KERREBS N

2 21R: Transformer #%OHLE | S EEH. EH51I5
IR AR R RN — E 5
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X—IREB{T4
o 71T/ RNN gx2Z1E%7 Transformer

e Self-Attention BI[KEE (T4
e Transformer Nft+45&, WAL
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AIREL

1. M RNN FREZLEZE HHLHE!
2. M Q. K. VEZ Transformer block
3. MU ERBERIZRLS LM
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N+ ALEZE Transformer

RNN 8912 (a)@:

o KIEEMKHIELIE, &

o MEHK / BEIRIE

o IMFitHE, MUHIT

o FHIEA, IIZRFIHIEIS

Transformer FIZINEIE 2 -

o I MUBHEERENLEENE
o EIRFMREUEMAITINER TR
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2 Transformer X

* n-gram IEERE
REHRIE SR
RNN / LSTM

TR SR = AR B

DA Self-Attention %% /IC\BSY Transformer

=]
ok
1]]]3
i
|
RE
o]
Y8

thElEE, Transformer AERTE LKA, MEIESERRIEHAFRI—
PRIBEEITR
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SHME Attention B9RZIOE R

Attention EfF)ARY 0] 2
HBEIX token, NIZERSZE FTXHAPLAIE?
EAEIEENHEFIIER, ma:
o IRIFMRE
o WARMIE DB EINE
o TR ETFXBXRMZERT

X2 EREAMERIEE IKFA R BIR A,

6/38



Self-Attention Zl[E43 51 7E M

o & attention: FE M F encoder ] decoder 2|8
e self-attention: query. key. value #BE—EHNF5

FTLA self-attention YA EiZ

e B token BEEG]
o REBHCNIZSEIH

o BIEXEEFERRESMINERT
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Q. K, VEfta
PB4 T BAREIEN

e Query: EEHT4
o Key: FEElRMTALELE
e Value: HEIFZEWHENLAIER

SNEBTHAME ©;, HBLEMBETH:

] Q’L — qui
° k‘,z — Wsz

o v, = W,x;
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Self-Attention i1 E378

NAE i
1. M ¢, ZMAE k; itEELE
2. BEIBTMUBRNERE D
3. 237 softmax LRIINE
4. 3FFRAE v; HONEKA]
5. 5RIHBIUEMIIRT b,

"HENAR MR EZE S MER?
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Scaled Dot-Product Attention

23 YN
Attention(X) = softmaz(QKT /vVd)V
R LBV d?

e MRBEK, RMRESTEHEK
e softmax WIAT K, SEERE, EKATRTE
e N ZE, BETCHEESE

XB=7E 3-transformers. pptx BEHIRAMER,
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Self-Attention BJEFEN &

AL AIER, BANERRET Transformer AT AT S H1T:
o« —XIEITEME Q

o —XMEITEFIE K

o —XMEITEMABEV

o —RMBRMRIMERR QKT

o —XIEHMBETFNRT

o WEEFIIFAHITITE
e tE RNN EE& GPU
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Attention Bft+45&E, A4S

A=

e KIERIKMES 5

- SRIAFRIERE 0O(1)
« EEAHT

i

e attention fEfFEEEEN

o JWREN nWFEY, HENEHEEHE n’ I

Transformer 538, {EMEH,
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N ALAE Multi-Head Attention

BLFENES =R

o —REFFREKXI—MKA

o MJEERE —TmEmiRI\'EE"
ZLFENNEER:

o HITHIZABIEIL attention

e 81 head EECH W, W), W,

e G head EXRERNEXRR

o [EHHR, BiLLERE
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Multi-Head Attention £t 4

P AEEIERRAL
o —PAFEIBXARA
o —FERAXRA

o — M AFR/EEIE

o — IAFERIEEKH

SARAXZENER, FAZ2EENE, EeRB T STRRFZENEX,
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O F Attention A%
MR EREEE:

o self-attention AEAR ENELMAHS
e MNREERZE attention, KIXBET A%

FRLAE block A™EM:
e Position-wise Feed Forward Network
HIE

o N MUERIMR— T NELREIIRMLS
o SINFRIMELSE
o IRITRIREET]
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— " Transformer Block

— R block TBE G13E:

1. Multi-Head Self-Attention

2. Add & Norm
3. Feed Forward Network
4. Add & Norm

Hrh Add & Norm Q-

e residual connection

e layer normalization
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Residual 5 LayerNorm HJ{E,
Bt AEAEE?

e residual I EERHERE
o REMBIINZERE

e layer norm FRERED
o EBHRINFIEZLEZZAK

&) B2 15 -
o attention ME"BIE"
e FFN AR B A TR

e residual + norm fAS"E4IEEh”
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REUEREBEREMTA

Self-Attention K4 XTI ANEUR
MR EEUERD:

¢ "dog bites man”

e “man bites dog”
M bag-of-words BERIEEEARZ, BIEXTEARME,
FTA Transformer EEE/MSIFIREL:

o X token EEJLMUE
e EFZIRY token FEFEZIT
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VB mISE LS

MBS T JIRHEGXE:
o BN EmIY
o FINUEMRmIT
o 1F5% / R%EImtS
o HEXNERmIY
e Rotary Position Embedding (RoPE)
o ALBI FREZMHE

XABIBAER, Ma Transformer 1< £ X EESRIZICNB]RA Z —,
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1IE5% / RAE 9wt

JRYA Transformer BYRHHIE:

e NBMMUBEME—EERS
o NEAEE(FRARREIINZERR sin/ cos

gFik:

o NEEIIINFIIMMBUEDE
o« EF—ERRXUEER
o AIH EIRNITNIKE

R
o NANEREEBENUEERERL

20/ 38



WEITHIE vs B E

Yo 33 B SRRSO :

o "HTESE 17 MUBE"
BN ERBREE:

o "FFNIRIEME 3 1 token”
MM AREEEEEE?

. EEPRSAEKIIETER
o KESMER, BXHBEEER

XM EGE¥ K T5. DeBERTa. Transformer-XL. RoPE. ALiBi #F4E 8185
=,

D
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Decoder-only Transformer

o —EEHS self-attention block
o TNER4% prediction head
o FPMETUNT— token

eSS R GPT RIRIZDHESR.
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EIERNRES:

1.8MAEELTX

2 ItEsRE—TUIENET 2

3. KAFE / 1ZFE T — token

4. 183 token IERIRE

5.4¢43 88, HEF EOS ZifE1E& MG
FrASE pY 2 B [B]Y3RY :

. —HiE—5

o BE—EMHBIEELEMINANST
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NZRES B4 THE

NERE SRR

o MIANFIARZ—U
o BMMUETN"TF—T1E"
o WATBMNERNITE loss
o IERUE loss TN

o BMREEHE
XAEFUNGRILAFATT, MARBERIBFE—T—D K,

\
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M ALERIRE—TEE Mask

MR LSBI EBFIREK token, TRETA?

o REHRMESD
o JIZRY data leakage
o FAZIEIEREIREIIAFNEES

FTA decoder-only #R BB E

At

e causal mask

o TER upper-triangular mask
R TUEREFEH ST X,
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228 Encoder-Decoder Transformer

e Encoder: XX[oliEE A
e Decoder: T mask HZERL A BiEL
e Cross-Attention: decoder 1£EHY encoder &K/

o FIHEM
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=%h Attention Fox{,

E52E 1) encoder-decoder B S H I =Fh attention:

1. Encoder self-attention
2. Decoder masked self-attention

3. Decoder cross-attention

XEIEE TS, BhFRE, RERENKHE,
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BN E RIS E—KE 2

Transformer {4k :

Encoder-only

e {5l F: BERT. RoBERTa. SciBERT
o ERIEE. 9E. KR, HFIES

Decoder-only

o flF: GPT-2. GPT-3. GPT-4. LLaMA. Mistral
o ERARM, BEIVIER

Encoder-Decoder

e fBlF: T5., Meena
o BRFEMEM. FIRIFIES
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Nft4 GPT £{&8UE Decoder-only

ERENNBRE:
o ETERLTXHETTEA
XRIRIINY :

e masked self-attention
e next-token prediction

e auto-regressive decoding

FTA GPT B9ZIO A2 B HMINSG", M "1E Transformer decoder _E ik
AHRFNER"
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TEERENMTLER

MREHEEINITIET FLOPs, 10 ] bottleneck,
SEERN n FE5:

o attention BYRIH n’

o FHIZKAT, MBKRIRIR
XEER T A4

e KIETNIRE:
o NTFRIRIFE
e inference LU IREEE
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HEIE 91T A LBl 2R 58 FR K

T
. BT —fRIRi %
o FHEALHT
JEIZY

o BIRAAR—"1 ¥ token
e FEREMFRAIIELTX
e NRFNREMEHEAE K, V, SREH

PRATLAE AL .
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KV Cache TR (T4

o I token BY Key #] Value "EBITEE
o IBEMNEFEFR
o HNFT token iITEFIN q, k, Vv

gk

o HREEEITE
o BSENRMEZS T

e
o EEXNINETFIFNE cache
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Encoder-Decoder HNEZ:E
MR — MR R[5 8
MERMAKERZN, BLHIKERZM, A attention EREE R

e encoder self-attention: O(N?)
e decoder self-attention: O(M2)
e cross-attention: O(NM)

ZLERBE—TRRERE, BERIAESXRGNM,
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Transformer IH{+4E1 7T RNN
s

. KIEE{RIHELS

. ERSHT

. BASHER

. TEHRE. BE. EERERNEET

I\;;jl':

\\

J

« SERNRNEREFS K
. TUATES
o K ETXSHEBREREE

SR LE, WamimATRm.
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5 Transformer ITE£NEAYELR

e Embedding

PositionalEncoding
MultiHeadAttention

FeedForward

SublayerConnection

EncoderlLayer

DecoderLayer

e Prediction Head

IBRFRIXLEHEIR . [SEIE GPT/ BERT / T5 BURRE A RE KR,
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X WIRRIZFEETA
1. Self-Attention B 7 BIAEH
2.Q/K/VEXTLE., SEMEL
3.tk block B attention, FFN. 3%Z. V3—1C AR
A UERDREREESEIEIERINZ
5. = K& =Z decoder-only, encoder-only. encoder-decoder

6. TRRARkE n? EZE . KV-cache 110
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AT LA RX—IRERBRENG W ENE

EEFEIRILFREARER, #rUEESRXKithE L

e GPT: decoder-only Transformer

e BERT: encoder-only Transformer

e T5: encoder-decoder Transformer

o KRETNRE: BERBHUERILS ETRIME

o IR BRI KV-cache, H1TREE. 10 EREMRE

FRASE ZIRA 2 H—TIRE", MR ARENNSEZONEMWES.
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£ 2 IRICR

Transformer AR E—TRIR, ME—MIEY

. ER—EELMIFIT
. BIFRBENEEAE
. RN REBIITHS TRERE
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