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In [7]: pre embedding = word2vec.load('data/zi2vec2.bin')
pre embedding['E ']

Out[7]: array([ 0.02318641, -0.04527554, -0.00997966, 0.13863735, 0.06228667,
0.05969576, 0.01610527, 0.1015555 , 0.00208612, -0.00917488,
-0.12436734, 0.04270805, 0.07257671], -0.26799196, -0.15483236,
-0.01004719, -0.18201824, -0.0937647 , -0.04718755, -0.08767666,
0.04883178, 0.14300512, -0.04847946, 0.01450507, -0.08758005,
-0.04480667, 0.24508943, -0.07102628, 0.00885286, 0.06377392,
0.01634579, -0.02787561, -0.0118992 , 0.07996762, -0.04713449,
0.0683604 , -0.09318909, -0.00282295, 0.01361588, -0.00660162,
-0.06802392, 0.14408961, -0.2410495 , -0.05232474, -0.06069665,
0.05748704, -0.0572319 , 0.1105217 , -0.08457625, -0.11090387,
-0.04061745, 0.02523119, -0.01537016, -0.09068317, 0.04371744,
-0.00903666, -0.02944135, 0.09460841, -0.04217609, 0.02083229,
0.12145197, -0.19373454, 0.10814972, -0.24881546, 0.00418631,
0.11732625, -0.0183216 , -0.08110762, 0.06749552, -0.07890873,
-0.1587238 , -0.0488408 , -0.03276642, 0.1176642 , -0.13074872,
0.18964118, 0.07707223, 0.13461018, -0.06841851, -0.14427578,
-0.08032991, -0.01852139, 0.12190777, 0.02320155, 0.06564564,
-0.15792845, -0.09926453, -0.02505823, 0.06297594, 0.22951928,
0.06359901, -0.0115441 , -0.10704326, 0.12146004, -0.05930306,
-0.16557473, -0.09982823, -0.00469986, 0.03039106, -0.125500741])

> AfellhEl R AR S L ZMESER? dMel=E10?

- KA (word analogy)



Ioliin A\ lEh A

Word Embedding



Ioliin A\ M Al

1. 1EA@=EAIAR:
» AN —MEEERT (Data representation)
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2. FRFEM=EE N AE:
D Count (Sparse)
D PPML
2 Predict (Dense)
D C&W
@ CBOW & Skipgram (word2vec)
@ Transformers (Bert)

Baroni M, Dinu G, Kruszewski G. Don't count, predict! A systematic comparison of context-counting vs. context-predicting semantic vectors[C]//Proceedings of the 52nd Annual Meeting
of the Association for Computational Linguistics (Volume 1: Long Papers). 2014, 1: 238-247.
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(D Count: PPMI
» REEER(PMI)

PMI(W C) — logm
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(D Count: PPMI

» RAIE]E{FE(PMI)
p(w, ) #(w,c) - |D]
PMI(w,c) = log————— = log————
SPwW) pc)  ° #W) - #(0)

» IERIEIE{EE(PPMI)
PPMI(w,c) = max(PMI(w,c),0)



Ioliin A\ M Al

@ Predict: CBOW & Skipgram (word2vec)
| love  language  processing -

v(context(w)q) v(context(w),) v(w)
o0 00 00 00 o0
_\ 2k

| Xy = z context(w); € R™

=1

2
>
Al

v(u): o ds =0
| love

language vy



ToliiR AR A
3. SR

1

1 intelligent
fg ability
#l) reach
e.g. {&'gE(intelligence), I}t (era), 3|3k (arrive)} % come
(A) CBOW (B)Character-enhanced Word Embedding

Xinxiong Chen, Lei Xu, Zhiyuan Liu, Maosong Sun, and Huanbo Luan. 2015. Joint learning of character and word embeddings. In [JCAI. pages 1236-1242.
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- Mikolov (2013)
Linguistic regularities
1n continhuous space
word representations

WOMAN

UNCLE

KING

MAN/ /

QUEEN

AUNT

QUEENS

KINGS \

AN

KING

QUEEN

Figure 2: Left panel shows vector offsets for three word
pairs illustrating the gender relation. Right panel shows
a different projection, and the singular/plural relation for
two words. In high-dimensional space, multiple relations

can be embedded for a single word.
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- wordlzFword2, tHEFword3ZF(tA4?
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ZHENRX R T XF R (f) , &
1o FASELE IR A0 B e SR IR ) - f (eat) = ate
= f(look) =7
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: (4 - 5)
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2. ERRERIRE
(D Evaluate word embeddings
@ Inducing morphological transformations
@ Detecting semantic relations

@ Translating unknown words
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2. {ERNR AR
(D Evaluate word embeddings

@ Inducing morphological transformations

> SIS R

@ Detecting semantic relations
» MMEN KRR
@ Translating unknown words

» BMEARE R
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Mikolov et al. 2013 /% 411 17) 3

— 19,544 25 EE ] it

e 88691E Y 3
e 1067507425 (92

5L (53

/[/[\' p—

Type of relationship Word Pair 1 Word Pair 2
Common capital city Athens Greece Oslo Norway
All capital cities Astana Kazakhstan Harare Zimbabwe
Currency Angola kwanza [ran rial
City-1in-state Chicago [llino1s Stockton California
Man-Woman brother sister grandson | granddaughter
Adjective to adverb apparent apparently rapid rapidly
Opposite possibly impossibly ethical unethical
Comparative great greater tough tougher
Superlative easy easiest lucky luckiest
Present Participle think thinking read reading
Nationality adjective | Switzerland Swiss Cambodia Cambodian
Past tense walking walked swimming swam
Plural nouns mouse mice dollar dollars
Plural verbs work works speak speaks




AERINAREIR T

» CAS

- 1ncluding 17813 questions.
- set a Llimit of 50 word pairs at most for each relation.
- 1852 unique Chinese word pairs

Benchmark Category Type #questions | #words Relation
Capital 506 46 capital-country
CA_translated Semantic State 175 54 city-province
Family 272 34 family members
Reduplication A 2554 344 A-A, A-yi-A, A-lai-A-qu
Morphological Reduplication AB 2535 423 A-A-B-B, A-li-A-B, A-B-A-B
Semi-prefix 2553 656 21 semi-prefixes: K, /)N, &, =5, I, etc.
CAS Semi-suffix 2535 727 41 semi-suffixes: &, =\, + X, |+, etc.
country-capital, country-currency,
Geography 3192 305 province-abbreviation, province-capital,

province-dramma, etc.

Semantic —_ 1465 177 dynasty-emperor, dynasty-capital,
1story title-emperor, celebrity-country
number, time, animal, plant, body,
Nature 1370 452 physics, weather, reverse, color, etc.
People 1600 550 finding-scientist, work-writer,

family members, etc.
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jian dan
eas IIIIIIII A")\_ “6
y ]é’] 5 person every person
\ v = rén rén rén
geng jian dan )
o’ { L fgj h:24 A AN

easier °..

S jilan dan Xxie day every day
m e s tian tian tian

o

R RR
E

zui jian dan

... { o e
(a) (b)

Figure 1. Examples of Chinese lexical knowledge:
(a) function words (in orange boxes) are used to
indicate the comparative and superlative degrees;
(b) reduplication yields the meaning of “every”.
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Morphological Questions: Reduplication



Category

Sub-
category

AA

AvyiA

A lai A
qu

POS

Noun

Measure

Verb

Adjective

Verb

Verb

Noun

Morphological Function

Form kinship terms
Yield every / each meaning
Yield every / each meaning

Signal doing something a little
bit

Signal things happen briefly

Intensify the adjective
Transform it to adverbs
Signal trying to do something
Signal doing something

repeatedly

Yield many / much meaning

Morphological Questions: Reduplication

Example

2 (dad) » %8 (dad)

X (day) » KX (everyday)

™ (<) 2 T (every/each)

i (say) = Wik (say a little)

E (look) > &% (have a brief look)
X (big) > KX (very big)
& (slow) > 1€1€ (slowly)

17 (eat) »> Iz—10Z (try to eat)

% (fly) > k¥ %= (fly around)

LLI7K (mountain and river) = [LL7K7K
(many mountains and rivers)



AB

AABB

AliAB

ABAB

Noun

Verb

Adjective

Adverb

Adjective

Verb

Adjective

- VFV“‘V“I

Yield many / much meaning

Indicate a continuous action

Intensify the adjective

Yield the meaning of not
uniform

Intensify the adverb

Oralize the adjective and yield
derogatory meaning

Signal doing something a little
bit

Intensify the adjective

Transform it to a verb

LLI7K (mountain and river) = [LL7K7K
(many mountains and rivers)

5% (laugh and chat) = #1755 (laugh
and chat for a while)

528 (clear) » B2 (very clear)

X\ (size) > KK/v)\ (all sizes)

K (completely) - #)/K/E (totally and
completely)

=k (flurried) = B ok (anxious)

3¥ & (pay attention) » 3FEE= (pay a
little attention)

£ 1 (white) > FEBZEA (very white)

B (happy) @ B 5% (make someone
happy)



2. 0%

Morphological Questions: Semi-affixation y & (1) > &A1 (we)
) iX (here) = XE (here)

Category Semi-affix Example



Morphological Questions: Semi-affixation ] & (1) > & (we)
Category Semi-affix Example = X (here) > :XZ (here)
LE X (thi IXLE (th
= — (one) = B— (first) = X (this) - XL (these)
g2 X (this) 2 3X#% (such)
)] — (one) - #)— (the first day of a lunar month) ~ 2 (this) > 21~ (thiz one)
T — (one) > = (eleven) i X (this) > 3% (here)
B — (one) » [@— (Monday) s X (this) » X# (this kind)
EH — (one) » EHf— (Monday) R X (this) » XR (this time)
= [ (tiger) > & (tiger) JL X (this) = X)L (here)
g s\ zJnA t
I\ E (grass) - /J\E (graSS) B = (east) > ZREP (east)
= it (heart) = O\ (in the heart)
N - 5 I
A SR T s A EepEEs s LI (mountain) = LU_E (on the mountain)
= 24K (conductor) » ¥ 54K (semiconductor) = &5 (front) - &1 (in the front)
| #HAR (cell) > BE4HAR (unicell) =) 3% (strong) = 38 (the strong one)
Semi-prefix i) §%3% (link) > #8543 (hyperlink) E FlZ (science) > BEX (scientist)
iR KBt (continent) = APk (subcontinent) El #¥ (fat) > B (a fat man)
IE =3 (conventional) » FEE# (unconventional) x & {wood) - A3 (wood)
T K (wood) = KT (carpentry)
st R (time) > 8% (every time)
[T A (wood) = KI[E (carpenter)
= PRE (star) > ZBAE (all star) B %X (laugh) » X E (comedian)
{7 £ (gentlemen) > {4 (hypocrites) Semi-suffix F # (old) > ZF (old hand)

I i (tropical zone) » T (sub-tropical zone) X T (optimistic) » FMENX (optimism)

= - B (wine) - 3¥5& (foreign wine) R =i (stingy) > HE R (miser)
2 643 (score) > FLE% (total score) & F {Chinese) > =%, (Chinese style)
A Z1H (archaeology) » ZHPBA (archaeological team)
= MR (matter) > & (antimatter)
1= & (yellow) > & (the yellow color)
= &4 42 : Sl &4 425 (v :
=] B2 (president) > Bl &2 (vice president) s 07 (geology) - HFE (discipline of geology)



Category

Semi-prefix

Morphological Questions: Semi-affixation

Semi-affix

S
)
+
E
Ef
Z

VI | S

>3

Example
— (one) » E— (first)
— (one) » ¥]— (the first day of a lunar month)
— (one) » +— (eleven)
— (one) » E— (Monday)
— (one) » EH§— (Monday)
IR (tiger) » Z[7 (tiger)
& (grass) -» /\E (grass)
7§ (sea) » K (large sea)
S4K (conductor) -» F 544 (semiconductor)
AR (cell) > B24RMR (unicell)
4% (link) - #B8%#E (hyperlink)

AP (continent) - X AP# (subcontinent)
®H (conventional) > IEE N (unconventional)
/R (time) > 8% (every time)

BAE (star) > £BAE (all star)
£+ (gentlemen) -» {AF& F (hypocrites)
A (tropical zone) » W (sub-tropical zone)
& (wine) - J¥i& (foreign wine)
tt% (score) - ZEE4 (total score)

IR (matter) » RE# (antimatter)

B2 (president) > Bl &2 (vice president)

Semi-suffix

Mo R H ¥ NN

EX

& o

9 F M % @ M H

M =

El

BlZ (science) » B2 X (scientist)

#¥ (fat) > B+ (a fat man)
7K (wood) = Ak (wood)

K (wood) = KT (carpentry)

A (wood) = KI[E (carpenter)

% (laugh) » & (comedian)
Z (old) » £ (old hand)

M (optimistic) 2> FMFENX (optimism)

& (stingy) > ZE R (miser)

i (Chinese) = Hx{ (Chinese style)
Z1H (archaeology) » ZHPBA (archaeological team)
& (yellow) » & (the yellow color)
i (geology) = ihf5i%¢ (discipline of geology)
Bap (fate) > TEapiL (fatalism)

S ZE (bus) 2 [ ZEL (bus station)
i (spectrum) = Y5iE{X (spectrograph)
F R (academic) » AR (academia)
1B E (chasing a star) - iBEJ}k& (fans)
% (gamble) - B4E (gambler)

M (rain) - R (rain disaster)

% (cold) » 2% (cold air)

& (acid) »> E&M (acidic)

R (song) > AT (KTV)

SZE (copy) > EENH (copier)

% (say) = %% (saying)

B (Yue) » BEl (Cantonese Opera)

& (ship) = #81< (captain of a ship)
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BZE:
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SRZANE TR, EERE., FH, UYIdTAEESTIHXERN, o),
x% REAZIN:
D FEEL, NXoBEE. E2NaIEfMEES,
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RREEKRT
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1.3t
2.[h%E
3.8%

Semantic Questions



Category

Geography

History

Sub-category
country - capital
country - currency
province - abbreviation
province - capital
province - drama
province - channel
province - university

city - university

university - abbreviation

dynasty - emperor
dynasty - capital
title - emperor

celebrity - country

Semantic Questions

FA[E (China)

Example

F[E (China) - JtZR (Beijing)

- AR (Chinese yuan)

[ "% (Guangdong) - & (Yue)

[ "% (Guangdong) - | M (Guangzhou)

[ %= (Guangdong) - &l (Cantonese Opera)

[ %= (Guangdong) - | 2r 3 #1 (Guangdong Satellite TV)

AL (Zhejiang) - #IKE (Zhejiang University)

FR (Nanjing) - BRAZ (Nanjing University)

IMSEAZE (Normal University) - i< (Normal University)

X (Han) - XJ#B (Liu Bang)
Z (Qin) - BLPFH (Xian Yang)

)X 548 (Emperor Gaozu of Han) - XI|#} (Liu Bang)

J

|-
—

Sy

2R (Qu Yuan) - 3

(U2t

E| (Country Chu)




Nature

People

number
time
animal
plant
ornament
chemistry
physics
weather
reverse
color
company - founder
work - scientist
work - writer
family - member

student - degree

55— (first) - YRt (the first in an imperial examination)

&1 (Spring Festival) - 1IE B (the first month in a lunar year)

35 (cock) - B35 (hen)

&84 (apricot tree) - & (apricot)

F18 (finger) - #$E (ring)

fo] B2

£k (salt) - S145A (sodium chloride)

7K (ice) - 7KZ% S (steam)

/\i#s (Grain Full) - EX (summer)

(1]

¥ (loose) - & (tight)

3 (sea) - B (blue)

'@ (Alibaba) - &= (Ma Yun)

Eh{Y (seismograph) - 5k (Zhang Heng)

BA{¢ 7 #8 (Dawn Blossoms Plucked at Dusk) - 238 (Lu Xun)

%<5 (grandfather) - A (grandson)

INZE (elementary school) - 7©VE#4 (schoolchild)
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> SSHENNISS

- CA8

J [AY=

- CA-translated

> |2

IRIT

- SGNS (skip-gram model with negative sampling)
- PPMI (Positive Pointwise Mutual Information)

Window ltorat; Di . Sub- Low-frequency | Context distribution Negative Vector
(dynamic) | —oraHOm | DIMENSION o mpling threshold smoothing (SGNS/PPMI)|  offset
S S 300 le-5 50 0.75 S/1 3COSMUL
: word

- word+character
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» | ZRIEFL

J [AY=

IXIT

Corpus Size | #tokens Vi Description
e | | Wikipedia data obtained from
Wikipedia 1.3G 223M gLEas https://dumps.wikimedia.org/
. . | Chinese wikipedia data from
Baidubaike 4.1G 745M | 5422K https://baike baidu.com/
, . | News data from People’s Daily (1946-2017)
People’s Daily News | 3.9G 663M 1664K http://data.people.com.cn/
Sogou news 379G 640M 1996K Nev;/ls dfita provided by Sogou Labs
ttp://www.sogou.com/labs/
. | o Chinese QA data from https://www.zhihu.com/,
Zhihu QA 216 S84M HTT7K including 32137 questions and 3239114 answers
Combination 14.8G | 2668M | 8175K | We build this corpus by combining the above corpora
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Results
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CA_translated CAS8
Cap. Sta. Fam.|[[ A AB  Pre. Suf. || Mor. [[ Geo. His. Nat. Peo. [| Sem.
word 706 966  .603 || .117 .162 .181 .389 || .222 || .414 .345 236 .223 || .327
SGNS  word+ngram | .715 .977 640 [[ .143 .184 .197 429 (] 250 || .449 308 .276 310 || .368
word+char | .676 966 548 || .358 .540 .326 .612 || 455 || 468 226 .296 305 || .368
word 925 .920 548 || .103 139 138 464 || .226 || .627 501 .300 515 || .522
PPMI  word+ngram | .943 960 .658 || .102 .129 .168 456 ] .230 || .680 .535 .371 .626 || .586
word+char | 913 .886 .614 || .106 .190 .173 .505 || .260 || .638 .502 .288 515 || .524
- SGNS EHZKIEAEE A ERIMME
- PPMI 7EH3RIEX(EE A ERIMIME
- 5ERER—
- ZKY?%)W\UEI’\]L?*3
@ EEEEEMKESINE, MmSGNSIEERBERSIMEINER.
@ EBXEEEMAKRHESNIE, mPPMIERFEREINFER.
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CA_translated CAS8
Cap. Sta. Fam.|[[ A AB  Pre. Suf. || Mor. || Geo. His. Nat. Peo. [[ Sem.
word 706 966  .603 || .117 .162 .181 .389 || .222 || .414 .345 236 .223 || .327

SGNS  word+ngram | .715 977 .640 [[ .143 .184 .197 429 [ .250 [] .449 .308 .276 .310 || .368

word+char | .676 .966 548 || .358 .540 .326 .612 || .455 || 468 226 296 .305 || .368

word 925 920 548 || .103 139 138 464 || .226 || .627 .501 .300 515 || .522

PPMI  word+ngram | .943 960 .658 [[ .102 .129 .168 .456 || .230 || .680 .535 371 .626 || .586

word+char | 913 886 .614 || .106 .190 .173 .505 || .260 || .638 .502 .288 .515 || .524

- EIEAEREIRAE, 5| A\NFO=RISOGNSIE R 7T HAth
- EIBENEEHIAAE, 5| AngramfgPPMIER B ¥ FEHA;D
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A SN WS
> YWZRIERIXTLE
CA_ translated CAS8
Cap. Sta. Fam. A AB  Pre. Suf. || Mor. || Geo. His. Nat. Peo. [| Sem.
Wikipedia 1.2G S97 771 .360 029 018 .152 .266 180 339 125 147  .079 236
Baidubaike 4.3G | .706 .966  .603 A17 162 181  .389 222 414 345 236 .223 327
People’s Daily 4.2G| 925 989 .547 140 158  .213  .355 226 694 019 206 .157 455
Sogou News 4.0G | .619 966 .496 057 .075 131 .176 115 432 .067 .150 .145 302
Zhihu QA 2.2G 277 491  .625 JA75 199 134 251 189 146 147 250 .189 181
Combination 15.9G| 872 .994 .710 223 300 234 518 321 662 293 310 .307 467
- FEEIBRIAEANIEIN, FRERIES
- BRI ERRER, Fl40:
- MEERENERIEEX DA (TEZthIERE) ERINEH.
- AR EERIE RIS,
- AXHNRRA: BFAXBEEZO1E, MYXIENESZHMEDNETR.
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