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01:49:29

ALPHAGO

"

IBM Deep Blue (1997) —>IBM Waston DeepQA (2011)

Ken: ERLEFRFFE;

Brad: ®Em¥EEBE

S0
20: Google DeepMind
Challenge Match
8- 15 March 2016

“B=Siri, [N L= B7?”

IRFIBAZZ I IE— RS Siri $115, ERIAEFSRSEAIR RIS R HkIT i IE R . R BALL Siri AIRNME— THFE, thaT L
£ B A A E E AR Bl M8 T . Siri TR RaNFENE TE, RIHARE MIEF EE B SRR REEIREE SAIMIT
FARYE]. EAES HomeKit B2 S, ILIRFAF SilAEBAR ERXMAIRE A &. AU, Sir B+2 TRELM R, Ba1 bl
BISHSRE=AESRSNERNMRRHUESER. MRERA Sir MRBES , E2RACESE, CRMIBEISDE.

Siri ANHLEEEARH (20114F)




EHEAT AR |EEED)

4
|

< BlItH XM

= BWRBERK: 191984 F 2501508 (PUEE64RE, #
gh264 FIEE—IR, FEH5*10114E)

S RIS ER(MCTS)FER N IR E 2 M 4%

L)

= HH: BAOERZEN, FIRTLH# R EaE
a Selection b Expansion c Evaluation d Backup

H“*j - T S R
T w w0 R

i

#

N ]
L]



AlphaGo vs IBM Waston Deep QA

- _______________________________________
FERRY AR &R

. BReE. MEEESR. FHAE. P
v R A B ) __
0B KA EIR E ¥ &= T E R

ﬁﬁﬁ%ﬁ%ﬁﬁﬂ‘]ﬁfl& RERFBRREER. IF
FNEFRETIHEIT 2, RS /\19%@‘2‘5%4&
oA SCRAA B AES

HHYIE S 7 TI&E
= IR, FNESHT, RESR, SAEIRE, EX
IHTSE

gl Bk
EZES REE

* FEMERRET RS

\u (lWP—dl-

%=




Al XY 3 KEHERS

IRA Y B AL __
- BRE. AHR. ZPE i
- B B R M B B T
* AlphaGoHJRAZ EH R
* DeepQA HIHIREHZER
KB
- B (ERETRD MEBIEL
- WL SRR T A8
o RO IR T SR

UREF S ARFTHF G, #ﬂi‘iﬂt
= XL R A, R S )T R
= BIm+PIHES) T R R R

Ll

H




REHARATELE

HE 88 5 & 88 (Computing Machinery
R A I%’ Lﬁslé and Intelligence), 1950

RMWA (Turing Test)

%%ﬁ%@%

1912-1954
N Em\ E:E
- BRZ AR BH IR
U ERAE S BRI RTR: HHE TURING

-NLU FEEHEEMS N

7



HH B RS N

SRR
- BERER AR E A RR R R E R

w
* 7
e
¢

o ZHFITEZE (/B ER) —NPH

» AT/ CHIGANZNHY

o B Q372005
- FEEEH hRdd i

E. IR x> /O3 /iE SY2) #EBE 61007

ol =] /\%J [9% ;D /11::3@(#/?}35 %}ﬁ%%%ﬂ

-« A —— o/

< INHERE %h:n:u 3 EM@@EE%

by
m%% 1% RIS E)
= HESHRRS —|easdamzE
= BIRALERA MR 5T

8




REH
= PUED]H
s MEMKILKE => X WK ILAB/EET KIL KX
= FHE (PGE . EiE+ME+4L B E)D
= WX (PUE 1T: ITHHTHEIEHTERHT AT 8 +--)
C WEFE GTEE) « BH AKX -
B Z R iE ABYi

= AR (FE. B B . ﬁiﬁ}ﬁi?ﬁ} 5B % - PN: UL

* A/ ﬁiﬁi‘]ﬁ@* KALIE MO A
AEERE
- BB, B (BEEA: BRFME; HZRER: XHH)

« RERERWR, (NZREHRERZE, (2SRE(). ()7FT 04
B, (BHAEZ, (EARK

= HJAIRAKR (AR, B, 350

9




E ngl\ ﬁ'fayﬂ}ly\

A —\—

B

T

BEEENAAKENTE

-&f*ﬁ%ﬁ% RIVRTE B HT

 FREBEARR: AHTEFTRHAERIL

* FRRZAIRBEZIE (Ll “H” )
- {46 17 /3 A s
- KA
SIS N NNy S N
L N
- AR F 4L
- AR A/ A
- A
- A H S SR
- WA e (D) : M
- WA THRR, TR _

FR Z R TR ANHETE AV £ A

10



EEEBHESAS

5z S )it
= WNE+=BARFERSETE - RSVUEREFAN)I B3
BEHET TR

= EFEDN)IH BSOS (EEBER)

- ERARASHET (BiE) (BEFE_AH) (MxET) (IR
T CME) ERZLMETE, BN T —ReFHM

= —REFEEAN, FEEL
- EZOMEL Y (EREEE, ERXERID
AEBYORE (BHFEE) -
- BHFEFE Y. . SR, REFEE, WEREE/46
iapEyES
EFERY A
- BRI K | mamkmmRBETESAS |
= NZEWET

11



ESTHE? AR

e
EIMARIES RO
 EETHEERRBAMUERIE S H &3
= HFEBar-HillelfJ#tiF: real world knowledge is needed
o F A AT the box was in the pen
o FIFHIART: KR AR ? el FH R
BEITEATL%E?
= NWESRE? iHEVARKSE AR

« ARFNJLFEREESE H B CREBFAMER T NLPASBEME LR ]
- WEHIH2IX A%

= RBRERHHRFREE TR T HE (REE)
© HEALEREE (BB 0 \BEEREFEE (LERREMHREA)

12



B = _.]-'l«_l_gut.ll ?

-________________________________________
ol (HHEA A BEM T A— AT EEERIRER )

CAETE BT A =B 155, 1986)
BFEF (BHX) BRA (GAHAH)
o VHEALRAR R B S g ok A = ) R TR T AL
- EE B UERL
- 5B W
-MRES EIFAETLRHERNRR, 2RENBEMEAEANL

- BIfE AT LB RAL, BRETUHHE (FFEEER)
- BHEBITRY, AEAKHERLATHE (IBETRE

ESTME TGS SOl 2, X, + 8,7 +...+ 3 X =

- BAERZEHMERS ENZ AT ERGHELME (Hibert:
Problem 10: Diophantus Equation)

- MERRE, KRERENAEHESERNTGEN (D

13



@ AnRT

@ anznsitirays
@ AnzEmIgy
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IBSIITRZBERR

BERK

CEE I EMARAE TR
C AICER
. FERR

AFHERURT

= Xk ATt 740
« N.ChomskyfI3CiEE R (Type-2: B TFICHERILIECFG)
- WMEER) LT R IE P-CFG

>

= ER RN RS (n-gram )
- HTEEARES RTS8
* P(Wnlwn—lwn—Z“'Wl)

15



18] N EAFALE

B F LIARTIEEEE X
= Syntagmatic relations(4l &k & HAJIEARIL)
L5 A 2 (A R FE G AL A AR B ] S (co-occurrences)
= Paradigmatic relations (Z&RFR: HBE&RRAEID)
TR 22 [E] PR HE R 9% 2488 (substitutions)
17 X X X :Webster dictionary
= the idea that is represented by a word, phrase, etc.

= the idea that a person wants to express by using words, signs,
etc.

= the idea that Is expressed in a work of writing, art, etc.

16



HE vs BRE

Some scientisti look||smart

Few || people | feel |[[dumb

Most || citizens ||seem || gifted

Many|| lawyers| are ||savvy

B4 (Paradigmatic )

2H4& ( Syntagmatic )

17



HARYHES KR

HERR
= 1510
- P & EHEE, WE & &G
= JXAR(FHR)
o M. BEAE &N, EA &L, BA & ER (2
Fr) , B4 &P+
o MR B & T, B &E, WX &K, B & In

- RREME: AW & W, i &VEHH, KT &R, HFF &
i, Ak & WA, A & K

18



HARNRE XA

REaxk (BHRT)

= i I TR) SRl 46

= Z 411 WordNet24 ] i
e 1] X ( Word senses ) H [&] X ia] 55 2 X —Ia] ) iR 4E i

ELA M RS SRR 4 )

A SRR RR AW (Concept)
LR G, JEFEIR BRFRONTE LR R .
— hypernymy ( F-"F4A71)

— antonymy ([&] 3 -Jz X

— holonymy (EEAR-#B5)

19
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PSR E2CCD  (28Wordnet)

w Generator and Browser [CCD]

File History Noun Verb Adjective Adverb HypoTree Node GetInfo DoMyJob Help

Total |6084 | Present POSs Noun | Yerb | ADJ ADY l
EA BE BE BEIA SR BER HER ~
RIEZ RIEL

- REEK [EfR
EMEE AERXE RAXREE
7a fre A
e fE
=hafs

+ - XURARE AT

- BC1B ggg%iuﬁk RFE LRSS KRBMHE #E FE E8XF RO+
- EENEWSIESTE INENS R

%ﬁ'ﬁ@%% %ﬁgﬁ New_BrotherNode
FIETAA S8 FAE New_Child_ Node
BFEEAN CIBEEA BEESR = =
FFEER FIEEH FERX Del_CurNode_One
o FEE FIEAE FIA EAFA Dol Cucliode ALL
+ - FA IR ITEIR FTEEAIL - -
ITRE 5K FRRE CutOut_CurNodes
v EISE SEEE —BAAE —ALEE Copys Burtkiades \
AR B BE AR AE OA BE ER ER P PasteAsBrothers =& BA X
p: >
[husband][hubby][married_man] i

AR KA RE RB EAEZL FE NI MWIEF
a married man; a woman's partner in marriage
EEAE T IRt —T RIS

[

SERINFEF R FSFARTF

Enter Search word and press return.

20



Csynset

A = Synset

07632177  teacher 2

instructor AR
2
S

S0

2 Rl

Hsig i

07235322

21

ThrRER

0708633207
1623040720
9465072437
6707279659
0729762207
3411760740
1098074142
5107425180
0749402507
5209380753
3674075514
0407551581
0756115107
6326240763
2736

Definition

a person whose
occupation is

teaching

Cdefinition

PLZF A
NZIPN



"FBE" =

M (52)

WS

07331418

B S

07414666

Synset

husband
hubby

married_ma
n

Synset

Mister
Mr.

Csynset

LR
Sk
KA
PN}
RN
SN
HIFEs
o
it =5

Csynset

etk
I8
il
KA
e
o

LRES  ThEs
07602853 0710948207
1959680725
5726073280
08
S I =)
RS ThEs
07391044
N

22

Definition

a married
man;

a woman’ S

partner 1n
marriage

Definition

a form of
address for
a man

Cdefinition

CaE 5 1
GS U H A
— 7 A

Cdefinition

X5 —
TpHRIF



12818 X R 7-AYE) R

Z=F MRy
= FOW. . ZIW. kA I

¥R R =
= [T, REI...

TFEN
= AEBIAN () MEBRIRSESEER
FEXRENATIEE

= WordNet )\ _Eit- 880 RE, HREi{IEEEH

RMETEIRZENENE (RERE)

1122

23



PARFRREIRR (£2)

RIAMEARFRSRT

= Flm. Fo Zlb. kE. Fb
UEENENRR, ASHEREZEFRFLITT
£71, EKRHIHAO:

* [0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0, 0]

XMR B AEI (one-hot ) [EIE, —/ 8
Ko R 2 FRIUEME S ITE:

= #(Jf [0,0,0,0,0,0,00,0,0,0,0,0,1,0,0,0,0,0, 0] and
%mﬁ [01 O; 01 01 01 Ol 01 O! O! 11 Ol O! Ol Ol O! Ol O’ O’ O’ O] - ¢

|I§E!

B : O X7 Q4 E R M @R 1A

24



T HtRILIE

SN PHERR
= — AR X AT LU E18E] (BYIR X)) /7R

%ﬁﬁg«g oA
2

| |
A AR ERRR i3

TR WX MAX
= AT DL B R R R R N (B P BE B AR Cloze)

IR : WXHELETXHE, MREMENLET
SRR, XEMER S AL

25



TR

IRz B EAHEXMY, XMHEXMEESARBER IEER
teEIRER, 20:

current word features next word

pap

éfbm

4

< Bl: /EWRNERD, ERRPIMCATHIRR
X E%’;BZRIE/REJ, ;:T—/Eﬁb'l _gE%BBﬁJ:_/I\ﬁ%;XE"]

% (A

)

)

26



18] [FI=

e
L5 #h 7 N FHBE [ ' 3= 7~ 1A— Word Embedding
= i T B3] [ B A One-hot 2 F ik (1 A 1] B R
= DU 22 ) 2% 25 1) 1) 3] 3R s 18 A2 BILAE 1) word
embedding B 7] ] & :
o AW PRI A FTE, SR SRR R
o himE LK ~iA — 1A & (word vector)
iR
= Distributed representation i) J8 48 & 5 H I 7E 1986 4-Hinton
1118 3¢ (Learning distributed representations of concepts)
= 20014, Bengio ¢ NIERFR HE LM 2515 S 4! (Neural
Network Language Model , NNLM) 53] 7 i# [\ &

= HAlCA 2R &> 57k (nCBOW & Skip-gram)

27



1A R ERYT R

e
AR
= BT 1434 4] B A One-hot 2 Hp 5k 14 14 1) B R 7

Word Embedding
Vector

" < '.".i..'ﬁ':& f.’". ‘.
S LT,
_ 06 ;:’1.':'..."'".:'.:..:'. L :
fXm) = @ A AR
* PSR T e i, 4
@ S—HATLEREVEE... e
>< -0.2: s gt o ¥y ‘:: " Thew :..4.
é% gﬁgﬁéﬁ 04 . ..'. . et .0.. .. ’.. . k :. .'..:.::.::
>< 06 -.'.".“.‘. .'.: ::.i.. ) J‘ .‘ . v..- .:%?_Ek.{.;
A URIR ZF 2R HF =R 28, ol sl patur s s B P
% I T PR o8 3% 2
1
BT S iR B

Index of ER/R

Dim=|V|

One-hot w(man)- w(women) = w(king) - w(queen)
w(England) - w(Landon) = w(France) - w(Paris)

28



1A R ERYT R

IHEIEEXRIES FHE:
- AEMEEEBEEATLL, WEIHESARMNES . W, FX
R B

ﬂ rj E{ﬁyj %lu\ﬁﬂ C

- HAREFEARERA, EEEIGP, HRBREANSH, A
HE MARERE. W, Z2TFYRERRRNCESR

R BIEARSHME (WA GRERFEE)

= A R EE A EMERRIGEE, SEAIgudEF S E R
FIERPIE, AR HENSRBKRAIR. W, ETE
R 22 WX 28 B SCA 2R

29



FTX5B#
E4 LTX A Z B R EE
(BAFER)
LSA/LSI PEE
HAL 1] A [
GloVe G h
Jones & Mewhort n-gram
Brown Clustering 7] Fk
Skip-gram |
CBOW n-gram (1Y)
Order n-gram (£ E b1 22 [ 24
= : ’ 27 W) Z
LBL n-gram (Z¢ME2H & iy
NNLM n-gram (JEZRIEH S
L C&W n-gram (JEZRMEH S

30

J\

ETHENSHRART

AP ETXHFA—EEOA
ETRRERIEEFMIENER
ERM: ZEjHFET K. BHEF)
W, ERMEY%EE (G, SVDORER
735) HERERZERE/ERIRR
SRR (25~10004), 5RE
FIBRRERER K,

E TN MR R
(FREZ P47 R &)

NtFEiEzEpLIE, BiER
“ET BT ORSRTN EET B
“ETHENAFUN £ TR3E” BA
SEREREREREREE AR
THART .



BRI R ERY

A
{ |
I B T
! T One-hot
R — TF-IDF
=T ETHH BIESS
T PEESS
NNLM ( |
CBOW 1a)-17] 18345
Skip-Gram Brown- LSA
C&WHEHY Clustering PLSA
HAL
Glove

31
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2 TEONEIER

BHOKE=-1 (FERHER=: 5~ 10)

= FUNTHIE:

* | like deep learning.

* | like NLP.

* | enjoy flying.
count I like enjoy | deep | learning NLP | flying
I 0 2 1 0 0 0 0 0
Like 2 0 0 1 0 1 0 0
Enjoy 1 0 0 0 0 0 1 0
Deep 0 1 0 0 1 0 0 0
Learning 0 0 0 1 0 0 0 1
NLP 0 1 0 0 0 0 0 1
flying 0 0 1 0 0 0 0 1

0 0 0 0 1 1 1 0

33



BMATEEE

D1: dogs are animals

animals X X X
D2: cats are animals are X X X X X
jl> cats X X
D3: orchids are plants dogs X X
orchids X X
D4: roses are plants
plants X X X
X X

roSes

34



RERA L)

=
.| @
X

=10 animals

X X

are X || |
(R e B

dogs X X

orchids X X
| TSR

roses X X

35



18] -SSR

R HIEER?
= JEBEA: m AT m™ME, nFIRFR n NI

Word\document | D1 | D2 | D3 | D4 | D5 | D6 | D7 | D8_

controllability 1 1 0] 0 1 0] 0 1
observability 1 0 0] 0] 1 1 0] 1
realization 1 0 1 0 1 0 1 0
o 8: feedback o 14 0 0O 0 1 0 O
controller 0 1 0 0] 1 1 0] 0]
observer 0] 1 1 0 1 1 0 0
Transfer-function 0 0 0 0 1 1 0 0
polynomial 0 0 0 0 1 0 1 0
matrices 0] 0 0 0 1 0 1 1

36



MHFRIESSE]

REEFNEN TR —INE: MERE

BRE/MBUER AT EESEZERHEXR/
PRI

AN T AR A SR EMREIDN: S

37



18] [1 &= 8]

HEREREEF—I1TRII—NE: 1EEE

HHXE/FBIAE T IARTE S8 E81E </
DNk

AR i

38



fR4EE X AR5 [(LSI)

KEBE: HARRAFNH BT B4 E kR R
& =

= MU —MERENTERTR

= F—HERREE (BiEXRER BB

' a

= Car, automobile, driver, elephant

= JONEH)IA A car , MNizBEE 2 driver #1 automobile, {H
AN 1Z A F elephants

39



fiZ (SVD ) SCHLSI

FEFE A sew RE D BN HERE:

A=UxV'

|33

U J2AAT [ IE S REAIE [
VT JEATA I IEAZ AR [ &
Mg A 2 AAT BIRIE(E, 12 ATA FRHIEE
S rxr BB SRAEX AR r 2 AR
> =diag(o,...0,)

Singular values #> o, =+ A

40




lea

- U (9x7) =
9 X 8 ( ﬂ-i%%ﬁ% ) 0.3996 -0.1037 0.5606 -0.3717 -0.3919 -0.3482 0.1029
0.4180 -0.0641 0.4878 0.1566 0.5771 0.1981 -0.1094

0.1888 0.4615 0.0049 -0.0279 -0.2087 0.4193 -0.6629
03602 0.3776 -0.0914 0.1596 -0.2045 -0.3701 -0.1023
04075 0.3622 -0.3657 -0.2684 -0.0174 02711 0.5676
N 0.2750 0.1667 -0.1303 0.4376 0.3844 -0.3066 0.1230
observability 1 0 0 0 1 1 0 1 0.2259 -0.3096 -0.3579 0.3127 -0.2406 -0.3122 -0.2611

0.2958 -0.4232 0.0277 0.4305 -0.3800 0.5114 0.2010

controllability 1 0 0 1 0 0 1

realization 1 0 1 0 1 0 1 0
T (7x7) =
feedback 0 1 0 0 0 1 0 0 3.9901 0 0 0 0 0 0
0 2.2813 0 0 0 0 0
controller 0 1 0 0 1 1 0 0 0 0 16705 0 0 0 0
0 0 0 1.3522 0 0 0
observer 0 1 1 0 1 1 0 0 0 0 0 0 1.1818 0 0
0 0 0 0 0 0.6623 0
0 0 0 0 0 0 0.6487
transfer 0 0 0 0 1 1 0 0
function
_ V (8x7) =
pOIynomIaI 0 0 0 0 1 0 1 0 0.2917 -0.2674 0.3883 -0.5393 0.3926 -0.2112 -0.4505
0.3399 0.4811 0.0649 -0.3760 -0.6959 -0.0421 -0.1462
matrices 0 0 0 0 1 0 1 1 0.1889 -0.0351 -0.4582 -0.5788 0.2211 0.4247 0.4346

-0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 0.0000
0.6838 -0.1913 -0.1609 0.2535 0.0050 -0.5229 0.3636
0.4134 0.5716 -0.0566 0.3383 0.4493 0.3198 -0.2839

\ _ — 0.2176 -0.5151 -0.4369 0.1694 -0.2893 0.3161 -0.5330
i&%ﬁlﬁﬁ‘]ﬁ% *,]7, EIJH:, %E?é@%m 0.2791 -0.2591 0.6442 0.1593 -0.1648 0.5455 0.2998

A=UxV'

41



LS| fR4E

- ________________________________
MNFXAEE 2, REFEk MRANFFE

R U A VT FMFTNAY k5 A FERS
PRERBZERIERE A RRA:
" A= U VT

Hrp k (k<r) Z2E2ERNK/N (BFRERHERE)
5(1“4%3!:& K :

" BRBK, UREMSEHEEFHRFR
= [FER MR/, CAIEETGR R BRI

42



Documents

Documents
Terms A = U \2\
mxn mxr rxr
A - U D

N\

Singular Value
Decomposition

(SVD):
R AR R A I3 AN 3 FERE
U,z Vv

Vi N Y E \Z‘S\ : Vil = Terms
rxn mxk kxk Kxn mxn
A Uy Dy Viie = A
s FRRH HIERE A
Eitrl I3 3/ AR B AR ST AL R IR

el
A BT A A e St o v 18 A

43



BEHF

U (9x7) =
9 X 8 0.3996 -0.1037 0.5606 -0.3717 -0.3919 -0.3482 0.1029
04180 -0.0641 0.4878 0.1566 0.5771 0.1981 -0.1094
term chi  ch2  ch3  ch4a  chs  ch6  ch7  chs 0.3464 -0.4422 -0.3997 -0.5142 02787 0.0102 -0.2857
0.1888 0.4615 0.0049 -0.0279 -0.2087 0.4193 -0.6629
03602 0.3776 -0.0914 0.1596 -0.2045 -0.3701 -0.1023
04075 0.3622 -0.3657 -0.2684 -0.0174 02711 0.5676
N 0.2750 0.1667 -0.1303 0.4376 0.3844 -0.3066 0.1230
observability 1 0 0 0 1 1 0 1 0.2259 -0.3096 -0.3579 0.3127 -0.2406 -0.3122 -0.2611
0.2958 -0.4232 0.0277 0.4305 -0.3800 0.5114 0.2010

controllability 1 0 0 1 0 0 1

realization 1 0 1 0 1 0 1 0
T (7x7) =
feedback 0 1 0 0 0 1 0 0 3.9901 0 0 0 0 0 0
0 2.2813 0 0 0 0 0
controller 0 1 0 0 1 1 0 0 0 0 16705 0 0 0 0
0 0 0 1.3522 0 0 0
observer 0 1 1 0 1 1 0 0 0 0 0 0 1.1818 0 0
0 0 0 0 0 0.6623 0
0 0 0 0 0 0 0.6487
transfer 0 0 0 0 1 1 0 0
function
_ V (8x7) =
polynomlal 0 0 0 0 1 0 1 0 0.2917 -0.2674 0.3883 -0.5393 0.3926 -0.2112 -0.4505
0.3399 0.4811 0.0649 -0.3760 -0.6959 -0.0421 -0.1462
matrices 0 0 0 0 1 0 1 1 0.1889 -0.0351 -0.4582 -0.5788 0.2211 0.4247 0.4346

-0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 0.0000
0.6838 -0.1913 -0.1609 0.2535 0.0050 -0.5229 0.3636
0.4134 0.5716 -0.0566 0.3383 0.4493 0.3198 -0.2839

\ _ — 0.2176 -0.5151 -0.4369 0.1694 -0.2893 0.3161 -0.5330
i&%ﬁlﬁﬁ‘]ﬁ% *,]7, EIJH:, %E?é@%m 0.2791 -0.2591 0.6442 0.1593 -0.1648 0.5455 0.2998
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PRUEZ k = 2 BY5EFE

U (9x7) =
0.3996 -0.1037 0.5606 -0.3717 -0.3919 -0.3482 0.1029 U2 (9x2) =
0.4180 -0.0641 0.4878 0.1566 0.5771 0.1981 -0.1094 0.3996 -0.1037
0.3464 -0.4422 -0.3997 -0.5142 0.2787 0.0102 -0.2857 0.4180 -0.0641
0.1888 0.4615 0.0049 -0.0279 -0.2087 0.4193 -0.6629 0.3464 -0.4422
0.3602 0.3776 -0.0914 0.1596 -0.2045 -0.3701 -0.1023 0.1888 0.4615
0.4075 0.3622 -0.3657 -0.2684 -0.0174 0.2711 0.5676 0.3602 0.3776
0.2750 0.1667 -0.1303 0.4376 0.3844 -0.3066 0.1230 0.4075 0.3622
0.2259 -0.3096 -0.3579 0.3127 -0.2406 -0.3122 -0.2611 0.2750 0.1667
0.2958 -0.4232 0.0277 0.4305 -0.3800 0.5114 0.2010 0.2259 -0.3096
> (7X7) = 0.2958 -0.4232
3.9901 0 0 0 0 0 0
8 2'231316702 8 8 8 8 U2* = 2*V2 will be a 9x8 matrix Zgggg%: .
0 0 0 1.3522 0 0 0 That approximates original matrix 0 22813
0 0 0 0O 1.1818 0 0
0 0 0 0 0 0.6623 0 V2 (8x2) =
0 0 0 0 0 0 0.6487 0.2917 -0.2674
V (7x8) = 0.3399 0.4811
0.2917 -0.2674 0.3883 -0.5393 0.3926 -0.2112 -0.4505 0.1889 -0.0351
0.3399 0.4811 0.0649 -0.3760 -0.6959 -0.0421 -0.1462 -0.0000 -0.0000
0.1889 -0.0351 -0.4582 -0.5788 0.2211 0.4247 0.4346 0.6838 -0.1913
-0.0000 -0.0000 -0.0000 -0.0000 0.0000 -0.0000 0.0000 0.4134 0.5716
0.6838 -0.1913 -0.1609 0.2535 0.0050 -0.5229 0.3636 0.2176 -0.5151
0.4134 0.5716 -0.0566 0.3383 0.4493 0.3198 -0.2839 0.2791 -0.2591

0.2176 -0.5151 -0.4369 0.1694 -0.2893 0.3161 -0.5330
0.2791 -0.2591 0.6442 0.1593 -0.1648 0.5455 0.2998
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=11

e ; S U2 (9x2) =

HiFEAN:  feedback controller, ZE A1 B N E A = 01057 V2 (8x2) =
g=[0 0 0 1 1 0 0 O O] 0.4180 -0.0641 32 (2x2) = 0.2917 -0.2674
0.3464 -0.4422 39901 0 03399 0.4811
0.1888 0.4615 0 22813 0.1889 -0.0351
: > S 03602 0.3776 -0.0000 -0.0000
fSE o RE R, XGRS0 2 8] 1 BN 0.4075 0.3622 0.6838 -0.1913
qT*U2*inv(22) = 0.2750 0.1667 04134 0.5716
0.2259 -0.3096 02176 -0.5151

EIJ : 0.2958 -0.4232 0.2791 -0.2591

=[0.1376, 0.3678]

N TR VLEC R SO, 7T BAEREE D, 5 B 248 S0k )
o TR, fERRIERC . A AR R T AR 5L E

chl | ch2 c¢ch3 ch4 | ch5 | ch6 ch7 | ch8

cosine o LA ETHIONBI, 84N RGLIE 7 E: 0 controllablllty‘ 1 1 0o o0 1 0o o0 |1
-0.3747 0.9671 0.1735 -0.9413 0.0851 0.9642 -0.7265 -0.3805 o F observabilty: 1 | 0 0 0 1 1 0 1
0 frealizaion 11 O 1 0 1 0 1 0
1 Efeedback 0 1 0 0 0 1 0 0
it fcontroller 10 12 0 0 1 1 0 0
0 F observer 0 1 1 0 1 1 0 0
E transfer
0 b Httion 10 0 0 0 1 1 0 0
0 F polynomial : O 0 0 0 1 0 1 0
0 fmatices f0 |0 0 0 1 0 1 |1

-0.37 0.967 0.173 -0.94 0.08 096 -0.72 -0.38
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LSI B9ER

s
LS| L=

- PR

= PR

= SLIAERMITE
LS| BB AT HBALIE ] S ia], 1B ANBEALTE % X id)
o] L

- SVD REIEZES: (0(n®))

= —BHFEEN, EEERBMTREDE

47



Global Vector B (GloVe)

Gloveft43
= £FK: Global Vectors for word representation
« BETF4LRFFEHS T (count-based & overall statistics) HIiEIZ~

= HJeffrey PenningtonflIRichard Socher & Christopher
Manning#

Ezt"b\n..\ *,J;L! > < EL%EI;E X

i A7) FIME YW, SiElw; KIFEBIRE CF LIRBRIN 2R )
, PR L RIE T ARRXR

i%ﬁ%ﬁmftg/\%ﬂhéﬁﬁ‘ﬂ@ (ARERTFTENET) , HEA

FAREEE RERBE—NEEETOBEN, FEERPAN VXV

FEFERAE AR
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GloVe (&)

EZHZ

= JEIFERE X: X RAXHEATE] FIKME, AiFEi 5
EIE R 2 Elj(/ﬁl’ﬂﬁﬁﬁﬂ'ﬁ/@i
iﬁzxulx FHr, X=3,X.,)RaHEjER I B ETXHHIA
BRI P, /P TR KBNS ARE (A
F1) FRE | HE BENFD ; SEETF IR EREHE
RE AR, LU b (T L TR e B

HELXISELERNENX

= BEEIERGTERILIMEERLE, WPEARE, BEEIISGK TR
iEBRSHEE I XM B LU R L —RIH &, A RE
YE A loss, BIA—ABRE f, B =/AAKE N ESIEIERILEZ
B R T RER: Pic

f(vi,v;, V) =

jk

49 fIERET AHIRE



GloVe (&)

Sh5iES
« RTRE TMYN)=p/ by
o MBEATBIARBRIER:  FVV0) = (v —v) %) = F((W —viv)
c Bi—BG R, BAH 1 V)= 1)/ (V)
- R ERATFBALHIRBN exp
« TR, AL @V I)= by = X/ X H exp(v]v,) = py = X, /X,
E ERRTH W, BANEIKE S A P (ooEsane

Ps = X/ X,

. %Tﬂiﬁé%:ﬁl‘rﬂ@, R EEATFPEBNEE, SIAFESH
b, :

vV, =log X, —b —b, = V'V +b +b =logX,

AEENAR + WHE B THIUAEAX . (IR IR BB BR=R)
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GloVe (&)

SEIR SR

= RFEESHVRILIERE X X; RARXHISBI 1T758] 5IK1E,

A | 5] Elﬁﬂlﬁlﬁﬁliljvbl’ﬂ fr)F

« BUE=1/E D NBAHE | 57 j KB

7 B B X 3

= Hr: / 2 MR E
ZHHE2 M REE pi 9] Hb; +bj|=log(X;)
= B s AN K0 NN
- R S E SN0 N 21 j’] #
1=y f(xij}n pra, +b +b)—log(X,)T

= RAAdaGradfIBEE T REELE, XHHEREFRAEIESnRIITH
WLRHE, %3 (learning rate) #50.05, fEvector size/»F-300
FIEAL T &R T 500Kk, HAth K/ Hvectors B R T 100k
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GloVefi&l (&%)

EM%EBEE%HEEIJ\RIﬁﬁH _F n Skhu: GloVelig%FFWord2Vec
D v o T %)(10g0%) = pla; + b + b

He, p 1A w {EABFERNEE, o iEw, 1’|Ej7 w; BY_E T 3CRTRY
8. bR bORHIHARHZ AR E. f(x) 2 — 1IN ek %,
SRS AY IR A TRORL, H/NEE%”;EE*%;EE’]&% EXA:

(x/xmw)“ If X <X .
others

f(x)=

1.0

08

06
L)

04

0.2

[
00 [ I
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@ xrmigs e
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*EFU 1) \1E_I r':'_.l F= =]

e
&l - i
« HARAES KPR (B
= REEEFRS
« Bengio fJNeural Network Language Model (NNLM)

BEfIS1REE

« NEBHERRES
- HERIIZGREHERRE

« Mikolov ZKJCBOW (Continuous Bag of Words) #l
Skip-gram J5v&
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ETFNANE SRE

P(““wreck a nice beach”)
=P(wreck|START)P(ajwreck)P(nice|a)P(beach|nice)

P(bla): 2-gram, F# T —A Al KRR

P(next word is “wreck”) P(next word is “a”) P(next word is “nice”) P(next word is “beach”)
function function function function
encoding of “START” encoding of “wreck” encoding of “a” encoding of “nice”
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Eg Ll

c TLARIBESRE
vV ESMKRHFITHFHR—MENMURR
vV BEHBEFEFEERE
- NLPERRIESIEE
v ET AN pyiRE
> N. ChomkyiSEI R RMTLR A (ANIGIELMIEE PSG)
> 45m: BEBRARGERIESES
v ETSiraiRE
> FTERTHEHESHAEN: —MITETEAEN
O BHaTFsmwwyow, BEBERENANHIBTESIRIZE

O filan:
PERZEARK) > PERKKE)
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N-gram 185 fRBBE R EI R

« bigramESiEE,

P(Wl’ Wos o Wn) = P(Wl)ﬁ P(Wi | Wi—l)

+ 4-gramiEStREL

P, Wy W,) = P(W, [ W, W )P(W, | W )P TP W, W)




FiESERE

« FINESKRES|IA
v BEBRXNEEFTFHEEN
v HENNRTER
O ®AF s=ww,..w,
O H#FR Pww,...w,)=Pw) Pw,|w) ..Pw,|w,...w,)

v EEHELENMETT
> Pw,|w,...w, ) EREKIARMETT: C(W,,..W W)
P(w_|w,..w )= Wy Wy
Clw, ., )

> HEEERGKERE PWwlw,..w,) HESHET%
> SIS /RA]KRIE(Markov assumption): {Ri% 24 aiiE RAK#E T HiIn-1/4Ma—
n-gram

P(w;, W,,..wy )=P(w, ) P(w, |W1)---HiN:n PW, | W gyr- Wi y)
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15 = = ARIN ARINME

BEERE: i —1MaF (ﬂ F5) BUMEER
= {5 ER]F N Wy, Wo, Wa, ...

e FER LT Py Wy, Wi . W)

Rz .-1"7?*:}5)? (BEEF) 2= AE
N A-2: 1IBE 105

= FHIEE & A1 AT RE R NAS [F] ) 18] 2 471

recognize speech If P(recognize speech)

WWM«MM —> or >P(wreck a nice beach)

wreck a nice beach Output =
“recognize speech”
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ET41THY N-gram

P(“wreck a nice beach”)
A+ E P(“wreck a nice beach”) =P(wreck|START)P(ajwreck)

‘ e v s P(nice|a)P(beach|nice)
ST EE KRR AV IR AL

o ] LATEIAL N2-gram iE S A P(wy, Wo, Wa, ..., W) =
P(w,|START)P(w,|w,) ...... P(w W, )

o HFEMIERH A 1L P(beach|nice) MEER BRI AT

C(nice beach) «—— nice beach— iz H B i) 7 £
Cnice) o nice H I IR EL
- IR Z#E) 2] 3-gram, 4-gram ......

P (beachl|nice) =
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0:0
i

2 R M43

1=,

= R 4R 25 14

61

B =

ﬁ%ﬂ%ﬁ%: H:(hl,hz,. - hm)

BINE: X=(X(,X,...X,)




:Hﬁg 1&:::¢Eﬁqu

e
?Epgéln = *E%’_Z‘*;-tﬂ —?Eﬁéf_éln = *Eﬂui

P (w|w oW, 1)

“softmax”

Skip layer 4 T A
connections

RIBERITEN MR B 4R RS TN T~ — 1A
B (t-2) MARI S TR 4RAL LB (t-1) MRS 7R L
T table lookup T table lookup

£ (t-2) MAMERS] £ (t-1) MAMERS|
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TEIEIg 1|:| m*ﬁguéﬁﬂﬁﬁ

< NLMEBIZE 4

N-gram IBS 8 : P(W; | Wi .10 Wiy)

P(w;)

RéERZEE

Look-up #&

i\ : one-hot
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I #I\: one-hot

i
2N

[REMREEE: LookupFR C (D] x | VI4E) MEIER, | VIRFARNKN]D, |D| RFRIF
EEelV4ERE (—AR504ELILE) ; HIFHMNFERIESFTCH. 1Hw BHiAEEe(w) HIEEHEMN
126 R o BX L A R R 51
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L1 SR A2k

L THEIE K ME, Tl T—Masinl@EE T2 3 o 2 a)
Inputs: BIE K ™17

Target: T T—Mid

Loss: AJIAF B A AR T

-log p(s) = -logl =y 7 p(W{wy,. .. Wy )
= -2=1-7 109 p(W,|w,,... W, ;)

= _thl”‘T ZV:1~V Etv Iog ytV

Heh, E, 28 i MEE one-hot I, y, B8 i MERBEE
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2%

R : L
MERER LR EENNERNE: “TAXTEIAR”
& BRI BENLES E AL S

0« 0 - 1* 6L/60
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Bengio B NNLM A

i-thowtput = Plwy = 1| confenr )

. | Vi |
T THES
XX I (X1 |
F = )
f mest compitation hers \.. y NN NN SN “\ #T \‘ -\/ --\:\\l
.\_\,_/ A N NV N N A Vi \_/ L/“k_, _/\ //
A i, -
1
tanh ' ta.rget word
' e = — aw) !
representation S N S O [/ )
J |
of context N N N ANANAN //

] / \"

\

\
Ta 1 /_ —
| o /‘_'\__“\/_‘\ i, 4 —-\/—n\ IQ
" \ \.,/ 4 \.v/ \J\_,/ \J L/ '/

() ©~_ T
e(wy) S~ $e(wn 2) _ -7 e(wn-1)

-

context words

NNLM 24 A8
MANZE GEAX) :+ FHETHE R n—=1MN8W, 0, W o, We g TS — AN R w,
CLA A NN (M= BAEFEERNTA, 128X
a2 A h) : Ntanh(d + Hx), d =24 E I

= &JEE GERNY) : b+Wx+Utanh(d+Hx), U ZEEERSH,
Wi BRI IRUE, B BT AL
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NNLM#— DR

% :
’ﬁ \ &ESH: C U W H bd
= JI&iERL: D

= RNV ={w,W,,..,w,}

= B ONKT, Aﬂﬁ%&ﬁﬁm,mmAﬂ%é&Eﬁ
m*(n-1), HRMN-DIMPEFIKE, B Nm*(n-1) &
76,5 B [r) Bl i 2R ) B 45 RS Cv e B3]

= BEFEE HoeofEFMAFEARE (WMMREIT)
= EFEE V. FRTAHEANEREE (VI EHETT)
" ﬂiiﬁ@wmx(n—l)mﬁﬁﬁ)\ﬁ)\ﬁﬁfﬁ}% (|V|/|\ﬁﬁl'ﬂ$7—ﬁ)

- T& Z=Wx+b+U(Hx+d)

exp(z;)

'V' L eXpz,

Vi =PW; [ W11y Wi (n_zys---W,_y) = SOft max(z i )=
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Bengio F¥ESHEIFAIE

7 N »
Lae - KR
representgtios (OO f_\'|\"
. \ |
of contéxt .~ \ /SN .
1 % - .
\ g
AN .”. Y o'.
‘*\ ............ \\ ...0
N TN T NN N O'\
'I \ J\ ) ) e )| I Y )
I LA )
Ty W 4
e(wi) - de(wn—2) (wn—1)
|

. . -
context words

NNLM ) ZEA B A8

- %ﬁ%ﬂﬂ%iﬁ%ﬁﬂ, HRRRR M, RST NNLMA

- Zﬁi)\ﬁ‘]%ﬁlﬁﬁ?gﬁt%, ZHURERE (KM |VIxh) FEI

= PR E RICHUR ST B A [ B
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CBOW /skip-gram

e,
MikolovZ A £E20134E, [5]

Bag—of—Words) FASkip-grami&E A ,
i S RE @, UESMREERBREE

B HCBOW (Continuous

FEHFNNLMINEGE

CBOW

| vl |

/QQQQ(J\JQQ OO0

//—\/—“\I/j

\ N\ N
= (OO \J) (OUO, \CQC// OQO\

Skip-gram

2IN I
NLM
| | i 2 v
:H’.' 4 :\:\/\/\ /'\\‘/\/ ‘:\;/‘I
) 7 [} \ i
/ \ PN
e i N )
S 1 DOO )) y W I A A
! P O : |
| H 1
A = (O OOO) (OO0 o
I fete B :
ISR Wiy
s s 1B EREE
2. ZREiAFE i)z v

HMANE =z

| Wi-(n-l)/z Wiy V| Wi, ""wi+(n-1)f2|

(OOOOO0OOO0C00)

TaYaYa)
\(\_/\H_JQ//

peces
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CBOW(Continuous Bag-of-Words)

e
WESHFESEN:
= HEEEE: n
= FA: BiEwRI AL mANERGAZZmANE A 2R RTECESME)D
= |EE: n M, LT3 2m ANMEBHE M 2R FSE
= FHE: VIR B iDTRARP LR w BER

g Input layer one-hot
o b B, BERRANEI LT W Wy W W,
o \
i Hone-hotR/RBY X, U RBNIEEZ v,
v v\ avg softmax J ]
' Projection Output 1 .
gxx\\¥\ 1':12?1_-_/_/_,. = e Vt+ j :VXt+j1 J E{—m """ m}\{O}
Ti—(m—1 ? /8 C:) \ = =
B vy ol] e <15 HR, 8% THBAEE VeV Vg Vi
: - : ) 1 -
e " i v, = Z—Zjvtﬂ., je{-m,..., m}\{0}
: O] Vnxv) M =23 "
g &, WEWMESERE: z=-uy,
Lo gm é/ ¥ = POW, | Wy ooy Wiy, Wiy 1enny Wy, ) = SOftmax(z;) = softmax(u; ;)

o | BREZH UMBRMVEE (FEHRIIRL, JISESRE, VoUiEREER)
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%x18 S =B SRR T

BREKER wmp TR

BERT
(google)

XLNET
(CMU&google)

GPT
(OpenAl

)

MHETE S A ‘ BERER ELMo
’ (Peters)

CBOWI/Skip-
gram

Neural LM

(Bengio )
O O O O O >
2011 2013 2018 2018 2018 2019
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EMLo

SESEE (E L
RAEIRE Rz EEE . 12

. . H Concatenation T1 "ee T "ee T
Pre-trained bi-LM ) v Ny
[ Embeaaing >< < 1y
'Il'Kl.\l . i hK'
RNN ]
Backward LM -

TM e e (AT e (TN [ 3™ 5 R ] (ST s o= (1STM jeere o= LSTM
- ¥

r
- - - M
Token ~ - hx
representation . ~ -

New York is located ... EI
Concat LM D

embedding

woee EK e EN

e REESHE: 22

Token
representation T1 sees T[ esse TN

New Yorig is located ...

s : = M
e LM h A
ISTM = «=s —+[ ISTM —-- =*( LSTM h[ﬂ'.f. LSTM jo=vvev—={ LSTM +—
—r l ‘ h',;ll‘l ] W l ] Tt;;l:“ l
**’FP&TE ISTM = sss == [STM = o —+ L5TM hhl 'u‘m .,_u..._vLsm -—---4—'LSTM
% - b J ke

E] sess EK . EN
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AY

3R

74

o

RIFELT

257 W m
17 -
/- , , O - 1_ M A
= = ; LM ~ N
LSTM > e LSTM —:--'- ~ (LM hie ;In_n ———— lSIM ——— |5m__ _______ B
_ I _ l h‘h[l“ I LM I ] Tl M I
N Vo =7 ol Sy BN -:"Lsm":_'—-- — um > s mm'- hx | § lem e —=( LSTM — -—'ISTM_‘ ——————— ‘E_lif
- AT 5 AR S R :
Ev ) Ek e B §7]
VA e = w
GlovelllZx i Bplay KB TR Play (% Xid: BEI/EER)
Jj__, “I&E » |/_='|\>\( , E_[ﬁg x* Source ‘ Nearest Neighbors
—ly e~ laying, game, games, played, players, plays, player,
j?l)lli,*iy&ﬁq:'%ﬂ?%ﬁﬂ"] GloVe play plays o SIS p yed, players, plays, piay
. Play, football, multiplayer
ERE S — o e
H = Chico Ruiz made a spec- | Kieffer , the only junior in the group , was commended
's | for his ability to hit in the clutch , as well as his all-round
" TOlivia De Havilland {...} they were actors who had been handed fat roles in
signed to do a Broadway and had talent enough to fill the roles
. Ily with nice understatement .

BiEER (FEM)



Transformer BY$4Z8

Encoder-Decoderzg#a: LAMT A5l

i
~ - S |
8 Btozs J ='.g R RS
f : E E
[ e ] ., BRE
4 ’ -" [ ““ * Y
ot | | %8R | L s BER )| meerran
HARMHBE S | 3 . - —— N| [ AR ARED R
. E . . E :
RiDRE | R |
s ) . SO 3
BE \ - R |
- S ) . \l A
@\ i ISR RINE N RIGRERIT A
’ ANERDEE
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BERT #3315 S1REMLM

M ImIE IR AL B RYIR), AR5 i FIUI FE A3 & R 1]

WM X E R B R OB OE H Z XK M ®F R B R B R A
0999 00 00 00 00 00 00 00 00 00 054 025 0.04 0.04 0.02 0.01 0.01 0.01 0.01 0.00

-------------------------------------------------
. S

==
[T][ T1]... [TN ][T[SEP]][ T,'}... [TM‘] TTTT
BERT R XRRPERE— sl 25 | NASK
SoE ST immzeemsaotass; WA
()] - C) (=) - m
I_'_/ \_'_l

.....
------------------------------------------------
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