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@ BEXFHRER: REAESBANLETERRRITSEE
B BREX Fieke

KGR, BERFUHENAMRR, #F, EBEMIUHEMAREN, SFEGERT. XTETAR SEM
R, BHETESHENMR SEESTER/ BREAZNEFZATZARBATIRS: £ NATURE,
ASPLOS. MICRO. NIPS, DAC FHiTll / I EERIET 70 /% BREIRMHRHES —FR. ERPHAFHAR
TER HEHMEAL —ERRE

PEAEBERTENAREMTEREENIRIT AL, BRKIER, DREMRARTTEEZBEEEG
WENRIT; MEFRAZRNRIFEZERE-—ERSENTE, FTRELRSNE, BTAERLLERGTTRIEE,
SEDR, MBGEBSHRRTERTENAREMRNRELRE. MMNUEBHMAREGERE, HEEN
REER "BERNSITHEIEL",

BLAERITE, EBEEEENS - BERERUMERITEN, REHIEMIIRMEHERBE? ZATALARE
SE? REEBI LT ENOMRTNFREXEK.

WXL, EE_RBIERERAT "GRREREMNISR" TS L, BERARKEZMTEN “HRiE
HERESNEMITERARRITSRE” WERRE.

SKISRERAPEANA T EMITENER. NASERSMRER, HADW T SIS %0 AR EE {4 A
ET “BA" XTEFRIER (B3 AFMIPEMITERROIVR, RERE T EMESRITENRET
RRALY, RAMBEHEEHE. REFMEIRTEFSMNAL, RRRTFEXMTBESHERSHTE MR
WHEE, &E, KEEER T BRI ESsMANGINERIN TS TRER.

—. HRER: XETENER. MASRR
KRITERERLESIHTEND LR T, MEESHTENEEZ—, MMEI Carver Mead HUIRE
1990 2 “MAWSUHE” XM, FREENS “RAURLISZGHEEMHZ AR VLS| FZIAM
EHITHEENTERR .
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ERMESRENE, ARENTHA FHENEITES, EBENTERITEME. ANERHFRMY,
—FELHTH, FEZIEFE. MEEHS—RINREBHITHE, H "BEAEEXTHTEASHN, M2
RAOEMTEREMERNCSEE", METS. MEVMARANHTERELERFHERA T BERRES/LTHE
Ko PRDA, HRBBEIRZE, EFREEEMHIMEE, BRI ITEMEE.

BREFEAEAR —SEREANYEARENTENRE, XOTEMHTENLGE Z2, RBAEM
Spiking XiFIRILIEN EM AU FHENEIATERRR. IMRBEMRRERMBOREARE, XT
RATEMERBFEERNET.

Non-Neural
Network
Anomaly
Smart Detection
Sensor

Implantable/
Wearable

B2 ERNITEATSISAE R A

SRISBNE, EMItENAERLERNET A, RBGEAXEY, XEHEBMZSNEENAZHENS
AR, BEROUAHAESNITIFERRMMEMTELNFREMENE., TREEMM, —hE ALK
ZIFNBRETE. TEMHAFIFANEDE S—MEERETN. REAER. BREXFIFREZMETZR
B9, CEalFRmBK T M Em BRI BAELR.,

1B 2016 F#) {(Nature) XERE: KMt EFABERNAREBNINRKRABZ—, TEEEBITENA
REERTF A, ERE—R.
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3: I EARARE

BAKBTERIRFESEARE? 2020 FNE—EXE " 15H, XKMitE A% F—§ Computer Engineering
APRE. BRI, GPUIRENTE—MEIRH, EZTHMERE ASIC INikes, MmE=MERIEMEMREISITE.
E R %183 John L. Hennessy 1 David A. Patterson 7£ 2018 FEEIRIRS © BthiRF), KK 10 FE2EIE
NIt EHAREMN 10 F, BRIFRENELREENZENE, B RAREMSWRIFNEREN, BPa
B2 AP BAIERIRER, SIFMATSAIEE, ETEFNEMENLERS Y,

Z. WRp: EESH vs “BRER (BE

SRISENA, BRICABRZMENEMSHFL, tHal, EnBHFAZ Neurogrid HIRAFIEELF K2 NEF HIFA
A 1EH Braindrop; F45/REY Loihi; AR TrueNorth, SpiNNaker. BrainScales %,
XLEERS AR Z UREGHNEIZITAE, FQREHT BSHENREFEONR TR, FAZHEIRN
BN TFEENNAMERELLRS TEZANZEHN@ET, BLENBNTERAREHSHEL—E,
SERZ MBS EN, BEFLRNEE, FRARTESTENKEEHRENAR,
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a= f(z) A
b=g(
Z=h(z)+a+b

Il
o
=
=

1  import nengo

2 import numpy as np C
3 model = nengo.Network()

4 - with model:

5 x = nengo.Node(lambda t: np.cos(2*np.pi*t))

6

7

8

9

0

y = nengo.Node(lambda t: np.cos(4*np.pi*t))

a = nengo.Ensemble(n_neurons=256, dimensions=1)
b = nengo.Ensemble(n_neurons=256, dimensions=1)
nengo. Connection(x, a)

nengo.Connection(y, b)

o

Speed 1.03x m

T P PR g
Time 3.656 00 05 10 15 20 25 30 35

Buld finished In 0:00:01

4: Braindrop™®

5 Loihi R 4i48LL, Braindrop #MiSLERR &, Loihi FRANIMEMNRIZRIEEETHEIT. HETRM.
HEZMEX N EIR, T Braindrop MZFABHF AFHI NEF 1EZR, EINRER LIREMRRERIE, AP RIS
NI EREHEA A — N EEMENMY HEARR, AEHSKREHZELXN. XBEH, AFEY NEFIF
BTARRER—AYIE LNEETT, FREIREESHNTA L.
HHMTERIRMBENEIRIT, EEREFIRITHESRBEEICESR,

NEF {EZREX T,

)
WETEE/EE
SEREATTEI
REEREL

BERBAT SHTIRITII R, R
ENL. TEREGERS, RERSIT

Type Name (# of neurons)

Arithmetic absolute value (3), addition (1), division (2),
fixed-gain div./mult. (1), log (1), min (2), max
(2), modulation (1), multiplication (1), rate clip
(2), rate match (3), sigmoid (1), square root (3),
square (2), subtraction (1)

Control bistable (1), tristable (1), delay (1), one shot (1),
pass gate (1)

Data Gen- spontaneous (1), ramp up/down (3), triangle

eration wave (5), random distributions (1)

Logic AND (1), NAND (1), NOR (1), NOT (1), OR
(1), XNOR (3), XOR (3)

Memory binary (1), rate store (1)

“Neural” integrate-and-fire (1), bursting (2), coincidence
(1), McCulloch-Pitts (1), Boltzmann (1), motion
history (1), on/off pair (2) , onset/offset pair (2)

Signal Pro-  decorrelation (1), rate attractor (1), convolution

cessing (1), low-pass filter (1), high-pass filter (1), band-

pass filter (1), spatiotemporal filter (1), Bloom
filter (1)

Probabilistic

noisy-OR: prob. union (1), noisy-AND: prob.
intersection (1)

Time-to-
Spike

L1 distance (2), max (N), min (N), median
(N+1), incid (1), anti-coincidence (1),
matched filter (1)

BidCore letfifs, HEATTHINREREE

MCore |l etiEFRIMF/EITILIEN KTk, 1%
BFABARABERNNHE T E SHEHE,

5: TrueNorth!”
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TrueNorth 2E FINKIT B RIZIES Corelet HITN B KM, EHEMEBITE TrueNorth FRESEEFZSETT
RE, AEFEMETITERE, RMRELET R, B — 1 HZ T HETi & DRSS EARINGEENR ., BT
Corelet 45#2, BT EBXAOMAZEKE, B—MERBEEIBIEREE REVBEETHRA—THE
REZFTBESERAITE, XMEEABERESNEEENEM R TURETERE. IhRE, XM EDEE
EEGRENEETREL T LEFLRE.

BN SR At

=

axon_id

PRE_TRACE

YNAPSE_MAP
DENDRITE
ACCCUM

S

N:x & Nsdemy Naxou!

B¥3 — HNBKPRE

bAPE] —— WESREN
—— BN
— RMEH

6: Loihi 2Tt Bk ©

Loihi 3 FMRM—RINRIZRIE, B TIHOPHEMNEAIMERNHRZ TR EHEE, REEER, RERT., #k
SNN FAAFHZ TR AR REZ SN, 20E 6, SEhR DIZREHR/KLERZX IR SNN (95 BER AL
B, TEREFRPEMETITEEAM, Lohi EEEMEMHEI. BET Lohi EHMZNAE N ERRMG
TKEBEREY, EREANEETERELS LENFRAR, BRAZET Lohi SWHTTHERY, X
SNN EERFIEE, XUEEETEREET STOP 5(#E STOP STAEMNRZEE, BRAFHN T ZMEBEEHT
MEBZRERHITY B5. BEAEER, TRERENREEERRESLE.

NERSMRERGEEMRERER, BNURRETTSRERNREREHR, LUSENSATEINA—TTLR
HEZR, EEEEAMNAREBSNABTRER. FLETESRRANMKREBREREEMT, RESIBEN
MARMR, EERANERATET, SHERRZ —REGED, DEE—N—MOBELE. NERSXABIT
M SmEN A REFMARMBFRTIE, thil, EEERIIE 2019 FHA Fugu FEMEEhsRRE "7,
ERERE-—TERALRTE, MRARTTEAEERARMEFLNARF, FRIEREITRTXNT
XM, BEMANA., BOPHRENEERRIT. MRHZESEAGFanNERBTDBEITE, ER=TEX.
ERESENEMARENETERBENATRAR, 01X ESTARAEZEARTHLENETESE &
BEAF ERATHEMENTE, BHENELIINEE. RHRY, EEARATESGTE F=ERAPEEHG
FEERARAR, EBNACHMEHINERGFNHEENEE L. NMAFXREBRNZIMETRAXIFE—
PRENSH, HRZRENSEITEN.
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=, HpiER: BRITENET TRRETERR

| PR R | | TR RLRIRE |

AR FHEIESR SHTARRE E
R RIERE
| PIEER B
HUTRESIR RHATIRR
S HATIER

| HRERED | | RS |

BRI

7 BRBENARSIRT

SKISEIANN, ETERMESNITENASRRAENRANZIFZARNPBEAHERSNIRITAE, XBET
BMAERLENET.

BREE, WE 7R, BEXRBREAERESNARIRIT, BENANNA ZESINTREREEE, Y
PATHEEMEMR. MAERERERERARETRARER, THREXOERBEHNABSAR, EXLERSG
BHRTIEELNIE, EREZEET “RiFes HTHRIFER.

MEZNETER, EENFEEERERERNEITERNRERE, TERNEHRTREDINERZE
R, BE, ENRIENIRTEZRN, XBNEDEEIEME HITFNIER.

SRISENA, WIIEATE 2016 EERETRBESAARE ", FEEIHEMENTRKESBEHEANY
R, LU TEEMEHEEERE. ERE. RERBEEARNBEN T LERE TERENE MR F A
ZMBNTRENTEE, BIER—ENTREZEREBERLREAHOR, A “RI—A" ©
RARTH “RwiE"

2018 &, SKISERAH—S WM T HEMERFESR ", XEERNHE, —SNBHERTRENER TN
SINRIRMIFE M REAM MEGEARTF, “ 2L RIEGOR TS MESRIEGR, EIEHE M EER
NARFHTFNONE ., BARGELTHRRETED R, BRRAEEHLTUEIER EFER
i, ARURIRERRE ] SEIUABE IR A IZ

EIEOERME, KEERAMT RS ESMH TR, ARV REAREATHN, TRBH—HHR
ZAHRNBER, BTMENELRRE, MIRHETICHEFNREMHENZTHZRME (FPSA), ERT RN
SRS FAISEIME, B EZEMRISCIRITRME, BAEERITABIZARSHNEIMATRIE, LEEHEH
RENREMET fREsEM. [, 5\ FPGA RTEMIRE, BAREYSE BUS Ml NOC FTiAILEC [CPRZR S EIT
BROBEHRII,
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8: ESEERAE R

Eﬁ"iglIK}\JITE*E%IT??EE?UEB@#%E“‘” B (R A R AU AN BB (A P T IR AL = Fp{E IR BRI S IS B07S
B, EHEINEENTE., iSITEERERZSTESITEER, ERHREERUEREDANNAENSERES

ERNIT. REEHRAEELELET FPGARIRIT, FBAIRIZAEEBITRIIMZHR, ENREH LT s
EEAER D SRTTH A BT,

Y\ el
Wgﬂfﬁﬁjﬁé ——
wapiEs ] T
il £ Sigmoid = RelU
NEEELREe BE
BHTIER sl
TR TR R
- Cre g
FPSAE R
— =]

& 9: FPSA A%tk

FPSA%%’&%&DEQ R LEEEESEMKENNSITER, BISMESFEERN. TZRGIMBENEIRE,
papORGEZS Jﬁ2““f’1¢ﬂsz1)|E’JTX@?E}I%Um$%$ﬂﬁ§f¢§i%E’J)‘L/\@/UJ? ENHSITERE. RORIEER
I%ﬁﬁ/\ TRRR, —TEBIFLERE, AEBBEIHEMEZMETEE, RGN TREEFE—DTRENE
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aiz0RIETE. EENEHZENNE, BITEEZE. HEEE. JUEBHNERFS, REEEZRER FPGA
AULIRESEIIRR T B L.

RIS, SKIEBEAMT BT GPU B MARPRZEMET A SHEFA ", BXIFH 2B SNN fFF
RIEE—PYNN. £33 SNN T ARNRBEME. SHEMNFHLE, OIRATARERZMERTSHITELR,
MR BB BRI AR P RS AT IR, (EFEMEELLIIERMAVET GPU A9 SNN Ei5Z 1R

R=.

Neuron model definition T Binary 7] COMFERENCE
. eriren Litran: # bafise seuren e ! [HEEBIERS
e
. N il
. on

KtERE, WESETITRRS:
XFHFMITEER, RHANIT RIS
. BFE. FEEO

10: BSIM ILEif

E 10 2 BSIM IL{ER, RELRAHFRARER, FAERBK TEGMET, FRARPINE R HTMIE,
BMEEMRIRERER, REEIRFEN GCPU LHRNTRER. BN, EXZHAENREREHHITHIR
HARRL, SERATINEERIE. fERRMITERE. mESBITNARS, BRZTFAaxE GPURHRMITEIHIE
AT SIS, BFE. FFREO.

M. TSR BRXETE
SKIERIAN, SRIEEMTEOE, FTERERETOAWENALS, CEEEBAN. ZBENRESHRS
HBHIRNCORE STaBMEESTRNTARO. RiEkO, RS0,

PAMMICOERE, FNFTE-TRRDREBNNZ T FE, EHHRERREHRORBRE THE, FTRER
B @&EFRD) 0O,

BRITENASEXSEHSLERY, REGERSIOITENRREMEZATT ENIELRIVEREHENM,
REBABITEN/TERRERREEERERTEAEE,
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RETEZBMENSD - BRERE, BN ESETEMERTREHARERNRT, BARXMT
ERRTER BN, HEFEREGHEN B,

A, B4

FERUHBENASNREGHEBESNRRMRTEERE T RABUCRARNOERGHWEM: BRIEMITENR
SRR, ARMRELIGMAEERH RN E FinR mNSEGHEIRITHE, RZEKEER. SRS
ERRTMIRANBRENESERNOREERFHIRTT B, HNFEH—FSMERNBRITERTAIL
NEBBARRET, BRI, U

Q&A
BREF: FAUHBENMRERR, BRAMNSERHFEEEE, X ERGERNXFEGTERETEENEER,
FERHENSRAROEUTEN, MAMXNE—T1HER. TR, PEEM TVM BERIZRHA?

KSR . MERRPOUENFERRE, ENEXM. REET, %B—, TVM EEXFF DNN, HALXDEH
BT SNN, =, HNEREAMNTERBRE—ERHRIE, MBS LHFRX T EGRIEMSZ ARSI
BREERRZZEBH. BMNERMTRA—TERNRERS, SBIIATER=ITFL: 1) MREHRES I
XERIBIE, Bt CRRTERMEHRINEN; 2) 200 AT MESRBEAE MRS 5B A
BITEs 3) HAIXMRITERSINFORTITNEE, —RRAGHN B IEREMIEHTTH 2 B0 Tradeoff, i)
SINTEMAE, BE%ERERR Error, XE—T=AXA.

BREF: HRBER—TOR, HECRRERAEFIRKREEERISE—TEA, —FREFARNAEN>—
LERERERTFNE, BRE—EHEANTWRZE, RZ “MRENKRE" MIELlE. CUHNNERELR
RAUERSREMRENE, tLaBERESWIEEER BERT, ERIGINEER Faster R-CNN, {(UXiZEm[E
ML (RAR) AL IMERUE R EFRSE hold MET . B AT SNN 7E Tl ERYSERREREEN Rt D —LE, A5
BTN SNN RFEHEANAIR T AN AEREH XY A2

RIEE : ARFEESEXENEMEI, MBS Codesign ZKIZZ BB, BRIBERT, EAEER
B, BERH-RIIRERII. BN, SHNBENEMS, TEBT Codesign EEMBEEM EXRAE
BEFIMR, BHRERRAABERXLA—TRENAS, BRECATENBEXFN, TE8METER, BR
Codesign 2R BERIXHE, PAAFKNIAIBER T ARINAFTRET B Codesign.

SEXHR
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Schuman C D, Potok T E, Patton R M, et al. A Survey of Neuromorphic Computing and Neural
Networks in Hardware[J]. 2017.

[2] John L. Hennessy, David A. Patterson. A New Golden Age for Computer Architecture. Communications
of the ACM, February 2019.
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Transactions on Parallel Computing. 2020.
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Reviews 7, 011305 (2020).
[5] “Braindrop: A mixed-signal neuromorphic architecture with a dynamical systems—based programming
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networks of neurosynaptic cores, I[JCNN 2013.
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@ EZEEMMAEEEE: EP0MEIERNINERSR
BIE  BEAX R4

BEE, ZEEMMAZETIRAMERE, T 2013 FREFMNBEFAZEESRBLZAM, HEMMKZE
BRADRMNBIELEMRILE. GRRERBIEETENEAZENSINELZT NSF CAREER AWARD, 7£
ISCA. ASPLOS. MICRO, HPCA I NFEEALEHRIWNARICN 37 &, Hit A\ ASPLOS fl HPCA IR AE
(Hall of Fame) , HZFBARHBARINILERE: http://alchem.usc.edu,

BEENEHERZ (ZROADHXINEGRR). EROEHP, BEBRFAMNA T MAMEARITRAXTE
PONHNRESNRFEENDHNNERFIRITOEXMR L. BF8NAE, HRIRTHNSEE S RAKRE
RAFOHMEL AT, EM T BNNRIMASSZFWETHERNRNE, X TEE, thilRE T
BROEROADHBRINENRGRIT L E. WESTHT, HEEBEAMIBITRESEANNBEENXR, R
T RGRFEFRNRLS MG NRERT, MOMNRLE T MR BERIENRERASETNERNE, &
B2 S A SRR B ERBERIT A BN S PRGBS B MteE. TAERERFENRRE
ENHERS.

—. HRE

1.1 =

ER#FK15% John Hennessy and David Patterson 7EX& “A New Golden Age for Computer Architecture” ™
gt MBEBE/RERET Dennard EEMNLLE, KNESEFENITENGFREWNERNA, BITEBITEEN
ReEAZEXMATIRESITENR SR, BMNBFERNIERNARFY, BRTEOEENENERE
#J (Domain-specific architecture (DSA) ) MZRFIZIEE (Domain—specific language (DSL) ) EELI AN KIEE
= ASNERMHRANER TRSNBNMEE. B, ERAFHE, BMEFZHMEA (L2 NVM, ReRAM,
RDMA %) WO, AT ENARSEIZITHRMONE ENARE, ATSEMASIENSASITENE
fEE R SRR AL . HRIMNARSEHEI D ARZEIR (bl =NA. [FENHIES KIMITIELR. TEBIAKRE
WASEIRAZERD), ERITRB G RANRREE— TN EE AR Vertical Integration !, BIETETRRERIX
ZENRMEURRE, MMAIFTIIE.,

BEBAREIEDZENEERG T HEORFEIEN D HNINERE. MEREZIERSTEAIRIINA,
RIEMSROREYIGERBEE., N TREDERE, REANNGBIEDN BZEM, DHAATNIERN
NARATHREVIIAR , W TEDREFZFINEATLERNARGNEREN, FEZRTEMTHE:

Iz (Training) . EIIZGIRRPFERZIAIMELIEENERREITE, WRAANUTBENFHEERILES,
LEBEERERBOHIUAATIERAR, KRR BRIIGLFENRE,

o 38 (nference) . TEEIRIREH, TRIIGFIAERMET RN BHRNE, REEANER., BEHIE
HRENTBLIGIENE R L, EREE-RESTRIEAERFZMRNALL, EFEAERE—TE
270578
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BT, BEBRARKREN T X TIINFIRENEF O HXYIGHRTIRT.

1.2 Bk

HEBIANR, 2HRNERGZOEREARTTEIZENBEURBTIHENRINIEEENZERTH RO,
A MNEMEE=T"AEMME, 2312 BE (Communication) . FM4 (Heterogeneity) M ZFHERIZ
BiEMMEZME (Complex Trade-offs ),

1.2.1 &f& (Communication)

BESRGEMAX, RHRIDHRINIGERS Parameter Server (PS) ¥ (B 1 FiiR) 22— FIOMLAEH,
— Worker RIEE ST EREINBE EEEHROLTR, FOTRNMAE Worker (9 EMFEITAER, B
ZEIET Worker, fERAFOMERNEEN, PS REAROT RBEMRMEM, E_AomNIIERRTHES
Ring All-Reduce ' (B 2 FiiR), RATHRESHBRATHITRKENIESR, FETRENEEEEE
X, BERXMAEEESH, H—71FE8 LAREH Worker EBEABRIEITIERER, BPARFMMEESIRET
BITRER &R Worker,

', —
Parameter Server W = W - ﬂAW

o4
/Aw |
MOt-:|6| DD [:]D
Replicas DD DD OD

Data
Shards

e 3e



Arrays Being Summed

[~ [ = T = [ = [ o]
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L

a,+ap+ay+a3+8, | by+b+bs+by+by | Ca+Cy+Cy+Cy Id4+d3+do+d|+d2 |e0+e4+e1+e2+e3|

g

ay+agtay+ag+a, | by+b +bgtb,+by | C3+Cr+Cy+Cu+Cy | dy+da+dy+d; |€pte +e +e+e;

g

a,+ay+a,+ag+ay | byt +by+bytby | Ca+Co+C+Co+Cy | dytdgtdgrd +d, | €gtes+e,+€, |

g

| a;+agtay+a; | by+by+bg+b+by | C3+Co+Cy+Co+Cy | dy+dg+dy+d+d, |€g+E,+E +E5+E5

g

a+agtay+agta,y | by+bi+ba+b, |Ca+Co+Cy+CoHCy | dy+dytdy+d;+d, |egte +e+e +e,

&

2: Ring All-Reduce R4i45H

1.2.2 FHY (Heterogeneity)

SME—REEZEHMM: BESMME Deterministic heterogeneity) 1 Ei7SEMME (Dynamic heterogeneity) o
WMEFEUEREAAMNEEBEEAEMNITERESN (tbal: REAREW GPU S TPU A7), HFEIZREITSA
BAREMNMEBEEEEE bl B—1TTRPARE GPU NBERELLTRTRENBERER . shisEHEHT
EHFRHLZ (Resource sharing) &MY, BIE—MEEN RN ABRENITEEEDERA—FN, ¥Fo
HBRINGRSFIR, T—EMNER TEF4 Slow Worker, 3X£E Slow Worker ##74 Straggler, Straggler g

el 4e



BBIRZ HFME (Heterogenity) B/, FEHIZ = —TFALAEH Worker EERERIBITIERER, 2D
AERMRER R T IZ TR RIRAY Worker,

1.2.3 £z (Complex Trade—offs )
ATF2HRNINERAZ TIRRURENTEEFEERNRE, FEBILBENAEZERASMIZIT, LU

o HITHMBE ZBAIXZ (Parallelism and Communication ), BEIBMMFHITE: Data parallelism (& 3
FfiR) A Model parallelism (B 4 Fi7R) . RARENHTARN, REMRFERBET MM, FLt, 0
EERMNEX, B—TEENE-,

o REHUTHERL) R 2 BIX R (Hardware vs. Statistic efficiency ). REBSIRS RABFITRMIZIT—TE
BETS(BRELY) || ZRIRIR YLD ?

Device A \( Device B )

3: Data Parallelism

gl

g Device A Y ( Device B h
\_ J y

4. Model Parallelism

VSR, BB XLEHEMNARIE, TEFMITHE: —AHEEEBE (communication) &M
(Heterogeneity) [alfiAHE, W5 T EFROMERIIZ (Decentralized Training); B—AEEHITHFIBEZ B

e 1he



XA (Parallelism and Communication ), EBZERAFZEEZ IR E GPUMIBR T, WEANATEHITIE
AEBERNNEBESMNME. MAREENSIZEETEEF—HENERARIE, *TRSNESEENE
RO DI INGRFRIRIT,

Our Solutions for Distributed Training
Communication-efficient and Heterogeneity-aware

Decentralized
Training

Parallelism and
Communication

R B S B o 5 8
ISR BE S B o =B
CFE SR E BB E

s -im &= = .

Synchronous Asynchronous Communication i~ -ﬁ
algorithm: algorithm: model between .. .-
fundamental system [l approximate primitive devices. =i m wi - U .
property. with efficient system Optimization with e dnin i -
Close gap between implementation. rigorous jisim  mim =W
algorithm and Co-design algorithm mathema_tlcal HyPar [HPCA'19]
and system foundation AccPar [HPCA'20]
[ wa
/ 13 0 0 1/3 1/3
Iteration gap! wo Pt D o 10 0 0
T & sils ‘
.Bg 8‘.. we v 1/3 0 0 13 1/3
Hop [ASPLOS"19] Prague [ASPLOS"20]
LCHEM

Decentralized Distributed Machine Learning System
7 alchem.usc.edu

IR

B 5: BEBHEINGEE X TATIIGN RSN EREWEIR

Cheaper Smaller Model
Computation (Compression)

ReRAM in-situ Stochastic DNNs with Systematic pruning
computation computation structured matrices and quantization

@ o Humx»% F) @110100000%)

ﬂﬂﬂﬂﬂﬂlﬂﬂ
jzooooncoj

CerNN [MICRO'17]
PermDNN [MICRO"18] ADMM-NN [ASPLOS"19]
PipeLayer [HPCA'17] [ASPLOS’17][ISCA’19] E-RNN [HPCA'19] PatDNN [ASPLOS"20]

TIE [ISCA'19]

6: HFEBHINEIEE X TREZ IR EREMRR

IRl
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=, ERM A HRINGRS

HAREPOMIDHRING? WE 7 iR, EPOMNSBERINGEENRER: BEFE—L Worker, X
16 Worker F38 5 — PRI SFER Parameter Server, B2 BIENEH, BN T2 BMBEHEINEN S
FMAPEEXN EIAEEGEREER . MRREEREE, AU PS # Ring All-Reduce BEE XA
HIER, PSAIUBME—MEMNERNBEE, Ring Al-Reduce ATABME—1 All-to-All BBRE, EE
ML TTET, ATMESEAERABER. BABXEDOMCEENEIZICHIC X T BEE RN
B—EER, BENTAEN Worker ATNERZHIER, XIBMHT —NEDFNENSR. BIETURIER
SWEBEERRTENE, XAEESARHERITRETINS. Ba, EPOEEBINESHEREATS
PS #1 Ring All-Reduce #82&AIARIB? R MEBEX M “ FEREE T, ERESEMN.

N,

70 ISR vs. ERIOEIIZR

(k+1)-th
iteration

8: B OMLIIZRIREFE N T R Worker (E(E ((TEE)

E RO IR AT 2 Iterative RIALMNIBIT IR, &1 Worker RIFECHEESHINTERE, £8—1
lteration F, B> Worker #ZBBBEENAT T REEBE, 81T = Worker FYIR{EUE 8 Fimn:

e/



* 1RIE Min—batch BRI HAIMRELETHEITE, HEMREL,
o IESHARAIRIBEENERERN “BFE" Worker;

o FINEIEAM Worker (IS8, H XIS E#H1T Reduce #1E;

o BEFMREVSEL, HNT— Iteration,

21 RASHEENARGRT
EEROHED R INEFRNE D Z218E D Worker 7E# Reduce B 1ERS, FIEMNSHNZEBER—1
lteration, XEAEMBEFOEDHVNERFPIRISH— TR, 7 PSH Ring All-Reduce FREITFAERE

M, EAEMNE—TEEERNPLOT /REER —TRGRIEELSD Iteration,
Iteration Iteration  Iteration lteration  Iteration ___ [Iteration
A + o) o 880 0,7 e X o8/ .&01
A [ X "7 =2
Iteration gap!
Y Iteration ‘eranon lteration ¥ lteration Iteration =¥ Iteration
0 5 « c.0 2 2 L8 c 2
S i o @ B ) p [ Jo A%

9: Property of decentralized training

ERSHEPOHNE LR E-—TEENMR., WE 9K, BN Worker: A, B, C. D, BELEMH
BIEEEE, FRENZLTE teration(0), HITRIE D Worker RE#THEITE, REREBEEESH
NEMRXEBETR, BT TRKEIZHNENE, 217 Reduce 1&1E, FHH#NT— Iteration, MEIR
% Worker AT EMER (tbal: BHFHREZS, SAIEBNITERR EHAHE Slowdown), ZHLH
Worker D RZS8EM. BFEOHANMNIY, DHAMEXMER, DMATHTHEITE, HETUWRES
ME TR EL Worker C, PR/ C AILAA B &%, B AL A 3%, X B C I LUENT— Iteration, D
HT&BEWE ANSHER, TTEHNT— Iteration, KRR, X MSHEABIRIFHERLFTER Worker,
EXEE, B—1TEEMME: Iteration gap, AILAEERI A BRINEI 4 DS Update, X 4 DNEFMEEM
BkM, XFIEENDARXBEAREN lteration, RIEEILAIFZM, £ A #RIREE/F#1T Reduce IRIEITFZEH
ORI EIAARAR, AL, A EEH B Buffer SRIRIFIXLE Update, BBAIX Buffer B9 size 2R Iteration
gap XAy, L (6] RtBE R Iteration gap SBIEEMIAINEME X, LB 9 AR BHHEA
lteration gap EH AR BHERATEMN., HEFTIMUNEE AR BHNERERKER 3, AT AZIB R Iteration
gap 2 3; ABICHIBRZEKER 2, FrAZCH lteration gap £ 2, lteration gap IR/, RETEER
Buffer size BIK/N,

211 REHEE
*TFRSEENEF M D INERRIRITEIGRIPE 2

s MMRAFPHE—TIBEE, Buffer size 2BEERINEMIN— PRI, RANZEBECRELRNAOES
DEOR, MARRER RN .

s HNTRANFEMMERRM, Backup Worker ZfFAFM QM —FMEAR, BRESIEMITS KM Iteration gap
(B 10 Fim)
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e ] ‘ Iteration+1+1 +...

O

Iteration gap
-> infinity!

Ilteration+1 +1 +...
Backup worker
- e.g. even with 2 neighbors, only need
1 update

10: Tolerate heterogeneity with backup Worker

BFBHAMNRITRSNERE BARAEEBIFMENREE, BMEEFERK, HEBRIsk—F
Size B Buffer k3245, HIRFE buffer size BREBZITHIE LRI EFEE Bounding Iteration Gap) , tbal: R
DE—T/NR Buffer, tHiXtEEESEHIT, RENBEMNES ZREHK, N LERINGE, MBIIRE—
RS ETINFIES (Queue-based Synchronization) ,

2.1.2 ETFRAFIBELS (Queue-based Synchronization)

BETFNFINEY [5] 288D Worker BFTBASI, — 12 Update Queue (UQ) , FRFMHESBERIERNER,
— & Token Queue (TQ) , AAREZEHIEL, WE 11 fmr, FRIRESBEBINES, 1RE Iteration Gap NHRAS
2 2 (BD lteration Gap<=2), M TQ #) Token H&ZH 2, MINFFEHITIAE, B—1 Worker ZBA] LA EAD
Worker & ASHE . Worker EA8#H N T— Iteration, HAEMLFER TQ F3KEL Token MAEZH TQ
LA, B9 HWMRE CEHNT— Iteration, HIFTM TQ_A->C Fl TQ_B->C FFREX token, 2 BIHAN TQ_
C—>AF TQ_C->B A1, EHhT Rt 2 MEIFAIRIE.

Iteration 0 Iteration 1

UQ_A

00
TaA>8 OO
oo

TQ_A->C

Before entering a new iteration:

(1) Get a token from every *
outgoing neighbor

(2) Insert a token for every lteration 1
incoming neighbor

11: Queue—-based Synchronization without backup Worker

RIZZASIZITH R A Backup Worker R, BFAZ/E AL Bounding lteration Gap I8? W& 12 Fix, 8FE
Backup Workder 98129 1 (Number of backup = 1), IR A £ Slowdown, B H C h5AR] LAt
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1T. Y BH CHN lteration(2) 25, BHF A{H%ATE Iteration(0) H A TQ FELSHE token T, FIIABH C
HEFELE, XHEMBEE T Iteration gap AR, XMAFEEH TQ WEKEREN.

lteration 2
» uvas @
e Tas>Aa OO0
TaB->c (OO

v 0O

Before entering a new iteration:
(1) Get a token from every

outgoing neighbor TQ C->A m
(2) Insert a token for every - -
incoming neighbor Iteration 2 TQ_C->B m

12: Queue-based Synchronization with backup Worker

2.2 xI§

BIEREIFT DMRIE RS ERIZTTEINE, BFEHANEITIZITIRER T =M@ NE (B 13 fir ), 55
T PHEREBNIRER, X=DBEEERNZE=" Node i Worker, A[& Node E#J Worker R
BEEERST, DalK: We, AefEe, BRTUEHE—TREE (Setting 1) A9 Worker [BJR)BERA
B, MRIB LR, THWSINIZER, Setting 2 # Setting 3 X 3IIZEAE Node 28] 25— Worker H18
wBifl, RIEB RS, BIINRSNZEIEN, BEINZERI, F—TEBERNKSURELLE . =M BfE
EEE. RAZ—MTRNTREHMRN, FIARESIEINEIIESR Worker [BI9ERE, HA—EBEBIAZIRLF
MR, R2Z, Setting 2 #l Setting 3 RIRBEMHTFENEMHITIZIT, TRAK Worker I ZBIE, TR
EIRIN/NBE, XERMEEXEILEERIFAIM R,

Effect of Graph Structures

2.5 In theory, larger

- :; i'ggg’; spectral gap, fewer
201 —— s3; 1.702X It::ar:\l::::eto
1.5 .
p In practice:
£ Spectral gap is not
1.0 1 enough!
0.5 1
6 20‘00 40’00 50‘00 BO’DO 10600
time (secs)
Spectral gap:
S1: 0.6667 °
S2: 0.2682
S3: 0.2688
(a) Setting 1 (b) Setting 2 (c) Setting 3 L H M
\ii% Decentralized Distributed Machine Learning System 19
N/ alchem.usc.edu

131 =fhARERERMERLR
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2.3 RLHFENRSIRIT

BHEENRIRITRART BT —LEMNF (tbal: TQ) RER—ENRFAMECR, BRREXLNIN, WRE
— Worker 15318918, BAREL—TESFIEIETE Worker, MAR L3R, BIEIRFINSERIEAT A5H
RARSB—ENFRMY, EEr]MMEENAERBRIX MM, KZFREICML 2018 £ AD-PSGD [6]
BEEFROMESININEN—TREEE, ENZOTEBEETHENNBERE, BIE Worker HLIT5E— Iteration
MEFEBE, XTBIEEMIAIMLE Worker FIEE—, MARRBEENBEEFHTEE. BN, X
BIEH Worker 332 [B#1TIR FIHEAE RIS E I MMIRIE,

.' With Atomicity:
o . w(l) w2 p1y =P@3) <« P+ P3)

PGy = Py « PRTFOY

Without Atomicity:
= P(1)+ P(3
W(S P(l) « %
If same neighbor is chosen PQ) « PQ2) + P(3)
2

— conflict, serialization

At w(3), one update may overwrite the
other; or updates cannot be propagated
between w(1) and w(2)

14 RFIERENLEE

N LBERFIERER? B8R E P RS HAE Worker Z B EFHEHE, WE 14 PR, WD
Worker w(1) 1 w(2) BRHEE T w(3) #HITBER, WRETREMIEEREZTE w(1) H w(3) ZENEF S w(2)
M w(3) 2BEZHAHTHIT. MEFEBENRFETELXRAINUEL, M STRENTTEME, w2) 8y
BREFHALEE w(l) REER, MRAHTRFIERIE, w(l) IERERMAEEEE w(2) RS
B, HZEIDAAYFBAE M TAERSCIIER, WRRERFHEE, RANERIRESAKRET.

2.31 REHE
AERTEENEROMOBRIGRIORTHPERIGHOHEE: ED2HINERT, NEASRZIREFIERE,
MR BRI AD-PSGD BERIUREFIHRIE, EoMRARAPMESZIRAZNE, EARIERDHE:
BFHRERSHAERDHA, WE 15(a) PHRZRERFR, EEMNIZGIFREFR, AD-PSGD EAEMEIE
& _BZMRES FEERLE Ring All-Reduce EK,

ERMIFIET, AD-PSGD MIRSGRELE Ring All-Reduce Ei#; ERMIFIET, Ring All-Reduce tb AD-

PSGD E1RR % (21E 156(b) Fim ). B4, BERBEGLIRIT— T, EREMBNFAIFE FEEARRIFIO
Re?
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AD-PSGD ResNet-50

2
S @

S All-Reduce ResNet-50 = £ 400 - 403.98 Homogeneous Env.
= E = Heterogeneous Env.
- @
3 AD-PSGD VGG-16 JE: © 232.33 229.92
£ 8 g 200 A
Q - - —
8 All-Reduce VGG-16 Z 5 27 .01

é 0 : . - .

. Homo. Hetero. Homo. Hetero.

Training VGG-16 model on CIFAR-10; All-Reduce All-Reduce AD-PSGD AD-PSGD

Training ResNet-50 on ImageNet.
16 workers on 4 nodes.

(a) (b)

15: AD-PSGD vs Ring All-Reduce

HITLA LB, HEERAETEMR N AEER: (1) WELESRERSER; 2 WaEghE, BERT
SBITIRIERRIVILR, £TIt, ®ZEHEPAIRE T Partial All-Reduce [7],

2.3.2 Partial All-Reduce
ETHE, BFENAT Partial Al-Reduce W ITFRIE,

I8 n > Worker, 81 Worker B N M8, WEE Worker IS E R LARTRA N x n B X, BD MR
ERIART n x n WESERE W, WRFESERIETUERRRM M EEFEEF. WE 16 Fin, B NHRRNE
H1R1E, WorkerO #] Worker4 EBYIE#E T Worker3 S8 FI 1, RASHMFIMRIENE 7%, BE—EE
WorkerO #1 Worker4 F1 R 8EH — D1 Worker3 #1728 FEIMN, MRELSHIEMNEENINE L%, ERIXE
EHRMBITHRIT RS AD-PSCD EFBRANBEFH. FHAIXDEEA, gL —MaMEY, BEF
4HH Worker B HE, thFlZ Partial All-Reduce ( &% P-Reduce) . 21E 16 FprR, FARMAORE
BORNNES, MEIERTEYAM—1RE, XRASHRTINER., XFEREARTIMISNRE, RRNT
AT EENFAZ T UAIAR Al-Reduce BEX ESHIMA R,

QW‘]
A 05 0 0 025 025 13 0 0 1/3 1/3
010 0 0 wo 010 0 0
001 0 0 * 001 0 0
05 0 0 025 025 1/3 0 0 1/3 1/3
0 00 05 05 1/3 0 0 1/3 1/3

w4

16: AD-PSGD FHEIH1R1ES Partial All-Reduce FRY[EIH 121
£ P-Reduce A, —%H Workers {EARIPHIERE T, Prague ZRFANIRITRREUT:
o B Worker TEAMIIZIEER, HITHETEREMERSE,

e M Group Generator (GG) HFIREECHNDAREE,
o E—4HHY Worker Z5—3#1T P-Reduce 21E.
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Group Generator (GG) —"TRIZHOEERME, EIIBT A Worker S£8F4E R4, & Worker TBZ B4 AR,
RAFEEHAR GG, GG =REICFRHA] Worker FIABER EBNEHIE D Worker #2 T RFHITHIRE), BIDEER
fIZR1E SERNARERK RS BXIMN 8 Group Buffer (GB) H, B Worker &i£1EK% GG i, 1R GG B2
REM—1E, WAskETAERZHPR (B 17(a) Fim) » FFRNXPNES, M 1#2H Global Division (GD) &%, ik
GG EHE—RWEIERD AR, HITREXID, 1REIA Worker £ S MEBEFRIDA (& 17(0) Fim) .

________ G2 2
| == re— ! e !
|w0|w1|| w2 | ws Ion:w1||w2|'w3|
(I P | | I I
G1 I S S EE |
conflict G1 No conflict
(a) Random Selection (b) Global Division
17: Random Selection vs. Global Division
Inter Phase
Node 0 Node 1 | Node 2 Node 3
i < L I R R 1 92_] . Head Worker
I____-_______-_ ______ _-____: 'l___-___! E]HeadWorkers'groups
w1 "ws | W | w13 (across nodes)
o —T 7 | I i~ = =1 | No congestion on IB HCA card
P W2 CH W10 | (W14 | )
| | - ~~ G5 | | I_ , Non-Head Workers
| W3 | Lw7 : Wi W15 groups (w{i;chin nodes)
G3 G4 G6 No congestion on PCle/QPI
Intra Phase
Node 0 Node 1 ' Node 2 Node 3
== === ——— === —
: 0 | : W4 | | wa | |W12 | I_ ) Within-node groups
| I | [ | [ |
IW1: |W5: |W9: |W13:
| I I |
:wz: :we: |w10: |w14:
I |
| wa | | W7 | ‘w1 | 'W1s |
Y G2 T G3 G4

18: Inter—Intra Synchronization

— PR EATMEBITZ N Worker, BEARRTRZENTEEBRN, N TEBFEHEIETRZENTR,
Prague 12H Inter—Intra Synchronization (B 18 Fi7R) . 7E Inter Phase, &1 & £ % #F — Worker T"Ejj
Head Worker, 13X head Worker Z [BSRABZE%IH (GD) #TET RNEL#E. ATFAETHRER

Worker #17E14, FRLOXFERIDAUEERMEIHZE, 7F Intra Phase, ,H\V\JDBE‘J Worker 2 [B]i#1T B H4R1E, TTSZ
T RERNER, AIINRRITRE,

233 Xk
HZBHAPAMZIT T L, XTEEIRIE Prague 2 B ERMT SMIFE TR ITHER., Prague EF TensorFlow 5Z
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I, SLIOTE Maverick2 &£28f FinfT, KEBEETBIEE DI

¢ VGG-16 on CIFAR-10
¢ ResNet-50 on ImageNet

SEZERUWE 19, 20 Fiw, EEMIMFMHIMET, Prague ZBREIRSRIFAVIIZRIERE

Per iteration speedup
Overall speedup

©

O W e
a N\ ?"39 ?(’bg ?('bgo

©

O
PR 00500 PO

Y
S o EC Py o a?*“és@"'"

19: Speedup in Homogeneous Environment

Overall in slowdown 2x
w
L

Overall in slowdown 5x

¢ A Y W o (’\
6“\'& ‘X\\Q\G ?%G o \‘& ?\ o 6‘(\0
?‘QQ\) ('39 v(‘&g\) ?('a.o.ﬁ

20: Speedup in Heterogeneous Environment

=. &g

RGEWHS, RFEBEFESZE THHIARIIRIF MAR IIE: Hop [5] 1 Prague [7], XN TEEE2HXS
EFROENBES R BEEN D BRINGRZRTRE., 2ARVERFANZOEMEAEITEIREHNRE
EBEFITFEMBRNEENERTROEMM, FXXDER, MIRE TERNER O BINGNRSR
HHE. NESEE, WIFBITRSENIMBEENXR, 1T T7TETFINIINRS NN, NRSEE, i
{I13&1+ 7 # Partial All-Reduce, Group Buffer Al Group Division Z—LE5[a) SR RFN 5 ZA B D
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NETE, BETENZINASGAREOER T BEMRIUHAZIM B OIS S E A MEE. BifRaE,
®BEEHGEE BANARRERE, BEENASNOMERITIFEER.

&E, TEXKEZM 7ITERATEITEA DSA # DSL X —EI8 X 2 BRX R,

DSA and DSL for Graph Processing

Wonderland [ASPLOS"18]

Graph CLIP [ATC17] Programming
Algorithms Model
¥..,

y
e

GraphP[HPCA’18]

Graph
Partition

.Smgl.gﬁl;a.;:.ﬁ *
Distributed Frameworks [PLDI'20]
CUBE: 3D graph partition = reduce communication
SympleGraph: distributed execution realizes precise semantics Runtime System/
=» removing unnecessary computation/communication Framework

Disk-based Frameworks
CLIP: API assuming all (most) vertices in memory
=» better and faster algorithms
Wonderland: in-memory graph abstraction

=» faster information propagation
Processing-In-Memory/
. GraphR[HPCA’18] s .
PIM Architectures i Distributed Machines
GraphP: co-design graph partition and API = reduce communication
GraphQ: runtime with arch. supports = regular communication

GraphR: in-situ computation with ReRAM Efficient graph processing system and

GraphS: removing unnecessary computation/communication architecture ne_Ed vethal and cross-layer
between memory cubes innovations

GraphQ[MICRO’19]

21 BEBHANNESIEE X TEITER DSA l DSL IFHAHF IS 27 BRI < &

Q&A
Q: EROENSHAIFFEEERE, RBERKBEIEEME—F, 8TANFNHESES—MoUI%, &
BRI ZHMER . BRI EREERIG?

A XTZEEHREN, IMIRIBARIRLAVEFEZE S LR, IRNBRE R A UAERZNENIRE LR
HTNSR. ERBALAR—THAAIEX, RIRZBREEEN, FAUHITANBFIEIEXERIREN
REXMIRE, BR, BRRXMMNMIRELMERNEE LAIEREMAR, EXERBNEEZRNE M
E. EAMIBRT, BRETEERMNERDARE. ANURSTBFARBRENEBEMRE, 2FE—
EERRAR, MMEImIEER.

= oao

SE Xk
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@ FEXRFRIRAEE: ATEEBENEAAENRIF
B BN TH

FTREARR A B, MAEBRITENNLIE, RE-TAREEERZNENTNIET, EXNENBELE
R,

MIEHBEATSENRRE, AELNHNALEEMARNBERANERI, RKOWNIER, BTM
MERE, ELABEERIPN A BE ‘HREVEBIRS BANER".

TRANEIRITHI A BEEENL, FRAELENBEMRNHES 2R, WHEYENY, SIELERT Al RS
B “grEtn, R MERE, ERERES ABEITNAZO TE,

2020 F 6 A 21 HTF, ABE_BERAS “BRARRMANTR" TRLnL, BERZHRXCHIRM T R
RN CATEEBENEENRR WERRS, NATHERIRENFTERFHAEATRNAIBEENEE
MRFEFRIRR R .

B3Ot BERRSMANAFEANZ—, PETENZZENPR, BEACM FEESZER. ACM REIE
ERZ D= ChinaSys £fE. ACM BIMHRERS .

X HAEEIHD NI D, BARDT T AHTABTEALERENEENLZF, 1EHIFH Benchmark X3 478
ARBEASIGER: BEEMETALZREENHNXBEZNEFSR, HENL TIA Al E 7 Benchmark
RVERL L, BROOOFENETET AutoML BUINN S S=HURAET MBEFO. B SLI = H TNL SIS
s EfE, MRETRXNIE, ERKN/LTIEERSE.

—. MHAFEAIEERENHEENRRER?
BAAREETEES.
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Performance Development

10 EFlop/s

1 EFlop/s o

100 PFlop/s ..‘. A bk
10 PFlop/s & &

1 PFlopls o abd o

100 TFlop/s ..-P = -

10 TFlop/s = "
"

Performance

1 TFlop/s ¢ « "

100 GFlop/s

10 GFlop/s [
1 GFlop/s S

100 MFlop/s
1990 1995 2000 2005 2010 2015 2020 2025

Lists

® Sum A = #500

© SIEEE TOP500 ITEM AT (https://www.top500.0rg/statistics/perf-devel/)

tERSEBIEENNITEL RS MEEE TOPS00 it B RASAMERN, =F%H, & FEAMNZE TOP500
hERIEHIERE, BRARE —RlsMMEE, KEL%ER 500 Bz,

MRIBERIAE L, EE—aflsfyN—NME. XI™MEES M EILEBARE, BN Linpack MIRE,
HASIEITERE N T—RRBEEAEA AN, TN SHEETENN (FR) 1£8EET.

MEARZATERNBNASAEMATERETE, AIURRRCHIES. GPU FMHARL.

MNTSHENEERITERR, sEREBRERNSERITEN—F, B8 RERREZER— E%\%E’JAI%
BEENEE? HAERER — T HFRERRXTIEN, GER— TS —THENRIE, FEEIDITXLEL
ERFUNARE— AT BN AY & RiEa 87

YFHOFEAT P DAS | R — U AR ERR B, tEYl Linpack (RAREE LM ES T XS MEEIT EHIEMER, MMmEk
FEAHXIERIRIT,

BRI, — T RAFNERRERMENER. ERANSHERITEEIZEANEEIREE, MALSRELT
EEEIGEERRREFIRBUR 16 i0FRE, HEEERRA 8, ErILUBEYMEHFIMENMEIE
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RAINIZE . MRBATHEIBEFREBIEEFFN — T AT ERENEMERE, EREAGERN, TFHENE
PIEES | X MU EE IR AR R, FTMESIE Linpack IEin A G HAEERARKITI— A LEEITER
FNEN,

. ATEREHEENRNEERER
RITATEEENNEENL, FEZRUT/LTREE:

B, ERINAFAIEEEXHENAENL? WM, SNIRIENZ L TREEZ EARNINEFR, K
KNS B P REEER 10 HIREZEZHINEF. BRI, DRBEETATEENIGESEBRINTENNE
MR, BMEMSBIE—LEATERENBRIX T E, BSRNERFIESWIEEFRBERER, HEEH
REARBUHE, RMEBEET . AUBRTHRENMALEEFREEX, ATZHINGR BHERRAN
#, REARE—TIFAONIR.

HOR, WEHEFERTE? MRBUMEEHCERNWALEERS, MLR. JLTELFLERARINER, #8E
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Computation area

Benchmark Work Area utilization (A) 2
External inputs (E) | Intermediate variables (V) | Unused cells (U)
LGSynth’91 SIMPLE (11 4.16% 4.15%2 37.85% 53.84%
Logic [2] 1.45% 1.44% 22.54% 74.57%
Scalable 3] 0.99% 0.98% 15.35% 82.68%
ISCAS’85 Look-ahead 4] 0.94% 0.94% 14.65% 83.47%
Staircase [5] 0.54% 0.54% 8.42% 90.5%
SAID (6l 2.95% 2.94% 46.02% 48.09%
Convolution | IMAGING 7] 8.82% 3.91% 86.88% 0.39%
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The basic ideas to solve the low area utilization issue

™ Dense data layout
— Packed rectangular partitions; no “staircase”

— Partitions: 1) input/output; 2) padding/intermediate (word level); 3) auxiliary (bit level)

= Optimized synthesis algorithms

— Scheduling: maximize the reuse of auxiliary RRAM cells = minimize the wasted area
— A better implementation of conventional logic transformations

® (Exploit the parallelism of logic-in-RRAM)
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= Save 40% cells

Mimimal cells
g g

= Save 77% erasing operations .
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= Achieve 78% more area utilization and a 1.48x throughput
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IEEE Micro

RS (S1GARCH Visioning Nor ) B Call for Papers: Special Issue on Agile and Open-Source Hardware

As the benefits of traditional technology scaling, like Dennard Scaling and Moore's Law, sliow significantly, computer

- architecture ks poised to enter a golden age of innovation. Domain-specific architecture (DSA) is a promising solution

E rﬁ] T—H#Im o continue " while ing the level of energy efficiency previously found in
technology scaling. Unfortunately, traditional methodologies of chip design and hardware development have
created significant barriers, requiring high ing {NRE) costs in 100ls, labor, IPs, etc.,

%aﬁﬁl‘- Sﬁmﬁaﬁﬁ ultimately prohibiting the wide adoption of DSA. In contrast, the significant engineering costs and extremely long
design cycles of software have shrunk significantly over the past decades due 1o the proliferation of open-source
software and the use of agl technigues. Small teams of software can now realize
their innovative kdeas guickly. Inspired by these results from the software community, agile and open hardware
design is considered to be one of the most promising ways to lower the design cost of chip design, although there

are still many in and tools. This special issue of [EEE Micro will explore
_ academic and industrial research on topics that relate to agile chip design and open-source hardware. Such topics
2P NE include, but are not limited to:
*  agile DSA accelerator design approaches, targeting ASICS or reconfigurable fabrics (e.g., FPGAS)
¢ﬁ¥ﬁrfl?§#i‘m5ﬁ * open-source EDA tools and agile
. high-level ion and i
BRIEEARCARLTIES *  new hardware description languages
= domain-specific languages (DSLs}
SEFRHSES RISV KE < sahe bariware devlopmant fo formaly vriied desgns 2020488
*  agile domain-specific I54/extension design V..
m = hardware generator methodologies nyjm
http:ficrva.ict.ac.cn/documents/SIGARCH- «  verification and simulation approaches.
Visioning-Workshop-Summa ile-and- n- +  fast chip design-space exploration
Hardware-for-Next-Generation-Computing.pdf »  agile hardware and software co-design approaches
201948 # comparison studies of different hardware design and development approaches
«  survey and tutorial studies of agile and open-source hardware
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Hot Chips 2014/2016/2017
SDA: Software-Defined Accelerator
- for general-purpose big data analysis system

TPUV2 Chip DDR4 | | DOR4 DOR4
b-l

it : : :
i m i o | [ e

‘Wei i, Yong Wang.

'SDA: Software-Defined Accelerator for Large-

XPU - A Programmable FPGA
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... -y E ! || S
*Baidy. lnc. *Xilinx - Hﬂ_ m 128028 128
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auto ctx = api::create_context();
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