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BT, MRS BRI R ST
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AR 8 2 B AT AR, WA TE— 5358 IISE, SR T RO TR AT B ANt 5 74
1.1.1 REFIWMEARHIE

VR FEE 2 1 1R SR I — S T LB S, FE0 T BT e,

IR, YRR ) AT R R B O T3E . Bh R AR T 2 S B AR A
TN, B P JREL R, oM T R 22 ST B e B, AT, X IR AR

ARARIEAEAETE 2 R, IR IR R 2 B e R S k. O, SEUE TR S
ARIBHTAT, EBREE T EERE AT . IRE SRR RN 1-1 P,

FEFINRRELE

72
/‘ — PSS
- 1970: Syntactic ST
+ 1990: RNN
- 19605 PR . + 1990 Multiple
s * Wity g:nga/' cusen
+ 1973 Pattern + 1994: Semi- « 2012 AlexNetin
+ 1943 MCP + 1965: Learning Classification and supervisad ImageNet
Model Machines Book Scene Analysis leaming + 2014 GCN
+ 1957 PR + 1966: IEEE + 1973: First UCPR + 1995/ SVM « 2016 ResNet
definition in Workshop on 1978 1APR + 1995 HMM in + 2017: AlphaGo
paper PR founded . 1983 HMMin . :;;m":ﬁwk - 2018
+ 1957: OCR using + 1968: Sequential « 1978 1EEET- Speech N < Transformer
g;;;mn Methads in PAMI - 1986 MLP(BF) . ‘le;Bn;‘"aﬂti-\ahg . EUIQEBen
T PRML Book . 1989 CNN - .« 2020 _
rceptron . 1968: PR Joumnal leaming Transformer in CV
195 - 197 “—% 2010s
MCPH#ERY HnEEF3 iR BEMEERE BOHE SRR FEFIRE
#itEsting) iR DRG] (MLF, BP) ZiEE RS BUEIRE
Perceptron PREAFIEITFI IAPRRSSZ R {SVM) jezi< =]
MLEBFIRIT) T-PAMIBIT) (HMM) HUTERS)
BESFY

K 1-1 WREEIIRR R

BEE I EHERS , T RNLEOR AT D IR B2 ) 4R 0 1 B4 . T SERE I 4R T
PR BRI AN AT SO AT R, IR S ST G R iR, R REh, — 25
BEASEIEABOR, R AERRSEIRSE, T a6% ek M, IR IR RS AR T R EZ K.

BEABTIEAD,  Hds i e g K SR ORI BE 22 ST R R s K B 7y o i R i B A )
WZRIRME 75 M, AR EE S ST RENg AN LA ANSETHIERE . RIS, ORI MW FEN S35
BHIX Ak, AT SR G3E ST IR R KA HESD /7, HEBNAE TR 5 ST AN ) AT SR Ak

FEEBIR RO, IR THUS 72 N8 H ISt E R R IR A & MR, 5
AW, MR R AR TR X R DO TH RN Ut ok 1 a2 fe, v g
2B BB M RATIF TR FRE, RS BN B 2RE S BT, IR
SWFEIL TR RISE Ay, AR AN BARAS SN B AR -

JUERIL S 2T B T W 2 SR BRI T B IR AR — LRI, AR T e 5 1 22 5 e APk -
HE s . BRI ATRRENE . ACBLEESE M BN 2 OER R . SR, IR IX LR e
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WEFEN AT B BN iE,  HESDAE TR 22 ST AN e . IR Al A g

W%, RIS DA BRI O IR —, M BE B &AM A 5 1757
. AEST R RS, MEE BT RN IR, IR A A . E
AMLEAR T HAT A ST NSRS WEEEN T 9 K3h 77,

JEEARK, IREES TR SR AT FARIR) I . BEESORI AW QR AN SR 6, JA T B HARLE
ERAEE SIS ONE I, NASEHORE 2 AERE. R, FAT LU RFFE R IR, 1
BRFIRIESE 2RI, IR FRIGZ AT & NIRRT AANME L TR LA S IR R R 2
—HBNRE RS BN, SRR SR & LSRR .

1.12 REFISEAIER

TR PESA S) R J DR N B R0 28 T IR IRE R o A2 R JLEE A, IRFESE ST RO
NANTEREMEEL R —, CAESDMIISG L) 2N . P2 S R T ILE 20
1H20 40 FEARE 50 FFAR, B BSEM M M2 AT AR PO AN 2 ST Ko

WAy, IRPE A SIAEVE F RN U i S R HE R PEAE A AR A R IR 4
R, IRFESESIHOR B ZE T T RBIRCR . Behh, RS SIAAETH RN SE . EARTE 5 AL PSS
SUSHAT 7 RE RO, s TN TR BRI TR, tandESh 7N TR RELE HARE 5 AT
AR, AT SEALRENS TEAF B AR AL B SUE = s et i AL 2 A, kit o
HLARENS S LR R0 R 5

A, TR 51540 7 N TR REEH §
K TFHIR NI . IR I BAREN TR
MISCHE 8, AROR R 4k S K 1 FL AR Y

BARRAE TR S (R JR e N A R AUk (1 5 6 BEARILAE LT LA T

o HPARH: REFIAEATHREEGIL. EFRA. B RETLAEEFGOHR
BTRFHE, ®Re THEREEREMZESY.

o ERNMAGH: REFINKALABG T ATIEREET. £/, &, HFFA
B R, R SGUR R T A1 A Skt AL &

o R#AFMEBE: KEFINKEFTEEFRNMRTTR, whF. HitE. HEMN
FHefsE, AR T A R0 o B 20

o RIAWHMA: REFIARBNINAFEREUHHTR, #7 TEHIRNLRE, W
GPU. TPU LR ey 3L, & T8,

o GIRAIHE: REFAGKARI T REFHXARAFREL ALY AL, #5
T2 TR R

& RAATMAMR: REFAENRGMA KL T LT RN T FAER, —SERbbER
MFAATE SR EILT A FH, T —HH XA TE b A2,

EFLER A BREHIESETT RS, X Ly
E U LA SZ M, A RSONHES N T RE A Ji
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o koW ATHRNREMLTETREZNDWE, st EHERMA. KA
fog e, FERINAREZFop A,

S RIS TR IE S 2T AR JR A N TR RE MU A Fee Y B B2 B, AR RR R B E T M SRl
R, BATRT DUHAFIR B 22 ST EOR AR HES) N TR RERI R, A2 R AR AL

1.2 B Pi J Ep

TR P2 SRR IR S 2 S AL oA B 4y SRR RERY) “ B ACBEES ” , JlId RIR A 75
45 R AN SR SEBURAE AR SR IR AR 2

KRR BAT SR KA 2T BE T, ] DO B0 o B 2 R I B IR E R . Biln, 72
PIGAR A5 TR IR 5 ST AR R BES AR 2R Al 02 20 SR AR S0 e S i R
M HERF IR LS R R AR B 5

MRIEASFESS B EAR Hbr, SR RBALAC L 45 R TR R AE 73 I 55 il E &
F s AL RIS P E AR KA, R 2 SRR R A SR M B4 MR ) BT

WS AWTIIZRAIRAL,  TRIE 2 ST AL RENE M SR T HRF AL SR B RE D AN S5 AL B 12, 2%
PN s P R B R RE . TEWRRTF RN . BARE S AL, IEE S R AU, R
JE 2 IR TR HESN A BRI A BIHT, i o S b il AR Lo K SCHF o e AT A R AR 1k
AN R AT TS A BRI HHE Ab BRI S B

1.2.1 REZIHRRFTMERBFN B

RS IE RN TR RN E LB — A3, HERBIREER#E, ko sz A
HEEHRRE IR BL, AN B A B AR M A R DL R 2 IS 35 . DA R XA
22 SR T AR B AR F AR R it 5 8 J T fi B A 4

1. REFINEMEHRFERR

1) M ¥ B (2006—2010 4 )

® kA Z W% (Convolutional Neural Network, CNN) : FE N A TEGIRH 5 4
T4 . CNN B9AZ A B 7E T 77 bz A A AR AZ 3 B N\ BB 19 B #0 4 AE, FE & Bl b
hEHATRAE MBS B (BIEGEE) .

® [F)ImEZ K% (Quantile Regression Neural Network, QRNN) , & bBE T —fdE4
B oM MERMY., ZWEENLRFREIALBRGES, BERENETHNLTE
W EEA A, TEAEENGRAAFIHNE R LERALNELN.

2) KJEWME (2011—2015 48 )
® I % (Recursive Neural Network, RNN) : 4 2k 438 4F & M Fo G 2R 0 S0 48 &
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3)

1. EAZG IR A A )3 2 5 R o 3 2 BT 7 b AR R A2 R

¥ F B 17 M % (Long Short-Term Memory, LSTM ) : 3 30A% 40ty [ 1341 85 SR o 3
EEE RSN M A EH. LSTM 840 BB 5 B 1] th 15 F Sk A 2 a4 7 71
e BB B H R A,

UTHA B (2016 4 —E 4)

B E & A7 L% (Attention ): 7] DR AEA B 630 R & T )7 5| # 4y K415 K. Attention
Mz EBER, FIAEAREEXNERORERAHME T TP RBE A,
Transformer # AL : ¥ & 7% & H WL %] 5 4a 40 25 A0 45 25 75 #0 @47 —#2. Transformer
M ESET, FUR B EE LG FopsE AL EE & iR A

2. REFIRANNHE
DA B SeACR VR RLAE 2T 2 1) 2 R, i

B R A4 CNN 7 BEIRAIE S+ R IR M, i@ H R A 1K
FEMANE.

EHFRAIE: RNN fo LSTM #) 2 F T 5 R 25, a9 H R A= T W77
TR R BIHE & 2

BARES LB Bz RS BRI EHEFES. A HE Transformer
BAEERETANE T ERRE TR EFENRER.

BT S BTE: REYIRA LR S B GE Foom TN KARER, 8 E A FAT
YW Ak Iy K.

RTINS B ATNRENE. THEEE, IRRARREF N IES
i

S RIRE, TRIE S ST IR R PN R A U R R (MBS ) LR it 1 9 KIK TR,
BORBIAWSE PR ARG AR T 2 U7 70 R AR, HEsh N R e A B = IR

Ko

1.2.2 CNN. RNN 5 Transformer

RPE S SR R B ATEA R BRI . MR ARRMEM R . Hd, CNN GERIRHEK
2%) . RNN (JEIARZM4%) PLK Transformer ZZE AN & B ARIE Fp 5, m B eiTw
WA XAE o TR XA XAE FHHES) 1 IR FE 22 I HOR A WHHERR 5, 72 %A USRI
R SRR, W 1-2 s .

CNN fH KAb# B A 2 g5 EdE, RG] tHENESE TR ;. RNN U
X EAG P HVRRE A A 3G 5 R AR, (E BARTE S A3 . I [8) P 51 23 B S5 U 45 BB
YEF; 117 Transformer DAL 58 K (1) 5147 A BEGE 77 AU 7 S B8 1) R A B 1, 78 K RIUREHE 5
BG4 5 | A S 7 1) o
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NN NN

HY o 1024 B 3 x 1024 Hx W x256 U W 256 4 W x 256 HxWx19
, reshape-conv
4 Cop,
Linear ection » Voo
> on,
3 r
T 18
f conv-4x
i g $
A A

A i A A

K 1-2 CNN. RNN 5 Transformer [ gh&1% H
1. HEREWEMLE (CNN)

CNN % f1— {43 2okt i s, DA 1) )5 2020 8 i Sl IR D #8 BE . E %O SE R
TG ERAE . SRR g, B AR RSP AERE s, i)
FRARAERE S, B2 AT o AR R R 4R, X RF LT R e A i fL,
SRBUH RBAE B

FERLHIJT T, CNN 2 BRI U A B 2 . e BERE RS HE U S BRI L 375570 F0 2% 7
T, REAMTIT T BB SRR a O ToR R NRR I R HE 0 Sy, IERAE H B
2R ER U BERGY), CNN #RAHEAE B REEMEH . BRI BEEARI2 I
SUFRTBCRRE - 3 B A R DU AL

2. TRIFHZMLE (RNN)

RNN I — A icIZ B RER R &, e IR 015 BOF 5 405 Bl g . HARs I SEASE
TR, (E135 SR RIS (A 4R EAL IR AR R o XM 1 SRR (0 IR 2 3R At agf A5 £ I
()R] il e BB I H 7

RNN 7E H 28185 5 AL BRI I &, nfENLES @, RNN BB BEARIFIE 5 A 1 IS5 A
ANE S, A RAEFTR I HARIE S - EIEF T, ERRBEE S AR, RN
e RNN GBS Z M T T SCRAEREFAESS, AN G 7 RS E &

3. Transformer

BEE TR 22 I A A3 Ji2, Transformer 525 it B3 TAEGLIIEIRSE ), AT
B NSRS . EVER SIHLE (Self-Attention) Fin R &K H G, BEBE L 1 v
R AT HI ) OCHE B, TR TR A5 K AR A5 SR e

Transformer [ R FH AR 9T 72 BRSO 2 - 78 B ARE 5 AR, Transformer B2 Ly
FU,  WIFE RTS8 o R I A N TS 5 BEAR A AR BRE JT . MR T R BRI R L2
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NIRRT E AR, BB ISR EE . AR i A0S B . [FIRS, Transformer (15
M) 3328 T 4 Ao 1) FLA AT, Sy SO BT B AL T 5R KB

Transformer 5 HAR IR B 22 SRS (4 CNN A1 RNND AHHE AN 7S AHERDE, (H5IRE %2
BES T4 b 7 X AN [F) 2 28 AN [R) B2 2% P38 () e A 3 5 oK o o1l T, 75— S6 5 R (AT 45, 454 CNINL
RNN F Transformer #84, Fe5 780 RIEEATTS H K AL, SR BRI TERAR . BEETT
PHRAFIE AR I RREEED,  IX 23S S A A Gk SR SR B 2 ST R 8, TPREH 211
IS FH ATUSRI R 28T 1A Pl R

1.2.3 Qg E&H Mamba &3k T FBIR

Mambase — MU R RIRFE 2 SRR, BRI (Selective State Space Models,
SSMs ) Xf 4% 4 IR & A a8 A 3 AT T S iE o Mamba A5 B RN 2k M OsE
https://github.com/state-spaces/mamba, N a1 1-3 fizs.

: @ D state-spaces/mamba: Mamba SSI' X + o X
< C M & https//github.com/state.. B & A ¥ Q  AER G m %R @B -
a
= O state-spaces / mamba Q + - O n A& '

<> Code () lssues 327 19 Pull requests 25 OV Discussions & Actions [ Projects @ Security |~ Insights

mamba Public & Watch 101 ~ % Fork 11k - ¢ Star 127k -

¥ main ~ ) B Y Go to file + <> Code ~ About

Mamba SSM architecture

’ winglian add support for pytorch 2.4.0 with cuda 12.4 (#504) 62db608 - last month 1)

M Readme
.github/workflows add support for pytorch 2.4.0 with cu... last month &8 Apache-2.0 license
assets Update README 3 months ago v Activity

= Custom properties
benchmarks Mamba-2 code release 3 months ago ¢ 127k stars
csre/selective_scan radeon fix - compile with same launc... 3 months ago ® 101 watching

% 1.1k forks
evals Fixed error caused by wrong parsing ... 9 months ago

Report repository
mamba_ssm fix unpacking error (#507) last month

K 1-3 Mamba T # T2 H
PLR A& Mamba A= 28 [4% 0o B AR B2 44 (1) f FR A4
1. *?('L‘IEEJE

Mamba Ff#% L AR A A MEAL R SBT3 R K 7 91 . 5 15 481K SSMs AN,
Mamba ] SSMs ZH AR YE I A S AT BE , AT E AR REAS MRS 4 AT EUR e FR kA0 BRI A5
Bo XA LEPENLHE Mamba B2 5 17 1 A B B HCHE B3 R A, A
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2. B’y

® [FlXET: Mamba RAEIZ N E—NME RN ET, ATA-NRERESHEER T A
RABIRA. ZETH—AERE AR AFEFIGTITHE, ARSI ERE.

o W AMKEH: AT -MREKRSHDEHERE B R, §%5%H SSMs 1,
Mamba B9 4E [ B 2 ARYE 2 74 N AT 50 A5 B, AT (52 A B8 4% B0 & T R
N

® EFMAG: {EA Mamba By R A BE 2, WAL BT X SSM S H AT KR
R, A SR L WA BB SE R . XfE4F Mamba g 45
RO KT A 5, SFREER .

o FipRGHE: N T RAEIFMAGIE T EF R, Mamba I T — MR HE
ZEEERAHBRETESRREAPATIHHE, AT LR GPU Loy EKitH.

£ EPrik, Mamba J T B RAS 2 (AR AR L ST, 25 e B B L ) AT BEE F JR R
Bk, BT R R FAIEE

REETRB LT Mamba 7EAC PR 7 FIHE N B A S R R RCR AR R, D9l B o7 ST ik
—B R TR R . ETE ARG S AL EL . EAAREE . AN A AR A T
R AT, SIS TIRFIITERE, 2 AR A A@ ERE  SI A,

1.3 AR&E/phgh

REAEREBOIRE, BT RIS, JFVE4E/ 48 7 Mamba 7EIREE S SR
o FERTRIGFT o, BATR 51 QLB RAIRZRIZ —Hre s, WL ™ IR Bk

BEE AT A RIERAN, Mamba #E7KE DUHERR (R0 350 A PERE, BRI 55 51 A )
TIRATHE 58 /1. B K2 g2 Mamba 7EACEE R 28808 . I I Zrid 72 LS DAL A AL A
T EREE o AERAIIET I, JF R R TIREES: 3] 5 Mamba 28K 1 A 40 iR A |

b, At (PyTorch 2.0 IRFESE ST NEIFURSA) IOURIRGE, #870SEAHA R A SR, £
M 2% (PyTorch 2.0 BREES: ST WERTFUGR ) #EAT 2,
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PR EE S AL B Mamba 22441547

Transformer Az Hyd: & A LR AE HORTE & AC B U 3L 1 Btk SR, EATT B AR b
FEAIRE KT R Mamba (2 ) B NITEX — A TH I T S5e e, &Rt o s a3
KFal, HMFr AR m 7B IR

Mamba FJAIHT S7E T BB TR IER IS, JEAEIRRFRRE EAak 1 AR A 4 i 42
ZMze (MLP) BORMIER, X —28 A K TR S R S8 E .

Mamba [ 3 E4F S UK.

® M SSM: Mamba F Al 2654k 4 = |5 #£ A ( Selective State Space Models, SSM ),
YR EAGER, THETHXAYNE, AmEBEAERFIQE PN, XHERE
HFEATHAAHNEEEZXREE,

® FE{ERAnE k. Mamba KA 4N, AHZ GPU ML HATH L. kGt
RAL, AR EERE THEEE, RS TAEFTX.

® (HALZEA: i IEE R EM SSM I EIRIEE N HLE A0 MLP #k, Mamba 437 B4
. BEHGMEN ., XAERT EFANTY R, TR0 T BRI,

Mamba 7E 15 5 A B F 59050 B FH 2 PR 4H 22 45 2 AN SUSER I H T BRI PR RE R ) AE T
W GR AR 2 AT S KRB . B, 7518 S @A %, Mamba FIPERERT 5 K8
Transformer #5284 AH 4 55 FL 2 B e A .

AILLE B], Mamba AR T 574 @AM — R KER, A EAE B A R AR R T
Transformer ZERfF1 3R K EATT % o HBTHAMUFF S IARBIA YRR K, e T WA AIEAT
AbFERE )7, Mamba FRIFFIRARAD e R LTI, 55 L s o N T3 B RR 5 25 =] AT 72\ IR
FIF RN G 5 TAEH HIhREsE Rr TR
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2.1 Mamba LA

Transformer 2244 JC5E 2 KA 5 B AL LA B 38 s A . AFFIRARAY (4 Mistral) 3] P41
U5 (tn ChatGPT) , Transformer 2844 JU-FICACANE, HFEW )R . 8T, N T RBERBNE S
B (LLMD [R5, RBHIEN G — BELAE AN PR 28 58 A S itk i) 284

TEIXLEPRZE T, —F 4 Mamba FIHTBLAER 51 T A1) 12 6. Mamba 3R MY 4k
7T Transformer ZER A% 0SS (ot B33 ST HLEIAISE K 1) 7 71 b3 Re 77D, T BAE 2 AN J7 T
HEAT T AN st .

T %6, Mamba ZEHa 8 51 N S v E R AL, B3 PR T IFE R R E . 7E Transformer
W, EVER ML TR AR A 3G N, X BRI TR A AR A A AR
PIvERE. T Mamba WSRA 7 B NKEAN R B IR s, BERE RO M P SR T O RS
B, XERFFEURA T B4 .

HIX, Mamba ZEMFERRI G Wit Bk AT TR ek T N R IR s 4k, 45
TR b BEAS [R)AT- 55 B 8% B o R % R i3 4K

FE L, Mamba ZERTEARREE RIS, B RS AR B X R R
FURSE3E R, Mamba (PR REFRT1-K B8 003 o 1T R 8 R, BE 5RO LLM LA B2 S

BRI, AEA— B M RNE SRS A0K), Mamba BRI T EORIE RIS . Bl
FHWFFCHIAWHRNFIE AR 20, BATE B BAE, Mamba K SCAA K LLM KB EE )y
M2

2.1.1 Transformer #EH&EEZERNT E

TEVHIE A 4 T LA Mamba 1588 2 filf,  FRAT7E 26 75 22 [l i — 5 A1 [ /28 003 sy
Transformer, FFRIRANR 1 — N TE B .

Transformer 7EALFE EH 4R1E = 43 (Natural Language Processing, NLP) fF555, KA ¢
AETNEAA H— R Token (i yt, AFRARIC) ARIITH o 1% P75 178 A3 SCAK G I
SEHHAMH, HWAAE—DARZA B . Transformer LB E] 2-1 fiox.

input  Hello! My name is

Hello ! My name is

Y
2
[[[ Decoder ]

Output Maarten

K& 2-1 Transformer [ &b B i FE
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Transformer 7E AL 3 SCA AR B, HAZ O BRSO E AT ORI A N H— & 41 Token(iHE] 7))
M) o X FRALFE T 20T T Transformer 58 KIS 71, BITCICEIL BRI SN, B #BREDS
5] B 41 AT — SC BT Y Token, FE48EHE S HEATHIR A ER . X —HRFPEETS Transformer 782
PP SO R 8 SCAS PSR O 2R 7 T LA R 035 . Transformers (4mtS 514 an &l 2-2 Al o

I e

| .
Transformer is capable of Hello! My nameis

selectively and individually -

looking at past tokens. /—\

Hello! My name is

2-2  Transformers [ 4mh5 75 %

Transformer = HP 0 2H i mfidss (Encoder) FlfEfL 2% (Decoder) , W1 2-3 fis.
I BT 2% 51 TR 5 N ) SCAS T 5 B 4 N5 T AR TR A TG N B s, T R 2 DU A4 i X b Y 3 6
RO . XA R P E TAE, 8 Transformer BEBSHEATHIASENIE. AR E 2 L NLP
1%

Input My name is Maarten
Hello ! My name is

Transformer

(( Encoder J—b =
Decoder )

Output - Je m'appelle Maarten.
2-3  ZmALA AR &5

Fhk, NGRS RE T, BAN RG2S H A% O LA 8 BT 1B Y R I WL 15 40 22 P 2%
Jr L T S I LA AR AR I ZRIN A S 2 T2 B 2 T A Token, MTIEE S 1 ARSRAS 2 Al 3% o
ZHLHDEIT QPR BCE AR, KRR Token 52 HT Token HEATLLAL (LI 2-4) , JFHARFEEA]
Z B IR R AR B E A, AT 3 AR R PO SR RN Fe 1 K B R SCUE L, MR T SCAR AR R
Jii &

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Lengthb oo
Sequence Hello ! My name is Maarten 2 .
~ L Computations
1 2 3 4 5 6
New
Previously . token

Generated Token 7
K 2-4 Token 5 i ff] Token #47 Ei%

SR, JRE Transformer 7E Il Zrid F2 Fp R I H €, (EHAEFEBL Y BEEN G “ B AH 5T 7 ) @
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HARORUL, BIEHEATC LR SE AT (1 Token A2ple 17— 28304, fEARR —> Token A7 5 8T
THEEANFIIREE . BT IRAM RS 7K g 2 7K, SBHEAE KL
A ISR RRA R o PP AR RO TH S I 2-5 R

My name is Maarten high attention

My

name

is

Maarten

low attention

K 2-5 2FHRER A

B, *HTKEER LTS, ARG Token RAEE L&, &K LKL,
X — TS ASRGE T, i Transformer 78 ALK SCAR ARG JIA oty o XA A Transformer
BRI EEEN, PR T HAE R E AR K SR N s R A . B 2-6 R TR
FIHLA B S5 5 B R 5 L

Training Inference
Fast! Slow...
Transformers (scales quadratically with sequence lengtt

2-6  fEFTER ML KU GRS HERE P

N T DI — R, TN ROTURRR BT A A5 . Mamba ZUH IE R AEIXM i 57 R M
IBMANT . Mamba ZEF3E L 51 BT IIBORMILE], 5 78 BRARAE OO B THEE A, (R fR
BRI AR

2.1.2 {RIFHIEZMLE

TEHR 2% (Recurrent Neural Network, RNND & —Fh [ T80 T4 37 51 B0 (1 fh
ZEEAENY . HAZ O AR, RNN ZERENTEDE (O PR T RN SaTES [a]25 t 1%
AIHT—ANFTE D -1 BRSGEUIRAS o BT IX MM, RNN 2B i~ — MR A, FE9E Tt
iy, i 2-7 Fos.

B 2-7 (BRI 45 1A
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RNN  (RF R T A B RIESA L], IXRLH (15 28 RE IS H 5 2N AT [R5 AR 2R
—ANE . O T EEAB BRI R, ALK RNN FER (4R ERETT, WG EER AR 1L
BTN, Wl 2-8 fw.

@ @ W
(Toasen )+ (Cricaen )+ (Tviacen )
& & &

RNN RNN
(Unfolded)

Kl 2-8 IR R TT

FEAE R T, RNIN AU 24 BT A AR — AN D5 O REBOIR &5 IXFRHLHETS RNN
FEMEBN RS SR BNV EA T Z R E A 26 I EEURE . AL, Transformer X+
(PSR TEAR N 75 BT A P A BREUIR S, SECT AR K IEER . ik, RNN [
THRE B A K R LRI K, RS B E AT DA TR K T S

T BARGIIX — 5, FRATAT LK RNN R T —ANSERRSCARF AR B . FEX AN+
BEA RNN S2BOCA A AN 0], B R RRECIRES 2 AW S 8T, 05 2410 S 2 BT A S A 2.

SR, BT RNN RSB EHT— AN RE BGEUIRES , B I (R 4R, — e RUEE Bl 6
MBI . B0, EALFRALE Hello AT Maarten 33X A #ia] i SCAHT, 24 RNN 425 Maarten
XANGRRES, B RER A LT Hello XA MG R, WK 2-9 k.

! My name is Maarten

Hello ! My name is

29 HERLIE AR A SZ AT — VIR

IEAh, RNN BB B ok 1 53— Akl IIZRd BEIOEIF-AT 31T . X224 RNN £
TN D AT SR AT — AN RS T A R, A BBk R — AN A0 . X P R AT
77 PR T RNN FIUIZRE RS, JCHAE KT F I

Rk, % RNN fEHEEGERE FRA M, BHIEIATIIGRN SR 7 AR SbR R H
hERE . R4, ETAEAE—RIBERELS Transformer IRREIFATUIZE, AEARSE RNN Fifi 21 K 2
PEY e HER R FE 2R M 2 B KRR H M, (HIXTHEERITRN T R — P RS 2 i A

(State Space Model, SSM) FIHBMES . IS HEERH B AxT Lein & 2-10 Aw .
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Training Inference
Fast! Slow...
Transformers (parallelizable) (scales quadratically with sequence length)
Slow... Fast!
RNNs (not parallelizable) (scales linearly with sequ

K] 2-10 IS5 B R ) LA

2.1.3 454 Transformer 5 RNN L 589 SSM

N T A Transformer 57 ) HAT I 2R 55 RNN 76 AL BE 5 51 i SR A2 T BT — A Token F%E
BRI SEENT FTSCE B e 4, Mamba [Z1BA B EHIR ] 7 SSM CIRZS 23 [ #6Y) ix
— WM RAL RS B o X — A BERS G 3045 & Transformer (R8O THHERE S, i&
FERSLIL RNN (320 A BN, MTFE AR RR 42 RS BACBEGE I AR, HRER & T8 iR
RIS R o f FRAS 2 AR ) Mamba W1 2-11 s

nAdamba

=y [4 |
x @tﬁl@—w

D

K2-11 AP ] ) Mamba

SSM HIAZ Oy BARTE T HMRF IR A 2 [ B 11, (A8 GBS 7R AL 34N 37 1) Token B, )
BHTE R ALES — A PEPIRES . X IREAMUGRIS T Z BT FTA Token ({5 2., B REARYE a1
A PR SRAATIERBEVEE B A . WX R, SSM BB 7E AL BEAK 7 H1 B LR = 2 1 - Bk
e, [RIRT X RERHE 27 5 B S R

ESZPRB I, SSM B 5@t Transformer (AT IIZRALHI DL AL H#iGm N 751, $2EL4 R
FROE. Bl 5, fEHEEERNEL, EfF% 7 RNN B TAET 3, R A GERT—A Token, AR 23]
REHATE B E AL . P15 SSM 7E AL B K ST AN R 5545 R R B 7 215 B,
M i T B2 (1 41 55 8 ) R SCAR A= il 1 B

ATLLEE], Mamba &g 5] N\ SSM, Dt Transformer 1m0 F47 145 RNN 17 514K
PSS SRR, ARG S A SO AT S AR HE T — P A AR T %
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2.2 IRMEEEGE 1. 223 Python

2.2.1 Miniconda B T"EHE=RE

1. TEMLE

(1) i [ EEY5IA] Miniconda ‘5 sk, 4B 2-12 ffoR. #% G0 22 M= i 3Rom it AR
BT o

# miniconda
# / Miniconda

System requirements

Miniconda

LatestiMinicondainstaller ITnks by Miniconda is a free minimal installer for conda. It is a small bootstrap version of
Python version Anaconda that includes only conda, Python, the packages they both depend on, and a
small number of other useful packages (like pip, zlib, and a few others). If you need

Installing Miniconda
more packages, use the conda install command to install from thousands of packages

Miniconda release notes ) ) ) . )
available by default in Anaconda’s public repo, or from other channels, like conda-

Other resources forge or bioconda.

2-12  Miniconda B 75 ™3k

(2) FEmanE 2-13 frs, wLAE BB 77 M SCREANE] Python R4 ) Miniconda. 1R
5 E CRERAE RSk B AN Y Miniconda F#EI AT, X BLHEF (4] Windows Python 3.9 A,
FHECEE b A, 3.9 RAG I — B I A, AR MR . Mo8, S aTHRE B A n S ik
P AR A

# miniconda Windows installers
s
Python version Name Size SHA256 hash

Sysi i It

YStem requirements Python 3.11 Miniconda3 Windows 64-bit 80.5 MiB C9b32faa9262828702334b16b

B Latest Miniconda installer links by

Python version Python 3.10 Miniconda3 Windows 64-bit 76.6 MiB £24298378691496851F78bea

Windows installers Python 3.9 Miniconda3 Windows 64-bit 77.1 MiB 3bffceafI7F2945d638d51c

macOS installers Python 3.8 Miniconda3 Windows 64-bit 78.1 MiB 7adff3c5eB67dffa7daddecal

Linux installers < 4
Installing Miniconda .

macOS installers

Miniconda release notes

2-13  Miniconda F#%TiTH

e islif ik 4F Python 3.9 ik, WAEJE 45 PyTorch 2.0.1 GPU #= CUDA 11.8
WAL . o R H 4 B Z AR e Bea T X, W5 PyTorch B W skay A4,

(3) THEIERHE, FRIMSCAZ EXE A, BEEGETRIAT#E N3l e, 223emn] Dlik
BRI 22 H e B8 UG, BOZBER BINIE] 2-14 Fron i H gk, 1 W] 22 2R 10 .
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© > thEBRK > AIBREAR (C) > miniforge3 v C
= ) etz %
" condabin 2021/8/6 16:11 Xk
" conda-meta 2022/12/12 10:07 ik
" DLLs 2021/8/6 16:11 ik
" envs 2021/8/6 16:11 Xk
T etc 2021/11/16 16:55 Xk
" include 2021/8/6 16:11 MR
~ Lib 2022/1/13 14:46 {4k

2-14 Miniconda %3 H 5%
2. fTHI=HIE

Wk “FFUR” — “Fra 2 ” —Miniconda3— Miniconda Prompt, T Miniconda Prompt
W, B CMD &l 2MeL, nl AEH RN ay & K H FIEC E Python. 7£ Miniconda H,
I a4 & conda, %A ] AT — BRI ARHRE, S nT DL E AT IR 1 F Y

3. I&iF Python

B RIGUE— N R A M3 T Python. fEZ M| &4 python, WIRZARIER, Mize
TRV RS R BRI 5. SRA, FEFRHIRT S oA LR AR

print ("hello Python")

g5 R 2-15 P

(base) C:\Users\xiaohua>python
Python 3.9.10 | packaged by conda—forge | (main, Feb 1 2022, 21:22:07) [MSC v.1929 64 bit
Type “help”, ”cogyright”, “credits” or “license” for more information.

>>> print ("hello”)
hello
D>>

2-15  I&4F Miniconda Python %22 A3

4. €M pip <

i A Miniconda THAMLFAET, EREMIRNTZRAEHREE =TT K E, e
MRS &R . BE CZENE =TT REN ST

pip list

B ] LAE Miniconda Prompt £ 4 pip list, &F v & HATER

Miniconda H{$ / pip #1ERITIEAIR S, HohmEE 23R8 =T KE, mLuT:

pip install name

IX HL) name 52 7 B2 R A B =07 KR I AR AR 23 NumPy BLCX AN B 22286,
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CPNGOE SR
pip install numpy
g5 2-16 k.

PS C:\Users\xiayu> pip install numpy
Collecting numpy

Obtaining dependency information for numpy from https://files.pythonhoste
d.org/packages/df/18/181fbl0f03090c6Fbd@61bb8b1flc32U53F7c602b0dcTcO8b307ba
ca7cd7/numpy-1.25.2-cp39-cp39-win_amd64.whl.metadata

Using cached numpy-1.25.2-cp39-cp39-win_amdé64.whl.metadata (5.7 kB)

Using cached numpy-1.25.2-cp39-cp39-win_amdé64.whl (15.6 MB)
Installing collected packages: numpy
Successfully installed numpy-1.25.2

K 2-16 2358 =55

i/ Miniconda THAK—MFALRE, EBOANZE T KM TH NS =T K%, Xk
T DARE G AE 22 AN DR SR e 2RI, BRI P iR (R 1 DL

2.2.2 PyCharm W TEi5%%

A FE 15 = 2400, Python F2/7 14w 5 1T AS A Windows [ 7 (3% & o AEIXF 7 =)
THONEIRNFET LAERUL, B 5IRE S Z A B2 B B OCHtE . Rt, @WER ST
TR 4 F B Python 4% 2% PyCharm.

1. PyCharm By &A% %

(1) #EA PyCharm ‘B J5 M3t 371, #ds Download EIbR, #EANN# M. 78 1% 01 A] LLik
BRI B LR PyCharm B84 2% 14 [X il PyCharm . 3X B 3417356 35 40 2% (104t [X i PyCharm,
W 2-17 Fzs

PyCharm  Jetbrains IDEs Pricing

E( PyCharm Community Edition

The IDE for Pure Python Development

Download exe v

Free, built on open source

Bl 2-17 %45 4L X i PyCharm

(2) THE N RM 223 H 4 N pycharm-community-2023.3.exe. X id7i% 2235 04 DL 5
B, BERREN A, N 2-18 Fian. Fidr Next 3%4H, HEN TR —AN 2% FLf

(3) TEZ%E PyCharm [ 72 A 75 BL6f e AHOC OB B R T (LI 2-19) o AR 1+
FIETA IEAE, SR)5 Hidi Next 140, 4kalzeds,
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&, PyCharm Community Edition Setup - X &, PyCharm Community Edition Setup - x
. Installation Options
Welcome to PyCharm Community Canfigure your PyCharm Community Edition installation
Edition Setup

Setup will guide you through the installation of PyCharm
Community Edition. Create Desktop Shortcut Update PATH Variable (restart needed)

It is recommended that you close all other applications PyCharm Community Edition [] Add "bin" folder to the PATH
before starting Setup. This will make it possible to update
relevant system files without having to reboot your

computer. Update Context Menu

Click Next to continue. [“] Add *Open Folder as Project"

Create Associations

[.py

| ok [weer ][ conce

Kl 2-18 23S K 2-19  aighrA R AR

(4) 2B PR faion, MBI R By Next 40 RI v s i 2e 3. 2edsse s, sy
Finish %4118 2225 W 5, anl&l 2-20 Aios.

&, PyCharm Community Edition Setup -

Completing PyCharm Community
Edition Setup

Your computer must be restarted in order to complete the
installation of PyCharm Community Edition. Do you want to
reboot now?

(C)Reboot nows

(@ Iwant to manually reboot later

< Back Cancel

B 2-20 e dE5E Rk
2. {$ A PyCharm | 2125

(L)X SET b7 74 A 1 B8 b E N PyCharm F5Fe 5T #4755 — OB S IO BC B
U 2-21 PR AES AR BR D, T3 BRI AR M E AL, — R GESREER 2 M5 Do not import
settings.

(2) ¥ OK %4l )5, #E PyCharm FCE % 1, 1l 2-22 fiiw.

B Import PyCharm Settings X

() Config or installation directory

© Do not import settings

2-21 tH PyCharm E#I#5 &
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Plugins

Learn PyCharm

=

Open Get from V€S

K 2-22 FmicE

() FERCE A A, AT LG B OB XA RS R ANARIC &L, e WA BB L,
Wk 2-23 Fros o

B Welcome to PyCharm - O X
PyCharm Color theme
- 2021.31
Intelli) Light v || Syncwith 0S

Projects

Plugins DEfont: 12

Learn PyCharm . . . )

|| Adjust colors for red-green vision deficiency ~How it works

2-23  Xf PyCharm f) A #E47 i B

(4) 7EME 2-22 Fosi g b, 2 New Project #4081 — N5 H jupyter_book, #nl
F 2-24 FiioR .

B NewProject x |
Name:  jupyter_book

Python

& Django Location: C:\Users\xiayu\PycharmProjects
Project will be created in: C:\Users\xiayu\PycharmProjects\jupyter_book

|| Create Git repository Create a main.py welcome script

Interpreter type:  Project venv Base conda Custom environment

Environment: ) Generate new @ Select existing

Type: @ python v

Python path: & python 3.9.18 C:\Users\xiayu\miniconda3\python.exe v

|

2-24  GUE—NEIH
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Hif; Create #%4, #rt—A PyCharm TiH, WK 2-25 fin. 2Ja, Adid@rmE 4
jupyter_book, i%#F New SZHIN, AJUFEATNH H% (jupyter_book) I H 3. Python L
2, i, K% New—Python File S2 535, #id—> helloworld.py SCHE, F4i AN —4 i
AT ENARES, P aniEl 2-26 Fos.

jupyter_book src i
Project ~ © = = ® — | iatrainpy
jupyter_book loss.backward()
h P
book optimizer.step()
src
dataset
o train_loss += loss.item
ina¢ cut Ctri+x = New Scratch File Ctrl+Alt+Shift + Insert
= 1B Copy EFkE Directory @ helloworld.py *
e Lr| |
a1 Copy Path/Reference... Python Package print("hello world")
[ Paste [ FSVA (. Python File
= ul
Jupyter Notebook
Il External Lib Find Usages Alt+F7 = PY )
Scratches a  Find in Files... Ctrl+Shift+F = HTML File
Replace in Files... Ctrl+Shift+R  tss Stylesheet
Inspect Code... = JavaScript File
Refactor N TypeScript File
7 - T Uy - P

Kl 2-25 Fid—> PyCharm it H &l 2-26 helloworld.py 321t 4 25

ENACKS J5, R SE AL Run—run. . S LR TR LIS AT A0RY, BE B A
helloworld.py SCfF44, fE3# H R PRAESE Brbde % run. WZR i i hello world, B4 2% 54K,
Python 5 PyCharm L E SR 5e 6 1o 33 AT L2t A B R E KR B E T H A
PyCharm it AT A A AT

2.3 DREEELE 2. 42 PyTorch 2.0

TESERL Python IE T MG, B N oRIVE A2 22 A1 3 fi——PyTorch 2.0, 4%
A GPU &1, 584 AT I CPU JRAH PyTorch JFUATRE S 2 ik, (HIX FEARHER AT .
Y GPU WA PyTorch AL, CPU MAMIZITHEAFIER N ZERE, 1R AT RE SRR 2 2] 1
o

PyTorch 2.0 CPU i A1) 2246 dr U R :

pip install numpy —--pre torch==2.0.1 torchvision torchaudio --force-reinstall

--extra-index-url https://download.pytorch.org/whl/nightly/cpu

2.3.1 Nvidia 10/20/30/40 &% EF1%E#FH GPU kA&

T 40 25 B-ERES, 13 EAEAE Nvidia 10/20/30/40 25 &K IFAEHIIE L. AT 755
VAL 4 B3R PyTorch, RAERHECERRMKBITIEA. & 21 24T AREFY
PyTorch 4L CUDA F1 cuDNN HIXT .56 £ o
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£ 2-1 Nvidia 10/20/30/40 &5 S FHIARAXTEE

EFRES PyTorch GPU ffgZx CUDA kA< CuUDNN ki Z
10 51 J LLRT PyTorch 2.0 LRI HIRRAS 11.1 7.65
20/30/40 Z%1 PyTorch 2.0 [&] F 3% 11.6+ 8.1+

X FERERIZHE CUDA 5 cuDNN MR RIHERL . 75 10 RIVRAFIE R -, @k
fiF PyTorch 2.0 ZHIHIRRA . TE 20/30/40 R %K LA PyTorch B}, TJLAZE 5k
(https://developer.nvidia.com/rdp/cudnn-archive ) , R #E A ML 223 1) CUDA R A % $ 40 B 1)
CUDNN fltAs . LAR & — 26 BAR 4]

® cuDNN v8.9.6 (November 1st, 2023), for CUDA 12.x
® CcuDNN v8.9.6 (November 1st, 2023), for CUDA 11.x
® CcuDNN v8.9.5 (October 27th, 2023), for CUDA 12.x
® CcuDNN v8.9.5 (October 27th, 2023), for CUDA 11.x

R LA PyTorch 2.0 A5, 7~ CUDA 1 cuDNN F 2235508 . AN R iRAS () ‘22 28 i B 2L,
H 75 BERE A B RCAS 2 18] B TEC

2.3.2 PyTorch 2.0 GPU Nvidia iIB21TEEH &

KA PyTorch 2.0 GPU FRAHT BH A %4%. 1T GPU WA PyTorch 75244
NVIDA &, KUIL#ish 5 22k NVIDA St f1istr .

FAILL PyTorch 2.0 Al 2% PyTorch 2.0 el 1) 7352 R4 B 5 WA sl Bt 1) 22 285 i 4 3k
fT223s, BARS B J7MuE O Chttps://pytorch.org/get-started/previous-versions/) . A3 T T
W2, B /N Windows ﬁ)iZISEI"J PyTorch 2.0 34t T LR e 3E R, 435I %S CUDA 11.7. CUDA
11.8 1 CPU only. LA F/2ilid conda 2% a4

# CUDA 11.7

conda install pytorch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2
pytorch-cuda=11.7 -c pytorch -c nvidia

# CUDA 11.8

conda install pytorch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2
pytorch-cuda=11.8 -c pytorch -c nvidia

# CPU Only

conda install pytorch==2.0.1 torchvision==0.15.2 torchaudio==2.0.2 cpuonly -c
pytorch

T LA CUDA 11.8+CUuDNN 8.9 Ayfdil i} fift 2z 2k s 1 .

(1) H5t/E CUDA fy2eds, fEHEHZE “CUDA 11.8 download” , #ENE J7 MG N & 7T
M, &FEESENERIERG T HEFEF exe(local) A ifb 223 520 , il 2-27 Aaw.
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Select Target Platform

Click on the green buttons that describe your target platform. Only supported platforms will be shown. By downloading and using the software, you agree to
fully comply with the terms and conditions of the CUDA EULA

Operating System - m

Architecture

N e e
Installer Type -

Download Installer for Windows 11 x86_64

The base installer is available for download below.

) Base IHStaller _

Installation Instructions:

1. Double click cuda_11.8.0_522.06_windows.exe
2. Follow on-screen prompts

2-27 CUDA11.8 T4

(2) FEMABIMZE—A EXE UM, BN 2B /0], TAUE S 3.

(3) NHEFFLEEXT L) cuDNN SO, R % cuDNN, FESLFEM— NP, RJEHNT
BUTE, W 2-28 iR, IEERIERS T4 CUDA ARAILHL) cuDNN FRAS . S48 F i) &
Windows 64 7 #5:/E R 4t, 752 T % x86_64 it A ) cuDNN.
NVIDIA cuDNNE— GPU IHEAGREHEMERETTE.

T& cuDNNv8.9.4 (20238 A8 H) , ERAT CUDA 12x

TF& cuDNN v8.9.4 (2023 £8 H 8 H) , iZEFAF CUDA 11.x

1EFAF Windows #] Linux, Ubuntu (x86_64,
armsbsa) BIFhZIEIER

Windows ZANIEF2& (Zip)

Linux x86_64 AIZRIZZEFE (Tar)
Linux PPC AYZRHBZZ2E42Fr (Tar)

Linux SBSA A Z 212 (Tar)

2-28 CcuDNN 8.9.4 F# T

(4) N1 cuDNN & — ARG SCAF, KL R 0L pTA H X &3] CUDA %3+ H
T (EEESERGES) . CUDA 223 ¥ HwE 2-29 Fir.
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B

bin

extras
include
lib
libnvvp
nvml
nvwm
src

tools

DOCS

compute-sanitizer

|4 CUDA Toolkit Release Notes

(E5EL el KN
2021/8/6 16:27 prgl=a

2021/8/6 16:26 STk

2021/8/6 16:26 X

2021/8/6 16:27 pralz

2021/8/6 16:26 ik

2021/8/6 16:26 M

2021/8/6 16:26 ik

2021/8/6 16:26 X

2021/8/6 16:26 pra =

2021/8/6 16:26 X4k

2020/9/16 13:05 TXT X4 16 KB
2020/9/16 13:05 i 1KB

K] 2-29 CUDA #Zd+ Ha

(5) M\ PATH M558 &, %235 CUDA I, %35 m 54 H 3% CUDA 21T A A PATH
AR g, HfifE CUDA BN 3IX NS/, Wk 2-30 fias.

NEZ= X
xiayu RIFEFRZEEE(U)
== =1
ChocolateylastPathUpdate  133335212092769858

CLASSPATH
HADOOP_HOME

.C\Program Files\Java\jdk-18.0.2. 1\lib\dt.jar;C:\Program Files\J...
C\y\winutils-master\hadoop-3.0.0

Intelli) IDEA C:\Program Files\JetBrains\Intelli) IDEA 2023.1\bin;

Intelli) IDEA Community Ed... C:\Program Files\JetBrains\Intelli} IDEA Community Edition 2021...

OneDrive C:\Users\xiayu\OneDrive

OneDriveConsumer C:\Users\xiayu\OneDrive

Path C\Users\xiayu\AppData\Local\Programs\Python\Python39\Scri...
EHE2(N)... HE(E)... HIBS(D)

EHREFEES)

= &

ChocolateylInstall C:\ProgramData\chocolatey

ComSpec CAWINDOWS\system32\cmd.exe

CUDA PATH C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v11.8

CUDA PATH V11 8 C:\Program Files\NVIDIA GPU Computing Toolkit\CUDA\v11.8

DriverData C:A\Windows\System32\Drivers\DriverData

HF_ENDPOINT https://hf-mirror.com

IGCCSVC_DB AQAAANCMnd8BFdERjHoAWE/Cl+sBAAAA/TN+QISfzEyKcWwx...

JAVA_ HOME C:\Program Files\Java\jdk-18.0.2.1

FE(W)... HE(... HRIPE(L)

g 2-30 ¥ CUDA 42 gk 28545 5 (1) PATH B 4%
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(6) FJa, FE&RE DHAT AT TR 1 PyTorch 223554, €% PyTorch 2.0 GPU hi
NGRS

2.4 B—IkfiH Mamba

AT EATARNIR T 7 Mamba s IR = 534k, F850 R 1 EAE B 2RI 5 A BRI iR ik
J1o BlE, FATR LT eMambalfi e A £ 2], A AT B0 BRI AR K T A,

G, TN T T BAR AT 78 SR — U fi HIMamba I 25 AU RS A 84, DLSCAR A A
S5k AL IR RIMamba ik EIXNERES, VRE R B RS SIMambatn ff PRk . HERfI
AR E AR SCAR N 7R, RS2 RO I 5 A e

SRJE, FATRELES 4 Mambaff) = KAZ O, X = AR MambaZ fE IR AT, 1 EAT]
R VR ER A A3 I Mambad T T S8kt AT 2B —HIHT R ISR AR R 2 Thaghs sibh
LR RS se, AR Mambafs — N4 THI T RS H.

I 27 S IE =R, VR RENS SE A H 3 i Mamba R AT AL, AT EE In#hdistiz ek e
AR IR B ARG S BAESS . TR SCARAE R SRR, IERIEED T 1% RY4E,
Mamba#l e VR FE B SR KIS -

iEFAIIEFEEE_EMambalf) 22 3] 2R, PR HARE 5 AR TSR AT RE

2.4.1 Hello Mamba: {EAFYIZ Mamba #&BY4 Y SEEL

Hello Mamba! 24 7 ki3 RES IR 5 Mambadzefilt, /5 #E & 7 — Besg i Ui ftise &2
TR H S T Z4T I Miniconda Prompty% il & 71, 22%¢ it 7 25 FE modelscope MiMamba &« H A%k
()22 2R T

conda install modelscope

conda install Mamba

2 )5, £ PyCharm Fi#i i —ANalHATH Python 25, BEIEMAEE AR, &,
7 AR RS, iX B snapshot_download & %t B DL OB B R EON MW RY S, T
AutoTokenizer.from_pretrained JU| 75 ZL F A 2 (L1 SC1F

import model

from model import Mamba

from modelscope import snapshot download,AutoTokenizer
model dir = snapshot download('AI-ModelScope/mamba-130m',

cache dir="./mamba/")
mamba model = Mamba.from pretrained("./mamba/AI-ModelScope/mamba-130m")
tokenizer = AutoTokenizer.from_pretrained('./mamba/tokenizer')

print (model.generate (mamba model, tokenizer, 'Mamba is the'))
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XEFER T, £ RSB, Mamba is the 22N, A5 SR AT
RN BRSO, R T LB AT E SGRIGR) T, AR R:
Mamba is the player on the side as he provides a lot of offense for the Dukes

and also does some awesome blocking that the Mamba must work hard to avoid. This

unit is a must for any offensive player to have when playing on the dl side

Hhh, TEM—ATE, H AT INZREF R Mamba AP ST B AT R RS8R
o, BATREAUHE Mamba £ SCAZE AT S5 R IR, FFERBUA T 5. B ] DUZ IR E Y
G478 gt s 2 ) AH SR N

2.4.2 Tf# Mamba: #J%# Mamba Ky = Ki&ERi5FH

FRoR, FATEIRN T f# Mamba #5781, G0 SCARA TS5, FRATAT LA 2] Mamba R I H
TANIEH MR, X FER ST H PN =M OB R WA . AR BT R, I8
W FEER, BT T Mamba SLER S SIFIZALRE )T X PR ORI H G AR = T R85
FATS R E, AR5 7 HA e MR, 1 Mamba B8/ 2 MU H R IEH BRI, W
K 2-31 fioR.

Structured State Spaces for

Sequences (S4)
I
Continuous " Long-Range 3 Discrete
State Space Dependencies Representations

(HiIPPO)

o] i
XV
4]

1 2 3 4
Training mode (convolutional)
Inference mode (recurrence)

K 2-31 Mamba 4 S e

® RATEMHEA (SSM) : ©H Mamba 8 TBANFG SR AEER N, FENLE
% FIF R RAE L RBEWERS . RS AR AR TR R RO 20847
A, A Mamba & T %7 5 e 6 RN RS 58 A

® EHULEIR: N TRIEEF N B EA T E, Mamba R T A BB A. XFH
RARE THEAMY T EZE, LFEHF Mamba G845 R & EF BT IHE, A
T R A R 26 Y o AR o 4T SR I R B B T MambaEﬁLfiﬁﬂ%ﬂEWE
P T E ey R R

® HiPPO % i%: Mamba 5| A\ 7 HiPPO ( High-order Polynomial Projection Operator, & [
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ZHMABRTET) HEARSBHEEHITEL, X—AFEABEHRE THAL
K # & % (long-range dependencies) &k f7. TEAEEK 77| $AEmH, mAEKH
KEWMBREXEE, T HIPPO B FHELS A RN ZHE &, (£ Mamba
4 B R X — R

PRIk, £ T fif Mamba ZERI AR Z J5, Mamba fHEA N A AT LRSS0 .
1. ZEARBE

Mamba QR “ SIS A8 P SRR, R R I 28 288, LOMAEEARH K
MFp g seit, et S AE S .

Mamba [14% 0 J8 B 38 D -1 P 7 B30 P 4 Rl BE 8 2= PR R T 3, AT BEAT 280t il 3 K it
BKIR A

2. T1ElRI2

EAFERFHIER Y, 1 RNN 8¢ LSTM, 5B 0EIERZIESH, XA g S HAELR R
K B 1 ) HE B JE 25 R B 58 1 2R 1) i) it

Mamba 38 i £ B b 2 BRI NS 5, T RERSTEA R (1) I AZ TR N R 46 K P 81 1Y)
G XFOTVE VPR RIE BRI 25 50, 5REFEA BRI N AF TR X BEAME 5 3t AT R 48 A b
i,

3. MRERIM

Mamba ZERITEARBEEL S HOT A LR K FAIN R I 742 NENGIRZIMEE ). Blan, 7E5t
BUELYENNR T, S4 Refg R HbHERE HA15 16 000 2 TCERKFEA, Son R KK IH 5
(R EHEINT

4. NRABN

Mamba ZEH) i T G P SIAL B RE /7, 7R 2L BRI B R R I SS h BT ER
IR /o XAFEEE RN HARES A I 8] Fp 20 F0 S 4a, - H Ao 510 B 1 22
IR A G

AT LAE F|, Mamba JBRDIRZA 2 HIBEAL . HIPPO LAR St i B UL BER M WLAE &, g T
AN SR RIEHIAT AR, AR 2% Fr S BR S20E T T IMRR T S JR SCKs 7 R 3
BEAT U -

2.5 IR#E/hak

ARFEXT Mamba )55 Z L HBIAT THER P A, F+5 Transformer F1 RNN FI%EAR 3647 1t
B, @i Ix— % T, FRATEMTHIE R T Mamba JiEJE SSM CIRA AR ) &k e
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AEIHTTE. SSM 5204 Transformer 5 RNN LA fly — &, (6 HAE 7 51 40 A 24 7 T Fe B
T4 NIE B rEgE .

BARKUL, Mamba 5B SSM 832, ik T Transformer 7EALEEK 7 F1 I mT G 38 v
BATTHOER, [FIRZEAR T RNN 7E AL FE A IR B4 20 225 55 H B0 AR08 i 2 modehs P o A
VR, X — QA RS, 45 Mamba EACERTK B8 2410 5 EERT, BERs R R H B
RS T IVERE .

T EE L EL Mamba 1S, AR TG 2R Mamba 8, IR 5E R T SR
A RATSS . JEIT BRI SE B, Mamba 7EAE B « 3T SCAR DT TH ) GRS LR B, XA
B FIEW T Mamba ByERm et FIRHBRE 7B B ARG 5 AU TE IR 77 .





