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word2vec f: Google T 2013 4= H-H 4 H () — W T3k word vector (¥ T HAL,
LR RIEE DR TARZ ANOEE. T word2vec [E# Tomas Mikolov £ F £ #H G 1
W3 (3], [@]) IR IRMAK ZIRLANT, BAE— @ BE LR XA T HAMFR .
A AN TR L A A i Oy Ok — 89 5

U word2vec J& 2013 4E() 10 J {0y, S A Hk"’%‘%%ﬂf%)ﬁﬁi&%i@)ﬁ
(7], H B TAF R4 SENNA 503k ([8]) M3h iz it ER A, TR r—
?ﬂ(T%LBW)WﬁFﬁW?WEMM%NMﬁEuﬁL%KWwmﬂwcx%&fﬁ
B, SRR P SO W ACRSE AN, LY word2vee S HAHA 148, GFAT OB RE 2 M.

Ja ke, B EZE G5 T word2vee [1§—28ELIAR Y . 1ff Tomas Mikolov ] A4 S {3t
) H] )R SR ([6]), IR fah e 47 02X word2vee MU SE3% JEHE 0> 1, DASE
XA AT T S ZEWF AT AT TR SR, T, U0 R0, AFANE T — XS, S BEACRE W] P By i
L /“‘HELﬂfé “OIRLRE MR TR AR AL, Mt a8 4 2 N\ ok i i1 82
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2. BRARAE [ 2N FA%Ai, & S AE PR3] i 4 P B S, 25 T s i I A O i 25 e

?ﬁ?ﬁ‘xi’?ﬁ%ﬁ" FITRIE 7 2T HERI AR A AL+ ([15, 16]) 24T T Z0KA R IHE,
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ANTSr 4t word2vec e ] E| ) —LE BRI AT, BAG sigmoid pFEL. Beyes XA
Huffman %%
§2.1 sigmoid F#

sigmoid ER¥E S 2% T TG e iz —, HoE 3R

1
1+e7’

o(x) =

R 3 X (—o0, +00), {HH (0,1). B 1 451 1 sigmoid o #it [E1%.

o

|5 1 sigmoid pA% €%

sigmoid p& X1 FEREATA FIEAK
o'(x) = o(x)[l - o(x)],
FIE S 7, % logo(z) Al log(1 — o(x)) /) FERBIT A
logo(z)]' =1—o(z), [log(l—o(2))] = —o(x), (2.1)
A (2.1) TE ) S rof T ).

§2.2 ZR®EI
"ral Loee L -'I-E‘If] l‘.—‘l Lhe Dog olarr Folo —l—l-,A ra‘r—l—f'lﬁ—‘\

A Sk Z 4y 20, ), HEE BB, A S A
AR P, FERAEER A Gy R A TE VRS T, 58 1 {(xa, i) 2y S — 03 28In] I R AR
o, Ho x; € R™, ye € {0,1}, 24y = 1 WFRATNVAYFEA AIES, 24 v = 0 REFRHR A F
A Bl

FilJT] sigmoid pRA¥L, A TIEEFEA x = (21, 29, ,2,) T, PP 24328 EI[ hypothesis
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其中x0=1，被省略


Hordt|0 = (60,01, ,0,)7 [HFFE SR K TRYS ERLER, 1A 10 = Lt x 7y
(20, 21,79, -, 2,) T, HAER 1 IR FUMEHEE N x. T4, he TS

1
14 etTx"

ho(x) = 0(67x) =

WU T = 0.5, W 4p 280 HDH 0 2R

1, he(x) = 0.5;
y(x) = {
0, he(x) < 0.5,

IZE 0 nfeRe? MGk, Jeiie —MEW PN BER KT
1!
= E ; COSt(Xi, yl)*

SRIEXCERT LA, i3 i B 2% 6"
SEB BT, | FRAR I A SR B R cost (i, ) [HE BCA S SR R 3

cost(x;, y;) |= —log (he(xi)) , y; = 1:
13 J1 _]og(l—hg(xz)), yz:[]

R, B2 AN BesR B W DR IS N T B ik X
cost(X;, y;) = —vi -log (ho(x;)) — (L — i) - log (1 — fag(x3)) -

§2.3 Bayes A%

VI 2SS R A R IR (Thomas Bayes) $E8RAY, NI AR (T M2 2
MEEHR. AE P(A), P(B) ilom ff A MidefF B AR, P(AIB) ¥ndHf B
FAEWEOL N A R, P(A, B) R THE A, B RN A AR, NI4T

P(A,B) P(A, B)
PR =P TP ="y
HH B, 2 i
P(B|A)
(A|B) = P(A) PB)

X5k Bayes A=
§2.4 Huffman 4555

AR B4R Huffman 4 it (FLAR %8 32800 | 11 1% i RHY I 45, [10]), A, 358447
Huffman #f(#) xR HoA 55
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即所有x，y产生花费的平均值
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§2.4.1 Huffman #f

FEHTIHLRRE o, B — R S R SRR ST, R TR (e PSR %
07 SR AU BURARILER. A7 TR E AR 25 PO B, g LS
TG TTREE.

o BEMBERE

FE—FBRBE R, NGRS Nl LLE S 441 s P45 i L [l i s, PROMIRAS.
BN SRR H RO R AR . AT RUEIRAT R O 1, MRS i35 L JR45 W
BABRIEN L — L

o HFRNBHNFENBERE

AT AR AT G — A AR SO () B, WA BRI 25 S AL
25 A BURAR IR SRR, RS rE AL 13 2 0] B 24K S8 5 0 285 AT AL e L.

o WIHIFHAREEERE
A AP AU AR AR AL RE AT 45 s3I PB4 1< Z AL

SR R E A WA TR R, WSFREE W B “<EFHR BT
B SO AT SRR A AT 208, U AN RESE ]

255 n MAUEER n DIF25 0, B — PR R, A E AR AR A 35/, W
FRIXFER RO R X, 1WFh Huffman #.

§2.4.2 Huffman #gY$5E

Z55E n NBRUE {wy, we, - wa} 1B SRR n AIERES A, ATESE L SRR i
- Huffman ).

Hi& 2.1 (Huffman B 445id ik )

(1) :I% {T-U]:I'UZ:' t ,-wn.} ﬁﬂ%ﬁ n *g*ﬂ.ﬁ?"ﬁ-#* ( "&*X’}ftfiﬁ”‘/l\fg.‘!?. )

(2) Atk b g SRS S AR N B & 0F, TEA—RFM L &-TH#, s
MLE SR AR £ | & FHARLE S AL Ao,

(3) AFAR P Btk SR 4G M AR, R 37 A e N AR
(4) £8 (2). 3) ¥, AB &P A M AL, EHE A AL Huffman #.

2k, ATk 2.1 i —A HoAd ).



B 2.1 g% 2014 Fo-FAndin), A RAGE PR T BT & 52 sk4a £ 6 s, B4t
CRTLVCERRT CUAT B J\? CRIRT AR I AN B IR B A A 15, 8, 6, 5,
3, 1. VA 6 ANTE A et s, vAde FE S AR A, AiE — 4R Huffman #.

cJololo
®®®@®®:>®®®®& o 4 %

/gl 2 Huffman {44 fe

ARk 2.1, HrefAhigis A2l 2 . WP HF 48 744 Huffman 4, &
P =T 0, R8T K Y 18] S AR k.

g it A2 P R S A GO SMIFIZAFE. BT HERANLESRBET KRG, B
b, FebF 4R S MALCH n, NIt 4 Huffman # P #7384 5 694 n—1. AFlF n =
6, PBIFLE B AN ECA 5.

AR, WImARE], U AASTRE 9 A A6, AT EAN T TSR, A KA
NIETFLESR D LG, EAPY, 4 MK NERFEALEZTES, I NEAE
FER. SR, XOVR AR, ARER R K GG 2 S AN A5 3R R S AL A R AL

§2.4.3 Huffman Zgig

TERCPR I 5, T BRGSO R B A9 745 5%, 1 0, 1 i AR HES DR R
CEF. I, Bl “AFTER DATA EAR ARE ART AREA” | i3 BLJ] 51| (1 7 47 4
N “A E R, T,F, D", & FEEHBLURRECH 8, 4, 5, 3, 1, 1. BUEUR KX 8o 7 iR -4 .

B 6 AN 7BE, s iRy alEd Ay UL FARERED, [ R 3 ik (28 =8 >
6), A[43 517 000, 001, 010, 011, 100, 101 &} “A, E, R, T, F, D” JEf14fid A %, 4 A4f i
Wi St PR 4% R = AL — o A T R Y.

ARG IR YL RSO A AR AN A5 HOCTITREH B 26 AN AR FAF,
SEGAG R ER 5 (2° = 32 > 26). AR, {0 SOt SR A R B S T RE AL, 7SR ] o,
AT D5 B el fsE AR B ASHTF] B, A AL BL C g psEicie s T XL Y. Z, H
IR EN T B, L A0 S JH A, 5 TR0 TR A, LA AL S AR S i



WERERGRED VRBERED () BRI AR 9 i ARE L ) D AR S T ZE), ]
M F LD RED TR R 25 S — B i SR, O T ARTME A O i ki ¥,
TPREREAS TR DU AR AT 45 0 AU 71245 0 b, S SR ol R BT RR/ ALA R
AN, BB /N bR, PR NS, R A iR, PR ORIIE 1 dp /N
BUSARRIE, RO Bk AL DS S B R . RIS, SR (G D08 2 SC (1) 5 R 1< 8 (] B 4%k A oK
F A T BT AR M 25 A B i B AR S HAUE I P A2 Huffman #§)
(o], | Huffman Rt G Tr28 4469, $0 Huffman 4588, & FERER; 2 T2 4 i
125 F, XAEIRUEHE SO S g

ASCHA A1 word2vee T H A4 1 3| Huffman i, EIEII R 03 24 8
FEE AL AR H B IR RO ERUE, LA iAWY Huffman B A RE— > el 177
Huffman % fit).

& 3 25 1 2.1 v xANiARy Huffman Zwfd, o 2yE (ABIECRN) 72845 5 94
9 L, (AR M) AT EF 2 0. KRR, “F&7 “3m, “MA ™, “impg», < sk, “ii
TR X AN Huffman 286543 554 0, 111, 110, 101, 1001 A1 1000.

[%] 3 Huffman %6475 5 1%

R, #HATA 1L, 56T Huffman REFT Huffman 454, 205 (1) BAUEK IS
RAERZERFL A, BUEDMO R FAT G (2) PRGN 1 %45 A RSN
0. f£ word2vec Yl R AUHE K IYBF45 RS N 1, BUMYEF2 SR 0. 5 1
WLy ES R, FXPREN AR TFE R MREMEBRRNEZTES.




§3 HRANR
word2vec Jg& JTI A= il 1 bk T, iAo bt 0 SRR B I 0 R, Ik, A
S T Mgl o BRIy TR 135
§3.1 SHiHE=HER
4 A (g LD TEVRE R, AR T e KR SO, PRI | i RO R, xd X e
FEEA TALFRIT DAz AT U0 6 B, BANHFE 2407 5 AP (Nature Language Processing,
3oilgE BB Y (Statistical Language Model) SR 224 —5F, & J2ffif |
|NLP EI‘JJiEiﬂ{l. )W I R WLERE, Jr il B ERRTERNE B R RS

Bl 3.1 AiE&iRA A %P, A F4RGEFR Voice, K2R~ ek p(Text|Voice)
# kWL AR Text. #)1 Bayes X, &

p(Voic XL) - 2t
p(Text|Voice) = PV 0icelTert) - p(Text)
p(Voice)

Jo p(Voice|Text) HEFIER, & p(Text) HIBSREY ([18]).

A S T BB T S A it e B AR
PESERIEE. TR 2 fl— A i 7 (R [ = w! = (wpwy - wp) Jemih T 4
[ wr, wa, - - - wr IR AR — AP, 0w, ws, - - wr BI04 E

p(W) = p(w]) = p(wy, wy, - -+ ,wr)
FLEIX AN a] 1. FIJT Bayes A3, AT LL 8 EE I 7 h

p(wi) = p(wy) - plwa|w;) - p(ws|wi) - - - plwr|wi ), (3.1)

Fo | () B2 p(wn), plwa|wy), p(ws|w?), -+, plwrlw] ") A BSERNSH] #7X
W 4 O 20 e A, AR 42 —Aa)F wT, SERT AR S AN 1 p(wT) T

AR AR, JEE? (HE, FARSBUR R SRR P, SoRfi iREBI S
BN AR A IRIE D T ik F RS T S8 R et
Wi D[R/ (HNERCEL) S N B4, RSB T (8, B LA NT
FhoTRE, MiAERhrTREMS L SY T 2R, SO 255 TNT 2R 48, X HLHUE R
{5, FFEAFIEEE S, (XGRS AEA. BEAh, XIS, BT
R, R, FEAf e 5 S 7 AR P A7 4.

JEA, X B AT T BEYR? i) 773k 7 mgram BURL pedt Ry, hACKIBUE, i o |

|4 /RBH R BVELL S AFHEDLA PR 257 k. A SCHIHE n-gram SEEUFI RS R F 7
i WSRAA n-gram HUR.
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这两个公式等价
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感觉实质上就是在解决求参数的问题


§3.2 n-gram 5!

Jﬁf,lﬁ‘ FIJ Bayes 203, fi

| ped)  pokaren
p(w“ by p(wirk-1)
@J;I/R-’ﬂﬂ%m k=LY 5T 30 B e = %
- ~ == 1 J AR A

I
plwg|wi™) = count(wy) (3.2)
. ~N—— 1 ,
count(w¥=1)

o count(w¥) F1 count(w™) JH:'H@TWIFF wk il wi! Z‘,i,‘?ﬂﬁ'ﬂ"ﬂ*’] i‘i’l r] AR 1 2,
2L g AR, count(wl) Fl count(wh=1) EET 2 & 4 FERT.

ML (3.1) T RAAT i |—’t‘*w.LHi‘)c.H‘J’fEH:s'ﬁL*’T[ﬁlH’]J‘JTﬁINﬁl*H}i | A 2 —~ il

H B AR i j el St n-gram REYHEA A, ©FF 74
n—HMhMmmvﬁ&UdhﬁﬂwﬂMWﬁﬁP%umﬁmﬂ—1¢ﬂﬁﬂﬁﬂ
plwelwi™) & plwr|wi,4,),
TR, (3.2) B T
plwgwh=) M (3.3)

count(wy ) |

PLon =2 fil, §EA
1y, count(wy—1, wy)
~count(wy—)
XFE—MRAL, AU R SR GOT AR E A S (T VRO i o kD), L2
LIGEISS 'C I
T 4., n-gram FIBE n B A B EVE? R, n (kR F it
25 S RIRRTRLECAE PR A~ T .

P(wk|ﬂ’{f

® 1 BESHHES nHXHR
n PR 2ROk

1 (unigram) 2 x 10°

2 (bigram) 4 x 10%

3 (trigram) 8 x 10%®

4 (4-gram) 16 x 10%°

EtEEZE I H, £ 1451 [ n-gram SO U 2508 BEBE R n 098 5BH mi 28 4k
RSO, P RaE i S/ N = 200000 (BOGEG WK BUEX M), P b, 25
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（w1^k）代表从第一个词到第k个词形成的句子，
  (wk)代表第k个词

lyl
Square

lyl
Square

lyl
ﾴ￲ￗￖﾻ￺ￎￄﾱﾾ
p(wk,w1^k-1)
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实质就是计算条件概率！


HERE N 5 EeREL (O(N™)), AR n AREERRA, PR 2 E R n=3
Y = e

(EABTRISR T, PG 1 n Bk, BCHUERAE. BUA, B i R I L 2R
AT MR S SV B OS> 10) MO TTRE, (H B AL, 4 n A
PRI, SURBCLATIRTIRIE 25 . G, 2 n A 1 51 2, FEM 2 51 3 I, BURATRCR 17
B, A 3 E] 40 BCRMARTIRR B T (AT B R (B Y A
). 0 L, UL S ST SRR AT OT IR UM [, | S BGR % o] K  | fie
ﬁﬁ\%é&ﬂ@%@Jzﬁeﬂwmm T TS | M S T AR X S 2 B A 7.

=2 L TR L vy Aot ilesrr cm rn e =ooer e | \_u. o ooy e A.- r e,
23T, D-gramn P2 VRO [T HY TR T HY) B 2 |'i [ir] 5] 7y (3.3), FIEWT jrj e
1. %% count(w® N =0, BT R nlw, w1 ERAET 0 M7
= \hk—n+i/ O NSy PR Y 4 g

2. 4 count(wk_, ) = count(wyZl ), BEAA R plwr|wi™") 4T 1 Wg?
| SRR L S A FE 3 L [ R, WO VRO SR AT 2 2K, THHE B AR 1 T e
FEX AR, X AR TE, R [11).

AEIE, n-gram BUSLEHE RO, JEERCTIRR (R 1t Fhin s 3L U]
EOTETHIEI] #5146 2 F I, FOkatTT 6 PR, 50
B B S, TR T

SR, AEALAT 7 ) BihAT

e e

% $ ALk i
TS R R B ER, el baea i

H p(w|Context(w)).

wed

W | P A s A
W eI T 2

i’j Conte.rt(u) pogeling TJLER p(w|Context(w)) = p(w) 0 Hh TT TITE A1 48311 n-gram
%‘ﬁfﬁi AT Context(w;) =wi_} .

& 3.1 EH C Ak D AKE A B D RAGER C PRRE RS, REEE LR ik
#HCRIBMAGLANE, LI6E 7497,

IR, PR R RO RIS EAER, WIHE H bR 2

£ =>logp(w|Context(w)), (3.4)

wel

SR JE AT AN R EGHE T R KAk
M (3.4) Pl L, #5K p(w|Context(w)) EBEM AT w Ml Context(w) F1eE, H

p(w|Context(w)) = F(w, Context(w), 8),
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foi [0 AT SHE Tixke ok, —Hxf (3.4) ittt 2% % 0° )5, F ik —
BE T, UG TEMEEE p(w|Context(w)) HEFTLAELL BREL F(w, Context(w), 0*) it 5L T .
5 n-gram FHE, X FOFIEATE (HETHROF) ORAAITA I BERE, TS BT TR
B, HAB LA A 8 A8 T i A 6 2800 NG/ negram RS A5

RS, AT e —Fonk, loalistor e e F o). F i g
Flil #2228 kM s F (19775 Z AR E A X A ik, BE eI A word2vec
PP YL R T i D

§3.3 MWEHEIESHEE

AN 4 Bengio %5 AAESC €A neural probabilistic language model. Journal of
Machine Learning Research) (2003) HHfE i i —Firdf 2o B 200 S 00 ([2]). il £ 1
—AEERN T

A BRVE? RSB L, X D AR w, 15— N ke o]
b v(w) € R™ v(w) 3FEA w (iR m Wid f R . e i ki — 8 P A
&l "—fl\*kﬁéi#ﬁ’ﬁ!

B SR JEAN 2o B AT o BT, JLrP Y SR F— o2 W 25 18] 4 25 B 1T 2e M 4%

4R R 1A, L:fﬁ??lﬂ"b;—' A (Input) /2, &% (Projection) 7, Bas# (Hidden) A0

5uu:':|:': (Output) J22. Hrfr w, U /}F'l}.rf?c'f; V2355 W25 A R B A e 23 22 ] fry A R I

[ alr il sz )2 1 el vt o 1]

Projection
Layer

Input Layer Hidden Layer Qutput Layer

m V(C’Oﬂi&.‘l‘t{'ﬂ')l) — m(n-1) I/V U softmax

v(Context(w),) = concatenate p q o

v(Context(w),_1) =

Sample: (Contert(w), w) X Zy, yiu
Zw=tanh(Wxw+p)  yw=Uzw+q

] 4 #heg i 282t fe R E A P(w]context(w))

3.2 HRAL 2] PHATAMLEN, AN S H LA B 5 AFRey = E%H. KLHRL
¥R A Aol 4 Py B2, — 5 @AM TR, F—75 @AM T A word2vec PN
M 2% 2 A AT AL
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 Zw=tanh(Wxw+p)
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概率向量
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M U_.
4]

[ 5 =LA ani g iy R i A

S 3.3 A AL (2] PIEAE TIY AR R A AL A DA RO, Bhes §
=4 BB, K S ek T IX AP G, 120X 3 TR ol Ah Ik RO 69 2R AR ﬁi‘ifﬁa—
Wb Mk R NE At A B R A IE % B A4 S48 2 R, 12T v T ]

Sy ik AR

AT C AR w, Y Context (w) R HEATHI n—1 4~ (3401 T* n-gram),
PR ICA (Context(w), w) 5 E—YIERFER 1. 52 2K, iHEFHEAS (Context(w), w) #53
I 4 PRI R 2 5iE 0. B, —Hilk ¢ fian g m 4 e, B
D d s bt 1. e [(n— Dm] 5 # % N = DIk ¢ il b/,
T S BB s, S T U B0 T P 4 .

it 2FOE B (n — Dm|W? B AR S Context(w) H n — 1 AMidfgid

ek, TTHERE A 4 x,, (SRR A0 A0 |n — 1 ANisd i gt [ A e
ORI A L, A MR (n— D)m 7. 77 7 0l Xy, 2 FRATSIEE R T
AT, Btk

{zu, = tanh(Wx,, + p), (3.5)

Yuw= Uzw +4q,

Hert tanh D 3ReBIETDERE, HIACMHEL Bk s, LU, tanh fEHIE I LR EE
FAE R R B b L

E 3.4 AHTRERR: AT EH P — A & 8 F AT LA, }tnq magE AR n—14
EAD? LW, TAAR T —A ( B ) MEGERTRT, ST A Bl it 42

gk P IAREINY Yo = (oo Yoz o) T SUR— RN N iyl 305
TR R AR, [t 2 v, 157 ity s M[E T3 Conteat(w) B F—AidfE R
die D o A e, MIEEE] 24 poftmax 518, H—{LJF, p(w|Context(w)) i
LA R K

eYw iw

S e

p(w|Context(w)) = (3.6)
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ot iy, 2750 w fE W4 D g 2.
22X (3.6) 4 i THER p(w|Context(w)) 1R, BIHEE] L/ NTh 31 R %0
F(w, Contert(w),0), WAL PIFH1ENT SR 0 ATWEEIE? B4fEA, CLihm sy

o pil[i]H: v(w) € R™ w e D LI MIAFE I K.

o LA EH: W e R b e R™: U e RV*™ g e RY,

X B LA B L A SRR A. (8 ’H—ﬁﬂﬁm,lﬁ%ﬁﬂl’ll‘mﬁ%? ik FH, 7 A I,
1 iR Wffﬁita’smn*?}mh Eu)\ vgwlli.aﬁ%—ﬁz_dlw\/i B35

TR, BRI T BB AIE S B (20 4 BRI RS, BUBIR, K
SV I S RLETNH (n — 1)m, mp, N, RO el Bty S5
L n it b TSy R R R 5
2)[m R R, i L 107 ~ 107 BiZk: |
3) o TEI P o i A AR, T 107 Tk
1) N R TR BRI /D, PR RG] E 9 i 10 ~ 10° 148,
Lt (3.5) A (3.6), AN B, S BURAY A HAF -7 48 WA R 2.2 ) i R
FILZST, LR M2 L softmax 19— {Kig 0. HILELER GRS TR, % 2
REE— A AT, Hortab S T word2vee i TAE.

5 negram BELH] e, FZAMERIT S BT AR BBIE? B4 L R A
L. 3l Z (A re AR AR T LA A 2 1] ] ek SR i .
HP A, B A (9Ei) iERR S, = “A dog is running in the room” HEL [
10000 ¥, 1fif So = “A cat is running in the room” HHE 7 1 k. $#08 n-gram #8719

ks, p(Sh) BT p(S2) - HE, St Fl Sy (ME— X 7ET dog FI cat, [MIX M-
W IGHE ) 3500 S SO AR MR Y e, TR, p(St) A p(Sa) I IZAR ML A 4T

SR, PP 2R T AR ENAT Y p(S1) M p(Se) KRB, FHET: (1) 7&
AT SRR B 1 < AHARA ™ A T D 3] ) A AR A (2) SRR RO T
o ) AT, B ) B e g — ANV AR e U A VL IXRE—OR,
AN X AT

=
=\

(
(
(
(

A dog is running in the room
A cat is running in the room
The cat is running in a room
A dog is walking in a bedroom

The dog was walking in the room

HEAE R A B — A, A h) PR 2 A B K
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2. i ) B ROR | A TRHE N RE | (i (3.6) v L p(w|Context(w)) € (0, 1) AA4x R4,
AT S n-gram ARFEIEFTRUSMEEE [

S, :rkfmw;ucﬁ t‘E'-Hﬁ’HfIW%{ ST BB T A A @7 %
\ B, WgRse G, SRR HEE SRS F
HX ARl TJ\E‘EfJ\ﬁJE P A A2
§3.4 AR BHYIEE

SR F— N, A A FOR i [ B — VI A T B T ok, il i it
A 4.

1 NLP {55111, 8 [ £ A8 50 DL T SEUORAL L, {LLALA KoK KBS AA 2
(2, PRI G B e AR 3T e 5 e, o A AR TF o AT R i e
it 7 —FhAR L Uy 0.

—Fiff ] #1911 142 [one-hot representation] w2 i i M R &k A

A T I D KON N, BRSBTS 1, B Al o, [Tt i ]
W inzﬂﬂﬁ i?f%éﬁ*ﬁ~%ﬂi}&ﬁ ﬁn ;3 Ammwt, TS S

ﬂ'ﬂrL] Eg_‘ |Dlstr1buted Represe11t‘1t10n| e L Hinton 7 1986 448 H (1

([1]), 'rT]'L‘J\ sifif one-hot representation ¥ PRk di. AR AL [l 2P SRR Rl 5 |
W&%ﬂ'Jﬂi—/I\l[ﬂ%{’dg (46 () Bt |(24 Rk LYy “dim A:#HXT'—F one-hot reple'%entarinn
¥ e M), A e R R — A i R, i T R A ] e i —
CEeix A28 ) RN “BRgs™ , 3 vl AR 2 i) D‘Jﬂi%ﬂ*f'ﬁsﬁ EflZ g ik, 1?})()_
[) 1. word2vec 1R T 5L X Flr Distributed Representation [¥]1i][i] iit.

Fft 4 f Distributed Representation? {82 A [u] S| XA~ &L FR 11— PR JL X FfE
[9: X} T one-hot representation, [a] kit HAT—NEZ B, JEHEeh (47 SR — 40y &

B ); 1A Distributed Representation, [A] LA A HEEA B, AR (7 2 AURS T
PIRAE), W AE B A B b 22 7. X —d, BRIFF TS o A SOF1 TR 1%

ST A L SR, FA RS — AN AR A

Bl 3.2 ik A —B-Fln LA a NARFES, AP IS, AR ARG LIRS
XA B S AR UL A — AN 8,
BNMZE 28807 G %, siﬁk NEAEFEL, AT FE, L LA S0 —

* B AR () Bk SNTRRIER; %6 4 A1t ik A 5 e o — 1 ANl i 6 58
B, B & G AA (AL ) mumwm #7.

LT P, AR (o, y) AL 4 T e, TR TR LA s o AR
'%'ELVE%WC. MEFR R AN AFLAS, BRSNS S A AR AR A . JRIN, /£ NLP {E:55r, 2
] ] B 22 1 i L ) R ANME —, FUREL OB N GRTER, INZRTNIE SN R,


lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square

lyl
Square


Lt ¢ B2 i HAERZ] 4578 2 /S [ BB T JFD 5 1, 245 45 4409 LSA. (Latent Se-
mantic Analysis) fil LDA (Latent Dirichlet Allocation). 4, FJJ] A28 R 28 Tkl & —Fh
WAL, L—/N GRS AR — MR A . 28R, IR,
FUbR RS A 0 SRR, G ) i U — AR . RS b, AR F00 1] [ BRITE 5 AR A
S AR, ZRoe s P 7 (RT3, YRR W 2R 2kl 5 BB AR e Ly v
IDL (PRS2 0F5ERe) 4Rttt ([14]). X5 HifZe L) 5L 2% Bengio T 2003 4%
2é42 IMLR L[y € A Neural Probabilistic Langnage Model) . HJ54H &5 #5619 0F58 1
V&, Hirufu i 231 Tomas Mikolov [ PAf word2vec.

Task Benchmark Performance Timing (s)
Part of Speech (POS) (Toutanova et al, 2003) (Accuracy) 97.29% 3
Chunking (CHK) CoNLL 2000 (F1) 94.32% 3
Name Entity Recognition (NER) CoNLL 2003 (F1) 89.59% 2
Semantic Role Labeling (SRL) CoNLL 2005 (F1) 75.49% 36
Syntactic Parsing (PSG) Penn Treebank (F1) 87.92% 74

5 6 SENNA performance in per-word accuracy for POS, and F1 score for all the other
tasks. Timing corresponds to the time needed by SENNA to pass over the given test data
set (Macbook Pro i7, 2.8GHz, Intel MKL). For PSG, F1 score is the one over all sentences.

ki ) RS ARATUHER, 41, Ronan Collobert HIFATEK {42 SENNA ([12])
ToRTE L E T T POS, CHK, NER 554155, HIRTG T AR (UL 6 rriyRF5). it
TR ] ) A AR B R S — NV ([13]), HE X R

#rik Tomas Mikolov A1 PAH % | —Flid AR R A A 2B A, i
— P AR — R L KRR R ek e R SRR, R
e ImUART . B E i Z MR R B A ED < E =W, TR R A EE T X
byt FEM AR N N, AT AV EIME, BB A b ] ]
Ty A ) B R ] W R, OF S BRRI TSR L. A ARROR AR AR, AR
oY I 0] ) PR AE R ik 90%.

X [B] AEGIE A AT U2 1 A LA 0, T LA DI AT Gl e ] ) By T
TR, FRb A 40 1.
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o8 i cuatro (four)

four
i 01 uno (one)
o fi d cinco (five)
ive —_—
ol -0
. _> P | tres (three)
=01 =03
 three
04
s}
dos (two)
tw i o8 n
g ¢ a o [X] [T 07 b2 [ 0z 04 08 08 1 12

B 7 FA AR A ) SR P AL (A E A7 S)

F IR SEEA PGP P NG, UGk AR E A DR A ] it 23] E(nglish) A1
S(panish). MFEFHEGH T4~ 10 one, two, three, four, five, ¥ ILAE E ot v iy il [ &
GEINR g, ug, us, ug, us, SR JFEARERE, I RS04 (PCA) BEZE, 5 S0V 2k W) B
Uy, Ug, U, Uy, Us, E—-f{ﬁw'ﬁj;%gﬁﬁk,éimm H{.? ﬁu[ﬁl 7 /Lﬁlﬁﬁﬁ'ﬁ‘?

Ze{elsth, FEVGHEFIETIUE (5 one, two, three, four, five X} 1V [1]) uno, dos, tres, cuatro,
cinco, BIAE S AW A [ B3R 81, 89, 83, 84, 85, JTT PCA FEZEST (1) 4k 1] 51531 by
ty,ta, b, ta, ts, BT 1A 4ET-1HT 4 HHoR (PTREME T VEIE LAY ieRs), W 7 471 .

WEE7c . ATPINPE, PE) A B B AMALERAS (k22 ) g RO 25 R 2, 333t W]
BN AL E:'f?l“]ﬂ"]'ﬁfﬁmzrﬂ]ﬂ-ﬁ?fﬁfu‘ﬂi IR 10 A 1] ] B2 n) vfoof) T B
20 1 ) 2 Tl A AL ) 1 B

VERE, pal b FORREEG) ] iy, 05z b, A1 o] RAEF AT 5T 4 B2 ol S MRz B e idF
e, wxmE ([7), FmEAXERE ((6]). BN, )+, SRS ci b ur i
(IR,
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84 ZTF Hierarchical Softmax &R

G 7 TE A HER, A HIEIEAN 4 word2vee w1 JfI 5] ) 4~ T ELKE — CBOW fiif
(COlltIIll_lUllb Bag-of-Words Model) f1 Skip-gram #£7{! (Continuous Skip-gram Model). J&J*
X PR, /E# Tomas Mikolov ££3C [5] 25 [ anfsl 8 fIlE 9 frsi R &I
HTEFTIL, PR & =4 MAR. REBEMRBE. 0 e e /ST w, 1y
LR 3C weg, wemy, Wegr, wegpo WITTHR TS HT7 w, (WIE 8); M5 ZAEH 5, AL H
AT we ATHE R, BEIL RS0 wig, wimy, wigr win (WA 9).

INPUT  PROJECTION  OUTPUT INPUT  PROJECTION OUTPUT
|
wit-2) L t-2
\ /4 wi(t-2)
|\
wit-1) NN /o wit)
.\ SuM L A
~ 1 v
‘a [/
. 2 w(t) w(t) —_—
/% [
., \
I ’ "/. ./J A ‘ i
wit+1) r/ N w1
| /:‘ “\\
|‘/t" \\\
wit+2) | 4 wite2)
| |
|5 8 CBOW #£7 [ 9 Skip-gram f&7E

Xt CBOW I Skip-gram pj/MEEEL, word2vee 25 i [ PASHEAL, £ 1112025 T Hier-
archical [Softmax [ |Ncgativc Samplingl Sttt A2 43T Hierarchical Softmax 1)
CBOW Fil Skip-gram 57,

£ §3.2 vt FRATHREF, BT R 28 (37 5 BT B 5 el BOM 5 O I 4Bl 2R ik 3

L= Z log p(w|Context(w)), (4.1)

wel

Hop DR B PEBER R p(w|Context(w)) |5k, 3 [2] By
— PRy Tk (W (3.6) #X).

% word2vec 13T Hierarchical Softmax (¥j| CBOW #5781, {04k H bried %ol I8
(4.1); fiif & F 2T+ Hierarchical Softmax [#[Skip-gram Btl, TLAGH H b7 ed R4 I TE i1

L= Z log p(Context(w)|w), / (4.2)

wel
Hi, et R A VB S p(w|Context(w)) 2 p(Context(w)|w) HFyE I, &1
FX — GARE L, AT ATH BRI . L5 E, /f\iﬁifﬂ-I;H)\a-lJ—l“ﬂfé““f;ji’]!I} (=
chZ 2 R KRB A A I BRI F AN A 4.

oty T R
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§4.1 CBOW &84
AN 4 word2vee H S — MR — CBOW $RL,
§4.1.1 MELER

10 451 T (CBOW AR [ 46, | (08 = 2 [l AU BB IR Rt s
ffEAs (Context(w), w) R (X HL{RIE Context(w) th w HiE & ¢ M), KX =42
T 50 .

L8 AE: (05 Context(w) |1 2¢ ~ia i i v(Context(w);). v(Context(w)s), -- -,
v(Context(w)y,) € R™. IXHL, m {7 L[] LR m R 2.

2. Bz B BHaI AN 2¢ AN E) 'n' Bl x,, = _Zv((?ontea't(u:),-) cR™.
i=

v(Context(w),) v(Conlext(w)s) v(Contexi(w)s,.)
Input Layer = — ces —

summation

Projection Layer X
w

4 L

Qutput Layer

Sample: (Context(w

)}?[‘.}

<] 10 CBOW AL [ 258 2y 7 35 15

3. SREHE: AP B U, R At BLAE O ] {2 | A B
et BB BUR 3t Hifeit) Huffman K. 7ERCBE Huffman R, WHF2E3E N (=
D)) A, ARBIR RS D g, P N — 1A (e i I ).
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SH §3.3 rhAlaatlE 200 ARG 2% 18] (L1 4) il CBOW %%mn@éﬁwzl (WP 10),
FAENTFEEALL =4 A:

1. (BB 58 1R (7T 2 it D | U5 ik B sk o,
2. (Wai)d) Tl 5 R E.
3. (k) WTE Rk kat] S T,

1E §3.3 A ANy 2o A0 SRR, JR AT 148 1, AR ARk ST A e R 2 A
2 2 TR R e ) A2 5T, DL 2 L) softmax IH-—Aki2 58, 1 ML i oAt B e O,
CBOW RIS e 5050 7% 8 ey (1 M A S AT ERB RS T 1 olc2s, B0, 200 1 o2, TR,
Ty AT T Huffman #, M T4 F) ] Hierarchical softmax % A58 1 L4
§4.1.2 BEITHE

Hierarchical Softmax Ji& wor2vec 1] T4 G PEREM TSGR EF A, i Iy (HiE L,
PR LA AR Z 00, o5 A TH 26T, F i Huffman e g 5eAmt1-25 81, Ri%
AR D i w, 12

1. ps LS s A B a4 e
2. 1% e p P EER IR

3. pY. o8, - pp BEAE pt o 1 A El R, Hir pt SRR A L pi AERin] w ARV 25 T

A dy.dy, -, dp € {0,1}: i w ¥ Huffman %6, ©h 1Y — 1 (8RN, dY #5080
pv S G ANEE XTIV I S (AR EE TR Y S ).

5. 01,605, -+ 0 _ € R™ AL pv |5|F"+:J’-é‘§,'.5“](’rﬁﬁ B 0% FoRi R pv b j ok
M35 6 B [ 1]

F 40 daal, RATERGGLFE M D P EAE (B Huffman # P ATFH .8 ) 6@
¥, A 20X 2B A Huffman #P F—A~ vt -F2 b2 L —A-FlKay s Eoh? T2
EoEMARE RPN e R AR AET PR A REHEFL.

U7 GIA TR A— KRR ETC S, 1 T, Fll A — R f e e i
FILARNE, AP 1L JEAT A AR 2.1 D], i w = < RERT gE.

PP TR P 1) 5 AR, FOT g XERARSET, dY, dY, 4¥, d¥ M5 1, 0,0, 1, B <
£ 1) Hutfman Z45% 1001 H51, 67,69,00, 00 5l 7k ie po b 4 Enb£28 Mt i
i
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v(Context{w),) v(Context(w)sy) v(Context(w),,.)

Input Layer —  — | ten —
summation
N
Projection Layer : Xw
w oA

w (1]
Output Layer 2123 fw _ | 15
F4

Sample: (Context(w),w) dy =1

:
:

B 11 w = “RER™ IFAAGIC SR

M2, A2 10 FFRA ML L5 R, il AR %L p(w|Contex(w)) WE? B H
Ak 38, S s Gl A 1] x, € R™ DA% Huffman R E X A% p(w|Contex(w)) W2

PAE 11 rrie] w =« 28R A, DHRZS S K5k « 28R X A7 08, rhatzsly
[ A WAL (AR IR R —R 9y 32), I fE—K o I il AR T [ — Ik = 43|

B SR M\ 40 2800 Sy BE R IR ] B, TP A T B — e M4 0, T BN AT
45 G — D2, RITRAS R ESR (RN 1), IR 138 (BR%E 5 0). By, BRAR &5 LA,
P A2 S R T AU 0 51 Huffman 2565, B, —Fd B 280 o2 &
¥ Huffman 55520 1 fY25 5 & CHIEZS, %58 0 pY2s e O s 4R, X H R4
N C, VR VT LRSS Ry 1 2% s SOh T8, PGt 0 f4h fe SO IEZE. R |,
word2vec 1E f 80 IE 5 27, K07 (8 37 AT B OB A IR, X s —R M A A, 29

Label(p?) =1 —d¥,i=2,3,-- 1",

] —
W 2R A T e A BN K. SEEhREEE. |
HLAR A 1AL §2.2 AT 0 BB 5, 5y 1, — A SR AT T 2 e

1
.
o(xuf) = Fpp—ry
WAy B R Y S T
1-o(x,0)
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PR, LA 6 R, CRAESE, B, e AT

R R [ 1 6

AU AT LAPHE S 0 1 f e (XA AT 265 ST 2 6 1 5IA).

KT MRS

M 27 e 2y |

Tﬁt'—'lﬂ"jm/f‘k’lﬂﬂ:
L1 pldy|x,.07) =1 —o(x,607);
22U pld¥|Xe, 0F) = o(x108);
3.F 30 pldy|xe 0F) = o(x,05));
LBAR pldlxe 6) = 1 — o(xL0P),

(R, FRATZORM L p(RLEK|Contex(

JEER)), B

BUHRFE LR X AMHF ST 4 WK 028, BRI 254 Y

4 PEREA LR RIE? R

s

JJ'D

it w
5¢ 1. N
MESHRE p¢ (AXRRERE—8). BE " LHE Y -

o

pJEER|Contex(JEER)) =

=2

P 61).

[ I LY =l —=7 Twe

“JEERT /M, Hierarchical Softmax 3848 B AR LS £ 70

e s L P et - i | 72}

LA A
zeiran

¥Fia4 D PIEEE w, Huffman RPABE—FMIRESE]1E w X

LS. eI XER—

RISNE B—IRGERFTE—MEE, FXLEHERER, RRARE p(w|Context(w)).

S p(w|Context(w)) HJ—AXTE N
il’
al ool oty T Wl g (A 9N
IK(U|\./( uu‘..m.\u }} — llf}l‘(LJ |.‘I.w (/j_l}‘. \"l'-d;
=2
Fori
) w {O(X‘Eﬁ}il) d;“‘ = 0
p(dy'[xy, 05 ) =
1—o(x,6y,), d¥=1,
B E M R A
P %, 01) = [0 (X085 )] ™5 - [1 — o (xg65)]% .
4.2 £ 8§33 F, sta TR A mEA
(gyu!,ru;

p(w|Context(w)) =

N .
Z eYuw,i
i=1

AR (3.6) X, dt TXZHANE LR, Bk K5

.f’k\!?:] ﬁ']r—lh {4)’

Z p(w|Context(w)) =

weD

) 2 A, R HAAEIH L

L.

L XRE IZAF ARG A
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H (4.3) ARAXT LR %L (4.1), 15

L= Y log[[{loGen e )'™% - [1 — o(xp 62 )]% }

wel j=2
lw

= > > {1 —ay)-loglo(x,0% )] +d¥ -log[l — o (x,0% )]}, (4.4)
wel j=2

I TR AR o7 (A L, R BRI S S ARG Ly AT il s L(w, 5),| BD
)] +dy -log[l — o(x,6% )] (4.5)

L(w,j) = (1—d¥) - log[o(x,6"

7—1
I, O S APHORLR R (4.4), XaELE CBOW VR [1hisa e, B Fogitib e
fg AL [T T rR B T word2vee WL 11 SR8 B £ 70| ik e sy
il ok g BT ) R 3R A i B B A 5.
BERLBE I L TR Ok R IR A (Context(w), w), F04 HEREECTIA (H
Xe) BEl— B WA ARRE £ 5, ERBCT SR x,,0Y,, w € C,
FoeHIE L(w, ) T 00, dEH.
oL w,j d w w w w
aé;u_l ) = 0% {(1 —dj)- IOg[U(Xlajfl}] +dj - log[l — G—(Xl‘gjfl)]}
= (1—d)[L—o(x 8" )]xp — d¥o(x 67 )xy (R (2.1) )
= {(1—d)[1 —o(x 80 )] — dVo(xpb )} x,  (£3F)

= [1—d¥ —o(x,87 )] Xu.
T, 05 WA E A

O =00+ [1—dy —o(x, 07 )] xu,

e [ T |1

B PRFIE L(w,J) T xo FRBIE. SR (4.5) B, Llw, j) PRETFAER x, 167,

SERTRIY (P LB, B, AU BB 500 4o bt 2S00 iRl LAk v
R R T T )
aL(w,j)

= [l —dy —o(x 67 ,)] 67,

S, VLY R T AR E G R 1 R R sk s D gy
I3 L0 o S Conteat(w) s iafia i bt B T84, ATl 25 e
A v(w), w € Context(w) ZFATHHME? word2vec FAYMELIR T, HAER

L OL(w, )
V(@) = v(@) +1 Y — =, @ € Context(w),
=2 v

R /ME (REYL) 865 FREIE, ARRAE (REBL) BBEE L TRk, sXRiE T B iy Jy 1l W 507K (Bl
L) BT RENE. X Lo I < Lo AR R RS IR TR SR b KA
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;i‘ Context(w) &l i [ By 220, 3kiﬁﬁ.§lﬁLi§ﬂ;LU,ﬁlﬁﬁﬁﬁk¥” s 111 |

4.3 SR AEFR P EREE L ANFEEHTHEATAT LS 7 Bpd N n K

n ~— OL(w, j)
|Context(w)| L X,

v(w) = v(w) + w € Context(w),

£ |Context(w)| f+7 Context(w) 4 d/~4.

TFHELABEA (Context(w), w) A, 4y CBOW BRI R IBEHLBEIE 17k 0 6 % 2
By Dy 104,

1l.e=0.

2. Xy = > v(u).

ueContert(w)

3. FOR j =2:1* DO
{

31 q=o(x,0" )

32 g=n(1—dy —q)

33 e=e+gb,

34 07, =07+ gxy
}

4. FOR u € Context(w) DO
{

v(u):=v(u)+e

}
HE, 3.3 M2 3.4 RBEACHRUT, Bl 02, W AFTTHRE] e J5 FHYCHE BT

F 44 «n’é‘iiﬁlﬁ AR, MR st s word2vec TSP R L E 44T syn0 2R v(-),
synl * R 0%, neul # N X, neule 3 f e.
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§4.2 Skip-gram %!

ANV word2vee W Y — TR — Skip-gram BT ) THES LS CBOW A
[E] /5, RS /AT S IR 5

€ 12 Z5 it 1 Skip-gram SUH 25454, [ CBOW SR R 20258 —FF, Wi =
B fm A R FRREERLRIAS H L RN DLEEA (w. Context(w)) ol bt = A~ EL 450 5 #iq gy
FEne THE A NJEn v DR IR TIN THARN L] 2. JOHOL EA T Wy AT U W T A Ty AV) A e | T O HAR] B RILTT )

Input Layer V(w)

Projection Layer V(’ur)

cccccc

Sample: (w, Clonteat(w))

%] 12 Skip-gram fFE] (1 [ 25 S04 o 2 %]

3. B E: fl CBOW B —FE & LA B— Huffman #.

§4.2.2 BEITH

¥ Skip-gram S8, RIS YT w, FFEXIE [R50 Context(w) iy idl gk T i,
Rt H AR R ROV iZIE I (4.2), HOGERE SR MK AR p(Context(w)|w) BY#41E, Skip-gram



R e HosE SO

p(Context(w)|w) = H p(ulw),

ueContext(w)

B plu|w) TR /NS00 Hierarchical Softmax BUAE, 251 F (4.3) HiEH

p(ulw) = T] plav(w),6e,),

=2

Horpr
p(d[v(w), 8% ,) = [o(v(w) T8 )] - [1 — o(v(w) T8 ,)] Y. (4.6)

B (4.6) HRUATI, TR ECRAR R R (4.2) 1) FLAR R

.
olog [ [TH{let)Te )l =% [1—olv(w) 6 ))% }

wel uef’antpa't(w] j=2

S 30— oo (v )] + i loglt — (v E )]}

weC ueContext(w) j=2

L

(4.7)

[EIE, A I Th 0 S A ey o L, B = FRANA 5 (M AEHG 7 B AR i L(w, u, j) | B

L(w,u,j) = (1—dj) -loglo(v(w) 6;_y)] +dj - log[L — a(v(w) " 6;_,)].
i, e G HARR s B 53X (4.7), X e Skip-gram B HARR %L 1%
ORI RER TIBEHLB R EF R AT LA T AL, JCBR IS 5 1 PSSR
TEHIE Llw,u,j) KT 0% BIREEITEY (5 CBOW BLRURf i o3 ity 4 558 4228 0A).
IL(w,u,j) 7]

o, oa
= (L—dj)1 —a(v(w) 8 )lv(w) - djo(v(w) 6 )v(w) (FIH (2.1) &)
= {1—d)[l—o(v(w) Vi) = dio(v(w) T8} v(w) (&)
= [1- dy — cr(v(w]TG}‘_l)] v(w).

1—dY) -loglo(v(w) 6} )] + d¥ - log[l — o (v(w) 6} )]}

T, 07 MBS N

01 = 05y + 1 [1 = df — o (v(w) 67| v(w).
B FORGIE L(w,u,5) %F v(w) MEIE. WA L(w,u,j) dv(w) f1 67, (HXER
9Llw,u.j) _

v (w) [1 —d¥ — J(v(w)Tt?;"_lH 8;-“_1.
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v(w) Y EF 2 A5

OL(w,u,j)
oviw)

i Skip-gram B R FIREHLES 1 THik 45

= H
=
= Tk
_E._
B
Q
Q
s
=
5
T
o
=
:PP

FOR u € Context(w) DO

{
FOR j=2:1" DO

{

—

q = G'(V(HJ)T@;-“_I)
g=n(l—dj—q)
e:=e+ g,

0r_y =07_; + gv(w)

- w N

1
J

v(w) =v(w)+e

{HEE, word2vec Y, IS4 Context(w) 4 T AT W &AL FRSE IS A KIE v(w), i
J&, FRALFRSE Context(w) ) —A0] u, 5L E—IK v(w), HAE K
FOR u € Context(w) DO
{

e=0

FOR j=2:1* DO

{

g =0(v(w)T6Ly)
=n(l—dj—q)

e:=e+ gl

B =0 +gv(w)

Ll

}

v(w) =v(w)+e

!
Rl Ff, T SRR, FRERHR A 3 M 4 ARREACHY, ] 0F, EAETTRE e S5 A ST

45 4 Eimdg R, MRk EE word2vec BAA PR Bk A 4T syn0 AR v(-),
synl * 5 07 _,, neule M e,



§5 FTF Negative Sampling §YiEHI

A 2335 T Negative Sampling (1) CBOW #1 Skip-gram fiifl. Negative Sampling
(fjfr Xy NEG) Ji Tomas Mikolov 5 A7E3C [4] A, ‘E ) NCE (Noise Contrastive
Estimation) f—4~ k7. Eln*le)Id#”.mLII;ﬁ iﬁzr“bfrlzwﬁ L [ kT Llr] 5 Hier-

3
i

2ed= o4 NTOITY 2L E & 4 £ 2 lm A Ju+n__l-.
& 5.1 NCE d92a 5,5 5 2, HA A A She bt 58 8 B AR S TH A S bl b 58 58
e

W, BEAFGBEERELEAD X, SrdmEREAY, 2XEFHT X oY
ﬁﬁa&% A2 X TR ERT. BT AE R [9).

§5.1 CBOW &5

f£ CBOW #i7firr, QAN w i 1 F 3¢ Context(w), FFEWM w, FH, MT4EM
Context(w), W] w L& — P IERER, LEWPEAER [ AFEAIEAZ, ZWTHERIE? X
Al BT, FRATTCE e R T 4.

REMIE CLLIEL [ —1 KT Context(w) () TFEAFHE NEG(w) # 0. HXf V@ € D,

eakinl @ fukRsd, B IEREAMBR S 1. UFEAMIRRSE 4 0]
KT — AN B EREA (Context(w), w), Fefi 175 H KAk,

glw) = H p(u|Context(w)), (5.1)

ue{w}UN EG(w)

i
Tgu Wy — 1-
p(u|Contexrt(w)) = o (xuf"), L) =1,
1 —o(x,0"), L“(u)=0,
FE U AR
p(u|Context(w)) = [a(x[6")]" ™. [1 - a(x[om)] ™", (5.2)

X x,, (i4é7% Context(w) HPE il i [ BE2 L. fifi] 6% € R™ 7R u X —A4 (5l H))
], AR Z4S%L
WA 2B KA g(w) WE? SERATCHEG A g(w) RER, B (5.2) 1A (5.1), 47

g(w) = o(x}6v) H [1 - J(XEH“)J .

uEN EG(w)
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o o(x,0") #3324 1 F3Ch Context(w) B, FiLCinl s w (GHEER, 1 o(x[0"), u €
NEG(w) WHm2% B3l Context(w) Wf, T A0 w S (X LA K4
RS, LT Z T A R g B HE ). WIBS A, Rk g(w), Y TERIE
a(x,,0"), [FINE/MEFTAT o(x,0), v € NEG(w). JXAIEERA A 300017 SERIEHEE
H?H&ﬂﬁﬁfﬁ:ﬁ#?sﬂﬁmﬁ Tk, AT AR RLE C, AL
G=]]ow)

wel

BETUMAE A B AR H bR, 2588, St Srr i, A G HUREL B0t H AR eg 20 (R ih 25

= = '—‘.-Iltfut >ral. oy b H
IJ —Jl. THE UL, JASEVITT AL N &) BLAE

L = logG — |0gnnf"ﬂ\ — vlgﬂ'nf-&ﬁ
11-"\ J LJ S J\ 7
wel wel
_ X 1T [T T ou 1%y T gun11-L¥ ()]
= 2 10g 1 L)) |1 — (X, 0" )]
wel ue{w}uNEG{w)
- 0N [T 3 r e Taiiy] it - T aayTY
=3 3 {L%u)-log [o(x[6")] +[1 - L”(w)] - log [1 — o(xp6")] } -
weC ue{wluN EG(w)
(5.3)
1

% FRAMTIFEAARE EFH AT (5.3) B 7ML, DGRBS SR £ MM2SRIE. HeH e
L(w,u) KT 0" HEEEL Y
AL (w, u)
6"

- ();:“ {Lu'(u) -log [o(xlﬁu)] 4+ [1 = L*(u)] - 1 [1 —o(x)6") ]}
= L*(u)[1 = o(x,0")|xw — [1 = L¥(u)]o(xL0%)x, (FIH (2.1) )

“)
= JLP00 — oo — 11— L) ol 8"\ Vx4
L \ L rw /) L VAT W 7))

i =

s, 0 [ AR

" = 6"+ [L(u) — o(x,0")] Xy (5.6)
P FRFIE Llw,u) XT xo WEE. FFEA Llw,u) 1 x,, fil 6 (FXFFRME, A
IL(w, u) o T guy] gu
OLA) _ (1) - (x50 5.)
TR A ‘“:(‘L “) , 115 v(w), w € Context(w) B EFAXN (ETHH AU AHES

s ] H_F Hlorarchica] Softmax (1] CBOW R V40 H i #8 )

Ao aﬁ(u’,tﬂ) ~

—_
ot
[es]

—

r( AN r.l’ )
ViWw) = Vi) T ij
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NEAFEA (Context(w), w) Ay, % 3T Negative Sampling (¥ CBOW #UI R 1]
BEALEE B LT TR & 2800 Dh (U
l.e=0.

2. x, = 3 v(u).

ueContext(w)

3. FOR u = {w} U NEG(w) DO

{

31 qg=o(x.6")
3.2 g=n(L"(u) -q)
33 e:=e+ gt
3.4 0" :=6"+ gx,
}

4. FOR u € Contexrt(w) DO

{

viu):=v(u)+e

}
TR, 28 3.3 fiZl 3.4 RREZCHUTT, B 60 BEAFTTRRE] e oA B0

5.2 44 Landy B RA, R E RS word2vec IR PR R K A4 syn0 AR v(.),
synineg * B 6%, neul & F X, neule # J e.

§5.2 Skip-gram &%

AN 3T Negative Sampling 19 Skip-gram #2780 /N5 2431 CBOW it
TEL e FH oy SRR — REAY, DRI, X HLIR AT B DA H el 0 %, BT Zmriic -

AT =N HEA (v, Context(w)), T4 Big KL

gw) =[] | )

iweContert(w) ue{w }UNEG‘I’(w)

e
. o(v(w)'6"), L*(u) =1
plulw) = N
1—o(v(w)"8), L*(u)=0,
EEACT R 1SS
p(u|w) = [cr(v(ﬂ?)Té”‘)]Lw(u) [1- cr(v(’&?)T!?“)]l_Lw(u) ,

WL NEG™ (w) FRAbFEH @ A kA 4. T, i F— MA@ gkl ¢, M

G =] g(w)

wel



£ = logG = log [Tgw) = Y logg(w)
i1 L
wel weC
— N e TT 1T L Totv (i T 2@ 11 _ gvan Ten] @1
L. 7= 11 1 | RGN AR L WA g S
wel weContert(w) uc{wjUNEGT(w)
A -
-2 2 2.
wel weContext(w) ue{wjUNEG®(w)
{L"(u) - log [o(v(@)T6“)] + [1 — L“(u)] - log [1 — o (v(w)76)] } .
(5.9)

ORI R A S R L, P =ERMAT S NS T B AR TC N L(w, @, u), B
L(w,D,u) = L*(u) - log [o(v(@)T6“)] +[1 — L*(u)] - log [1 — o(v(@)"6)] .

P FORFTIREALBSE EFH Rt (5.9) $E 7ML, JCREIEBA Y £ WP2ERIE. eIk
L(w, @, u) T 0 FEEETTIL
OL(w, w,u)
R

= 8(;“ {L*(u) -log [o(v(@w)T6*)] +[1 — L*(u)] - log [1 — o(v(@)"6*)] }

= LYu)[1 —a(v(@)T6%)v(w) — 1 — L*(u)]o(v(@)T6*)v(w) (FIF (2.1) &)

= {L¥(u)[l —o(v(@)"6")] — [1 — L*(u)]o(v(@)"6") }v(@) (&)

= [L"(u) — o(v(@)T6")] v(iD). (5.10)

T, v I A
v = v [LY(u) — o(v(w) " 6%)] v(m). (5.11)

7 PRFIE L(w, w,u) KT v(D) BB R L(w, @, u) 1 v(w) F1 6" FRSFRIE. A7

8[:(1““!??’5?“) _ W) — i Tu U
et = (L)~ o(v(@) 0] 7
T I, v(@) EOF AT N
v(w) == v(w) + 75 Z M

av(w)

us{wUNEG™ (w)

N VAREA (w, Context(w)) Jfil, 25 5T Negative Sampling [ Skip-gram 7%l
K T BEFLES FE b T 508 25 2800 .



FOR @ = Context(w) DO
{
e=0.
FOR u = {w}UNEG*(w) DO
{
o — (A T guy
Y —viviwy v )
g=n(L"(u) —q)
e =e+ ggu
04 = 0"+ gv(w)
1
1
vi(w) =v(w)+e
!

HE, # 3.3 fi# 3.4 ASREACHUKFE, B 0v EETTHRE) e J5 A4 H 8T
5.3 &4 Emeyh R, MRS hEE word2vec RAYP A B E Ao T syn0 # R v(-),

camImnen # 5 A% menle # N a
synineg T M U7, Neule ¥y M e,

§5.3 SARMRZE

i 44 %l X, 7E3T Negative Sampling 1) CBOW F1 Skip-gram #8] rf1 | % Bl M &
BB, X TN E 0 w, [T NEG (w)|"e?

W D P EAET R C BB S AT AR, AT TR S ], e S AR AR A
BN EBER, Bz, AT ARSI, gk g RV i e, SRR AT R B
aob B — AR A H e — AR AR M SLk R Z, R ATfER S [19]
LA Ak S AR T

N 1T 5G] — B A g o SR Bl 7 PR A BOR PR FILFE.

LIS D A A w A EREE Hw), RN

counter(w)
> counter(u)’
ueD
XML counter(+) Fm—MAEHPE C BRI (G Bl i SROR1HHT R H0H —
k). BUTERIX SR B ¥ AN IE M DR rE — e, TR — MR 1 B2k Be. it
BEFLA X A B R B AT A, WH P BB IR 2R B (Oh I e AT ia] ) A T iy R
B

k
2 FRFHRIR word2vec Y EARMGL. 2 o =0, I = Z len(w;), k=1,2,--+ , N, iXB w;

PRI D s G AL LA Y, il o is S pr A i-lllx ] [0,1] iy 3ESEE &l
L= (i, 1], i=1,2,--- N BIT N AL 25 AKX [0,1] 1 —4-%iEEd)
o, WA {rnj}j_ﬂ,ﬁd1 M >> N, HARWE 13 25 iR~ iE .

len(w) = (5.12)
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lo T h I, ly In-1 r In
el 12 vias . Ipn
| 1 1 1 1
] T T T T [] T
g ! 1431 [ | I
i i i i i I I i =
[ I \ | |
| | | | | | |
O ¢ ¥ fF OF 4 |
| | | | | | |
[ | Ll L1 1 ] 1 ]
Mg 1My Nio Mg My Mg Mg Mpar_1 May
1 19 Mol 1.0\ i BR A 2 e — S ]
=] Lo 1abiel - ) ipcs] 1y i Vs B =

P ETHAR T  {my A HEE R4y b, A 13 Pt R s, T s
{m; T B {LY, (3870 {w; 1) fymese R

Table(i) = wy, where m; € I, i=1,2,--- , M —1. (5.13)

A TIXADM, RFEEFTE 7 Uk —A 1, M — 1) [Wagkas] | — | pble(r) #1E&—4
FEAS. S8R, X HLEAT — AT, 4 w; 67 FORFERE, MR SN | 2B 4 AR
[t ot ), Aol Sk 2 ab 5.
{H A 420y &, word2vec YA Arid g D by il 5 WAL RS, A& HJEH counter(w),
MEAT AR 17 o YR, b a = 0.75, B (5.12) 250 1

[counter(w)]%™

>~ [counter(u)]*™"
ueD

len(w) =

AR, AR H M = 10% (X JERS 48 5 table_size), AjMS (5.13) Ml J&i@ st —A4 A
InitUnigramTable ¥ pf £ 58 K.
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随机选取一个r，若词的长度越长(In)，则采样该词的可能性就越大。
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§6 FHTIRISLHT
§6.1 o(r) BRERITE

plER 1 FT UL, sigmoid pR¥L o(x) 46 = = 0 BELASERIZY, FEplgds e, 4
T < —6HF x> 6 BRI IEARL T, fiEE T 0, FHEE T L

ANSEAE RO ] 3 b @ LTI R AT « 3V o(x), HAF o (@) {HE R A JEHE
HARs, M4, B g, FeA 1k T AR X R FinE Rl E A &

FEIX ) [—6, 6] SFEEH 4 R K S0, W5 830 0hdh xo, oy, -+ ak, EIRR @ =
o + ih, Hodt 2p = —6, & h=}K—2.

Ly Ly Iy Tagg L5500 L501 Lygox  Lagy L1000
L 1 . ] 1 I s 1 ] 1

i 0 6
€ 14 K = 1000 mF[X[i] [—6,6] 1 58 i) 23 n B

TR o) M SAFIFRAFR R, 15T o(z) WF, RITa Pz AR

0, r< —6
o(x) = {o(x), =e(—6,6) (6.1)
1, r>6

o, kST 52 NSRS S BRI (W) o 2R S o BB ROy
R, A IRy e () e MR AT L 205K (6.1) A7 SR, word2vec I
R 1 X bl 2 R4 e RO

R HAER I A 2R IR SIS TIRCRIE? KR o) i e FMHERGETT e, B—4
VISR PR R, P S B R AR

AT n TG RU ST A E S 2 B/ (12| < 1) W, AR/ n s o] AR &, 1
ST SR (52 2 8RR, A £, 25 ge k. BRIk e — Pk s
—fE VT AE, PASEE A E T VCRC AR A 1.
6.1 ET o(x) 49t S, word2vec BAPH — A E G, LT @R, i <
EXP.TABLE_SIZ Fizi # i <= EXP_.TABLE SIZE.

for (i = 0; i < EXP_TABLE_SIZE; i++)

{
expTable[i]

exp((i / (real)EXP_TABLE_SIZE * 2 - 1) * MAX_EXP);
expTable[i] / (expTable[i] + 1);

expTable[i]



§6.2 JAMEVTEHE

7E word2vec i, gt D JEIE LG FH AL, KR W, XELE U
JHE AL BRI TR,

B, FE— P E K vocab_hash size (BRIAE A 3 x 107) A3 4] vocab_hash, Jf
BRI BRI N -1 SR, il L D vy ia] de vz an R

vocab_hash[hv(w;)] = j,
St () Fi w; (RUESEAARTHED BRI 448, TTREML
hv(wi) = hv(wy), i # j

IR ORISR B FF R AR g2, MUY s 090 A 0 hv () IR, %
B vocab_hash Htifgi% i 1 EL B HAL Al 1, MBEFERE FAEHe, BN A ud Ay
(# E BRI, AT AEH).

o gl rhr As B B A (O a0 HRR AR R4 HonA

3 A hylap) MR EAY voeah hash rhdk ll
AL T B AT U‘H“}'J JLF] 3 I L &4

H aviw), 7%/modn votao_diasii

hv(w) XA AL, 5 vocab_hash(hv(w;)] = —1, MR w RBWGRTERIL F; 0, T3
w Fll Wyoeab hashihvie,) (FiSEH5 vocab hash(hv(w))] A~id) 27 HAE, MAHIE, W) w
FEiR R S & vocab_hash(hv(w; )], WA, WILRZERE FUCHS, HF| w FEEA wy, T
B L3# vocab_hash ({2 -1 1k, ATHRR w fEHM PRSI &k, & RR w AR
Wk AE T i,

§6.3 HATH

i Dy, PR & — PR < /s >, ERORAERIY S — M L 6T
FREH B R T, B BRI — AN e, AHE A AR SR B O A S g T
FEAE ) L FRH | — )i 25 .

word2vec (1A% SortVocab dA7—Br At Jd M B i B F s B EU/ T min_count
(AR ], Ty il A e A WSl T X B AT o o i 1 ] 42 B B RGHE T
[ REIFHES, DA, FeRiin, SOt ial LN R ERT# By, SIBR AR E/M T min_count (¥4
W RETT, {H word2vec # R B3 (191U A X FRLY:

for (a = 0; a < size; a ++)
{
if (vocabla].cn < min_count)
{
vocab_size --;

free(vocab[vocab_size] .word) ;

else



T, AT < /s > MNMEFFE A S SHET, A, 4HErHef T A 7E R B U

T mi nt Ij“—‘.‘_l’ﬁb/y IIZL'}_.ALLIIFLI Yier Fhr - :l:’ﬁi:l: nt
1 ll.j.ll.l._\_UI.Lj.ll. }\J H ") Ho 2 0 J|/j [N S VAN -+ S AN B | N _COUNT 7y by,

§6.4 {RSEF0=501E
1€ word2vec Jfith, AFFEE A RBURA AN S WA LET T 1 —HARIRA L.

IO i pplie =

HI Ml o syl D
AL 1D

A E ii‘.[( EL A AN Lo I 2l ik 457
[RIPAPRE=Eils L SERVSY Ll b INAE > H

» A1

n.‘_.,_

b oabt set. sl - ap \ T 2

i min_count {iR{HZE0 (BOANUE R 5), 7 = WE R BBV T
©, MPEE N T S B A AR Ao A B, 00 L F5FF min_count U 0 5% 1 B[,
TERE, X HERAEHEAN S D (el A & AS wT L. ] LA SRl B Ry N R i it
HEFT X FE— I WAL ATt BLR BN T min_count (11 #42E [

AR, A ErcAe, AR b e ] st A 2R ] Y T A B BRe e S
75 BT ] B P A EA T R BRI Bide R — M R{E S 3 minreduce
(CBRAME A 1), WSS AT iR S Desrrent WAL [Desrrent| 96 2

| Deyrrent) > 0.7 - vocab_hash_size,
FJ—II.”D& ‘D.’_"J;"Fsﬂ.f, HJH[ [;’%Eﬁﬁ 'LH ijl ‘(j\,. ﬁ’{.l\:!:)??‘-:!: minreduce EV{I ﬁ?.l -

2. ESRiERYLLIE

X (4] FRE] fF }\‘m’i“'r} S, R ES e LI (the most frequent words) 45 i
BE AR T, <y dE S RMRBTE AT, SRt iy AE B mi H
Y] R ] ] .ﬁﬁﬁ/"ﬁﬁi_i_ﬂfﬁﬂ [t Ak A g e k. Bk, 3¢ [4]
2T —Fmi i Subsampling #4555, IRl (He 2 ~ 10 6%, T
ey S ARG A A A A3 T A3 T 2 iy ) U (4 o] ] BN ), ARG L 1 25 5 — BT {E 2
ot (B word2vec A% 0 ff sample (145 &), 7] w BELL

prob(w) = \/f ) (6.2)
R 7, ot
\ _ _counter(w) ‘
flw) = > counter(u)’ web
ueD

PR w R, IR, Subsampling FUREFATABEERE L f(w) > ¢ 0 0 5 5.



(AT —H2i% &, word2vec YA HAFR ] 09 A S HA & (6.2), i &

t t
prob(w) =1 — ( ) + f(w)) .

AR GBS B LRTAL I w, S5t 5T ran = | /555 + 77 WIIH, RIGPE—4
(0,1) FRBENL (52) K r, W 7 > ran, W55 w. mﬂ:wm ] (0,1) kp=—Ak
F ran EEHUENBEARRE 1 — ran, FIE R HERREERE FLL 1 — ran (44 #5971 w.

§6.5 WOMRETFX

BERLN 25 & LAFT R S LaiE A T (B, SRl SO BT A6 — ], WINZRR RRR

ﬁ%xw~Af F), TR < /s > SFEEL UL A FRREAK (RO
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if (f <= -MAX_EXP)

continue;



else if (f >= MAX_EXP)

continue;
else
f = expTable((int) ({f+MAX_EXP)*(EXP_TABLE_SIZE/MAX_EXP/2))1];

= (1 - vocab[word].code[d] - f) * alpha;
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if (f > MAX_EXP)

= (label - 1) * alpha;
else if (f < -MAX_EXP)

= (label - 0) * alpha;
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