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1. [ B OB B 1 A
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1. [ B OB B 1 A

S RN ESOGHEIONLARE, RS AT MR
BEYIMIC. HAE19504E18, Joos. Harris. Firth 25155 F R AW .
MILEXREFSEX MM E TP HEHI. XMW T “9
7, B TR ARUPE o] DU H AR SR B R

BIEFRR: LIS Osgood 5 AAE 1957 4R, K ia] i 1Y 1% B
XAE B Z 4 A B — A RCRERTR, $e T =R . i
(valence). Mai2fE (arousal) FISZHCEE (dominance), &AM LLH—
A=Y ) B R T R, T % A B AL E .

BRE R BERANET: © B, ETHRIHIME (R4
B RN, W tf-idf A1 PPMI &5 @ BI(E, T B E s
A R4E) MR, MR BREM, H4EEE R B LU IR
JEE G, TR (U1 word2vec. GloVe) NI BEAERK4E 2% 6]
B b e Aot ] o A) ) 5 SCIE B AT AR A o
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2. VLIS X A

WA S
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2. ALIE L

1. EX %% (Synonymy)

AN 7 S ANE SOZ T B A AR BT AL B SR, AE mT R A [ S
B A S 259N A DAEEAT =) 7 HR A BB e i AN U8 ) 71 A
B2, WEATARSGA. BTFERX ENERNLRFEBEMEES, EXBR
IR BB N T EEER, EkREXxRBEIRIEUEX.

2. {AEREE (Word Similarity)

B FFAS B AR R X, M MM, Bl “cat” 5 “dog” A
B, EAERAGE L EIFAEB R S, B AT BLUE S0 AT B A A S
AT . X PR A A T OO IR AARE SR AL TR .

3. iAiEXE (Word Relatedness)

BT RSN, TRIEZ BT FEEE MR, Bl “coffee” 5
“cup” BAATERM LA KREZES, EIELhMEM PEZUIMRL, BB I
A HLAE R S 5, BT RI—MME X3,

BN 1% (semantic field) 2457 f e s il . HAG L2 [RIFFAESE M40
R —HENE, WANBIEL . FARTI. P E T ERAAREC. & X
NRIUSCA A @ g b F e B ok KRR AE T B S 8%.
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3. [MEiE A
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3. )R A

SO RN B 1) B TR A R

R SRS AR R 1 v 24 1) e 2 1) o (A0 AR M P BRI R
A ER R, MR SCR FEALE g E B 5 SRR

1. FIAMERE (Term-Document Matrix)
R ER R, X NIERNE R —ANE, &A% N S

PRSI R IT L TR AR SO
LI IRAL

As You Like It Twelfth Night Julius Caesar Henry V
battle 1 0 7 13
good 114 80 62 89
fool 36 58 1 4
wit 20 15 2 3

IDTICAW] The term-document matrix for four words in four Shakespeare plays. Each cell
contains the number of times the (row) word occurs in the (column) document.
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AR AEE— &, HAERSETIRIER KD Eggd,
SCRY ] AR AL O BB B ) & (WITE “battle” 5 “fool” IX ANk
FE BRI AT 15 UMAIL . RPN SR AE R 2 30T E B A SRR
A, WAaeffEmER SR, Rl X EHEA M

40
Henry V /4,13]
15
=
= 1071/ Julius Caesar /1,7]
37 As You Like Tt /36,1]  Twelfth Night /58,0

I I I I | | | | | | | 1
5 10 15 20 25 30 35 40 45 50 55 60

fool
IDT VAR A spatial visualization of the document vectors for the four Shakespeare play

documents, showing just two of the dimensions, corresponding to the words battle and fool.
The comedies have high values for the fool dimension and low values for the battle dimension.
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3. )R A

USRS 24 P #e)3 1l 7] B

1. 1FEERE
A E IR R — ORI RS, AN R BLLA— AT R s, HA4E Ty
SRIE SRS H s BI— N1 P ) B S R 17 2] E AN [R] SORS o E IR 73

As You Like It Twelfth Night Julius Caesar Henry V
battle (1 0 7 13
good (114 80 62 85;
fool (36 58 1 4)
wit 20 15 2 3)

IBTIYA®]  The term-document matrix for four words in four Shakespeare plays. The red
boxes show that each word is represented as a row vector of length four.

SEF AR, AR IR SR, R R 7E S
PYEFE T 2o DL AT ML . S R T e, T LA 3k
2 TRVR S SURVIBLE » 3R 7 v ECBE R SORY 5 13 BRI
T SCRVE, TS AR RS R U ORI 81 it )
PRTRAE, (BTSSR S5 AT HIDLPE R BRI B0
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3. )R A

LATR] Ay 2 J3E A 3 1] [+ B —— ] — 1] SR L AE G

1. iA—i8) (Term-Term 3 Word-Word) Ef%

bR 7SO E Ay i SRR CRRLRE), e mT LR AR E TR &E O
ABHEIE R RAIE M8 (AREE). iy, —4705% R BiniA, (A
—HRE R AR REA SRS, TR TSR H  — A Giit Hisid 5% 1
NOCIEAE [ E B (BN A S A TSR, T R R 1] —
WA RE o TRl R (B H AR T Rk B — AN R T
JIA), BRI R AL 2 e 4 B B A

aardvark ... computer data result  pie sugar
cherry 0 2 8 9 442 25
strawberry 0 0 0 1 60 19
digital (o 1670 1683 85 5 4)
information 0 3325 3982 378 5 13

JATYEIN] Co-occurrence vectors for four words in the Wikipedia corpus, showing six of
the dimensions (hand-picked for pedagogical purposes). The vector for digital is outlined in
red. Note that a real vector would have vastly more dimensions and thus be much sparser.

Biltn, “cherry” 5 “strawberry” MIILHLFIEIELS “pie” B “sugar” SF1d]
BT R, ATHABL | AR B RUE S BT R

zjzhang (HZNU) 2025-02-01



%, “digital” 5 “information” fEAHIC L SCH LIS 2% B
TR S SO R

information
[3982,3325]

computer

1000 2000 3000 4000
data

IOTVX Wl A spatial visualization of word vectors for digital and information, showing just
two of the dimensions, corresponding to the words data and computer.

MRS ETSCRIMES: B AE —R R IR, mT DU B S A
ICAE R EAE S AR . 5SOEZON RISt AR, R IUE B
] 598 Z [ b v SO, 0Tl 3E R 3G, ML R AR G R P BAy
5 e AR AU L
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AR GEATBLRE A HE A S8 A8

FE TR BV SCRR AR, a5 W P A LA A 1] R 2 (] R AR LURE P PO 14
Tabrg “ORGZABUE”, B, AR IR A AR A H .

1. RIZAEMUERIE X

ARSLARUE SR T RSB (ABD 185, T A R 48 R &
v 5w, BRI RRE ON:

N

V-W= E V; Wy

=1

DN FRE G LA s RS R 1) B P [ S S i 22, R s B R
A4k, R SCRTZAUE A :

cos(f)

V-wW

vl Iwl
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4. RIZFPLIE

Hrp, MEHEK v E3CN:

N

vi=y D

=1

RARRBRILERHE : A ) AR R 4E BB i BUE T, s
BURBOR; A A A AR AN I 4ERE 2 B e, AR A R IR
XU ] AR AT B B AT T T SO ) R A AEAR RS A EAFAEBR A

P—CERKEES: KE R £RG R B RRA
ARG, TS —HEREW, KA1, (R REAARUE
R a2 BN - e RfiEE, ERfREEST
EAER
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4. RIZFPLIE

2. RZHEMERNLR

- REZRM: B RyZm s & MR HHT 7 hsdife, 15
ToVe R B, B M AR AL (BB 4ERE bt
RO, HARZEI B

- BVESEERRT: A &R BRI (i iR ik i&
FISEELA D, RIZERVEEM 0 2 1, BByt AU s, XA
HARN A B 5 1

- WEEE, MRES: RIZADUZREA LR (1
R TS, SeBLfag B T SO R, & AT OB SR R A 2
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Bl B 5 N 3 5

Mg — A5 “cherry”. “digital” & “information” FJFLILTHEUHE
B, THEARNE 2 (8] B R AR AL -

pie data computer
cherry 442 8 2
digital 5 1683 1670
information 5 3982 3325

442 +5+ 8 %3982 42 %3325

V422 1 82+ 221/57 1 39822 + 33257
555+ 16833982 + 1670 %3325

V521 16832 1 16702v/52 1 39822 1 33252

cos(cherry,information) =

cos(digital, information) =

IR E MR, “information” 5 “digital” fE4 1T L (M3t
WREAE) BAEEAALE, 5 “cherry” MIAHZHZ, MTTADLHE &
SZABACLEE AR Sl B IR SCRRALOC R 1A
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4. REZARALE

500 —

A cherry
% digital information
N

| | | | I |
500 1000 1500 2000 2500 3000

Dimension 1: ‘pie’

Dimension 2: ‘computer’

A (rough) graphical demonstration of cosine similarity, showing vectors for
three words (cherry, digital, and information) in the two dimensional space defined by counts
of the words computer and pie nearby. The figure doesn’t show the cosine, but it highlights the
angles; note that the angle between digital and information is smaller than the angle between
cherry and information. When two vectors are more similar, the cosine is larger but the angle
is smaller; the cosine has its maximum (1) when the angle between two vectors is smallest
(0°); the cosine of all other angles is less than 1.

TERRONETH B R A A ) SRR AR A, R T 72 7] SR &
By 18] SO B AR B RS S T AR E AR .

SRR TR T S SO A R 8] AR SEARURE, AT BAYEAt Y
IO B AR EREEGR, Rl RIEES TR,

zjzhang (HZNU) 2025-02-01



5. M-SR AE i) B DA T AL

TR - SO £ 17 S DAy ] TR AR
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5. AT SO 7 B AR AR

e R 5t KB

SUR G R EBRYE: AR R 1A — SO Bl — iR R DU R, Gl
FAE R A A OR H R ) T RIS B o AR, SRR AR 73 AR 2 B
B AR RRIE: LR IIE (30 “the”. “good”) EFTEIHEFHHH
MBBRE, XESILFDERERTPLBEEANNE, FHHERZX
M. T S AR SN SORS T SCRAT S 1 A ], (RIS P IS £
A EAE B EA R AR AR, L EEX RIASTUR T “nA” b3

WNEEEE5ENMENFE: — A eSO B A%,
T R Z PR SRS B R kT H U0, R AR
T EBEAN SO SRS A A B I, T30 X 40 2% SORY ) B SR i . A
I, W “ASERERER” 5§ "R KRTEN" ZEEFE
&7, RIFASH-ECHESR (TF-IDF)IRIHHIVIR.
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5. M-SR AE i) B DA T AL

TF-IDF FIPEANZ O 21 58 43

TF-IDF ALK ] £ SOR v 1) 3 ZEVE IR 9 A AH e 38 4«
1. i@3% (Term Frequency, tf)
WA tf, g PR ¢ FESCRS d IR . S TR R E R B
A FE NN GRARAE
tfi.a = count(t, d)

X STUR B XH B R TR Oy Tt G 1] AR v ) B R AR A e A R R
W, [ AL < B 100 DO AR LU 10 IREEE 10 157 X —H
W, R AR URAEIT TR
1+ log;(count(t,d)) if count(t, d) > 0,
ta = ,
0 otherwise.

Bltn, 4EERE SR B 1 Yk, 10 ¥k, 100 YREF, R tf 23]
A1 24 3, NI SESTUREE NS SRATZ M 2200
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5. M-SR AE i) B DA T AL

WP A2 (Inverse Document Frequency, idf)

WSO idf, AT RAREBAN HEE S &R I8 SR

=: v
'&dft = logm <dft)

Horp NOUSCREA  df, NS R ¢ SO 2 dfy = NI, ddfy B
BRARAE (0D, LIS MR S8 3 1 vy 4 B3] £ [X 23 ORI S IR

A df, Ko t RO SRR I 52 ANE, EE
RIG IR AR BT A SCRY A B s B B P AN B 7R 4 SR R A
RERTE, AR —> Bd] AAE DB B, 1 7 — AN $aE L
SEIRAT PT A SCRS, U HT 2 e 08 B A X 4 SORY R, N T B A
i, PAtefESd “Romeo” 5 “action” Wital HBLXEAE, {H
“Romeo” WAE—HxREIHHHIL, K idf EHE T “action”.
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5. M-SR AE i) B DA T AL

TF-IDF U EE )15 S s )
PRI 1 SRS AR A, A3 B A ¢ 7ESCRY d R TF-IDF A

wyd = tftq X idfy
EZARFNFE T RIRERPXEFTHNEERSHEELRESTHX S
M, AT A LA T A 3 A .
THESLI: FE3THETS A LR ) A G 3R 1 B SR, R

Word df idf
Romeo 1 1.57

salad 2 1.27
Falstaff 4 0.967
forest 12 0.489
battle 21 0.246
wit 34 0.037
fool 36 0.012
good 37 0
sweet 37 0
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5. A3 SCRIA: £ [ B Hh O AR TE AL

As You Like It Twelfth Night Julius Caesar Henry V
battle 1 0 7 13
good 114 80 62 89
fool 36 58 1 4
wit 20 15 2 3

13RO YW The term-document matrix for four words in four Shakespeare plays. Each cell
contains the number of times the (row) word occurs in the (column) document.

As You Like It Twelfth Night Julius Caesar Henry V
battle 0.246 0 0.454 0.520
good 0 0 0 0
fool 0.030 0.033 0.0012 0.0019
wit 0.085 0.081 0.048 0.054

A portion of the tf-idf weighted term-document matrix for four words in Shake-
speare plays, showing a selection of 4 plays, using counts from Fig. 6.2. For example the
0.085 value for wit in As You Like It is the product of tf = 1 +1og;((20) = 2.301 and idf = .037.
Note that the idf weighting has eliminated the importance of the ubiquitous word good and
vastly reduced the impact of the almost-ubiquitous word fool.

XHF “good” IX—Hur], EIRFEREABIH L MBI, HiiTeEmey
KSR PR SO IR AR e, e adf (EEIE T 0, R TF-IDF AU thRAK,
St X [X 93 AN R R A R . [FRIRE, BRI B R IR T %
SCREE AR (Bl “Romeo”) 2 IRASHEGHIN idf {8, MIM{HEHE TF-IDF AL
e, R AR RS E £ ERITER
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1. EAXEHR

FUEAZ B (Pointwise Mutual Information, PMI)F -3 Wr i -1 2 [7]
[y “ORER” FEIE, B EL R SEPREE I R 5 37 FRig T HIBI R A EL(E,
REEHEIRNSIRZENHERRE.
2. BEENX
XFFHARE w 5 BRI ¢, PMIE -
P(w, c)
P(w) P(c)

PMI(w, ¢) = log,

Horr, P(w, ¢) FRTEIERI w A1 clA) I I ARIAEEE (6 e K ABVR i
MILIABIH— AR ED: P(w) 5 Pe) 7302 w5 ¢ & BB,
BEERELEE X 777 Plw,c) W 7SR FILIIEL, 708

P(w)P(c) MR — 3 HAHBSZIN F3E IR . BONHUS W RS ) —
NEUE, IZAEBROR 1 ] 3 SERRIE ISR B o b 7 R LI R,
PRI T S IR e ot
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3. E=EFEE (PPMI)

PMIFIHUEVE RN LTS BIIETC ST, IEAH R SE PR IR AT 8 1 fh
SR B TABEH LB RORE R, i 2R s S bR LA AR T a7
{HAESLPRIBERIF, HPMUEMAEAEA R & TS U R . Ak, R
FIPPMI (Positive PMD), ¥ B X,

PPMI(w, ¢) = max (log2 PI(D(;UPC()c), O)

WEILRE: Eel@in—a e P T B AR, Fx N iE
55D, RIS

A, py= L

Zi,]fzj
\ Jij fij
- 142 Hr Dip = J « . J ;
G i = ST 5 opy=>, Sk

- IHHAA BRI PMIL, RN T RIEEN 0.
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TR

computer data result pie sugar count(w)
cherry 2 8 9 442 25 486
strawberry 0 0 1 60 19 80
digital 1670 1683 85 5 4 3447
information 3325 3982 378 5 13 7703
count(context) 4997 5673 473 512 61 11716

IBRVIBI  Co-occurrence counts for four words in 5 contexts in the Wikipedia corpus,

together with the marginals, pretending for the purpose of this calculation that no other word-
s/contexts matter.

. . 3982
P(w=information, c=data) = 1716 = 3399
7703
P(w=information) = ———— = 657
(w=information) 1716 .6575
5673
P(C—ddtd) = m 4842

PPMI (information,data) = log,(.3399/(.6575 x.4842)) = .0944
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6. M HfER

p(w,context) p(w)
computer data result pie sugar p(w)
cherry 0.0002 0.0007  0.0008 0.0377  0.0021 0.0415
strawberry 0.0000 0.0000  0.0001 0.0051 0.0016 0.0068
digital 0.1425 0.1436  0.0073 0.0004  0.0003 0.2942
information 0.2838 0.3399  0.0323 0.0004  0.0011 0.6575
p(context) 0.4265 0.4842  0.0404  0.0437  0.0052

JAT4NYEMB]  Replacing the counts in Fig. 6.6 with joint probabilities, showing the marginals
in the right column and the bottom row.

computer data result pie sugar
cherry 0 0 0 4.38 3.30
strawberry 0 0 0 4.10 5.51
digital 0.18 0.01 0 0 0
information 0.02 0.09 0.28 0 0

The PPMI matrix showing the association between words and context words,
computed from the counts in Fig. 6.11. Note that most of the 0 PPMI values are ones that had
a negative PMI; for example PMI(cherry,computer) = -6.7, meaning that cherry and computer
co-occur on Wikipedia less often than we would expect by chance, and with PPMI we replace
negative values by zero.

KZE0 PPMUEX L JFEAEPMISZ A 1 3. filan, PMICGEER, 115EHL) = -6.7,
X EWRE LI TR Rk A0 CTHENL” SRIE H I A L ST AR R T
ST AL [ R R B
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BRSPS

PMI F5 b RS TSGR T AR W A, R
Ty EPREIRRR D, JLLE o) AT IOR, T AR
SR, O RRRIE L XSRS TLaplace T8

1. BREE (5%

count(c)®
> count(c)e
W o = 0.75 REMUSEF B FATROR o XA, RIS S0, HAR
R RICFIE FIE R, WMFEIGTH R PMI R, 38 G b i (i 57 o
2. Laplace /&
3k, WA LSS B BRI — A NE R E (Bl 0.1 = 3

FIYE N D), LR BFIE ROCR, AT BT 1 22 BORH AR AR AT i) o 45 R 1)
AEHFW,

P,(c) =
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7. )RR OB

[e R 1 SRR ) 1
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7. )RR OB

) B SO R, AN HAR A AT B — AN R R R, YRR N T
ARG RIE—SCRYE ) sRER R Scia) (RIR—ia dL8ism
). fEIXP AR R, B4 RE ) iR fE A E SoR e R E B R
SCH LR BB, PR R B0 BT AN RS T R AR

TF-IDF: {Ei—3CRYAERES, @kt R ERia st Ar w3 rie, BS
WSO (P FAR,  BRAR T 7E BT SCRS st B Rl AL, SR TR
BB X 43 SCRYRFAE IR AR -

PPMI: fEI—ir 3L RS b, 855 H AR ial 5 B F SCR B A
DINEZ 5007 IR R LUAE 0 3, IR AEE S, 15 SEPRtal B35
e T A R 6 SRAS e A, DT BB 4 M s RV [ R R Bk
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7. )RR OB

B SCHEE: AR T

Toi 2 TF-IDF b2 PPMI INBUS AR M &, W &5 B AR
FH A% 2 AR AL 1 g G i) 2 T AR B A 1 T B A bR B B A ) &
Je IR TLAE, Rt 2 EA IS SRy ) EEE R, R5%E
RAZIT 1, Ui BH AN B SCRY AR S X AL Rz, BUE BRI R B
THERRK.

Y EENMETTE: KSR AT 1 1 A AT SR AN S B,
BRENZSCRE RO AR (Bul):

wy + wp + -+ W

k
X —ARAE SRR AE B YR A P F4K— PR, X sRERIMES 3OS
FEIAEEZERFFESDM.

d:
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7. )RR OB

FARN 375

SRS E: FERR. STRRE LD RN EFES

TABCARMME ST B TV SR R . B SUEARIB R L 1] SO B SR
ERLE @

HMNA: B Br NSTHFT Can EEBUA [R] ST AR 8] # Y
FAMNE) 2RI

1% o SR 27 ) P 1) B 22 ) PP % BT IR INAL 3 AT, B LA AR R
FRAE, IR RRAR R IR UK.
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8. Word2vec

B Word2vec
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8. Word2vec

AR 53

TG SCAR R IR T7 1% (21— SRS sl A — 1] JL IR B (1) #R B [5)
BRR) BARGEW AT INAENS (TF-IDF. PPMI 28) f4iiaE 2 [A] [
EXEE, HHEEEEBRESERABRKE, Bt EREREFEE,
N A RETeiE FE R IRIC < (B AU AT AR (U4

Word2vec 2} 1 — il il 2 25 T5 51 2545 2R 4E . BEER )
2 (AHAWmAN) BRRAEZE HINGETRK T SHME. i 7itE
B, JHESM ERIE S BAEST LRI e
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8. Word2vec

A B ST E

EINCETF3

Word2vec (110 fE T4 MU S| —ME4EE SR A B 22, ok
BB AERELE 50 1 1000 21, S5 H St At T i s AR
SEHIEL, A ATEAE. JUMEE R ORI IE X R
B, EEHESHIRANERDEES.

2. BUEEEIER

HORRIR KRR SR i L F O B IIREE, ERAT
BRE. SLAOKYE, BRI “BIRRS E TR x—ARNE,
BEAMERERRRISEIES, NTEENIRS “23” A%
RET.

2025-02-01
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8. Word2vec

WERIMI R Skip-gram with Negative Sampling (SGNS)

1. IE. PAAMIE

Word2vec H i FHHISEEL T AN Skip-gram 8, HIA A .

@ KA FrguR S HAE—ZEHE O (Bl £2 4NE)D) WE ETICIE
PN IEFEA

@ XA IEFEAR, BEALMRTCHRFES T “Bes (B 30)IA 7,
PR AAEA, B RIX LM 75 36 AT H AR .

. lemon, a [tablespoon of apricot jam, a] pinch ...
cl c2 w c3 c4

This example has a target word w (apricot), and 4 context words in the L = £2
window, resulting in 4 positive training instances (on the left below):

pOSitiVe eXampleS + negaﬁve examples -

w Cpos w Cneg w Cneg
apricot tablespoon apricot aardvark apricot seven
apricot of apricot my apricot forever
apricot jam apricot where  apricot dear
apricot a apricot coaxial apricot if

zjzhang (HZNU) 'e i 2025-02-01



- Ol
2. BB SR 5
BOIIBO B B—MEE ERSCARHRIR 5 EARARHK
AEEIE, WHAEATEEER A0 LRSI O, R
Z R TSR (B SRR, B

Similarity(w, ¢) = ¢- w
H EE?: FRAMERTEE 2 —oco B +oo, ToiEBEILMRBEAME.
. RRREIBEEM R £ Sigmoid R
7374~ RN, BRTUER] Logistic [A1VF 9 [ Sigmoid BR%:

1
o(2) = 1 + exp(—=x)

IEIBERRIR: B HIR A w 510Ki% BN ¢ BAR&IE Sigmoid #%
)5, 195

—

P(+|w, c) = o(c-w) =

1+ exp(—c- w)
E—MERENT 0 F1 1 26, m1ﬁ?§ﬂ“ c RAT R A SE b S
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8. Word2vec

XFR, GABIBIRRERE N
P(—|w,¢) =1— P(+|w, c) =o(—c- w)
4. BESER[RAG S FTRAE

B HRE w A ZA LT GEN e, e, ... e B, BRMRE
X BN G A AT, A B TR SCE PO IEREAR ISR Y

P(+|w, c1.1) = Ha(ci - w)

HIH XN

log P(+|w, c1.1,) Zloga ¢

zjzhang (HZNU) SCAAZ YR 2025-02-01



8. Word2vec

ik L, Skip-gram BRI — A o dedt, HAA N HbriA 5
fgeid bR SCER, TR T H R R R R A Sigmoid F
13 BZAG I ) R 75 N ELSE B SO R

BRRISH. FMEAKHMTRA, O /ERNERENKRERR, @ 1F
TR S B 3R I [ R .

1.d
aardvark [ees) 1
[eo9)

apricot [ee9
W target words

4

ax
0 — zebra

aardvark [e®

V[+1

apricot [e®

C  context & noise
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zebra (€] 2V

The embeddings learned by the skipgram model. The algorithm stores two
embeddings for each word, the target embedding (sometimes called the input embedding)
and the context embedding (sometimes called the output embedding). The parameter 6 that
the algorithm learns is thus a matrix of 2|V | vectors, each of dimension d, formed by concate-
nating two matrices, the target embeddings W and the context+noise embeddings C.
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IITNe XMl A two-dimensional (t-SNE) projection of embeddings for some words and

phrases, showing that words with similar meanings are nearby in space. The original 60-
dimensional embeddings were trained for sentiment analysis. Simplified from Li et al. (2015)
with colors added for explanation.
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Z BN RT: apple is to tree as grape is to vine.
ﬂ%ﬁ@ WBHER: tree — apple + grapt ~ vine
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b* = argmin, distance(z, b — a + a*)
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tree
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The parallelogram model for analogy problems (Rumelhart and Abrahamson,
1973): the location of vine can be found by subtracting apple from tre¢ and adding grape.
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(a) (®
JATNGYMIY  Relational properties of the GloVe vector space, shown by projecting vectors onto two dimen-

-
sions. (a) king — man + woman is close to queen. (b) offsets seem to capture comparative and superlative

morphology (Pennington et al., 2014).
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A t-SNE visualization of the semantic change of 3 words in English using
word2vec vectors. The modern sense of each word, and the grey context words, are com-
puted from the most recent (modern) time-point embedding space. Earlier points are com-
puted from earlier historical embedding spaces. The visualizations show the changes in the
word gay from meanings related to “cheerful” or “frolicsome” to referring to homosexuality,
the development of the modern “transmission” sense of broadcast from its original sense of
sowing seeds, and the pejoration of the word awfil as it shifted from meaning “full of awe”
to meaning “terrible or appalling” (Hamilton et al., 2016b).
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