | store | store | store
* Gi—RTF BaECPURFFIGPUR TFEI#H TEIEE

S I A 5 I

L ¥

« CUDARZEIZERY: device. global (#Z & %L) . host

° -Tl-}[-l.’/f? _/I\kerne| (JI{Z[’—‘I 5-() E‘.E}J—/]\grld Address coalescing unit Interconnection network |
© ZFERwrap: B32PLIE, ESME’JiﬂF?ﬂﬁﬁfc : . 3
© —PwarpPI& BN AEEENTHEERNIES, Bl SIMT [&16.9 Local Memory To Global

—/NSIMD% (4 F21R) 64 KiB Memory




CUDAFMZREE. — 3 KANEE T+

Adefing W 10
int mainveed 1

]

int af NJb[N].c[N];
int *dy_a*dev b *dev o

I EGPUR 7
HANDLE_ERROR( cudaMalloct (void**)&dev_a, N*sizeaf{int) ) b
HANDLE_ERROR( cudaMalloc( (void**)&dev_b, N*sizeof{int) ) );
HANDLE_ERROR( cudaMalloc{ (veid**)&dev_c, N*sizeof{int) ) )3

forfint =0 i<M; i++)]
afi]=-i;
b[i]=1*1;
}

£ b R T O o 3

HANDLE_ERROR( cudaMemepy (dev_a, a, N*sizeofiint), cudaMemepvHostToDevice } 1
HANDLE _ERROR( cudaMemepy (dev_b, b, N*sizeof{int), cudaMemepyHost ToDevice ) );
HANDLE_ERROR{ cudaMemepy (dev_e, ¢, N¥sizeal{int), cudaMemepyHostToDevice ) )

add=<<N, 1>> (dev_a, dev_b, dev_c); (AR, HEHENPEEDlock, 1 blockH 1145,
HANDLE_ERROR( cudaMemepy( ¢, dev_c, N*sizeof{int) cudaMemepyDeviceHost ) b;
for(int 1=0; i=M; i++)
prmtf{Yad+ed =%din™ afi]blleh]h
cudaFree(dev_a);
cudaFreeidev_h);
cudaFree(dev c);

return 0

_elobal_ void add( int *a, int *h, int *c)f

int tid = blockldx.x: (blockld 2CUDA—T-EE
ifi tid=M)
¢[tid] = aftid] - B[tid];

Host-
=5,

C Program

Sequential
Execution

Serial code

Parallel kernel

Kernel0<<<>>> ()

Serial code

Parallel kernel

Kernell<<<o>>()

device
£47! D

Device

Block (0,0)  Block (1,0) Block (2, 0) |

M(O,l)? Block (1,1) Block (2, 1)!




Domain-Specific Architectures:

* DSA: H[O8ER

* FPU, DSP. GPU. TPU. MLU

« U R TRPU?
« DSAT JEN:

- EHT AT
- BUMEEUIRIT

« BEHWRFALUTIZ L3R

© WHABEMIEML
* XAEINFHTHAR
- WEETH
y Dﬁlw‘%ﬂ)%jvﬁﬂ%'éﬂ
- SEEH

'T%FH Vﬁi_k?)zﬁlm =
* fTensorFlow (DNN)

INTPU [MXU]

<:I>

)

14
GiB/s

PCle Gen3 x16
interface

—

[ off-chip 10
I:l Data buffer
|:| Computation

. Control

Host interface

DDR3 DRAM chips I D

30 GlB!s
14 GiB/s DDR3-2133 30 GiB/s
- interfaces

Unified 167
buffer Systolic |GiB/s
(local data

activation setup

storage)

- AN )

K 167 GiB/s

B —

CPU. GPU, TPU. NPU, $6.7

Weight FIFO
(weight fetcher)

@ 30 GiB/s

()

Accumulators

Activation

Normalize / Pool




TensorFlow \

l

hiE +

- SMRITE RIEESR

« BKE(Tensor): 0~nZE#i4A

* TensorFlowayE A EIEE AL

- 204, mE1, M2, BRI, W4, -

« ITE K (Computational Graph)

-« REY D IR EIE(Tensor) R A (Flow)HIDAG, 5K
« 27 (Session)

« BT EERMIETRIAE

\

/

ik

=My
E /i

« TensorFlow 1x : ITEENBWEMPITESEN [FRESE]

« TensorFlow 2.x . BIEF#H 1T [FREI7SE"]
- @7 CPU. GPU. TPU i=fT

« v H: %% (TensorFlowgKeras)

HINEE SKE TEE =IERIT

LR

# TensorFlow 1.x M8 ({{EIERE, FIEFFH)

import tensorflow.compat.vl as tf

tf.disable v2 behavior()

# EXMITEER

x = tf.placeholder(tf.float32, shape=[None, 784])
W = tf.Variable(tf.random.normal([784, 18]))

b = tf.Variable(tf.zeros([108]))

y = tf.matmul(x, W) + b

# BIEEIEHIAT
with tf.Session() as sess:
sess.run(tf.global variables initializer())

result = sess.run(y, feed dict={x: input_data})

# TensorFlow 2.x J#E (FEF)

import tensorflow as tf

# HEHITEER

x = tf.constant([[1.8, 2.8, 3.0]])

W = tf.vVariable(tf.random.normal([3, 2]))
b = tf.Variable(tf.zeros([2]))

y = tf.matmul(x, W) + b

print(y) # ZBEIFRIGER



David Patterson: “AlFEIERNEEEsmGPU’

« LLM EERI R ER - =
- Prefill (FURZE) BrEx: LERAFSIRIFTH token — I —
c TEZER ZE@KIFHBM, GPU/TPU T DU T v Xt |~ =
* Decode (f#%5) KEx: BREIE, &2 R%HE— token -
* E“Wﬁ%ﬁ?ﬁﬁ&ﬁ’\]”, 1&ﬁﬁ (a) HBM (Top View)
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- FiE1: ERFIHEPNM N,
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(b) HBM (Side View)

David Patterson, BEETF, “* T KiBES R IBFE 4 APER SR J71E", IEEE Computer, 2026



B ITERRRY

NFBE (Applications)
- MEFALTES (SDK) MREESED
o BIEHMEE (Programming Software)
- WIEHREREE LA, UREMMTEMN
« wiE¥wr/= (Compiler)
« BET|YIBLLISME . A EFEEDE. TR EE
PR RE
BIERZE (Operating Systems)
« AR, BREMYUEFRS, BETREHMELE,
« EF4IEREE (Quantum Processors)
s WETZ . BSHEK, Xl

Yin JW, Chen ZR, Peng S et al. A review of quantum computing systems and
software. Journal of Computer Science and Technology, 41(1): 147-169, Jan. 2026.
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