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3B BitNet-b1.58 #&REIAIAE FIRFIAZIEGFI481 token, 2bit 7B
Llama B EAY4E pRIRZRIAZEFFP30 token , 4bit 7B Llama 1EEY
RILE BEEERANAERI20 token , IXLEIERIGITHB A ZEAIF IR
EERE, SEEM Llama.cpp 122248, HIRATAESE  EE
EE AERY NPU DRSS IR,

BMEREMRERMEAYIRE L, a0 Raspberry Pi (F&EIR) 5,
T-MAC t8ef#F 3B BitNet-b1.58 RALAEZF11 token B
HIERE, T-MAC X EEEZMNEME , AR RZRANEE L]
PUXEIERIFAE AR , BT aRfIz O RS Llama.cpp
RY1/4ZE1/6,

XELERF, T-MAC R T—FSCRRIBIRTIZ , (E151E
EABEA CPU NIAgIRE LMERNESREENSH, BXH
K GPU , iIL AR BERIRZIRAIRE LBEESZUSTT, MTiE
IARREEE 2= PAIN A,

LUT Tensor Core: &I F—XTBE{4FINESRRE
XIS RABEERRL

T-MAC #] Ladder &2FEIAE CPU 1 GPU 225 | , SLIRXS
BAEEENTREN ML, REXSA AN RS
FTiHERE  BEENE TS e E BTN — 5]
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EHRAEAINERRELL, ARRIAN, RIBBSE2EH
RIHEA LRSS 1E CPU. GPU &Rt R AT RSB E Mk
i BX—BirEIR =Kk

o R RIS BB R A [ BT R
FAER | RAREES R EIRIT &,

© REE ATARREMSSFETRIMNEERE |
EAEH P RYR SR ERM R AR T NI IR AP E
K (30 int4/2/1) FIBUERSE (40 FP16/8. int8) RELHS,

+ AN IRITERSIER GPU ZMEFIIRHES R A TLE
SR LAINEF AR A,

HTRIHX LR, R MR RO R8T T LUT
Tensor Core, X2—HMAABEREREENTREBELMERE
89 GPU Tensor Core 28139, —HHE , EFEHRERIZITERE
EEEWARMITERE, TEETERTERER  BeITEN
R, B—HHE, XMEEHEN T EGNER ERERTER
MBS FSETBETERNSIRIEESS, THRARNEASR, @
BT, LUT Tensor Core @I LFRITIRITEII T INERENRE
M FRRRENIIU T HEBENRIEM,

Itoh, nTSIE GPU HERIFIR R SR BHR (1Y
BT GPU #IlEA MMA 15S5&  INAT—H LMMA 15<5, 7
WITT—MRUTF cuBLAS RO , BT &R EIIIBL9 DNN
HEZRAF, AR RIRIT T—MmiERE, BTEESB LUT Tensor
Core 89 GPU E#1TimElimA N TIHRl . XLBF B AT LALE
LUT Tensor Core #Fc4&. IR,

__________

LUT Tensor Core -]
/

Tensor Cares

L]

&3 : LUT Tensor Core {2 EA

1E Llama #0 BitNet #&82 _FRYMIH E7<, LUT Tensor Core 8]
DR SIA0. 93fERIEIRERE , ER H1E4 Tensor Core EiRAY
38.7%, FEJVFAEERIREUSE T, XIBSTF20. 73001 8% EM
19 ERIBERUR . BB A T AR EMIRINE A TS
i<, LUT Tensor Core BEIFH—SBEMIRLLE KBS RELNE
B EMA TS e E#m =N B,

"BEERTESIRTIHEBI AR, I, F KT 48
MESRERMRINEZEE  MARRENA , ST RIS EMRAK,
BREDEBAER. BRTERIFREESEEREL, &
HEDFATELERESH, MEAEHERLESTT R,
BEBLUESNRAEEER  ARUTRER LIRHERREL
£, NMEENIE A SRRV HT. "N R B R R REE
e

9

AARE
BLLIS 2RI R DR S EREHERITI6E

R EURATNIA T KRR ERNIRE LANETT
R REIEDENSERER", DEESHARYYT R (Scale
up) IR TR E), IXTMSET RS  (EREUAE T ERRY
RIEMAIFRIREESD, [EAN BitNet BRELFFRERAY, MELLAEHEELY
& B REBERINERY) .

R ZBRRY T-MAC, Ladder #0 LUT Tensor Core £
BIFTHRAR , HEMELAFEM KRR R TS MEENEITHER,
FEXUENRE SRS ESYETT, FHEMRHAARIMN
RELSBERITTFIMAREE, HPEo R AREEEMRGRL

(Bing) BREE HFISELRAXREFLRIZE(ER. BEYR
FHTERFERREE RIS KREENSASESERR S L
BB BRI RE , T LMEIX Lk S B iF LI SIMEIES
RANFISCAY R H,

Bai, T-MAC #0 Ladder 227 GitHub EFHE , ¥BHE*
ARARNRN R, SHERNFARREERE A TERE AR
EZ0Ee,

fECHER

Ladder 130342
https://www.usenix.org/conference/osdi24/presentation/
wang-lei

BitBLAS/Ladder GitHub %%
https://github.com/microsoft/BitBLAS

T-MAC 1358z -
https://arxiv.org/abs/2407.00088

T-MAC GitHub §%#
https://github.com/microsoft/T-MAC

LUT Tensor Core ig34%#E -
https://arxiv.org/abs/2408.06003

BitDistiller 163244 :
https://arxiv.org/abs/2402.10631

BitDistiller GitHub §&z :
https://github.com/DD-DuDa/BitDistiller
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fiE%iZiT : ATEEERHILZ IR

AL BEF (FEBIIIBRF ) BINESRIEEE—HYMA ? it e IFEF BRI ECEA T U B E M HE S  EHAIF
o, PIIRIEFFAERIEXIARAIF IS , M— T BMEIZIE, XBLRA LA AN Z 2 ——TF LT 1FBIATIING: | KLEE B EFERT
IBIRLHETDFERI S S H BT B S FRERTTS , BERBEHAINE. LT, A TEBEEAEBAKE BRI (BIEREL ELTF
RAEAfH,

Tl , AT T (L8 ) BIKBIFFS RAITM EEREA fUEE 1S iE s FIRAGRIBE , FIR T—FR IR AfNF S, it ETEFEER
HIBUFTIR , EUIE RPN Z FIEEE# T 20, Al B EERZ 550 CircuitNet #22 [BIEE R4 ; BT iz BT RSB SRR, EIEECELEH
B BIFTE SNN (BRFHEZ 4% ) HEZEFIREE | LA R AT 9B S E iR LTS SHIU AT /IHESE, IXEIREIARFAIA TERESAR

RIEEHTHAIATEE.

MBERBHIBERE , AEAMABERLI20RAIINZREIAI4E
Fzte  XOFT— T EETIBRITNFE. (BB A TERERRE
SHMARANEXR , HEERFERims T EHIEES O, TR
RESRE)IGHTEMT 2BER LTIRERED, B3 THED
FKE—FRIARE. XITeERBFRIERKEBEATNTATLE
BERARRIAIIFELR R . BB A NI I FTAOAL BB I #2 R REFEID)
A, FLAE TS SR F M — MR I BRNGAIHkEL.

(FhuEEge) —BATMBHTER " BEIEHEEERERY
28, HATEFXBEXN AN TIER TIE, TR, ~MY
BATEHRCNIHRE, BERATHRRE AR, "

HsL, A\TEREASHEALEY KRR, FEiTEN
REZH, MIFELF B EERN+ BB VR
KX, (BZRTZRSHIEDFANIXS KRR RAVARD, A TR
EKEIFEERE BEE-ERRZSE. m/l+5k, EEHEER
FRISKIMEHTRNIE BT ERRLAERARRYIERR | LUK
BRAOIIATERX ZEXBE T —H 2 (efER
T REFTENARHLHIRIA TEEBERIER.

SREMIIMNAREE (L8 ) AR RN BT SR
FLWINR I RNIEBANAIEH SITRER, HT AW
HETRE, MEET. MEERMESEINNRFELHA, D3R
THR T SHEERIBKIRHEZ ML (SNN) | SHIERESHIEK
M4 (CircuitNet) , LARIRFHAR RN TIHESS
AT ATEREMECEERINFE. ESR. BEFEEISH
RMARE, Bt AES SRR RREE TIEEHITE

CircuitNet : {2 KBt i3 roikix , SCIUSE(EIh
H5EEEEE

ATHEZWE (ANN) BEER ZNATATERIRZM
1, BIEEARESAIE. NREI OEZRIIEHRRS, XL
RZFBRIELII , RAIEE LG T eI AT TFEIAE
1. METEANSEARNRT, SN2 @RI ERMERR
HEFAREEINILIEES . ERHHIIA THEZMEIRITEE
B XEERIA—PRFPEZIR,

HEHRERNZNERE  MIEMARSE ThERE SRS
Zr, HhE M EIREL  BEUpF0IPE, S iRimd. M
MEEINH, AT, WEFSA THENS  INEEKEER
AIRIZS , RBER AR RN AN HIR L. BNE 2RISR INEIME
TAGEBIFHEZ /LS (RNN) | FEEBEARIB AL IE Lir
TTRINEZMEEIER , NMFIE T HEWEBEFRRFEIES
GENESUIN
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0 & e 5o

Feedforward Mutual Feedback
1: KB TTHIPI R f

EVRENES AN THEMENERE R AT ER.
EMHENBZHN— N EEE R EREEEESEBRRERE
MES, RESEMRETHUBHTIRM, BENASHUT
— XA, R T E(E S RITNRE ST RBDHEMIER
TREMXZE/IFR, EHEEHEINREER A THEZMEE
BARESIXEARFE. 1O, A THEMNEFRIT S SEBRIE
SLRETTARRAY, IBINT MEEHIE 201,

BT RIRHLLIEZAFIER , A7 R T HAIEI S 1
2p#% CircuitNet, BRETSIR U IR R RN R AR AIZSFH
2 TTIEREET, CircuitNet AOIRITHAEE T RINHEZTREE
SN BmmERET BT REBEE&EEIT (Circuit Motif
Unit, CMU) B98I N im0 s IR ES: , LM TESERE
CMU Z[EIRZ 5ei&ki.

IR CircuitNet
&

Cireuit Motif Unit (CMU)

&2 CircuitNet ZE#4

SLIR AR, CircuitNet FEREUEL. 2SS, ElR D3
BB F TS (ESS P RIZRIE T SRR TR E MR 52
1, MR, EEMEERESF, CircuitNet FERZISHEHER
ZIEEMRENER , BBEIRELHSY, BT HEENSRSE
SJESPRIBRUEFR ARTZRES,

1LSNNEEERFRIEFEFIFAMESRIFIESR

FRimEZ L (SNN) RIEREN S SR AEDF
FROGIEM  IEFAZEIW RSN, SNN AIRITRESKIRT £
YL R P T A E RGBS I ——HETAREEIR
IEEEPEHRANS , RBEIRBAIA NS EBMER 7 HEUE , it
TIESEE, XMEHRMVEIES NN RERMEIER0RIE
A BHTERLIE, NMEER T BRI E , IRAHIRS TEERL
ES I a8

EBRRRNILI, WEHN NN RITASREFHEHBHNE
HIREN4FE , BN RRREREEN BRI TIEN FH4IKE]
el IERUFIIEERI, XLTTERALL SNN £
BHE. NADENFIEG D EXES LXMW S AN TS EE
EHOMERE  (BFFRFEDKIE SNN fELL BT B)ESHEAYE 1.

11

HERE

RRRVA, BFEFZFNRZE SNN — P IERBRIA B
= PRI EIE DI EEARERD, R E T2 N
TXRIE. geIR. BT, EEE TR EIRF AR BT
ERFUNARS , (B2 K SNN BB T8~ 7IFRl A EIgm A
Hedk :

SNN i MER B SHYEFS SRR Z B a1
EEXRNER  FE—MERAINEIRBDERZ R EER
ys) RS2 NN EISES SN EIR

AR AT FREUERY SNN PR EEL B RIE TR D — M8
STt BRI TESHESRM | XMFBESS SNN S5
HSHHTARNRR LAEN AR )RS SRS A

ARSI E T— TR TR EFIIFESAT SNN 1228,
ZIERF D MR T PTG IENEFIIERE LASHIE,
BRI T FEFHEIES SNN ZBEERE, fREIIE
R TRMRIBE , A LUSIEL R B2 SRR B = X ATRK
HFEY, X2 fa , TR R XA B ZABkiR (RIS (8] 7 SR L RS
BRI T TR 1SR TRERITRNER,

&3 : SNN 091857277 ET5HESR

BEEZS I EFIIFUNEESE FROUE , AR RINESET
SNNFZEER B FZI TR FRIBE UL, 1277 E MY EIH 51645t
RSB 2 TN 75 AR e s B LAY RE - B B RE T RERE.

Leoh, DTSR, AR R IERR T SNN AT fHIRATE)
ROV ERRRIBS MR B , FFR TN SNN FASLRERIE AT 72
HIRROMNERNS, XA SNN SUHR M T— P EET RS, AT
BEMZFRIEIE RTINS .

KRPHEERZE RS ERENINE, iLSNN
FrHUFnsE E—Et

RE& SNN 21N iE T 22 HE  EEIEENAE
SREUESHIEIEHEEL. SNN (EAEHIREDRIR S, BR=BE XM
FIRBRRSIER. DEXNFEIEEE , NMRS T et
EBERESHNEFIS SRR, ME , SNN (KT 5k
PZERIEE  XESHIFPMEERTA THENEIREFS
RAREREEEITHBEI SNN £,
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NTRIRXLRE , ARINIH—TNEDPBREZH G
FIRENR B, EFA K ixER & 488 (Central Pattern
Generator, CPG) Mz & 4% ( Positional Encoding, PE) $7K,
FrE TEXT SNN BUF BT BEmADHAR CPG-PE,

SPRIVAR LSS (CPG)  fEERIZFH, CPG B—HAEBE
AHRETERANBRT, FEATRIRL BB AIHETT, X
Lot o] (7 T B BN T-oF , AR AE R HIas. FIRFI0RE
FEEEINBETEES.

UEHRIS (PE) 1 PE R A THEMNEHI—IKER A, T
HEFIILIBESHANEE, BEABAFIINEDTTER
FHEER, PE (I MEREEIRAI ST RAYINFFIERS
uE.

CPG #0 PE #Bper~EREEAMHIL , CPGC REXTHIEAY
i, ™M PE WERBXNTUNENGEL. ARRIERERLL, &
CPG-PE AJLAmASRT S =AU EE S TN (ESHIKIR
N E,

f CPG-PE
=0 FELLELEEEEELLl X'
t=1 LLLLLEELLLLrnnn
i=2 FELLELLEEEE

Map (D + 2N) To D ‘D spiking Neuron Layer|
— X InputSpike Matrix |

X' Positional Encoding ]
i

‘1,‘ XﬂutputiT Time Steps in SNNs |
‘L SequemeLengmofx]

N Number of CPG Pairs |

| i Index of CPG Neurons|

E=2N GLLLLIEEEEirnnnl

B4 : CPG-PE 7 SNN 56897, X. X' Fl Xoutput 28k H3E5E

£ Metr-la (B2 SR A IS IR BIREEIE ) . Pems-bay
(BEXIRZBREHE) . Electricity (LUIFER kWh UERT
B/ NS JIBEEEE ) 0 Solar (KPHBEAEEZUE) U MNESCHER
HyEE L THIRT B A FNISE I ZREE SR CPG-PE ZKEEHY
SNN ZEREFIINTAEEE N TEE PE AL, F
Y, CPG-PE AJLATAEEE R EITTREBS LM IR FFIAT SNN 1, IBig
EATLASEELS SNN I3RS, BECERBEIS TR,

MIHRTHESR : AR B EREHRHIEICIES

FEOEFFIAFIFRER Z9E , LA K RIRRAE LR
FBIANASIITREITH  JIRETHMBEFRSEITH. IR
ITHARIBATERAMNEME NN TRIENE, THREREBERE
ErNZs5, flnSkewiiekilt, BinSaiTaRERT I
AT EBRMAITRINE, AIINETH IR ER MR, 5L
B, AR ZEIRZE IS, JRMETATERSOTHEH
MEIRZR G S, FIERRN, fIRARBES O
ITINRITHIRTZATREL,

PR AR IR S BRI R RN T, R R ST &
REWES , LIPRZFE I I E. REEAMPERMRTZ

HERER

BREEFBEARTER T, EIRETANERSEITALE
BB T XFER Tl 2R, PP T AR ZEPITEREE,
BT REGH N BN S ZITNS RN, flan, JRET
NBRARZ RIEM  EBTEITLURHAGRISEIREE , XL
KEEFT LI BRSET IR TEERANES L, BBALMPER
R T AERRIERSEINNE ?

AL, BRBNVRET—PNETFTEH NMHE S EHIRICHE
z8— M7 (Bayesian Behavior) {E22 , B3 TR #2240
EAFEIFRNTR. EZOBFETFSIAT— MU EE"

(intention) 2, NMIBMUEZEIBMETHSBEREBITA,

BT ARREBNTENERLE DM, THEEK
Bir. BirSaiTANB— MBI &/MEEE D B HESHERT (active
inference) IBEIRFEHEEREKR HH5S.

Reinforcement learning
Agent %Environment
~ A
I need /’
to buy a N\ &
@

battery Goal-directed intentiol “

b Learning c Behaving

ance of
future obs. _xzz-e gosl obs. Qme ‘
Goal-directed system @ » Goal-directed active Inference @ e

4 L

oal
current obs

&5 (a) WIETOMELSBEE , (b) F () FINT IR TS FE AR

EMES SRS ES PHITRULRNAERE
o, MR TOEZR TS BRIEIE SHERI F A OIRF LA
YA G, Z—KIN AN Z R TR IR RRME T
MR, EHEBEREAERREM T IEICEM, 410, ASKEE
BREMMAAEFRIEIV/NESREAA , siBERIEE , RKAUE
SEREL AR TR MARBZIIRIENE, RFIIHESIEN
FMRIEM,

IR AFIEA TSRS R B

MWERGHGCRBERE  MAENTRA TEHRITER
KRR AR EEMHATIET, MHHNEEEREE
BT —RIES, BLEENTENENMENER  KEd T
SRYTELE , LSS RIRNRIRE Tk, 2AM  BX—HSR
RTATEREN, HMNAKMERTRAHITFTATEREIAR
A

BE AN TFRE, 2 REAKIATERE, ~RHEH
AT BRSNS AR REIIBIIRER. X—EBBEES|
R TR , SFEN KRR R, E TSt
ANESRE. RIEARKXINEEIRITHY Mot ZRIEFMEA AT
BREEEIRE,
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MM R B TR AT A TE M FaERET,
MRRMENMFRFEZR. BRETHRIMESFHNERM,
CircuitNet, SNN BS[E]FFFUHESR. M ETELR S CIFTASRAY
Bl BRTREEEBXF, LEXBAZREARNPERZF
AKRZHEAZENERHEM 2R Z TR WRNRMR
k.

AE, BEEN KIIZASR N IR B AIRARA BT BT, Tl
BB EREARAVIER  MEEENEE. SHEMRIIA
TR, EFIRS TAEH R,

EESitE

CircuitNet: A Generic Neural Network to Realize Universal
Circuit Motif Modeling
https://openreview.net/pdf?id=FI9q5z40e3

HERE

Efficient and Effective Time-Series Forecasting with Spiking
Neural Networks
https://arxiv.org/pdf/2402.01533

Advancing Spiking Neural Networks for Sequential Modeling
with Central Pattern Generators
https://arxiv.org/pdf/2405.14362

Synergizing Habits and Goals with Variational Bayes
https://www.nature.com/articles/s41467-024-48577-7
MZIE BT (Nature Communications) Z¥& &3,

SERAESIRE SRS, B PR

{E& HEEFIA

ReE X B IR ARATIEN , XiE SRETEIE ST, MIRTAHE. BB e 8= 7 IR P M 7S I HIBED . #AM , K
1B S RBE MR A B RE ARSI ZEDEHE , 45 B IERE M EHE T, R, TN, RRFE I EREF KT H. AfIE LR

BT RIIERE RE BERIHIZETT S B, A EIREZ PGk, JIMITIX LR, M b it T~ Mk Bt BA91E
W, RO ST F I FF 0%, 77 #IE EREARAIHIR SIBEMNA BN ESREF, BFX—ER, I WMAF AR T
ERHTFRHIEF S (Generative Tabular Learning, GTL) {248, & T UM tE 2 EHEX—) 2 (R FERIIERAL L, (2 BB T, 5

IR, EESHI I BEE,

REXESEAHDRE. XS, SRIEFELBF
ZUBSATONES LRAHE , BERANBBRIGIEEE
BT HIRAHMBFEBBR. 87 RS KRBT =\l 57 K BB AR
IGBIBEER , RO NI SRRt T A9 P W E AR EY (Industrial
Foundation Models) B98I ERE , FEFREIE_ LA INIEIE T L
MG BE A BESeN T REERE D, HRA(NRIT
RO R EEIESS (Generative Tabular Learning, GTL ) #EZ2,
BRI 2T EIR S s B X AIRBA KBS RES, FHE
SBEFT. FEIEN TS EEETBMNZEE ], EINE
FEHAARRIF R, T, SR YN F b E R —
FARER, FHEEET I SIER FEZ T R Z N
F (R(ESRNEIES SR ARZIBAANAT K,
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AR EXENRFSHE

MR M AR BRI T RATAI , KIESREER A 2]
FERX—XBERRDE, BARFDKEREN, U HEEELNS
EEEER R TWANER AR €T, LLAN BT X R &
RIZREUE. ICRITZESHINERIIEE , INRBTEREEX
BRRIEEUR. XEEMhR SHIFEHIRAIREEELIBTEA
IEE i, FISRILOE M AR A ORI KIE S REVE SRR
BRHEXRIFIRS RN EFETE.

FEENRE , FUEHERHEESNERE, A UHNER
Nz FAEERE T b, XA BENMUKIR T MEMESRHER 158
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BN EESHTRMMAETEINR, fla0, EET R, K
BERENERNEE. £BESMIaTHLEREE, BT HE
2R AITRE 247, TEREIRIF BN , DATER B IR EUE T RIE
I, TLANIEA RIS, AT RN, 1ESEIBRUTRINE
IFAE. TR , o SEHH AN TR R EE AT LA B TN AR SR AT
IDEBFHEEN R, ERAEIES S ZBE R T ERN
HIERASESTER, BRERIAS N EENH TR TR RN
HHIINMREL,

FIRIIHX LB E SIS | ERIL MR R e a3 = L L ath
BRARFRE . E ORISR —IB REFWEE , FE
IR A EXIRIE SRR TR 4, NTEB BREES
BEFNRSRENEATIRESREF, OISR AN EREEN
PRI E AR AL, AR B AMYBE RS E S T AL BRI HITLOE
SELATORIES , B LUREEE(ESS I 2B I LA,
FH T HIRIRDAITUNFNIZ S HETE,

oh, BERE—PLUESATO. THSEERNRESH
BRIBARE , P B EE G B DN E R EIER N A
B, RTAPRFNRERBESTUARES TR EZEEATE
ERIFIRE , RSB H AR D TRARRIE Ko

RS, P B AR B R KRS UK EE ], tE HRE BB A R
BATHNRER SREEIZ . XXIEHIE ARV THE 2
DA LT NZEI KRR,

Our Proposal: Integrating Industrial Data Intelligence into LLMs

Extensive Industrial Needs for Data Intelligence

1: oAl B A RIZR IS

BEFRGEFL~ L BiRE

FREE (Tabular Data) BEFHE T XREEHIEETS, @R
Zrrlliiig PR BEHNEIESIZ—  EENEENER,
It , AR N A S IR R RIINESUIRE T, OEEEEE R
B AR E AR R,

HRRNKE T REFRE LSRR SMHERBIEE R EE
RAYTINESS , FPRX LR IR BB SANE S8, X
HREERIESEAREEIE N S AIEIRE, fIA0EHHE
AOENXFEEES N, SHFHEMSHENER RS, L, @i
RBRESRESHIEFANIENEREREE , RETNEEE

HERER

SMIBEFFN DRSS IRBERESTIFEE AR (Zero-Shot) 20/
AR ETZS] (In-Context Learning) B9,

A, BRIESREANIE S IERE RN LR Z I+
HIRE XA, REBZIRET, KNIESREBEEENRE
SHIELHETIIS , B IR R EIERIB A ER T2
BHFRNL, FFERZ IS ETUSFNRAVRNIRRE , X L5
T EHHRMEFIEZRER,

NTRRIXLEBEL , AR RN INT— MU E
Bl R U EEIESS) (Generative Tabular Learning, GTL) , 18
IIXHERRSARICHTB AN E AR , GTL HEL2ATLUSE
BIIRSSRITEIRNBERESIINESEE A, £13 GTL &
RN RNIESEE , oL IBTAREESER, BEENATH
P EIRRES TR, XERE  RERBELHTEFSEHBAN
ERT, TUSHEIRELE  HEEARSUGEINR, #IRE
HIMESZEEIT2ER, NI RESE I A= AR LAY
B,

SLIGLE R . GTLEEILE 7 LLaMAEBITI R &R
AYIBREEED

ATEIE GTL 9B ARRNWET RBE#EII4001
FREMHRAIZEIRSE ST FBHEXEL ML, K2 RS
3BAMIRIZAVEIES, Hh, M40 HUIRERBTRENT A, HR
AR R T 1000Z M RRIAITUIESS , LASZFF GTL A9FF
LTI 45, TS RAIERE LLaMA 2 {ERERKIESEE , HiE
HEFRMAMBINESRE, LIRESRFRIENSFZIEEH
TR,

SNEI2F , SERZERRRE, GTL EEIBR T LLaMA 1BERY
RYPERIRRERE D, XK, REUEPAESAI T ANREARE
FRR LLaMA RELFEDZEIR , T GTL NIBRGRTESHIE
NGEHRNESREE I HIESE LR NE. B —RIZE, R
B GTL 18329 LLaMA REVSHMRE/N BEMRES GPT-4
SEANBRIRIBDEARSN, EEAR LRI T RIE
BhEF AIFETENR 5 GPT-4 ERFFREIE LRSS
RAJREEEFAE) IS EETEEN SRR TRm £ RE.

LEoh, GTL 1858AY LLaMA RESAMXE DR Z I Hh=hiE

ERMASH ETFXES Bl TSR IR 35 I ER
I, REETRELAMRZNEF A ZIBES,
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Evaluation on 44 Holdout Datasets with unknown data schemas and task domains

Classification (AUROC T) Regression (NMAE 1)

aaaaaaaa

Few-shot
(#shots = 16)

B2 GTL 185809 LLaMA-2-138 SE{BEHETRINIL ( ES1FHEFRIE
SHIEX)

HRRNEWERR T GTL HOIEER, NESFH~, R
RIS MRS MR IR @7 VR 7 EUR (5
ERIMRE, X—RIZFRE T P B RS B IS SAEESFIGUHAY
JTZZEN  BEEERNIEETERATEEMER , BIE
AEHEASEERNTI PR IFERIFA,

Classification (AUROC T) Regression (NMAE 1)

138 7B
Model size Model size

B3 R GTL B ERE

S ERR IV ERIREAED

ERAFREIEZS (GTL) ARIEARIBREZIFTHT
K1, R FREEIE I SR BIXIE R LU SR B e A XA,
T, HEEBRARZE, BITR GTL SiESREER , RELYBER
ERFUNER AR LR IS EN SRR, NMMAREIES
SRR TR TERONE. BT X—ERTRRENEXRE
7, RN RN B E R R T P B AR B R SRR
N BRI

B, U EMREASHNZSHET RESEEXRNES,
XEEY REIEEAM IR, BIVREIIE, JER ETFIR
B, URBESSHUNEER, WNEFIIMERES. 28
AOY AR (L B AR BUREE LI E S RIS AN s2ATE M1 |, &b
BESRAIEZES. R, U ESEINRESRIESREE
SEFANOERBE S, WTEER. A IERE B
R EME R DN R. X EIERRILUTIER
EHRMZSINEERRE Bl RS S NESRAENESINGE
ToEERRE.

BHX, NBFRARE, U BRI RS AR EHT
WHIRERREMS N, EFEXHENFZNAARENTIE
g HMELE L EIFT MERI @RS, H1U0, R ERLEFERE
RERREMNEIERZRIR , BB EER FBFIRE ki
ROEIR S HTFOIFUNEE D NTHERD AT ORI Z T RIER. 5
Hb, P EMER A LUE AR RS IFTE , AT SE TN
ERMRZINVEIRRRM MU, BB MBS
BORER  MAZERIR  FARIES IS RIS,

15

HERE

BRESRESH I ERESEESES, 2R AR
ROKE—5, BT Ly fRMEUFT, IZLIRF A ORI R &
BORIEIR SRR AE D TIREY, e - W ERR B S
MW RRIE ZEEE. MR R B L mnIX—iHTE ,
SRR , LERT R RIEIR S RER R B R B S A9 T LA,

fECHERE -

From Supervised to Generative: A Novel Paradigm for Tabular
Deep Learning with Large Language Models (EWZEFKDD
2024)

https://dl.acm.org/doi/10.1145/3637528.3671975

InEaEsE
https://github.com/microsoft/Industrial-Foundation-Models
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HERER

BHESHR, RERESIRESKESRE

LRI ESIREKE D IHE, — R CHERTEE , X ALERENSR. AL INE, 5—ENEBRREEZEENESHE,
XEEBRIEREIIA TEEREERESERMIER. BGRE, URIESFHIMMAIRZEEEN. IEH , W MA TR B T—1
HTHIEIE——IRE SRS KIESRE, EREBE RN YR FH AT EESHEEFFERSTR, AT RESIIHIESF I HIE

YL T HEIBES T

BEEATERERANFEARE, KEEECENE—RED
ZREEN , SESERUN B EFREHHEANANRREF, A
., RisBFRIAEMZERINSRSREET RS RSREAY
TR, B, SRSRAEFTEE =M

ZRSEN ERAEARFE—NBFRRE , BEEZMES
HIERM AT ZMESE LAY  (ERSTH ENBILUESIBAR
EESHEREZRZ AP, ERIHLNSESEES;

ZEREFEME ARANERERESERE. R,
AEREEHTIER, XRERBEEIRTYZS , ERARERESH
HIRHTIEG AR HRIFIREEEESEE D4 s
HUARAEARBESEE LHTHIE

RESREXRESRE: NG BRFn, REMFBAE
FRESHIEIRERITIONG , AR LSLRRZRIBE , B LR
NHEHIRSEI SRS, BEE&BRARNSESHEIZENUNE
RESITRBRE, BE  X—XEAWANNRRIENZSESKEE,

REZIRESKESEE

ERRIMA R E ARSI RUER  HIENRE
ZRENESREMEERABLIR TSRS, ROER
BLYZSESHEEMBRSIRE NN RIRRE, MEETZ
BEHIERE) GRS — P RIETRE S, NI B R PR
iR D)IGRIR BRI RS, EEERIZ  ERRIESHEFZIN
WiEeh, LA NIz AEE Il FTAIRES,

HEX—EBE, AN R E B A TEREANRR R
SfEiA T 2BSKIESEERL KOSMOS-1 (opens in new tab),
KOSMOS-2 (opens in new tab). KOSMOS-2.5 (opens in new
tab), TI7E , WXL TERNEM L AR IFERRFEESIES
ESRE FERBER AR HinEl LTINS R £ 2R SEHIEN
MR, NMER AR BIIEESR , H T SESERNBES
E,

KOSMOSHIAM ARESE TR ERNARMAE
KOSMOS-1 SEHI TIBE5RHAMITT, I KIESREXIFSES
ASEE T ER, KOSMOS-2 5IN7T Grounding 8877, 18& T 1%
Bz EiBg ), Bl T SRS KBS REN N IR EHEE
H98ES, KOSMOS-2.5 BIIH—EZRGIEN AR EE GRS
BESSEFIRRES  ANAFEEGONBRETEAREN.

it

SESIRSIRERYETH

EERMBESESEENER, EALERIITENHNZ
G, AN ERRINEIERAKIES  MARBEARE
FINBANES. I, NEERREZNBIZEKRE  ESER
BEEIRESI. W EERAEE RIS, sEisfedt
RE ERIOERR. SEBMNARMEIEREDRIISG X2 E bR —
RSHIEELIRHAY BRINET.

BETXERE, M IMNAF AR RM1E KOSMOS IR
BRRHART, ESRERE G SESHIEF BT,
£ KOSMOS-1, SRR RNIEH T RIESEE SRAREIAINT T,
i KOSMOS-1 IRBUBEBRESTIHES . BAN-ES I RIESS,
W TTZARAEERTS, BEIREIE, BBHFETTER
& OCR, AN AR T NEB D EE,

Here are eight images:

Description of three toed
A woodpecker: It has black
and white stripes
= throughout the body and a ‘%3
yellow crown. CB:

Description of downy
woodpecker: It has white
spots on its black wings
and some red on its crown.

Looks like a duck. @

That's not a duck. Then

What's in this picture?

what's it? The following image is:

Looks more like a

e S 8 £
bunny. Question: what is the @
name of the
woodpecker in the
e

picture?

It has bunny ears. Downy

16
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S+4

.
>
"JS‘L ‘:f",'"“ ’-u-_.&‘ & g o f .
v v —

Question: The result

An image of
o is? Answer:

Hope you have done it

5+4=9

1: KOSMOS-1jfiz5/2 AN I LTSS | HITEXTIA, ISR
Bgn%. IEESEE. OCR H=1tE

5SitERT, KOSMOS-1 fE KIBES R BB DAV EM £,
AILAHTIFES HIE., HRI[MIBRIRIEIR NI (Raven's
Progressive Matrices) #3777 1Q Mhf &, FiEfh KOSMOS-1
BREIRES (TS FRVEIREE D, £55R3RE, KOSMOS-1 gefiB =k
HAFES ARSI SER  H LU S MRIIES H
T—NT0E, XirEE KOSMOS-1 ol G it =2 EREATS
SRS,

Example of IQ Test

+® [+
* @[]

Which option can complete the matrix?
+@?

A B (5 D E F
@[] [¢] o
Input Prompt

gigﬁ iE::nges: ‘B’ L g @ IZ| + @ ;:l:gfsli‘::wmg
@ |[[1] [e] || o

Isitcorrect? Isitcorrect? Isitcorrect?  Isitcorrect?  Isitcorrect?  |s it correct?
Yes Yes Yes Yes Yes Yes

P( Yes | Input Prompt )
|l = = m = m
& 8 D 3

F

E2: FERER T i XN IRAI— M7, FERE T 7/ KOSMOS-1
I XHELE T 3 it 7 )

£ KOSMOS-1 fE# £, KOSMOS-2 RETHBE
Bty , FF5INT Grounding 881, MFEE =EEKRD',
KOSMOS-2 IFRFEZEFEGTRINSREXIFEAREA
TRBNFMAA AL R R ERE IR E& I R =)
&, Grounding BENMMERBLREBLIM I E Z (FIANAFRIE )
AIFZECEATRIN , FPS A A AY B P TS A M R R A ZiE) A2 iEF ]
EARARERIEGXE, BRRTIEAL X, Mgt
TEEWR ERFEEEENEE,

KOSMOS-2.5 7£ KOSMOS-2 RIERt I, it —S e 79
AEREEGHSESRISIIEREE D, BIFEERI BEEN
Foth, MmiaZ. SEERE. FARFREBs (Ul Automation)
%, KOSMOS-2.5 gEfiERAERM BB FISIAEE , SLIRI A E
EEGHTRNIERR , FFAE A RISIARIEIR,

17

Input Prompt

Question: How Question: What does the
here? Answier Sign say? Answer.

presentin the image.
o

Completian

Input Prompt

Question: What s the biggest
difference betwen Lottle-T and
woille-27 Answer

Question: Why is this animal
isual? Answer:

Question: What is i17 Answer

This animal is unique because it is a

& ustle. Turtles are known for their slow
and steady pace, wheraas rabbits are
Known Lo be agike and quick. Itis not
cammen for a Wetle Lo be faster than a
rabbit. especially in terms of speed

) (5) (8)

& buoy attached to The biggest difference between
the boat bottle-1 and boltle-Z is the label

% near ing a hot meal
£ §  forthe snowman. The scane is
-3 serene and peaceful, with the

snowman looking at the fire with a
wiarm smile.

Describe this image in detail:
@

BE3: KOSMOS-2 BILARE X AN [0] & 5 ER PRI AT X A T, FBFth
AL LR IEFR I Z RIS

B & —HIHELE , KOSMOS-2.5 FTaMEFR N EZIMERIE
. B MISEEBRNABREERREMREEGTERIASN AR
e, BIRIAT A B AR AR S HAE X AE EE G II N AAL
FRIE, 88 MES2LL Markdown &4 B 4519 10 B9 ST A6
$F, B EIR RN, KOSMOS-2.5 SEF ViT(Vision
Transformer) A9 E4mtDe8 SETF Transformer ZRGRYARADZE
BES, BT — 1 EXFERETIEREER, T 7281
ZIESHIBGIE,

il
g
Render o
N E=
imagetokens |+ [task prompt1] text tokens Er:‘g—"‘—“
= =
g H shared decoder-only Transformer P
image tokens |+ | [task prompt 2] text tokens Render
b —
et st e+ S8
TPt S457.38 +*vou

E4: KOSMOS-2.5 IZYZHI B — T I8 iFas il — TS E R H 25
ERERANE SAEIS L

iR —RREZEOEEEN T N ESHIIS, FERE
BERE AR IISLHRAIN AP B RE RIS,

EESIRESETLIE FESIRENGEEIR

REFSBNR—MELES BRI LIREER 92
A FRIB AU TT (token) , XFEEREAILISIESEEITE
AE. HRIMNAREERETIES RN ER T XARENE
EEMIESR VALL-E, BIRSEIM T THEARTTSEM.



Matrix 2024

EA— M RERBIDESRE  VALL-E RIBSESMRRE
BRAENERUEETREE , AR TERUTERE TTS fa—15&
HESERES, MIHERELESET. SLIERIES G
MAZ, WIER - BTUNEE - BIEAR, VALL-E fIRMERIZR
X - BEULE - K. VALL-E EFBER AN AIS R/
FRFEZRRE B RIS SR A3 UID X LIS RRE/E I LL
BENNBENXARBES  AEEEHNRAFREZRER 1
=58,

VALL-E BRI TR TXARNES R AN E R ES8ER,
NFE—B3VIPARITIRIEE IR EFNEZIEDR , VALL-E BiEE
GRERERN MMENIES. BRIFTRIRAY VALL-E X SHFEAR
. EXERRIZTMESHI TTS &k,

FERESESHIENZIIIES, VALL-E X RE R T
Ry, BiBRYEE. BMERBEIEINEE)IZ, VALL-E X 1
BEGARRINERNES  LLAIRIENIE, Bl OERIERIE, s
HMNEARSIERT RIS IR R. (B —RIE N T RFREEER
M2t RRMIRE VALL-E SESESERIRFIITKEND)
B8, IARBARNEEHIRESIIAAEZEN, BN RISRAE,

AL B SRS KBS REEMBED. "NEIEFRX L
B RS TRESHIENRERERE c8a T X
Elg. FEEFEZME AEXARERILAY (streaming ) &,
me , YT HARREAEE R, TR G IRHEFZREIE,
HEPREZ IR RGN, ELt, TIERNIGFINEBE,
ERNRLERENIIBERE  IINE RS RSB A siiRAIE
= BEuET.

MNEESE LR RESIRSIRBE R R

FRIMAS, BRISESRENKRBEHNNEENER.
F—HR, NESRIBEREMRREEIRS , KTl SESH
WAERIL. 6120, =EE RS, TLUEISEA OCR I8
RN MEE B ASR REICIES IR, #HMIEA
IEENRENEA, KB EESESEREER N iS00
TR, AMIX— T BRBE TR A SRS, FiF, BITEAX
REEG. XAENEEFHAZIMAIRE , SRR TR
It REAE LA EIESRIA R,

MEFE"MR, REFELHUSESRETEE, flan, 3
BREMAPBRRENIKE IS, REBEZGAR—F BRI
BF R RIRESHIER AR (BRI AR ) FIE R

(FE—MIERTINIKFERTIARAE ) o

'ERLYFRESESRBEERIZES AT AEIRLD XK
R, BRI, BT, BNFBERER I NR LR R
ETH, ERREBEEUE (FII03A ) FhELHUE (F10

HERER

BGINES ) Na—E %R FrFY, 2EEFERRRERY
TS EIEARB R ZIER MR B E R R IR B
R IARESHBEBRUBRESNSE—F R~ NFES?
BOR MBS EESHIEIRE XEERITHERL
15, DMER R IR E S KRBT RIENERNRENASE
%R, &5, B ERE KRS, (TR — 2R
SEENFIERTTER ? il — M AN R EAR—ES
1 (LLM) F0¥E0E R ( Diffusion Model) |, SRSCINRE S2iEs
X3, BB ESER , FHEHEF BN, HIBEXL
FHEAEE =S E A RAR.

EXSIX LR, AR R IFERR. IRRIIEE
ERIHRARFIE L LRI , R NARRRESRSIEERY
PRRAIF AR R SRR BT 58K,

T AN PR EOMEA TR, HARAEEARE
FERMEAR , EEFBA LSRR NA L ST REZHA]
BetEANMNE, MM RRERITXEHRE , iaLB<F
MIRARENATERREZNES TEREAY. 88, IRtS
Tl ER RIASRE. ARNERERN, MEREER DT E
RIRES  FREMBERUESEIRARG WA NRNNORNS,
EBEIMMNRB REMRE" (deepfake ) FIEE (8R T BB NFTE
EREEFHAYEA , 5513 : https://blogs. microsoft.com/on-
the-issues/2020/09/01/disinformation-deepfakes-newsguard-
video-authenticator/ ),
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HERE

USENIX ATC 2024&{FieX | MARIARA AR S

YEZ - SuperBenchZIBALE

KEHLWMAT LRI RIIFIREHEL Azure =FERITIEITNIBR S A T—IFFEIMER). BB Al Bt ieE al #6957
FSTA1E: SuperBench R4, iZZF B TN UFRIFERIER T =~ Al BRtIRHEFMELIIEIRAG REILIE 1588, X—HF TIEC#H KT
B RFZTBAIRRFALIK USENIX ATC 2024 £, HFRIFRFEIEE., SuperBench X5 [RETUVRAI 72 KT, R ELHZE:
RIRS AR Al BRtL e o 69520, MTT ATk B Z 569t

BER Al TFRHDEMRBERMAMER , HIFRRH
SHURMEEEEXER. ERNRRSUEMEREDEL, WK
B, AEBESINT =PI ——FRIEEEEIR AR
NIREHIE, IREHFERURBARNEN ARGk, BIEEEE
WATBBEAIMEREE T b FFEELMRAEEERK. 25
HIRNREH TR, RES 2 EMHBEAIMERERN., 1X(E
SRR RFHISAESZE T DEZR,

ERINRF A R RETEE R T RS E AR
B, OIS A IMIB RIEE | XL E LA B RIS
P&, HERIL MR FTPERIB R R SR Azure =FERIT
FRIMIEIRE] , (REREIRISFEH R T A B AR X — Bk k. T
2 AR TR eUFT A RN IRIE AR IR TS Z2——SuperBench
4, SuperBench BT SIN2ERIEENRAENRIERK,
BEB A R R £ ZRNRBBERIMRE IR, NI Z2Z R AR SR
BIRATRM, BXIENEREEKITEN R FEUHAITREF AN
USENIX ATC 2024 2, FFERFRERAEIE SR,

SuperBench HIRITIESEESNIIEMIFEIIRA , ©ALTE
ERGHUEZMERNZAET , KIFQNFEEBENTR, X
MEENURS T RGRREN | R TP ATIRFEE
HIMEREBIRE,

AT EREEEFIHIREIRIIE |, EaNRIEm el TE
X B% CHREZHBERST Al TERE , LIHRCIEIE
FTEERF R RERARAY AL ; EDR |, WIE B BRI |
IR S IEFMREFIE I RERICAIERE | HRRNIHERAI—E
M &fE  WIDIREOREEM A , LASRIEFEITET
LSEL TIPS EE R

M, SMXEEREIREFDEZR0PEEL - TIFREM
THRASHHERK  HENIEIRRPLEREMEmS  h=
XTRPELE RO PT SRt | PTLABE IS IO X T sa 1t
B8 Al EEHRIZMEINR T RIRRYSE 2R ; LEoh | SRR (E)F0sF
BRI Z BFEEERN |, AR AR ST
B BB BRI R I —IREZRANESS

19

SuperBench Bz L R2—E2ENEENLEN , BF1FH
EANEHAAFNSIESIRY Al TIERE , HREHBERESH IR
FEIEE R ESIZP A ERER TR,

SuperBench B4F :

EEHNEENTEY | SEXJHEE Al TIFRERImS inEE
WA I B MEHRAHRIMEENL , sEBERmE. EY
[T RS T N B A IS,

TeRERIER | RS BRREASRERB IR ETFE
BEISTEIIERTBIRNSHBR A AN Z [EES T , NTHRRIG
IS RHIFAE T,

IIERRRIR | MREHR R E IR DT E SRR,
RBEERPEEM, BT XERIRD MigtrmiFFI9E
SuperBench RILABHIX S INEEIEEAEIRAAM,
Benchmark Validator

Benchmark Set Benchmark Selector

selected set

full benchmark set oy 010
— [ 101
—=a 010

validation

’ results [h EB. Benchmark
noce QLO Criteria

job hardware {::E status
traces info

raw results
execution

1. SuperBench B9 T IERIERERS

BT Azure &£ IMBHRREMKINEBE, SuperBench
ORI TEHBRME., FEICEAE, SuperBench IGIE T8+ AR
GPU IRBIE T 1036 %M aFEMRIE, HFEZIRS T E RN

.

RINERFR , SRS TRIEMREEEENEERIE
tt . SuperBench BILUS LR EIFRATE) (MTBI) 122 %E22.61
&, FIERR GPU FIFZRIENN4.81(F , FIRTIGIIERT )AL ANPE1E
92.07%,



Matrix 2024

Ideal ==+ SUPERBENCH Selector ===« Full Set Validation = = No Validation
100 —_—— —
é:/ @ :,---“'!l'-o‘:‘.‘b\"li'.’-’ -“,.,: - _'--__-,: .....................
§ 60
S 40 o
. “"ae
g ]
é 201« LI I D R
== e A S T Rt o D S M
@) -

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

Simulation Time (Days)

E12 : 30K ARG INEE IR FLI T A, SuperBench L] 7
90.70% IS EBE R, I IS 74.81%, 2EEAIES T
1.09x

SuperBench RUERIRSE TR ARWIENERNARE, HB

FRRREHEDBRS 7= Al EitiRiENT RN, BITEE
RKTHATOMEERNRIES. ZARIMORANRR T Al

HERER

AR IEPIIREH ISR , T 7 RIEEGHE. HaEEIR
FDBARIFEFRARE , SRR LAV R MEEZ M. &
R, MM R e SRR NTIRT = Al BEREIRIENE

B8, TE T Al BRI ERIRS.

fECHERR

SuperBench: Improving Cloud Al Infrastructure Reliability with
Proactive Validation

1B EERE  https://www.microsoft.com/en-us/research/
publication/superbench/

GitHub $&#% : https://github.com/microsoft/superbenchmark

AT Z{RRILLMsIR AL SMERATR ? RAGH S AN RiZ I !

& RREH(LB)

RKIESREAHE. EF. 2MFZRE090BERIHAN T BUAINME. AT EIFHEESINEBETE  ATEFHE R E AT
BYaIERRI AT SRt @ KIESEE N AR PEF T ETEERIAE, 513U, AN 7 a9 7RI T— R FEIIF KD /EH
RAG F5938%, NMBNELL. [RztFEL. oIfRFEAGETE. [RTUIEIEANERIER  BIEARE I FRTETEIA KRR R BTG IR Al
EFNCAIERF R, 2T AT LAMEAXR R BB S CHTEANR , (RIEREFE TP R IFRELARIFEN  TE MG F e S L
TSP L IOE I TMEACA R RFFHIBR S A 7S R FE T K52 EFB.

BEAIERNRERRE, SEMEBHENNESRE
(LLMs) FESep Lt RIES A RILE 7SR #ATMERE . IX LEHMER
HIRETREISIZT LLMs RO RO RME | IR R TR B 44D
THINES | FIRTIE8 7 H ez e @t THEISRIES
TREANNINEER FERITAE BIR ST B R EUER XL
HEBENMBLE,

AT, EREEINEPEIEN LLMs BUER BFARNE
g, BRDEIRE AL, XLEHASEEZ MU IEEE
HiEEEUN ESHBIERFEIRNELEE , PR ENTRES
1218 LLMs RO DLASCIL S 20RO REHETE,

ESTAERMFAREHITRAITIE RS TTHRIAIH
6k/E PRI BRI R RADARE] , HiEERE LM N
FAER—FXERIBRL R, HTERHREREZET NHEHEE
T, RSB EIEEEZ BRNXEIEFEEEER,
PRLA, TESERRR B AR ELRT , JRIDAMERE R EIRAEERITHE

ESHNER, HEXSEASFTESMENRE , BiFRDLIER
7 BEEBERILIRIR,

Fit, ARRIHIRE T RAG IS0, RIBRFY
HMEREREIIRIFRREE  BRE DA RS AXIXIO g5
EENEEE RN BRI L ERAT AT RTINS L5,

Level 3:
Interpretable Rationall ieri

Level 2:

Implicit Fact Querie:
c
o (@) )

Level 1:
Explicit Fact Queries

- = ]
P ;

L opm L .pm L £ mm

How to locate explictt fact? How » Howto

1: PO R Bl E IR F 2R =R

20
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MRRIAT, RBRNEBRE NRENTRURS 28
ROIRAT Phbk , FUBEIRAAREZ LN A | FHE IS s ki (B BR 28
RIES TR, AL, IS OS] T FREARS, STER
WAETERRNEBFR RIS NERPTEIGAVIRT YL,
FFIABRRIX L SATEX TR S5, WBIHR S B ER IS
EOENIEIEERE LM NABRIEEIAR , BAFFAILEN A
RYSCFRIERE,

BERAZEANANES , PRLLMS{ESSERE

FEHUEERE LM NABERT, AR RIIESRIEER
MAPTBEENRERE , WEBRT T RAHUND R XD
EREETERANMIER LLMs TE4 p &R R ERA1E
RZAS P2 RROAREIA RIS IER R, NEMBISF LI REIREIR
RIRENIREE  BREINSE LM ESERERIERIRTT.

BARNRRYSUT:

Level-1 BMEESL © HREIRI N EEMNEEHREBBHATE
RYZESC , TR TEAIZCRIEIMEER. XM 7 REMNEE
KA HPRBNERESRBHEIHEIMEXESE. fi0°2024
FEFREREWPERT?"

Level-2 FRI4SEsL | RUENERIGREWETRSIEEL , 1)
BERE—LEIREIE R RIS ERER. SENEDSBETEN
HiERRYT , ETEEIERIEEIERIRE. 10, "Bl
b E SR IS MBS R P TEE ZATAB S 7 XA LA
B S S IEIE A TRAR AR LA S RTHAB A S Bk,

Level-3 FIARREAUETE - EX—ER , EIFMXERIFELHI
EiF , MEREAEEBIRE N A S HIES S E VRS
EHERIE. fla0 , EHZSE , LLMs FERTEEEmARKR
BEIEF (FDA ) FUESH UG mBRiERa e nEER.
AEFPGFSEF |, LM RRBTETRE LA TIEIERE AL
BFREif, EEFWE , LLMs IR — N E SR
TRES , BIENERIS T FIR E IS, XMBENBRT
LLMs A9 AMRAESSE EIERS , MEA L Xtk , BE
BT ETIRIFIGE,

Level-4 FRzUER | X—BIRVEIEEN T — 1 EEHALIERT
g, PR KIEARBRICR | MERERII D H LR
PRORIUAIGER RN, fIa0 , £ T IZEWE , LLMs FENR
EE R ARRAIN BEAPISTREIRERNR | IRBIRINAIERERFIR
RIE. ERHFFRF | LMs M AERTEIREERIC R HEEL
HIESERN, BYESXLEEFEERKE | LLMs 2RI
MRS, MBS RIMEENFEA0T W A TR MERIRFNE]
RRARRIRIS,

21

HERE

BEBYDATEER, BEIRT LLMs BEERISE R
MRS BIERTEMNRRNX IR B2, BIR DR
R—EMELMEMESE TERETELEENER ., L
CREZZVNTERFEENEERFLEA, XEEHEKRHZ
LLMs NEUEFIREFIGEEE LIEMAIERFLRIRES. St
X, ERNERR——A BRI IERICERE  IBESEOT
LLMs ZIFNBHEEEZENEN. REEREXRESRERX
AP, LLMs RBASERIIBHLHL RS —E, AN
SR SE EIE TR HIR .

External Data

—

Providing Rationales

V—%I

Interpretable Rationales (L3) Hidden Rationales (L4)

Providing Facts

Explicit Facts (L1)  Implicit Facts (L2)

In which country is UEFA EURO 2024 being
held?

What is the capital value of the company
Elon Must found in 1999?

Do | qualify to apply for a five-year
Japanese tourist visa in Shanghai?

How will the economic situation affect the
company's development?

B2 FEIEEI IR = R fHPRIE R B S 45

T EMELEN , ERREEARM TR ARRIINEREERE
FRREMEARIINEBEIBER  MUFRMELEN, EX8
BERENZSMEEXRKNEXPSEESEL B, 2EGRAE
GEMERRATIX—REWRIX R, TREIEESIE
FEBZSHENINPZEXFBAKNES R FHEREBHERE
LB SRAEMEIN ; XTI RS, MM
IREPRGFRAHRRIENREREXEEZNES.

HUARERSHNEFLERT R

HIEBRAENESREN BN N ERSES R EIRAIHk
S EERE, AL, BMRAHFTEESENBRS R, WES3
Pi7Re T REFSHEIRER , RAEEENBRENES
RELREIE BRI YT,

IR EHELE G, EXBISETNOESIEES
et EM S, Eit , EREAY RAG (Retrieval-Augmented
Generation, S ZRIBIRE R ) T5iERL N T BIE RIS, TS
IEG, XEBEFEKRBEZSMEXEL, TLARAIER IR
RAG FiXskBETEILEM. MEMI RAG ZUENEE  BAE



Matrix 2024

MREBRINIGFIMTELHRTHIERZBNKR, TFE
ZHIEEBBR T, Text-to-SQL FARN RS ANEE, ©0JLU
BIT #E R T B kiR MR ERAYR ZRAES,

PRI REIEEIE), iz BRI B AU IR IR R
LAESR LLMs [H9MERIESROETEE. MBI EtEIES
189, NFENKREHIEFENR G DBBRR R, EXMER
T B&ZES. LFXEIURREERIRIER R DT R B
KEFR.

BIATMS ARV, FRBEANEAEREEF TR
BENAESRENAZEIRNBRINERES , BEXEIN
S0 FREBUSBAIRAFRRBR AR+ 5D E, XLTTE
FEATLUBE LT =F80E LLMs SENENIR , aNEB3AT7R - a) 1R
FEEIRHER, NFREIETIREEB2REIE LLMs 79 L34
N D) YEE— P IRBNAIREY | 12 & B E U BUE _ElIZk
&, BT5ISIEMERRIRE , FREBAZE LLMs, o) BEANA
HMEBROGUEANR S B AKIE S R A THUE , AT E (93
EHERRE,

- Context lm e ~
C=Td |
1 / 4 1
1 g 1
B 2E— mm
W o o o e e e e e e e e e e e e e e e e e e e e e /’
s --T-c=" \\
/< SmallModels J- - - oo \
1 I 1
: train \L :
I RE| —> ERRSE
1 S— 1
! A J |
\ retrieve, correct, route, ... _ )
#1 By )= i N

P ———

B3 E TN KES R =55

X=MRIEEIUEE ) IGHBMTERRNTER LS8
B, BFEFFAIEM, @S EFGRITANRENRTS AR
MisEtEPEXRILENME, EZRFLIXEONKNEE
SEERK, LERTEERRIRE  X—7 A tEHE G —ERBIR
. Bt ZFEEERTIUBE BR N ARRENSIERDS
MR BAL FRAANRIBIGENIRE T RS ENK, /NEURE 5%
MHEETISGEE , BEEBGIEANELE  BRRKHTRE
RIBESD , XITEZUES, LLMs RIEREIRESZRIRT , BIEEE
EERVBMN , A REFEAIMNIGRAL A, MIBTT AR BAR
BIGMEA SIS ENIEIERIEEN  BX LLMs RIS IRTERKIEE
EEURTFRERNEUERE. ERAWEINISELEEHITHA
AJRERLTERSH LIMs FEEZHEIRRL  EEr R

HERER
[RBERITIEFNR , F MBS R R REEIIES.

Eit, FEBHIETN LLMs B, 1RSSR HEEXT iR
IRERZAVIERR , FHE T UM BRI, FHE LR A
s, #HIEREN LM NBBE SR SRS, XE
KIFABRITE— T GERIRM , B nEimat—ie, LIE
RN XS IX LS 2k bk,

IR F PRI R R RAG S 0EFELEE
ZELFRIESRE N BRI EENE, TR M
R LBHREHEER OGRS, IRRIFETIME
ONFIINGAELR 123" (ReMe) |, REBMARIRAS BE HTIAK
sk EEERET. Eat. BEMER M IA, Z2TH
FORITIERE ST RAG ERAR  ESESKREEFIEST
BXRMHEAILWRNR , F U T EH R IERIT B EFMERE
L R YSIEN: SISD NN

EE St

Retrieval Augmented Generation (RAG) and Beyond: A
Comprehensive Survey on How to Make your LLMs use
External Data More Wisely

16345 | https://arxiv.org/abs/2409.14924
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HERE

FETERD-Agent: iR SHERIIEHEE

EE H8=F3H

HREF K (R&D) BiEshtt it . EFHERMIBARCIFAIZ D077, A TERERI , AT R IE S RERTED , BT E
I FRIEFTFSHRAE, LTS THTRITE ST, BRI R&AD EEEMLFERAIXSE, IRXIX—HAL, AR FS et 7
Btz SHR TR RD-Agent, (KIEXIESHEEAIEABES], FFEITIAAN TEEEIRF R&D g BshtbadHmEzt. RD-Agent X
1818 THIRSAER , EFFFE BEIL AR RTINS , J9RHRIEE T QYR SHIRIT 18R T TIRATEE , IEGE R&AD 1B HTBE.

FEIMR T, AR SF A (R&D) BIERNEF I RFIR
FHEFASEFMERAIRRE, A, BEEA TERERARIIRER
&, 1£4% R&D BsptTmiZRIBIRIEEMEE., THEERMS
. KEERN BRI RS XL TTERZ BERIERE , MELL
HEBF MR MNERTRESHITRK, ITRERERAXE
FAMFRNE BE T ANME RIKTF. BEEZ T, ERFEMAXET
FeeBEETREMFNRBLHIEE. WILRR, FEIRE R
REFACITRAE,

RIESRE (LLMs) BTN, X LLael 53k T2 HA0MRIR
BE, FEREIRIREN R&D HRRBMLITEE ARIHENE
. BIZES DM RRABEHETHTIG, KIESRERRT
FERFNR , BEBIRMESR D APTRZAIERENE. FENEES
REUZAEHEIERTEE ] KBS RE YL IFERIIREKRITIRE
BIBERNTES  AESMIERIEPENEREIE (Al agent)
KIEER.

KiESEBHRADENFESHE

HMRTMARFEIAR TN R, KIESEEEHEN IR
HRAEEEEXRRENINE, B ZAMIRE ZEMXEH
FHREEFAVERIENRR  TREREBIT i KRIHEIREE N NARIR
THTLI RN E  #MEH TR, EFRKT, KiE
SEAFHIEGCENSTAERNLE  EBSHIREER. 2
IR, YN, EEXIIE T A (agentic tools) RR &Iz L6l
2N, NIESREUBmGNEESEEERNES, NMES
INRFF R EHFE,

A, RN T— P ETRIESREENRIB T
REFRTE RD-Agent, BITEESHIEIKIAY R&AD &4, RD-
Agent RILAEBNSE KBIA TERERED AN LIFT SFHARIB L.,

RD-Agent H9RE2—MNEERIE (autonomous agent) 4E

58, HFAFE (R) FIFFA (D) D KR RIGRL. PARRIRAEIR
EFRE  RURIREFRIAI BN | FIARRRNE T FSLIX L8

23

i%. METEHAEM , £ SLPRN BB RIRER T, BBE
A [E)HERS , (X LERERAVBETIRZ 1R 7T, AN B 2 2RO A

L, - Feedback

=,

Research

:95 o
¢ W'
b Abiiny e

Al Drives Data-Driven Al
&1: 5 Al 350 Al

ESERRR AR, RD-Agent AILURIER SRR, ERERI LU
SRR F  BIEER oM B R EBAVA TIF, R LUE
NEASEEEMNERAE, TanRE e IR Bt T
REMR.

LIT 2 RD-Agent RIS #5RIES DI sRiER , BIE TN E FEHT
RENEREEFE T W S ROHUIE SRR |

TEBARHAENIE | BaIFRRIENEikE , FLURE
2,

ERRRMCIMRELEEN | ISIREUENE - R . BFSF
STCH

ERBIME Quant TJ , AEZFHIBELRST , Btk
REFEITHWFHETIZTAF,

B#i, RD-Agent TEEE GitHub EFFE , #Ex IMERZTRER
HIFF R RAIERBTEZFIY R RD-Agent BIIHAE , LUBMEZH)
BiENms, #—SMmRIdRE  BeErTX,

RD-AgentRyXHEHEEE SH AR BUFR

FHIRIKENAY R&AD BaftiuE, KIESREAIN BHRT
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FaptERICIFITLIE. AT, SEUX—RR AR BYL AT T a0Tsk
B Eu (e AL AR,

Bk, BENRKESREETADRIIGRE, HEENDR
MR IR, RIANESREN)IGIEENETBRNIRE
3, AT EET I ENRAIREHTED, MX LT IR
FEMTUARRGRE LIRS XA T HRIUEAE SR
[EJRRAT— AR,

MR MR RBERIAR RMPNRE), SERNRRKAEMN
B FHFESRIERESUEIIR , A AL NIE SR A RIBTA RS
TEMBIK, B, ARROIMNAS. Fx R E= N EEREFF
TR HMiRITT RD-Agent TR, LIl T AERSLHF RIS,
MR IRPRIIEFE S,

MAREE  REFAVEEF BT RIRSEIL, £ R&D 1372
& REMRIEFTAR A RO T, HIEZEERSEL
BRI, AIANEEREMLE RNN BEI2 FE1RAT B F 28R
B, AERITEL , iNEE S EFIA 2 REUERD R FIIE
ZIRIR ; B R SE AR 9D, 140 PyTorch fRELEEH ;
REFITHBLEREUR R B WNER. MAHEE. SRS
[RIRFZES, FE RIS,

FXEESHNER , ARRNEL T MNEAITEER,
XIFEREFIEHRIR , AN LB R IRFIRRIIR, RD-Agent
EE BRI ENRBMUAE I EEZRIELR  HRIANTH
IREENS] EEERRPEEBERALE KTt IR
RINR, fEE agent MIHRAVIERELINR , BILBEREEMAY
RRTE,

Q - Development
205 (Ability to realize ideas)

Research Implementation
(Idea proposal) Feedback in Workspace

B2 - i17 R ERIE A %

FRER : SREEMFFATIRE. FFRIIERRBET S
SSIAFRAR , BIEE G ERAESMERBE SRR AU,
R R(IE RD-Agent HEZRFIRE T EHEEHEH MES TR
RS Z Co-STEER, X—T0iAEEALIENERESAF BIIF
ITRUHRSAIFFR RS, F R IR B AR,

Co-STEER agent B AT MRIZERS AR RS EWIHAY
FRER  AMURS TESAERE , BINR T FF eI
Fto Agent FRRKFEARMIE®R , HRIRREWHIE ZIEF, Wit
—SRBES L, TMALASBEENNEHL,

HERER

Candidate tasks

. . Forming New prompt
for implementation |

Basic Info: task desc...

"~ Current trace & feedbacks

~ - Similartrace to fix error

a® Scheduling Agent [c]iD}B}iA]
Learn to schedule based on /_\
task info & practical feedbacks
T <}§j O Found
Cl+DF .
SN Co-evolving
Al Tmpleme
= Feedbacks
Considering multiple factors to Implementation fecdbacks .
prioritize fasks: '
- Task complexity

- Task dependency

&3 Co-STEER i&i14H75

EEMN (Benchmark) Em : 9 ROEENNAR 11
agent A9 R&D e/, IARRNIEF A T— 2 FMAVEENNE
RD2Bench, ZE&ENIRE 7 M EIBEE IR ENR T —FRT!
1E55, BFiFERESEELIE (LLM-Agent) FEEUIEFIEELH
KA HEEE

AR RN AR RN ETREEDIRITHY
IENFHECKRER , FHE T A TR I F A AR
EEBH VR MSagent, IR A BENRITFES, IR R
TR TSRS (EF) FAHBENSIIREERD R AT
RO IR & i BN E FROSE M ATUANEL | BT &RagentAt
No STXIFRBEESS , S5 RAJEPEI T I RAYIERBRRAS , LALLIE
AR A EIRR SR AR,
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HEXHEE |

RD-Agent GitHub## :
https://github.com/microsoft/rd-agent

Towards Data-Centric Automatic R&D
https://arxiv.org/abs/2404.11276

HERE

Collaborative Evolving Strategy for Automatic Data-Centric
Development
https://arxiv.org/abs/2407.18690

RD-Agent {56 gEEz :
https://aka.ms/RD-Agent

ProbTS : RI[EI 5T A —iFiESR

(=)

W%, AEFSIFTITERER. BEIR. Bk, SIREZMTI RIFEZXEZRIEAH. EFRZIEEXZIRGIDEFIREE , EZIE
1TAL R ETEFIE ERE. 182 E RIS B]FF TR 208 i ik Z XS B TN E KA EE IS, o102 L AR iR NE B B T HE

PRIAT R AREY , BB FE 7T %R 1T LAY e

T, RS BRI R & BRI FE (M) FIEEAZRIRAAREGTEFR T ProbTS 1248, % EXIIETFIR
TR TR —RIBIETFN. 7£ ProbTS HEZEF, RF RITE I T RIG1t/ 2 ihit. (KIE/A8FE. BIEl)F/IFBIEIF%F Z 4% E _ERIFTIMER
LEBE, 167 TERBE R T F16_ LAY RIE WEBFIZE R, HXI SR T T2 EAIN S BHEHT. ProbTS RIS WL RAILIFEEN TR /B
BIRT B TR T e R 70, 516 LB IBRTHk L , B EERIE A FFIRE IR T L T B A9 757514,

A8 ZUF ( Time-series Forecasting ) XM BTl #E
XEZ BEER PR Bl SRS EAEIKE EAYE
itk , SOX Lo AR S AR AR BRI RIF DA SR R SRR
S5Z, 0, ERBERXMAETDENZ2ERT, FUl—2I0Y
BN BB AN TFEISRETIHSRRIES
BE, RN ERTUNIE/N. 8K SREEEBEEN
ERBITEMNE IR BELRBEE T X8, B, EYRT
A ERTNE B BN S 2R B EE B I B IR L HEE
&R S E RN GE,

BRT RS SN E , @e L AR SR A E TN R
XEERE LG (Point Estimation) , BEEXZF oM
(Distribution Estimation) , A& RINAEME. ENHIET
AIFIIME K AR XA M E AT LA OB S A R RO (L iR —
NEEIIAERS I SEFIIREK.

ETARFANKENKRIUUFA S HIVURTEIFER , KEM

BRI MR B AIFA 7T RAIXSELE R R 7T U & R B S A9
RELGHT T B, X AR B

25

LHTEFIIRE  XREEBETEETMEURE LML
Feals , SIEEITATFRZESTUN (120, PatchTST,

iTransformer ) AR EEZFRES BN S E (A0,
CSDI, TimeGrad ) ,

ITEART B A BB R IXEB RS K T2 AIAT (8
FIHIEE EHTERIG, 8FEHEITWELRE (4
a0, TimesFM. MOIRAI. Chronos ) ¥015 AR#49 ( #140 ,
Timer, UniTS ) FF&HIAE,

MARRILI, REBRMNREEET MAEHE  BI
BRI ZEERZNEMIVNFTROEEER. XMMERIEES
BB REGEERIT EEE R, mEX R A DEARTE
Bz AT R S EIRIE,

HFW, HRENIFFAT ProbTS #EZ2, ProbTS 22—/ %—
MEETFUES, EEHE XA S AEREEARTUNFE RS EN
EW., ARZEI ProbTS TE , MUAIFTRUAZFAIF %
WESHITTIRT, BN SR EFEFUNE BRI TN RS
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BBT TN, 5= 7 AR BRI TR R FERIER , L
REEBIRNSE  HMINZUS AR KA T5 [T TR,

BRER : HERIIFURIGEICHHT

R 2@ ProbTS #HTRIEEMR A, BRIKIEEE
TIN5 ReFER S BN E S —— 2@ oA ETaY
FUNSEL , LUR ZSEFRMAIRIE S 2R, st o it ross
hEkaw

© RIN  RSFRINAISE | REIREMETHEMARTA
HEMSEN.

© TREXBIDHEREFUNL - EREIRE X AIDH R E TN LA
PR TR % | IR T —ERIHREMLT , BRZXE
FEED TRIRIERES,

© BESHEITER | RPETFRENEIRIEEIT RS
o, RFERIEE AR SRR REIEE .

ZETN BRI

«  BIE)3 (Autoregressive , &#R AR ) J5i% | REETRERS S
BTN | (FERZCRIATRAE AR BEHEA | BETF
IR EXEENIH=,

« 3EBM[ET ( Non-autoregressive , f&FR NAR ) F55% © XL
LB RETERTEE AT | IREERAITUNEE | FE
ARSI PR IME LT,

Data Model |yl probTs
Datasets Distribution Estimation T
Forecasting Horizon valuator
Point
VISE
Intrinsic Characteristics
VIAE
Negative Binomial ||| S
IASE
Neural Distribution Modules
( Real NVP ) Distributional
(RN ) CRPS
CRES-sum)

1: ProbTs #1458, j&r F BRI iR = PRIE 25C1E , i a5
5 3 AR R 2 EIRI A6 b

£ ProbTS EZR FRIIARER B Bt EIKIZRIEIETR
Wep, K2 RIRUAYTTER B RIHRE IR RIE D SR
Hee , EBEEERfERMESHPRAME, FEENRZ
TR E ERI ST, SHESHREREBENYE
FHEDMIER MEERERIEREER. MM AN
EREESMINSERRE L, BERERNH S FHE HIE
BE T RELAR T E R,

R BRI, KIEERUURE T EZRAIFELEI

HERER

BRI EH EFUNR AN T PR E B I M RE 1,
B REBRFFBAREMNFTEZZINRERRNEN B
HEEAREFIMREAIR T RERIEL.

&/E ASRIRIIAIR AP B R R+, 2o RAEEIA
BRRNEMRBEERERNFRFEImNRER RIS, BiE
AERFHIN . B, SREMREN OIS HE
IR, RETIRFASREIEDHRIEEIAIF R,

ZHEFIIRRENTENERS SR

HRRNIER ProbTS HEZRNZATRNZ SRS
ERFIEEIHT 7 BN, REREANRETN, BT
IEREESTNIETR NMAE (Normalized Mean Absolute Error)
O FNIEFR CRPS (Continuous Ranked Probability Score),
o, HRRMIEBI T E—MIESIENTES, EXTEM
MimSEHHIESHIES M,

HRYE ProbTS AUITFNIESR SR R1TRI :

© KESMUEENBRY  FHHE SR IUIFTR TR E S
PR LY ISP RIEE , A, SIEEETN
ESFRIZRMILERERR (IE 2() 70 2(0) . MHE , X
RETFEERNNAHES  SEESBREIEED
I EFEEARRIMREEE. X—EIEEHESHE R
SENEE (WE 200 2(d)) .

o EREHERTUNREIASS R - BRIAVIEERTRNR A B AT G IS
oMU LERIE®, EEREDSTEIEH, RIH
EERIMERE TR (LA 2(2) 70 2(0)) o LtESh, BEE TR ERY
BN, —EAE RSB R BT R,

Mm@ e @ e 6 06 6 o @@ w606 0

1.0 Type Dataset
@ point @) ETThl-L
08 x ) oe ® prob @ ETTml-L
w X wn Model @ Exchange-L
¥ 0.6 0
06 % ¢ = * z 1 & @ PatchTST @ IL-L
z + - Y ¢ @ iTransformer (5) Traffic-L
04 & 04 g "
P A+ ® * A Dlinear ©® ETTh2-L
02 ® o+ 4 0.2 A ¥e X TimeGrad () Electricity-L
® x & + i
N ) » 1® ® ° E 4 + CsDI ® ETTm2-L
00 1 ¥ gl 0.0 RN RU NVP Weather-L
R e Gy BRI IR B Mesther
QQQQQQQQ N o7 o o7 07 o RN
Non-Gaussianity Non-Gaussianity

(a) Long-term Forecasting (NMAE). (b) Long-term Forecasting (CRPS).

s @ & @ h L 0s @ & ) & o Type ]
N N @® point 4 GRUNVP
i <o ® prob GRU MAF
woa A " 004 A oo\ Model + Trans MAF
3 " & 8 % @ PatchTST Dataset
H 100 - S e - ® TimesNet @) Wikipedia-S
0.2 74% 02 * <% @ iTransformer @ Exchange-S
A0 e < N-HITS @ Traffic-s
“H4® 4@ ¥ Nuinear @ Electricity-s
00 U "+¢:0 R N N 00 »-+z:- N N A DLinear ) Solars
« X TimeGrad
RO S o S PP o
Non-Gaussiani ty Non-Gaussianity

(c) Short-term Forecasting (NMAE). (d) Short-term Forecasting (CRPS).

B2 & ProbT S X1EE B8] 2 172 Il

XLMERERFRE , RSB NTUUREHNARZIEERE
EIUNREMERITRIT BN EE R EIE DRI IS TIX L
FRNRARRIEENME REER. BT, BRIIKIED RNt
BEFIXE TS EENEIREE AL,
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b/, AR RMNESMINZ S PR TARA (AR) F13F
BEJF (NAR) 85 %, IREEETIKE , LUKEXFRE
BB MR RS S 558,

0.6

06 &
¢ Type
0.5 4 ® NAR
ot 04 N G5 WO
2 . e g |4 S s .
03 .k &° i A
Es + s $
2 b3 M ¢ *
0.2 02 ¥
% & + + +
£-3 * Py x
01 ¥ B
& +

0.0 0.0
0 100 200 300 400 500 600 700 02 04 06 08 10
Forecas! ting Horizon Trend

(a) CRPS w.r.t. forecasting horizon. (b) CRPS w.r.t. trend strength.

06 x 0 e®® o o
05 ¥
b . ‘: 08 Y CRPS Gap
04 & b -0.08
4 b, * 4 =Y ® 000
503 ¢ £ ° [ ® 008
4 * @ 016
0.2 > ¥ 0.4
+ + ® o2
x %
01 i E

%00 02 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8
Seasonality Seasonal lity

(c) CRPS w.r.t. seasonality strength. (d) The CRPS gap, calculated as (TimeGrad.CRPS —
CSDI.CRPS), w.r.t. trend and seasonality strengths.

&3 - {ZfF ProbTs R EBIAFIFFE/EIAREE 5

WERRNIEI , BRI LFEFREIKE S FUIE B AR B IE
BEF@EAERH TS STUNGE L, MRS N EF i
FRBRIAFIEBEIFS R, NEUBRIFEMABLE R, WA RN
EROeeRET:

c FUKESE @ B 3e) B, BBETUUKERIEMN , AR ##
135 NAR AR R EARRIMEREZEDE | 3207 AR RIRER
EEER RIS,

- BEBERERN  E 3(0) BrHsEEESESERRE R
Sk, RIPRXUATEBINATRESEL NAR 71 AR RELZ[EHIE
ZMREER . SARBGELIMER  BMEESME , T AR
AR R H IR IRE 1 RE T,

- EERMREETEAN | E 30 B3 NEHRE NS —
SRMPBXLHIL, SARINE , EF AR 0EREEE
BEIERNIAERENET | KRUAEATE7EX
FoiER PR A EEMSHNE,

©  EBEMNEBMRNSEGENN | B 3(d) R TES RS

XIMEREE FHIGR G R,

BT, ARRMUEE , REFAFHSIER AR F1 NAR #2415
BREREEZRBAC(IPAXIRND S P ERISIES PTG
AY, XBAERE T RS HRAFUURELRS NAR BR3EUAYmEr. 24
m, IXFRS NAR BIRIFRIRERIE T AR BILES 45512 AR 4L
g B S EEE. BT NAR 71 AR SERBERERIL
B, REBARAITURRBERFEH2E , FUECII5ER.

REFEFIERBTNERS IR
HFRAIELER ProbTS {EARISHHTY EEIBINAEIAAE

27

HERE

FYIEMER E (SWE4)  AMOFE T X EAE R ST
ERREIR , Ta i T el milEEs.

035 () ® @
" Type
g0 + NAR
030 g
N ¥ AR
Lo % g0 ® = Model
H < S + MOIRAL96
020 o ® MOIRALS
0 . m Chronos
< [
015 4 A UniTs
H x
0 200 400 600 02 03 04 05
Forecasting Horizon Non-Gaussianity

(a) NMAE w.r.t. forecasting horizon. (b) %ﬂm

w.r.t. non-Gaussianity.
E4 : (& ProbTS #{ThY18)/F2I B iR ZIF T

TFNEERZRAT -

* AR BRET RIIIKENGFESRIE (B 4() ) |, XrJRER
HTHEFIEEHEESESE  SIESEERD AR Ik
RFEEEEEFRIBERAE , AR 235 A RN E=
BEIENIFEANRER R,

* AR 70 NAR REEiZIEmRT A LURHEZR0MERE , BITE
T AR FURELEZ LT EMIRY NAR 333,

c  ZRnEMEBRAESARNAESIFER , BEERREX
B9 B TRMEREL ( B1a0 : MOIRAI ) SREESH=E T HE
B RIE IR (#I40 - Chronos ) , X—SBILUBITHE
S izigny CSDI LV RIFIE S BRI ERAT AT (
4(b))

BMEZ, BAZRET AR IEMRAEEEEH =PRI
R, EeittetrEnERAFUINK R BE R, X3R
RSB FHIEUETN , TEAERERNSR, S2RFHIIESR
ffift AR 2R3, RIRY, DR AIER T ML BIE 2 EUE D
RIBE DA BT (B 7 BRI rh iR IR FHAI K H2 IR

KEBME: M. BB RN=EEH

ETHME L ERFNES D, AR RIRLE T EREFT
FRNME B R R R EERIE TR0, XL E EANRA
REB W EMTUAIKRBINA R EE AN,

HE RAEENA, ARRED , AFFARENEY
EXA2ENAFEUENIRAIZ OTRUTER, G HBHIAIEH
BERERENGEEE  ERENNBINSE, FeitES
IR RIRR,

FE2: gIEBAREL, ProbTS MIfR5 IR T— P EAREMR,
BIEEE AL — MBI RNBARE & 2D
Wiz DRI EAERIIUTER , AEMERSINGERAR?

PRENIAN, BAREA E— N PHOSE , ©43000%
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REBAEMETeE— M MEARE, mRIhzZREN, FE
FERINGRTR. RSO, BRED75 AN ETHE RS EE, LIt
RFEFEFI% BRI S 4L EER =T
DTN (BRI TIRIETN ) , FARRNTFIA AR 71 NAR
L EAARINS, BT ]1SE155 .

BE3 FRMATR, RRNHE—SINZXIEXARTIE
4. BRIASAERR ProbTsS {ERELR , AR R1F
EEIT X ELRIRS [FFEE R AL KRS D&, e AT (8]
9SSRI AT,

I AR RIX LS )R, AR TN B SR B OB 58 RO TR
RIJEFIFWARIAR, MO THREENRE. 21088
BENBR XS ZANSCRR Tl TN AP ELRIRT B PR EY, 2R3,
FTENTUMRELER KA S MTIRIED IR IRATSRL
A MURERIZASIRTHNZERE , NMINEF W E G AR
& FHRFANIRE Bk,

fECHER: -

ProbTS: Benchmarking Point and Distributional Forecasting
across Diverse Prediction Horizons

1O PEE - https://arxiv.org/abs/2310.07446v4

GitHub$%# : https://github.com/microsoft/ProbTS

TR

ATERE# R A"  BEEMRRES L RHEXRAEHT
rAkR{E

AN R ERRERBARRDTEREZEBRNEPERR, AL
B EMRAEAR W EEE RN AR (BRIl
AT ALEREARRENN AL, TBRTEEZR. X1&
MBA BEXF. BRERSHE. FL L, EEREEERK
ROMETE. SRl FNZIREN  ERT IR PRERWNMERNES,
NS EFRUFD S SHULRER  LARERE. I RERIT
&L

FH B EE

HERER

MABIM : ZE &SR FITER “"HRP"

20206, MRIMIA R BT SEEEMRUFS LR TERZS
T EEE FRZERERREEFE MARO, BEEARANR
N AR IER BRI Z IS FEXTZ ErERR
HEINERREXRER, AL, MM FERE GitHub FHR
TP REBRIFIEN S BN FE I B PRI M
B8——MABIM, NI BT LASR i MARL &% It HESS
TR EIBSLRIN R,
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4

nnScaler : EEFREFIFHITREE , KiERFZ3%ER (OSDI 2024)

REFITEEGOESIR. BAESLESFTECERNEEXRNNABNE  ERERIINRAIRRT X,
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Models Activated ARC HS MMLU WG TQA Avg.
Dense Baseline 7.0B 61.8 814 59.8 775 427 646
ReLUfication [MAM 23] 5.0B 572 788 54.7 747 388 60.8

dReLU Sparsification [SXZ"24] 54B 592 78.0 54.0 758 383 610

2.9B 590 79.0 55.6 740 410 61.7
3.8B 60.5  80.7 58.0 759 435 637

Q-Sparse (this work)

Table 1: The results of the continue-training for Q-Sparse and the baselines on the end tasks.
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Models Activated  ARC HS MMLU WG TQA Avg.
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