ARS8 S 1R

L 3,3

2025 4 WL BT Bt REAK A R TEBIAT AR
WIZRKZ, 2025/07/10




e"“—“)% } ﬁ

5 ) N

%5 e 5 2
iBot PEKINGU

-I«I:I E EIQEEE%'E

1005

;05 08

60 M W W

120075 %
20007
25007

300075

35008

e
— EEE

.......

FAARERA
iﬁﬁ(fﬁ)\ &
A

BETRAO BEA
L

TR T

o FLEE R
— W E T

- LR

o——paER
mEmEm

- N _swsmmem

NIVERSITY

* RAL0AFERI, AXKFRULIA

* RAGTHERI, AKFREF

s AIRMK: BTES

- BERAEEME, FAHRAETRETA
BEMXFHRER 7 ARXRN AR

S SR K




=|BE/\
EE')I

ZN > = /\\\-L|:| miEEi'? :; ?EISNGXUNI%EIRSITY

E%iﬁ%ﬂﬂ (natural language processing, NLP)

° 1t7|‘)1 '3A7§3A5\11
s IEAlaF = SR AR
s ENXTIES FIES FE AR FIEE

S5 &

THE WALL STREET JOURNAL.

ChatGPT and Lensa: Why Everyone
Is Playing With Artificial Intelligence
DEC.7,2022 | DALVIN BROWN & ANN-MARIE ALCANTARA

2011, IBM Watson 2018, Google BERT 2020, OpenAl GPT-3 2022, OpenAl ChatGPT
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« B3R5 (speech recognition)

s XAR-1EFER (text-to-speech synthesis)
« MBEFF (machine translation)

« =S B31REU (information extraction)

« =ZB#Z (information retrieval)

* [a]Z& (qguestion answering) , y St

ez E1F m Amica ;ﬁuﬁin4m%imazz<ﬁja§i§
* XARTHE

.« 2023545




. B=RIirdE—N LPX’E,I@E? @ ertd
» XX (grammar) : EXEZFTRIGE (syntax)

+ JEXHIN (semantic ruIe) C EMHEHZBN

BIAES LA G IViE S — Stk
s REIAZEAENENES A EE X 7!

B “Not to be invited is sad”"™
B “To be not invited is sad”X?M?

* E 7N \-LI:I | 'f.jr’[/iﬂ:jix —HEKE*P'C*EHZ—/% E/J
B “‘He saw her duck”-> hEYRE 7 4th HFRE 7

B “That's great!”-> how? what?

- BRES XA ERXEXNFTSEIN RAVBREY
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B aiEasnET

FERIBESE BRFRIELY

* gAfap

cat 0.9
dog 0.08
| horse | 0.01

“| bicycle| 0.01

Uil

S
SO

FHIER WSEST =

Neural Machine Translation
SEQUENCE TO SEQUENCE MODEL

Je suis étudiant SEQUENCE TO SEQUENCE MODEL E
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. $3a (Tokenization)

- DFYI(Ba) (Sentence Tokenization)
B O SCARRS2F AT Ay E)

B {5]1. "I cannot waste time over this sort of fantastic talk, Sherlock. If you
can catch the man, catch him, and let me know when you have done it. *



& P »
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PEKING UNIVERSITY

. $3a (Tokenization)

. Al 714> (¥ra]) (Sentence Tokenization)
B SR FS 5B AT Ay /E) F

B f5]1: "l cannot waste time over this sort of fantastic talk, Sherlock. If you
can catch the man, catch him, and let me know when you have done it. *
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. $3a (Tokenization)

- Al 714> (#r/a]) (Sentence Tokenization)
BSOS E) I Ay E]

B f5]1: "l cannot waste time over this sort of fantastic talk, Sherlock. If you
can catch the man, catch him, and let me know when you have done it. °

10
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. $3a (Tokenization)

« DFY143(Er4l) (Sentence Tokenization)
B O SCARRS 2 E AN Ay E]

W 5]2: "| cannot waste time over this sort of fantastic talk, Mr. Holmes. If
you can catch the man, catch him, and let me know when you have done
it

11
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. $3a (Tokenization)

. Al F14>(Bra]) (Sentence Tokenization)
B SR RSE AN Ay E]

B {52: "l cannot waste time over this sort of fantastic talk, Mr. Holmes. If
you can catch the man, catch him, and let me know when you have done
it."

12
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. $3a (Tokenization)

. Al F14>(Bra]) (Sentence Tokenization)
B SRS B NI KA T

B {52: "l cannot waste time over this sort of fantastic talk, Mr. Holmes. If
you can catch the man, catch him, and let me know when you have done
it."

13



. 4id (Tokenization) D aerr?

- B F Y149 (#ra]) (Sentence Tokenization)
B SRR E IS Ry E]

B 5]2: "l cannot waste time over this sort of fantastic talk, Mr. Holmes. If
you can catch the man, catch him, and let me know when you have done
it.”

14
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. $3a (Tokenization)

« A FYI9(Er‘a) (Sentence Tokenization)
W SO RTIS B ) F

B 5]3: "| cannot waste time over this sort of fantastic talk, Mr. Holmes," he
said. "If you can catch the man, catch him, and let me know when you
have done It."

15
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. $3a (Tokenization)

. Al F14>(Bra]) (Sentence Tokenization)
B SRS N B A T

B 5]3: "| cannot waste time over this sort of fantastic talk, Mr. Holmes," he
sald. "If you can catch the man, catch him, and let me know when you
have done It."

16



UNTP »
TARY at - ;l $
i) -
A 57 =
I89

3 PEKING UNIVERSITY

. $3a (Tokenization)

@ NEZ I pSp LAV R R
B 51: "Whatever remains, however improbable, must be the truth.

v ["Whatever", "remains,”, "however", "improbable,”, "must”, "be", "the",
“truth.”]

v ["Whatever", "remains”, "however", "improbable", "must", "be", "the",
"truth”]

17
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. $3a (Tokenization)

B {5]2: "Just before nine o'clock Sherlock Holmes stepped briskly into the
room.”

B 5]3: "He was dressed in a sombre yet rich style, in black frock=coat,
shining hat, neat brown gaiters, and well-cut pearl-grey trousers. °

18
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X HEIESEZ B R R ISR KN B RiREiEmiaiast. A,
PN EERZBRIBELIERGHNEMRERTNEZLT,
B ETFHFHRERNETE

v R R R SRR S M BRI T AN TSR T
LR, EHREEAMAE, WRBLEKD. 2517,

B ETNS#EINMETE

v’ CRF(ZFHBENLZ). HMMBRE/RE]K). SVM. REF J(BILSTM-CRF)%F.

v f5l: CRF: 3HXF#TIRINEZ, MXFERTIEEBELRAME, BEE LT
B FANPXHEATES:

v jieba%iE. SnowNLP. THULAC. NLPIR %,

.
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Import jieba
u="BRE P EIERKFE" . _._
P BI1: "EEIBEIEEXE"
R S48 K| k3| PE| db3| JRAR| AR
testl = jieba.cut(u, cut_all=True) mE: & kKA PE| ERKXE
iR | kE : 25 = e
orintC 4483 * + | " join(testl)) BRSIZ&EI | KA PE| bR XZF| IbmKE
HIgFRE T
test?2 = jieba.cut(u, cut_all=False)
. u F 27 A1

print("FEFE: " + | " join(test2)) B2: CIEAZPRIFAS

e S8R dbA| &2 BTl | KF
RS BRI B K| 2| Bl 3| A%
test3= jieba.cut_for_search(u) RS\ A BT A A
print("#8 R 5| ZEHE=T:" + | "join(test3))

20
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B Byte Pair Encoding (BPE)

m 5k
QO FIEAIE: WEAEXAKIE BEXBSMEER
Q WEVIARELR: BXEAFD HENFR, ERRAECER
Q SrFEHXmER: TERBESFHANNIE, REREINFTT
A §HEMENFPXY: BXEFPHEFFR—HET, EHElsx
A &% E5E LA FPE HEIRIMENRLCERANIUEEEZHNF XN IUEFF
_ Iy N=¢
Q 4E#HFE
O EMEDC FR R/
QO 87 F a4 IE
Q ZE=XHE

21
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. A% (Word Representation) Q2

- Jh#E R R (one-hot representation)

"He wrote a book."

he: [1, 0, O, O]
wrote: [0, 1, O, O]
a. [0, O, 1, O]

book: [0, 0,0, 1]

23
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TPAMI-2022-01-::::::::: Review Request - Please Confirm or Decline
010101856ae810fc-8310f59f-52d5-4f36-abc1-cd94d3be2a92-00000...
on behalf of Sunday, January 1, 2023 at 9:17

Transactions on Pattern Analysis and Machine Intelligence <onbehalfof...

To: muhan@pku.edu.cn;

RE: TPAMI TPAMI-2022-01:

Dear Dr. Zhang,

The above referenced manuscript has been submitted to Transactions on Pattern Analysis and Machine Intelligence. | am
overseeing the review process of this paper and believe you are one of the experts best qualified to judge whether or not
this paper should be accepted by the journal. Please note that if you have a relationship with the submitting author(s) that
could be perceived as a conflict of interest, you should decline this invitation to review. Conflicts of interest could include,
for instance, having the same affiliation as the author(s) or being a co-author of the submitting author(s) on a previous
publication.

To ease the burden on those asked to perform the review and to accelerate the review process, | am including the abstract
for this paper below. Please review it and let us know if you can participate in the peer review of TPAMI-2022-01-:::::::

Attention.

Paul Thurston <test@test.com> Saturday, December 31, 2022 at 12:19

To: Recipients

This message appears to be Junk. Links and other functionality will not work. Mark as Not Jur]

Hello,

| hope this email wouldn't come to you as a surprise. Having gone through your profile, | am convinced and pleased to
solicit your sincere and urgent assistance over this matter.

| am Barrister Paul Thurston, an Attorney to late Mr. Peter a local contractor with the Lagos State Government of Nigeria.
My client Late was awarded a contract worth of One Hundred and Fifty-Five Million United States Dollars
(155,000,000:00USD) by the Lagos state Government of Nigeria for the maintenance and construction of Nigerian National
Petroleum corporation Pipeline at Ejigbo Power Depot in the states in 2018 and the contract was fully executed by my late
client. My client has been paid One Hundred Million United States Dollars from the contract and he was to receive the
balance payment of the contract, but unfortunately my client was involved in a fatal auto accident with his entire family on
Sagamu Express Road where he eventually lost his life and his two kids and wife. This was on the 25th of November 2020.

Sequel to the death of my late client, there is every need to present a next of kin to Nigerian National Petroleum

S y € (IERHME, SaRHpA)
BiR: JIGERE f, 5 () =y

24
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R4 2

B i

T; 1al50[A]

\ A\ 4 L . %
1‘“ gﬁ'\é& (=] (Tralnlng Data) attention: 17
. million: 2
(email1, not_spam) $&AFS2EN dollars. |1
(email2, spam) (Feature extraction) et |3

1

(emai 3, Spam) Ei;}z;; over.rlment: 1
...... . ﬁ - g = {_1} 1}

(ema! 97, not_spam) T;: ¥5EMm= (feature vector)
(email98, spam) Ui - 4555 (label)
(email99, not spam)

(email100, spam) =R Learning a
(Model Training) function f

| yi = f(x;) Vi |

(31100; yloo)

25




. aRRE! (Bag-of-Words Model)

* TERIRE

N RZEEREI1ENNE
FITHE A E

18] A%

* RIBoWIEEHIME R
v ME— T ESEEANRENTHR

Y (BoW)

- AERXARIESEZENETIXRR, X

WX A (SORs/aT) BT

;

X E

s 5T XA EIARE XK,

v G SO AR B W B A SRR

BT

BoW

LA T AR A E I E R G R o] 15 2 TR AR AR

T; 1A=

attention:
million:
dollars:
prize:

payment:

overnment: L

EWOHNH

>4
5 <3
s/ PEKING UNIVERSITY
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. aRRE! (Bag-of-Words Model)

SR (Bow) MRS

FIE1: HUBWE

It was t
It wast
It wast
It wast

ne best of times,
ne worst of times,
ne age of wisdom,

ne age of foolishness,

TR
S,

& &

g U

£ i

| ]

e '~
75350

e

o

- BIENERRE

AT

TR MM

Y 3"

N

/

ez )%

PEKING UNIVERSITY
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. aRRE! (Bag-of-Words Model) AR

« {ENAERI (BoW) S
T2 FHFE

i .
it f TE‘ﬁEﬁ%EiﬁﬁUtj\
‘was’ - X8, FEEX
It was the best of times, “E)he - INEIIRRFATS
it was the worst of times, » - ]S,St . SR A0/
it was the age of wisdom, o eIy IR
it was the age of foolishness, “tlmeS” « BMERIESTE
worst =
( " 'L|:|
age
“wisdom” K /
“foolishness”

28




.ﬂ =t=8! (Bag-of-Words Model)

- T RIEE (BoW) ME LA

IR RN AIFIEAE
@ It was the best of times,

@ it was the worst of times,

® it was the age of wisdom,

@ it was the age of foolishness,

RIE: MALITHNA, EfFIERE

This is the best of times but also the worst of times.

A

=
=

[0,0,2,1,2,2,1,0,0, O]

BoW{RBIRIIR = :

FH ORIORIONKO
“It” 1111111
‘was’ 111111
‘the” 1111111
“best” 1101010
“of” 1111111
“times” 111]0/0
‘worst” 011100
"age’ 0|0 1]|1
‘wisdom” 0/]0]0|0
“foolishness” | O |0 | 1|1

Bt K, NAFER,; KEEEpE

ZERIRIL.....

TR z J’ ﬁl
%5 ez 2

PEKING UNIVERSITY
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/AL FHRERA, NEEBRKERE, HlN58hH50000/ 85

"He wrote a book."

he: [1,0,0,0,0,0,0,0,O0....... ]
wrote: [0,1,0,0,0,0,0,0,O....... ]
a. [0,0,1,0,0,0,0,0,O0....... ]
book: 1[0,0,0,1,0,0,0,0,O0....... ]

) 50000 }

’Jg

e RE
3 v
3EI\\\§, \iE 753s” PEKING UNIVERSITY
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B R ER

voElE2: FESE, AMEFEMEXER, XA FRIEERERME

: ¥

3 PEKING UNIVERSITY

"He wrote a book."
"He authored a novel."

wrote [0,1,0,0,0,0,0, 0, O] =
authored [0,0,0,0,1,0,0,0, 0]

book 0,0,0,0,0,0,1,0, O] =
novel [0,0,0,0,0,0,0,0, 1]

31
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. A% (Word Representation) Q2

» D% FK T (distributed representation)
v WA EAEXHEELITXRE! T XE{AY1E,

FIE X AL

"He wrote a book."

he [-0.34, -0.08, 0.02, -0.18, 0.22, ...]
wrote  [-0.27, 0.40, 0.00, -0.65, -0.15, ...]
a [-0.12, -0.25, 0.29, -0.09, 0.40, ...]

book [-0.23, -0.16, -0.05, -0.57, ...]

33
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. i@ (Word Representation)

» D% FK T (distributed representation)

VoI R WAEX BHE FTXRE! ETXXAEAIE, HiEX AL,
for * ne ate
for ne ate
for lunch ne ate
for dinner ne ate

34



. i@ (Word Representation)

* D% FKT (distributed representation)
v BT EBEND RS
vV ETREND R
vV BETEHAEMNENDHRR
s fZOBE:
> EFE—FITER ETX
> EF—MRAZE BirE S HE E T X ZENXRER

.?GUMM“’U, } J g
%5 e 7 F 2

PEKING UNIVERSITY
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. word2vec NEIE R

INPUT PROJECTION OUTPUT INPUT PROJECTION  OUTPUT
w(t-2) w(t-2)
w(t-1) w(t-1)
SUM
/ ‘—» w(t) w(t) —
w(t+1) w(t+1)
w(t+2) w(t+2)

CBOW Skip-gram ([i)
( Continuous Bag Of Word )

36




. word2vec

* CBOWFRE!
D X MEBTRNEHL A=D1 X N & X1k

@ FEL RN £ TXF1EN @ 8 &k E — P IEEW
(BENEmERE) JEIFENLXNEE

Q) BXLEL X NEERFEHIA—TIX NEE

@ BXA1 X N BFREEW' (PiamB5EM), ™ &

T —AN1 X VES
B fSoftmaxrEK, SESLHFEF1I X VEEITERX

CEARS
© SXFIEERZ A REERIRE, HEEEWA
W'n{E @

O O O] | = O == OOOQ0] [O == O == 0OOQ]

QO =m

[0 ==

CxV-dim

Input layer

UNIP ™
TARY at - ;l $
£ i
d g 59 =
I508

PEKING UNIVERSITY

Output layer

[THeXeXe]

O
S
O

O

V-dim
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. word2vec

book memoir
@ O
breakfast dinner
O
O
novel lunch

IR R HNRAE S (A7)

38
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book memoir
@ O
breakfast dinner
O
O
novel lunch

B> FRIword2veciafF =Bl

39



. word2vec

breakfast

dinner

lunch

e"“—“)% } ﬂ

5 ) N

%5 Je 5 7. =
iBot PEKINGU

NIVERSITY

book

. memoir
©

novel

B> FRIword2veciafF =Bl

40
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1)) = 71

PEKING UNIVERSITY
>>> distance(words[ "book"],words|[ "book"])
e
>>> distance(words["book"],words["breakfast"]) I(ir]gg (1l1€§€3r]
0.6351827719357863

o. 120161, a >>> distance(words["book"],words["novel™”])
o. 200680 0.3436623421719647
: : >>> distance(words["lunch"],words["breakfast"])
s el o 0.2006302059301045

>>> closest_words(words[ "book™])[:6]

[ "book®, 'books', 'essay', 'memoir’', 'essays', 'novella’] kmg - Man klng - Man
>>> closest words(words["lunch"])[:6]

["lunch', 'dinner', 'lunches', 'snack', 'meal', 'brunch']

>>> closest_word(words|["woman"] + words["king"] - words["man"])

‘queen’

>>> closest _word(words["england"] + words["paris"] - words["france"])

'london’

>>> closest_word(words["japan"] + words["beijing"] - words["china"])

"tokyo' man woman
>>> closest word(words["hospital®] + words["teacher"] - words["school"])

'nurse’

>>> closest_word(words["hospital™] + words["student"] - words["school"])

"hospital’

>>> closest_words(words|[ "hospital™] + words["student”] - words["school"])
[ "hospital', 'patient', 'icu', 'nurse', 'nurses', 'transplant', 'gyn', 'neurosurgery', 'inpatient', 'medical’]
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B SRR RES RS

N = X

<

NABRDRMNA: &-
e ;e ATIRITHFE, O

= [X],X2, ... XN
= o(Wx+Db)
= Uh

= softmax(z)

AU M ANFFHIE

AEIRE
d t wordcount :
esser _3 X1 'ﬁ —»p(+)
— LTI
was % posmvz ‘lfzulcon X (A > ‘A@ L)
Sz
great count of “no” X4 \ }la —"‘p(neut)

y

Input words

=0

X W h U

[3xdy,]

[nX1]  [dyXxn]

[dy X1]

Input layer
n=3 features

Hidden layer

[3X1]

Output layer
softmax

TR z J’ ﬁl
%5 ez 2

PEKING UNIVERSITY
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%5 e 57 =
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B SRR RES RS
NAERDFEMNA: EFword2vec/GloVeRISXIANFFIE

S A — sum, avqg, concatsi3n
« XAEEn MW, 9 =138
* e(wy): word2vecid iR AN | - eobeddingfor

embedding for
was — “was”

embedding for __

great—  «gear

1 n
= — > e(w
P ILLL

Input words

h = 6(Wx+b)

z = Uh Input layer Hidden layer Output layer
A pooled softmax

Yy — softmax (Z) embedding

44
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RUTRHREEIRSIRE.

« I NJRH G =/ N[O =

« 25 E HA/NI03)

N = @

A

— [Ext—3; Ex: 2; Ext—ﬂ

c(We+b)
Uh
softmax(z)

ad

SRS @ x
guial_E Il R RAYIE]

[T
50)
_

o
co @o
(VS )

=15}
[QQ =~

t-3 A%
for E

o)

all  [lw

[=Y=]

 / the

~
=
[=T=T [=] [=]
®:C
A
< tn

VX3

input layer
one-hot
vectors

ﬂ\
S

— p(aardvark]...)

o
s @
4

— p(do]...)

&

T1)

" p(fish|...)

__._.®________

[

|
\ |
o |
: @
e W h U @—-— p(zebral...)
p—
3dx1  dyx3d  dpxl VIxdy, y
[V|x1
embedding hidden output layer
layer layer softmax

. ¥

NIVERSITY
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» B NJEF @ /5 I A R E

5B 0 A/ Ea3)

N = @

>

= [Ext—3; Ex; 2; Ext—ﬂ

c(We+b)
Uh
softmax(z)

g

RUTAl_E IR AT

’:’ | Kh_\
: = o1
e 83\“ O @—"D(dol )
for h E |
ek &) :
: -
olo @
————— »e[99 1 | ‘ L’
all ey @ - ~ p(fish|...) 4
0 lo%y] E (B3)
Ll e E

O 1 ‘ :
! O
' \\_‘ . |@ ‘ .
] ~_ 00 | [ ] .
" ‘%451 ;j @ i
°- W 0o
Vg e W h U ¥ p(zebral...)
X 7 3dx1 dpx3d  dpx1 VIxdy,

\\]
J

— p(aardvark]...) *

oo
@00
—

&

"~/
dx|V| y
[V[x3 [V|x1
input layer embedding hidden output layer
one-hot layer layer softmax
vectors

>4

4
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B £ EmENEAE

EIHREEIESIRE.

* NI R E/SBRARE

e RNNE 34 A%
« LB OFRE

e = EX;
hr — g(Uhr_] —l_Wer)
y; = softmax(Vh;)

SXLIEGE

ETauial B N IFuNE RAYE

Next word long and thanks for all
v \ ] T
Loss |— log Yiong| | 108 Yand| [—108Yhanks | |— 108 Ysor | |— 10 Yan | 7 Z Log
1 t=1
y
@ (L) A
Softmax over G"ﬂﬂD @lﬂj Gﬂﬂgj I:H:IL[LD @,ﬂﬂj
Vocabulary vhi Y y
h
RNN :
\ ) 1 L \ J
Input :
Embeddings @
So long and thanks for

UNIP ™
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. Recurrent Neural Networks

one to one

\ Vanilla Neural Networks

wec.\wn»e:'tn } J g
NELF TS
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. Recurrent Neural Networks ”“&ig

one to one one to many

A cat sitting on a A cat is sitting on a tree
suitcase on the floor branch

\ﬁ]!lﬂ *1%&""1_

'f% -> IR Two people walking on A tennis player in action
the beach with surfboards on the court
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. Recurrent Neural Networks

one to one one to many many to one
! Pt !
f f Pt

\ ) {ET
DL B -> B FESR 5!

TR z J’ ﬁl
%5 ez 2
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. Recurrent Neural Networks AR R
one to one one to many many to one many to many
! bt 1 ! bt
! ! bt Pt

\

Bl XABE
XA TF>EXAT
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The course which seems very difficult is fun!
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RNNs A A

S S Qee—
LSTM £ & o | s / ®)
I T /\@Sg AN  .;‘;~~;»7.7;|,
A lebgll A b i
> \[$-<c5l
J x—— J/ 4
l | A:’-‘,\,—.«‘"\g—;\( i LSTM
&) Q) &) \
S. Hochreiter and J. Schmidhuber, Long short-term memory, Neural Computation 9 (8), pp. 1735-1780, 1997
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https://www.researchgate.net/publication/13853244_Long_Short-term_Memory
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Qutput
Probabilities
Linear
g )
Add & Norm
Feed
Forward
4 | ™\ | Add & Norm |4_—:
g e Multi-Head
Feed Attention
Forward 7 T 7 N x
—
N “—
Add & Norm R
Multi-Head Multi-Head
Attention Attention
At L
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Positional o Positional
Encoding ¥ & Encoding
Input Output
Embedding Embedding
Inputs Outputs
(shifted right)
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. Key-Value-Query attention model AR ES

Decoder

The decoder generates a query
describing what it wants to focus on

( Sum the values generated by

encoder weighted by the
®‘\ @\ N @\ )

Feed the scores into a softmax
to create the attention weights

L : l : ’ | r : \Compute dot products between
XZ

attention weights
softmax

the query and the keys generated
by encoder, giving alignment

X X X scores between source tokens and
1 3 4
the query

Encoder Image source
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https://distill.pub/2016/augmented-rnns/
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. Self-attention layer v [,

t 4

* Query vectors: Q = XW

o ¥ Vs |=> | Az Az Az
* Key v rs:. K = XW,
ey eCtO S K VZ - A1,2 Azz A32
Value vectors: V. = XWy, v |~ Tar A
* Similarities: scaled dot-product attention t
0 K) Softrr;ax(T)
RS 2 M 24 — T
EL,J VD or k QK /\/5 " Ky ||| Ei3 Bza g
(D 1s the dimensionality of the keys) o Ky ||| Bz | | Bz | | Esz
> Ky ||| E11 Ezq Es,
* Attn. weights: A = softmax(E,dim = 1) Q’ Q* Qf
1 2 3
* Output vectors: t t t
Xl X2 X3
Yi ZZ]AL,]V] or Y = AV T
Adapted from J. Johnson One query per input vector 62
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