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Latent Dirichlet Allocation, f##XLDA, HiDavid M. Blei, Andrew Y. Ng#[]
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CArts” “Budgets” “Children” “Education”

S ‘ The William Randolph Hearst Foundation will give $1.25 million to Lincoln Center, Metropoli-

;IEI:J\I]\‘I if\[\g];{LION %%%;%%IEV gg?ggﬁrs tan Opera Co., New York Philharmonic and Juilliard School. “Our board felt that we had a

SHOW PROGRAM PEOPLE SCHOOLS real opportunity to make a mark on the future of the performing arts with these grants an act

MUSIC BUDGET CHILD EDUCATION every bit as important as our traditional areas of support in health, medical rescarch. education

MOVIE BILLION YEARS TEACHERS ‘ and the social services,” Hearst Foundation President Randolph A. Hearst said Monday in

P_L"AY FvEDER"\L F‘T\MIL,IES HIGH ‘ announcing the grants. Lincoln Center’s share will be $200.000 for its new building, which

EIE['SS;CAL EIPSIEDING ?}A(;{IEI:TS ggEICJIHCER will house young artists and provide new public facilitics. The Metropolitan Opera Co. and

ACTOR NEW SAYS BENNETT New York Philharmonic will receive $400,000 each. The Juilliard School, where music and

FIRST STATE FAMILY MANIGAT the performing arts are taught, will get $250,000. The Hearst Foundation, a leading supporter

’(Y)(I))]TSII{\ PIS\N WELFARE gTTAi\IPHY of the Lincoln Center Consolidated Corporate I'und. will make its usual annual $100.000
A MONEY MEN ATE :

THEATER PROGRAMS PERCENT PRESIDENT el D

ACTRESS GOVERNMENT CARE ELEMENTARY

LOVE CONGRESS LIFE HAITI
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- WEERAATextRankE%sCI, AL EEEER: 18], ﬁ%“’ﬁﬁE’JxEHMM =

TextRankKeyword.getKeywordList(document, size) 2. i

String content = "fFRA (RXProgrammer) EMEBEFHF L. HIFNEWAR jj /I\l—_M:/j il:l X | 1—-|HU}=&
1 = w D ol - A
g : ZAR, e N MANED

. —HEREF AP AEFIRTARNEFRBAZ, EMENFRATIEEFTE, 155
ERE. REMLARDAVIREFG. SREFR. RADHTANGEZIEINAE %{t}ﬁm

Ig_is't<String> keywordList = HanLP.extractKeyword(content, 5); 11?)%59?92??%63\ L_ I 1—_|E’J
System.out.println(keywordList); DE?&%;KL1—EJ:§R;;%ZE’ L1t
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MICASFRIZANK i)
xmnlp.keyword(text: str, k: int = 10, stopword: bool =

True, allowPOS: Optional[List[str]] = None) ->
List[Tuple[str, float]]
S8
o text: AN
k: REIRFEERIINEL
- stopword: BEXERERE
 allowPOS: ECEARIFAVAIME
ZERiIR[]:
X EIAFIINE R YT IZE

FTUEXFERIREEN:
xmnlp.keyphrase parallel(texts: List[str], k: int = 10,
stopword: bool = False, n_jobs: int =
Generator|[List[str], None, None]
S
o texts: MXAFIFE

n_jobs: Z#& worker £

2) ->
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SnowNLP SRS
keywords(self, limit=5,

https://qithub.com/isnowfy/snownlp merge=False)

« —PMEARIIARY Python 2572

EE%HJB& 1. E@)\;‘Z E% Y=

1. hXX%%8 (Character-Based Generative Model) & &T%”ﬁ*utpja‘f’f Go?2b5)

2. 1AMFNE (TnT 3-gram) sl }/5\33@? |ISt[ﬁJ¥]

3. (EROY DGR BRI R, > Dol 2EA A lstlE])
LRI SARARTRRE, #H) 4 GETEISIOEE, KIHT (X

5. E?Tﬁﬁk?#ﬁ (TrietySCHRIERAITAD) G

6. THREEER (Trief IR ATTR) 5 UBETHIICRE (SERAIXE

7. RECAREE (TextRankEi%) IRIRISEAEX)  mii] += 085/

8. IEENIAEE (TextRankEx) |en(||5t[9€H3é1§|]L_ m[ll(OId).o %X}Aﬁ‘

9. tf-idf F200)%, HREJRIEFRmiTHiRLE

10.Tokenization (9 EIRLEF) SHE/NFET0.001BHITE

11.3ZA5E(L (BM25) 6. HEFr, B
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httIOS //github.com/NLPIR- team/NLPIR « nlpirkey extract.import dict(word
- FEMELEIESN DR, BEXOIE; AR, @ list: list) — list ) )
BLAEE; FmEREl; %%Llj]:f&ﬂy (B . nlpir.key extract.delete user word
8%) ;| AP EsSHES . (word list: list) -

. SREMBERS (Windows, Linuxs) , £7 + nlpir.key extract.import blacklist(fi
9:FZ§1.:..=. 4 (C/C++/C#, Java, Python. lename: str, B
Hadoop<F) pos blacklist=typing.List[str]) —

N/;5 N bool

« nlpir.key extract.get key words(te
xt: str, max_key: int = 50) —
List[dict]
/f « FREUCIAII ML E’J?&%Lﬂ LARZ IS MZAY
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EERE P EREHAE MRS BN RAEERE ZATRNEE, AEENEGFRIAR. RRREHMEAS, £HRIDEBNIEN ) )\ 'l,I
B test_texttxt FENAGRKS, BHAFHEASSHSHRERS, RECATUVERAAR, EFSURLSHER, THEMRMARERFS

#.

PERFRRLT. ARAFRKSBEEMX NOMGATHE, RET TERN. DRECARNERIARFTRT A5, H#TTivie.

SHEFEERFIANRRT HE, iEH, ROT/\ABR, RPABESNRRKTEN, TRNEASERBTIERALELE, BRN ’
REFTE, INETERNOSKLIN, BHERN. K8%E. ATREAXASFRAERNS, BEREFTE. S8is, ##lrrl
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SHETER, AREFLHREEM—ENRESNTUZETBNNRLE. —REFEFRRRRENTHINENRRER, BF v » L] 8
BA. BrEFrEmDSARRERRERD, ERTHIHINEMS, BHTHEREMAREN, TRBRRR, THRN=ME, & I 1 1
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AR >> RS SRR >> SRS ER YRR
SHEFEY, EMEXRBROEARX, BEREMX M 48T, RIEREMRTXEIERS. MEEREFNS. BAMRTHRE
%, RENFEAEMARED, THXBROBAKEY, RRIUMEKFEILAE, ERERSFETEEINEEEEEECTH.

AR, EMRTEBMIRERR, MREEGER, MREFERZE. Rit—&. RS, BEHHE. KEEHK. RETRNEE S5 et R ECA B B = I R (R S A 2R
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In [1]: import time
from snownlp import SnowNLP

];.Tg;r;yﬁg:{g import * *fﬂiﬁji‘jlzt:

from nlpir import key_extract SnowNLP: 2%,#¥=F, &R, =W, 5
In [2]: with open("™__ _°_ = g/Desktop/test/test_text.txt", "r") as f: xmnlp: ('RE', 8.211491499369146)
text = f.read() ('#hF5F', 7.3708887710746)
~ ('"#4%', 4.2225105950089326)
s = SnowNLP(text) ('SEFE', 3.6402442137621684)

t1SnowNLP = time.time()
snowNLPTags = s.keywords(5)
t2SnowNLP = time.time()

('$#3:h', 3.329270354844655)

print("SnowNLP: ", end="") HanLP: #=F,25%, KB, =, &K

print(",".join(snowNLPTags), end="'")

print("") NLPIR: {'freq': 29, 'pos': 'n_new', 'weight': 30.199034255113137, 'word': 'B{FL¥'}
. . {'freq': 6, 'pos': 'n_new', 'weight': 21.691608909786563, 'word': 'EEIFET'}

ﬂ:mi:e:—ﬁﬂg}iinﬁﬁ”’ WP, B,/ aad il p=anx=md BLS ) {'freq': 31, 'pos': 'v', 'weight': 20.31373449776709, 'word': 'RR'}

xmNLPTags = xmnlp.keyword(text, 5) {'freq': 3, 'pos': 'n_new', 'weight': 14.551162767576342, 'word': '¥FLEFRE'}

t2xmNLP = time.time() {'freq': 7, 'pos': 'n_new', 'weight': 14.332681159996882, 'word': '¥FFEAK'}

print("xmnlp: ", end="")

for var in xmNLPTags:
print(var)

print("")

tlHanLP = time.time()

HanLPTags = HanLP.extractKeyword(text, 5) ﬁﬂgi\jtbz

t2HanLP = time.time()

pgz:::Hﬁnl__P:in'('l:l ﬁfg;a;) S SnowNLP: 0.4926900863647461
Dty e SIS xmnlp: 1.3275861740112305
HanLP: 1.4350521564483643

tlnlp = time.time()
nlpTags = key_extract.get_key_words(text, 5) NLPIR: 0.14505410194396973
t2nlp = time.time()

print("NLPIR: ", end="")

for var in nlpTags:

print(var)

M2 ZFiuHe




YAKE

https://github.com/LIAAD/yake
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. ibjz YAKE! Collection-Independent Automatic Keyword Extractor,
RERTHEENREFRIIT A, BETMNEN PRI A FIHFIERIERE X A F

REEHKET
- A REER/{ERT P AIKEIRIRE

*ﬁ.ﬂhﬂﬂﬁﬁﬁ B4 :
AKEterm (Casing) : KEFZHMterm (&7 EDEFALERE) NEEE
B tbﬁB‘kb/J\%?—lEl’JtermE%&F ClyN
1AB9IE (Word Position) : NABFLAYES @ FREERELLEENG
FEEEEELX
179" (Term Frequency) : —MafEXAFHINAISIER A, $E$U§E1E$_EE
T3 XZ& (Term Related to Context) : —MASH#EZAERINETHIN, %
BN EZEE K
AESDFHREIAYSEEE (Term Different Sentence) : —MAEHZ A FHH
I, EEEE

SOFTRIRRIARIDERR, HEfst)pEl)\, FrrREtHEE

TReE * TPosetmn

TH;
L Fnorm TSentence
Tease + TRel T TRel

assuming default parameters

kw_extractor = yake.KeywordExtractor()
keywords = kw_extractor.extract_keywords(text)

for kw in keywords:
print(kw)

specifying parameters

extractor = yake.KeywordExtractor(lan=1language, n=max_ngram_size, dedupLim=deduplication_tt
sto kw extractor.extract_keywords (text)



SIFRank zh

https ://github.com/sunyilgdx/SIFRank zh

I X@ITRI T R—FMiEembedding

1[{,3’( Y. Sun, H. Qiu, Y. Zheng, Z. Wang and C. Zhang, "SIFRank: A New
Baseline for Unsupervised Keyphrase Extraction Based on Pre-Trained
Language Model," in IEEE Access, vol. 8, pp. 10896-10906, 2020, doi:

10.1109/ACCESS.2020.2965087.

. EFSIFRankS(T%S’Z%%LLln PTG TH0H, STHFPN.

R, XNEHREIESRIRIESHY

sentence embeddingﬂ]phrase embeddlng, MZE. 18, 18
5. ENNEFZRERARENENEE, WML T SRERIX

ﬁ_%_L.LI:Ij:EHy
SIFRank++: 7ESIFRankf9ESRt FRINMIEER

*ﬁ%jhﬂ&

« SIFRank#FFPOS tagsiallimEHHEINPIES
keyphrase candidates, 7A/FFIFHELMo
embeddmg’\”J%T@¥$DLu=, it&cosine
similarityXH&EEEH{ T T

M2 ZFiuHe
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from embeddings import sent_emb_sif, word_emb_elmo
from model.method import SIFRank, SIFRank_plus
import thulac

#download from https://github.com/HIT-SCIR/ELMoForManyLangs
model_file = r'../auxiliary_data/zhs.model/'

ELMO = word_emb_elmo.WordEmbeddings (model_file)

SIF = sent_emb_sif.SentEmbeddings(ELMO, lamda=1.0)

#download from http://thulac.thunlp.org/

zh_model = thulac.thulac(model_path=r'../auxiliary_data/thulac.models/',user_dict=r'../auxilia
elmo_layers_weight = [0.5, 0.5, 0.0]

text = "ITEHBFSHEAR (Computer Science and Technology) REEZR—H¥H, TREERRD. REIR. iTEH
keyphrases =|SIFRank(text, |SIF, zh_model, N=15,elmo_layers_weight=elmo_layers_weight)
keyphrases_ = SIFRank_plus(itext, SIF, zh_model, N=15, elmo_layers_weight=elmo_layers_weight)

s Candiate Keyphrase Output:
Input: & ) — | = p. P
generation scoring keyphrases

#¥£1: SIFRank -

(unsupervised)

POS tagsHiHt ELMo cosine
NP similarity
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I %I T — & liEembedding2
BERT-KPE

https ://qgithub.com/thunlp/BERT-KPE
163 Capturing Global Informativeness in Open Domain Keyphrase Extraction https://arxiv.org/abs/2004.13639.

- (SEFRTI)I|EREY 'JBERT XBZEFFIEI, BEi)IGDRMEZEchunking networkFIHER M4
ranking network, 435l5ERcandidate chunkingflranking®l@MES., I, 1ZAEEIEER

&, JLURIEEE, MESE—1NFMNE, (UGB I—1FRE,

RETE:

1. Token embedding:3kFABERTIE X ANRIBALAIE.

2. N-gram representation: fEFHCNNEESE R/ Ak

Input: <75 Candiate Keyphrase Output: E"J?—Xj‘MEI‘JtOken embeddinQS, %ﬁﬂ*ﬁﬂﬂgn-gram
nput X5 generation scoring keyphrases representation
i o B s o v ks B o s i o s s b Bisc B e 3. Multi-task:
Jiik1: SIFRank | pOS tagsififix ELMo cosine | : 1. Chunking network: F&liZn-gramZ2&2KiE
(unsupervised) : b o 1 __
P : NP similarity : _L-LI=|1I%L

‘ :.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'; 2. Ranklng network: Rj-n gram 'fTHH_‘_
JTiR2: BERT’KPE : | BERT-chunking BERT-ranking | :

(supervised) network network

oy
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® TFIDF £ 49474510

def __init__ (self, idf_path=None):
self.tokenizer = jieba.dt
self.postokenizer = jieba.posseg.dt
self.stop words = self.STOP_WORDS.copy()
self.idf loader = IDFLoader(idf_path or DEFAULT_IDF)
self.idf _freq, self.median_idf = self.idf loader.get_idf()
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jiebaRITF-IDFEEHEVKHRIRLRID P

® I i &HTFIDF. extract tags

def extract tags(self, sentence, topK=20, withWeight=False, allowP0S=(), withFlag=False):

if allowP0OS:
allowP0OS = frozenset(allowPQS)

words = self.postokenizer.cut(sentence)

else:

words = self.tokenizer.cut(sentence)
freq = {}
for w in words:
if allowPOS:
if w.flag not in allowP0S:
continue
elif not withFlag:
W = w.word

wc = w.word if allowP0OS and withFlag else w

if len(wc.strip()) < 2 or wc.lower() in self.stop words:

continue

freq[w] = freq.get(w, 9.8) + 1.0
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jiebaRITF-IDFEEHEVKHRIRLRID P

® I i &HTFIDF. extract tags

total = sum(freq.values())
for k in freq:
kw = k.word if allowP0OS and withFlag else k

freg[k] *= self.idf freq.get(kw, self.median idf) / total

if withWeight:
tags = sorted(freq.items(), key=itemgetter(1l), reverse=True)
else:

tags = sorted(freq, key=freq. getitem , reverse=True)

if topK:
return tags[:topK]

else:

return tags
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® TextRank &£ &9#1451L

F_init  (self):
elf.tokenizer = self.postokenizer = jieba.posseg.dt
el f.stop words = self.STOP WORDS.copy()
21f.pos filt = frozenset(('ns', 'n', ‘wvn', 'v'))
If.span = 5
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® T 4% # TextRank. textrank

F textrank(self, sentence, topk=20, withWeight=False, allowP0s=('ns', 'n', 'wvn', 'v'), withFlag=False):

g = UndirectWeightedGraph()
cm = defaultdict(int)
words = tuple(self.tokenizer.cut(sentence))

for i, wp in enumerate(words):

if self.pairfilter(wp):

j in xrange(i + 1, 1 + self.span):

=
1T

j >= len(words):

break

1ot self.pairfilter(words[]j]):

continue

it allowPOs and withFlag:
cm| (wp, words[j])] += 1

cm[ (wp.word, words[j].word)] += 1

{évXﬂHW '%H%l 40
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jiebalJTextRank& ;i ZHBN KRS ot

® 1 1% & TextRank. textrank

for terms, w in cm.items():
g.addedge(terms[@], terms[1], w)

nodes rank = g.rank()

it withuweight:
tags = sorted(nodes rank.items(), key=itemgetter(l), reverse=True)
else:

tags = sorted(nodes rank, key=nodes rank. getitem , reverse=Tru

if topkK:
return tags[:topK]

return tags
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jiebalJTextRank& ;i ZHBN KRS ot

® UndirectWeightedGraph % &9 #7450 Bof o i o) #
__init (self):
self.graph = defaultdict(list)
r addedge(self, start, end, weight):

elf.graph[start].append((start, end, weight))
elf.graph[end].append((end, start, weight))
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® A F % R ALS L L rank

- rank(self):
ws = defaultdict(float)
outSum = defaultdict(float)

D It K F

BEIJING INSTITUTE OF TECHNOLOGY

wsdef = 1.8 / (len(self.graph) or 1.8)
for n, out in self.graph.items():

ws[n] = wsdef

outsum[n] = sum((e[2] for e in out), ©.8)#
sorted keys = sorted(self.graph.keys())

for x in xrange(10):

for n in sorted keys:
s =0

r

for e in self.graph[n]:

| s i= ci2] / puthmielil] * wsielal]

WS[I‘I] = (_]_ l_ _d) + self.d * s
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jiebalJTextRank& ;i ZHBN KRS ot

® A F % R ALS L $L rank
(min rank, max rank) = (sys.float info[@], sys.float info[3])
for w in 1tervalues(ws):
if w < min rank:
min rank = w
if w > max rank:
max rank = w

for n, w in ws.items():

ws[n] = (w - min_rank / 10.@) / (max _rank - min_rank / 10.0)

return ws
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» Data were collected from Google Scholar by searching ‘keyword extraction’ and ‘keyphrase extraction’.
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(Adaptive)
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Feed Forward
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(Relu) & Dropout

S
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Feed Forward &
Dropout

BiLSTM

Dropout

Add & Layer

8x

normalization

Multi-head
attention

Layer
normalization

|

Part of Speech Positional
embeddings embeddings

|

Input

2x

embeddings If classification

[ Merge heads J

¥
[ MatMul }
& ™
Softmax
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Mask
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t
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[ MatMul J{ MatMul

Llnear& Linear & Lmear& Linear &
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Quer\" Kev KeVpositiun Value

[1] Martinc M, Krlj B, Pollak S . TNT-KID: Transformer-based neural tagger for keyword identification[J]. Natural Language Engineering, 2021:1-40.




Supervised algorithms

Fl1@10 0.044 0.022 0.017 0.071 0.065 ! ! / /
Maui
KP20k Inspec Krapivin NUS SemEval KPTimes JPTimes Duc Average Fl@5 0.005 0.035 0.005 0.004 0.011 ! ! | fi
Unsupervised algorithms F1@10 0.005 0.0486 0.007 0.006 0.014 / ! ! !
Thidf Semi-supervised CopyRNMN
F1@5 0.072 0.160 0.067 0.112 0.088 0.179° 0.266* 0.098* 0.130 L . T e TN . .2-5-c. RN S .0 A il
o N N ; a B B B Fl@lo 0.245 0.334 0.240 0.320 0.294 f f f /
Fl@lo 0.094 0.244 0.093 0.140 0.147 0.151* 0.229% 0.120* 0.152
CopyRNN
TextRank Fl@5 0.317 0.244 0.305 0.376 0.318 0.406* 0.256* 0.083 0.288
F1@5 0.181 0.286 0.185 0.230 0.217 0.022 0.012 0.120 0.157 F1@10 - - . i —_— — —_— — -
F1@10 0.151 0.339 0.160 0.216 0.226 0.030* 0.026* 0.181* 0.166
CatSeqD
YAKE F1@5 0.348 0.276 0.325 0.374 0.327 0.424* 0.238* 0.063* 0.297
F1@5 0.141* 0.204* 0.215° 0.159° 0.151°* 0.105* 0.100* 0.106* 0.149 F1@10 0.298 0.333 0.285 0.366 0.352 0.424* 0.238* 0.063* 0.295
Fl@lo 0.146* 0.223* 0.196* 0.196* 0.212* p.118* 0.135* 0.132* 0.170 CorrRMN
F1@5 / / 0.318 0.361 0.320 / { / /
RaKun F1@10 / / 0.278 0.335 0.320 / / / /
F1@5 0.177* 0.101* 0.127* 0.224* 0.167* 0.168* 0.225* 0.189* 0.172
e L T L e AR o o AT s
Fl@lo 0.160* 0.108* 0.106% 0.193% 0.159* 0.139* 0.185* 0.172* 0.153
F1@5 0.275* 0.413* 0.253* 0.318* 0.257* 0.421* 0.331* 0.298* 0.321
Key2Vec F1@10 0.278* 0.469* 0.253* 0.323* 0.278* 0.423* 0.336* 0.312*% 0.334
& * * e ® & * *
.F.l.@E IR AT L0 107 iy Bagh BT 9962 B GPT-2 + BILSTM-CRF
F1@10 0.090* 0.181* 0.082* 0.121* 0.126* 0.116* 0.145* 0.078* 0.117 F1@5 0.355* 0.462* 0.287* 0.329% 0.246% 0.478% 0.386" 0.333% 0.360
F1@10 0.360* 0.524* 0.288* 0.336% 0.274* 0.479* 0.389* 0.371* 0.378
EmbedRank
F1@5 0.135* 0.345* 0.149* 0.173* 0.189° 0.063* 0.081* 0.219* 0.169 TNT-KID
e e U R e I e O e B e R R e i N e B e e S itzE T — _— G — — — - m—
F1@10 0.134* 0.394* 0.158* 0.190* 0.217% 0.057* 0.074* 0.246* 0.184 = i R e i : e : : i R s FEetbm R

Fl@10 0.338* 0.536* 0.320*% 0.358* 0.337* 0.485* 0.361* 0.373* 0.389
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