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LDA
B 2 Dirichlet o~
B Latent Dirichlet Allocation
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Beta o~# — Dirichlet o~
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Betas%h

Betapoh o £ £ [ 1
f(x)=1< B(a, B)
0, - N)
I vV lay F(a)r(lg)
B(a,,B)_jox (1-x) "dx = ot f)
Gamma & & T »4 & A& M R 49 38 BOK M

M(x)=| tedt

1 B ) T@()
= rl0)= (-1t 8o p) -

x“11-x)"", xe[0]]

AP 4#BA.
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Betafy fafyAEE °/
B(ar, )= 1Xa—1(1 X)ﬂ—ldx_r(a)r(ﬂ)
1818 % 3L ’ Mo+ p)
[ 1 a-1(1 _ A1
E(X)=] x B(a,,B)X (1—x)""dx
. 1 (a+l)1(1 )81
“ 5. 7) XL x ) dx
_Bl@+18)_ F(a+,6’)/F(a+,b’+l)
B(a,ﬂ) F(a)F(,B) F(a +1)F(,B)
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WA 1 FB (0.0163591635916 ) S ( 0.00528905289053 ) FHE ( 0.00528905289
A4 2 - Bwe (0.0138983050847 ) T ( 0.00824858757062 ) HIBLS ( 0.00824858757
XY 3 ;0 £ (0.0124491456469 ) BRE ( 0.0124491456469 ) WHE ( 0.0108218063466
A4 4 : EH] ( 0.0306066176471 ) PIE ( 0.0103860294118 ) k55 ( 0.0103860294118
W S . PO (0.0221347331584 ) B2 ( 0.0195100612423 ) A ( 0.0142607174103
Wi 6 : AR (0.0111471861472 ) X#, ( 0.00898268398268 ) ¥R ( 0.00681818181818
WA 7 - B4 (0.0328544061303 ) §& ( 0.0194444444444 ) 14 ( 0.0184865900383 )

W44 8 : FZf1 ( 0.0198394495413 ) &R ( 0.0072247706422 ) HI=E ( 0.007224770642
A4 9 : B (0.0138983050847 ) $T ( 0.00824858757062 ) TIPS ( 0.00824858757
X4 10 © PBth (0.0186473429952 ) FIk ( 0.0138164251208 ) ffl= ( 0.011884057971
FH 1 2M] (0.0308066176471 ) BB ( 0.0103860294118 ) Y}55 ( 0.0103860294118
I8 2 - £ (0.0124491456469 ) IR ( 0.0124491456469 ) H& ( 0.0108218063466
F8 3 : B4 (0.0328544061303 ) ¥4 ( 0.0194444444444 ) 14 ( 0.0184865900383 )

F38 4. AP (0.00214876033058 ) RRE ( 0.00214876033058 ) /A ZK ( 0.0021487603
F3 S5 . Eth (0.0186473429952 ) PHk ( 0.0138164251208 ) fRl= ( 0.011884057971 )
F5 6 - PO (0.0221347331584 ) B ( 0.0195100612423 ) A ( 0.0142607174103
F8 7 B (0.0138983050847 ) ¥ ( 0.00824858757062 ) TIPS ( 0.00824858757
FH 8 : AR (0.0111471861472 ) X#l, ( 0.00898268398268 ) ¥R ( 0.00681818181818
F5 9 - FB (0.0163591635916 ) =S ( 0.00528905289053 ) FHE ( 0.00528005289

EW 10 : RfF (0.0198394405413 ) B&I, ( 0.0072247706422 ) TfIE ( 005722477064
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HAeseiv st

O & FxALzHA, PX)AAEMAA “EE , KARZEF—HE
F, 4o B R £ POX) 09 LRI, 2 & RORATIA M5 1t £
POX)5& k., M TH# o244+

P(0]x)= P(x|0)P(O) P(x|6)P(6)

P(x)

O ANt ErdP, 40 /5568 EP0X)Fo 2,54 Fp(0)i% £
R # ¢ o2, e, 230 Fol5h o048t oF,
Bl A, Z.0 o o au S B 6 5 S5 0 o

[0 In Bayesian probability theory, if the posterior distributions p(0|x)
are 1in the same family as the prior probability distribution p(0), the
prior and posterior are then called conjugate distributions, and the
prior is called a conjugate prior for the likelihood function.
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#.52 mXP, #HiTNKkIR 2X3, Nk ¥ L,
N-n&x# T o
a2 3 L E AP, 18 A 2t A & Ak
A 8 17 & 2

f(n| p)=log(p" (- p)*" )—2—h(p)

oh(p) _n N-n 0 —p=n
op p 1-p N
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HMEFIEA, OB PAH IR GHIE, 72
4 FX4 27 A XA P(X0)=C-0"-(1-0)"
G & oA = oA 6 36 %5 & Beta oA,
o LA @A Foff, BetangrHF A XA
(1

P(0|a, B)=1Bla. B)
0, H 4
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A& 3B 4L 5 Fo 7,00 - W= R
P(x(6)-P(6
P (01) - (ngx )., b (x0).p(0)

o(f0)-ct -0 -0 )
=(Cko*(1-0)") 1 a-1(q_ V-1
P(6’|a”5): B(;' ﬂ)ga—l(l_e)ﬂ_l _(Cnﬁk (1 9) )[B(a,ﬂ)e (l (9) ]
| = Ch g(k+a)—1(1_6;)(n—k+ﬂ)—1
B(a, 8)
1

9(k+a)—1 1-0 (n—k+p)-1
OCB(kdroc,n—kdr,b’) (1-6)

5t d B A A (kton-k+P)«BetasA, B 44
G A oA =0 oA 9 £ 45 7.5 R Beta g A o
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P(0)= 0°*(1-0)"

Ao, PRARAKOGAE, BpBAHK
A EEMEGRAERLINP, Ao, PBFK.
N-k— #2 1& #4 % #4019 45 £ @ A
# A4 (k+o,n-k+p).
BEBINEHEGEREL: BPdfd, £
@ LR, afefrot e T AEA
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Dirichlet43%n

Beta o~ : f(x)=- B(:’ ﬂ)x“l(l—x)ﬁ‘l, x e[0,1]
0, A 4
B £ F:B(g4)- 1;((0‘;)1;(:83))
1 &5 .o
Dirichlet o~ . f(*|07):<A(0—2)1k:! P P €l0]]
0 A 4

- 1 K o A(5) = =L
B e D|r(p|a)=@1—[pkk L AT @ F(iakj
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1 42 Beta oA 69 41 2 AKX,

— 1 a-1(1 V1 c _ o

f(x)= Tk L-x)\* xe[01]= E(X) -
15 #

f(pla)=—— [P pelol]=E(p)= "
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Symmetric Dirichlet distribution

A very common special case iIs the symmetric Dirichlet

distribution, where all of the elements making up the

knowled

parameter vector have the same value. Symmetric
Dirichlet distributions are often used when a Dirichlet
orior 1s called for, since there typically Is no prior

ge favoring one component over another.

Since al

elements of the parameter vector have the

Same va

ue, the distribution alternatively can be

parametrized by a single scalar value o, called the
concentration parameter( % & A ).
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XFFRDirichlet4y 7o

Dirichlet o~ . D|r (pla)
Hr(ak)

B AP AQ)=
5o

A

0!

2t #2Dirichlet 24 : Dir(p|a,K)= . 1(a)ﬁ o
K k=1
B oAb A(d)= lf(é“g))
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X FRDirichlet BI85

o=1 %t

B E/AH4a 2

% o>1 4f
B p=p~...=p G MmF I K

% o<l #f

B p=1, p,=0& #5458 K

1 1
@ %489 : #Dirichlet> % 6% % 8 & & #7R 080 5o 0°
23 #2952 #) 23 45.Dirichlet > % 65 ® %, ’RK=3, 0.4 0.4 51
GBI BT A2, DD EB P X2 0202

BN LB bd, B =525 % 2 Xx3=1—x1—x2
foal=a2=a3=a, BF 268 a /L0.3E @ , e
2)2.069 1 % 3 £ (8 69 & W5 % . 2 &5
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SHLHEIE XTI FRDirichletsy 70 B9 221

When o=1, the symmetric Dirichlet distribution 1s
equivalent to a uniform distribution over the open
standard (K—1)-simplex, 1.e. it is uniform over all
points in its support. Values of the concentration
parameter above 1 prefer variants that are dense,
evenly distributed distributions, i.e. all the values
within a single sample are similar to each other. VValues
of the concentration parameter below 1 prefer sparse
distributions, 1.e. most of the values within a single
sample will be close to 0, and the vast majority of the
mass will be concentrated in a few of the values.
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% I 43 70 B9 L3 43 %0 £ Dirichlet 3 %0

a = (o, i) = concentration hyperparameter
Pla = (p1,---,pk) ~ Dir(K «)
X|p = (x1,--,xk) ~ Cat(K,p)

¢ = (¢,---,cx) = number of occurrences of category 7

P|X,a ~ Dir(K,c+ «)

Dir (K,c; + oy, ,cx + k)
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k=1
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Gibbs Sampling )

[0 Gibbs Sampling & ¢ # & 17 = X, & & &k b I & &) R
TH—NpE, bk EOTSHEM S _ﬁi '@!
%&%ﬁox&k&ﬁﬁ&&%ﬁé%wﬁﬁﬁ Y

O #s#4sdMid XAPGENE o8z 820, %541+56N2HM2T
A G EABRENIENMT AL H7OHE, 14
P(zi|z;,d,wW), Brdkie & 4744 69 £ AL 0~
B A AGHoHiEits4a 0080 s MG HE,

O %447 54468 FRAA2MIOGMELFTS, BRBINRE LF 4
%18 2 —NH 6 2 AL

] ﬂﬂ#ﬁﬂ&ﬁ%TﬂAMﬁiﬁ,ﬁﬁﬁ%&$iﬁ%iﬂ%
HOFe /N2 GE 2O, Kbk, Wb Hbite i #05
@,ﬂﬁﬁ$$ﬁﬁii2¢ﬂﬂﬁﬁﬁw

O APt ErREXREK. #— kit Ep(ziz;,d,w) e 2 K4k
# Gibbs updating rule.
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'I»_I_% X _F'p(ﬁ’ Z]@’,B}) = p(ﬂiE)P@&) (=)

pW|Z,p) = f p(W|Z, D) p@lﬁ) do O

- [ l—[ A(E) gy P ag,

_ l—[ A(ﬁ +B)) ﬁz _ {n(;)}v
z=1 A(B))

- e = e e e e e e e e =y
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& FHF pw, 24, B) = p(WIZ, Bp(2d)

p(Ad) = f P(A6) p(0ld) dO

f 1_[ A@) Hﬁnm b

<::>_

%@

ke[1.K]

- l_[ A + ) iy = {”(k)}f 1
— ? m =
1 Al)
_____ T
E/HM”MZMU
k=1
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Gibbs updating rule

pw,2) _ pwlR)  pQ)

pWw,Z.)  pWolZm)pwi)  p(E-i)

A@, +B) A, + @)

U At f) A + @)

r(n(” + BT n +B) Tny + @) T(EE, nl) + ax)

T T, BT, 1”4 B) T®, + a) TEE, n® + o)

p(Zi:klzﬂi, 1’ﬁ) =

"0+ B, O 4o
k
Z}il g)ﬂ; +18r (Y 7 ( ) +ai] - 1
t
”f(c)ﬁ; + b

(k)
oV 0 (i + %)
Zle nk —|; + ﬁf
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Pkt = TR
21 1y + B @@ ,
(k) + G’k ke[1.K] ne[1.N,,]
ﬁm k e[1.M]

k= ®
Zk:l nm + Ofk

Pl @) = — Hp(zmmm) p(,|@) = Dir(Flity, + @)
ﬁm n=1
> 12 2 3 1 - >3 PR G 3
p@ WA = —— || powld- p(@lB) = Dir(@ilii + B
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GibbsKAF & ]

Algorithm LdaGibbs ({W}, @, 8, K)
Input: word vectors {W}, hyperparameters a, B, topic number K
Global data: count statistics [nf,'ifjl, {ng)l and their sums {n,, }, {ng}, memory for full conditional array p(z;)
Output: topic associations {Z}, multinomial parameters @ and @, hyperparameter estimates a, 8
// initialisation
zero all count variables, nf:), My ni”, ng
for all documents m € [1, M] do
for all words n € [1, N,,] in document m do
sample topic index z,,,=k ~ Mult(1/K)
increment document—topic count: nf,f) +=1
increment document—topic sum: n,, +=1
increment topic—term count: n{k” +=1

increment topic—term sum: ny += 1

// Gibbs sampling over burn-in period and sampling period

while not finished do

for all documents m € [1, M] do

for all words n € [1, N,;] in document m do

// for the current assignment of k¥ to a term 7 for word wy,:

decrement counts and sums: ng;)

=Ly —=1n" —=Lim —=1

// multinomial sampling acc. to Eq. (decrements from previous step):
sample topic index k ~ p(z;|7-i, W)

// for the new assignment of z,, to the term r for word wy,.,:

(%)

nt

. t
increment counts and sums: n,," += 1;n,, += l;n:}] +=ling +=1

// check convergence and read out parameters

if converged and L sampling iterations since last read out then

// the different parameters read outs are averaged.
read out parameter set @ according to Eq.@

read out parameter set @ according to Eq. @

BB A SN ETnE 39/62 m I & PR
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=NMNEEM= =

z[d][w]: #di X4 FwAisiEd k6 F 4S8 MAT,
X3, XAtag xth&E: fpE(TETE)G% A,
nwlw][t]: FwAd £ FiA 24 6§ 2k # word-topic4e
%, 7l aEnwl][tl & F £Ater4d Hi & oA ViTKF
nd[d][t]: #d& 46 P Ft4~ 240 £ Heh k44, doc-
topic4e i, 47 & gnd[d] & F X 45d e £ 24 4 2~ o
MitT, K37,

b=l R I

B ntSum(t]: SNz M AamAEA LG RE, K
B ndSum[d]: %d% x4 Faea(TEEL), M#%;
B Plt]: #F s+t Hestas T 2HtgmE, Ko
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Code

name__ == main
doc_num = 10 # X /5%l H
# EAFELLFE
stop_words = load_stopwords()
dic = {}
doc = read_document(doc_num, stop_words, dic)
# LDA
term_num = len(dic) # 1R H
# nt[w][t]: Fterm 1 i@ FFt N ZELHTAE
Rt = [[6 For T 1n range(toplc number)] for term in range(term_num)]
# nd[d][t]: FEdT. I F T E BT K
nd = [[© for t 1n range(toplc number)] for d in range(doc_num)]
# nt_sum[t]: FtPELELHIRIAXZ(nt BEEFIFELF)

nt_sum = [© for t in range(toplc number) ]

# nd_sum[d]: Fd 1 XiFF7LEZE(ndAEEFFATT)

nd_sum = [@ for d in range(doc_num)]

z = init_topic(doc, nt, nd, nt_sum, nd_sum, dic)
theta, phi = lda(z, nt, nd, nt_sum, nd_sum, dic, doc)

show_result(theta, phi, dic) # BHFNTEHEER S

((l) r|<r I I[ F .

‘“1:
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Code

odef lda(z, nt, nd, nt_sum, nd_sum, dic, doc):
doc_num = len(z)
for time in range(50):
for m in range(doc_num):
doc_length = len(z[m])
for 1 in range(doc_length):
term = dic[doc[m][1]] # =& -> FH/L
gibbs_sampling(z, m, i, nt, nd, nt_sum, nd_sum, term)
theta = calc_theta(nd, nd_sum) # 1T EFE TG EEZDT
phi = calc_phi(nt, nt_sum) # i EEELZLTE
& return theta, phi

s 1 N
LAl | S
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Code

odef calc_theta(nd, nd_sum): # FZ/TEHIELS7H

doc_num = len(nd)

topic_alpha = topic_number * alpha

theta = [[@ for t in range(topic_number)] for d in range(doc_num)]

for m in range(doc_num):

for k in range(topic_number):
theta[m][k] = (nd[m][k] + alpha) / (nd_sum[m] + topic_alpha)

& return theta

M-
Ay

odef calc_phi(nt, nt_sum): # &/

term_num = len(nt)

term_beta = term_num * beta

phi = [[@ for w in range(term_num)] for t in range(topic_number)]

for k in range(topic_number):

for term in range(term_num):
phi[k][term] = (nt[term][k] + beta) / (nt_sum[k] + term_beta)

& return phi

e O VA R T AT IR F B R A |
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def clean_info(info):
replace_str = (('\n", ""), ("\r', "U), (',7, . "), (CFEEL, )
for rs in replace str:
info = info.replace(rs[e], rs[1])

at_pattern = re.compile(r'(@.* )')
at = re.findall(pattern=at_pattern, string=info)

for a in at:
info = info.replace(a, "")
O e idx = info.find('@")
if idx 1= -1:

info = info[:idx]
return info

def regularize data():
time pattern = re.compile(r'\d{4}-\d{2}-\d{2} \d{1,2}: \d{l 2} \d{1,2}")
qq_patternl = re.compile(r'([1-9][@-9]{4,})") # 4 A
qq_pattern2 = re.compile(r’ (\w+([-+.]\w+)*@\w+([-. ]\w+)*\ \w([ - J\we)*) ")

def segment():
stopwords = load stopwords()

data = pd.read csv('QQ_chat.csv', header=0) f = open(u’ (HlLEFEFE) FHERITII. txt')
for i, info in enumerate(data['Info']): f_output = open(u’'QQ_chat.csv’, mode="w")
info words = [] f output.write('QQ,Time,Info\n")
words = jieba.cut(info) qq = chat_time = info = "'
for word in words: for line in f:
if word not in stopwords: line = line.strip()
info_words.append(word.encode( 'utf-8")) if line:
if info_words: t = re.findall(pattern=time_pattern, string=line)
data.iloc[i, 2] = " ".join(info_words) qql = re.findall(pattern=qq_patterni, string=line)
else: gqq2 = re.findall(pattern=qq_pattern2, string=line)
data.iloc[i, 2] = np.nan if (len(t) >= 1) and ((len(qql) >= 1) or (len(qq2) >= 1)):
data.dropna(axis=@, how="any', inplace=True) if info:
data.to_csv('QQ_chat_segment.csv', sep=","', header=True, index=False) info = clean_info(info)
if info:

info = '%s,%s,%s\n" % (qq, chat_time, info)

def combine(): f_output.write(info)

data = pd.read_csv('QQ_chat_segment.csv’, header=0)

data['QQ'] = pd.Categorical(datal 'QQ']).codes if len( 12§0>i 1:
 _output = open('QQ_chat_result.csv', mode="w") a9 ?qqql[é] '

f_output.write('QQ,Info\n")

for qq in data['QQ'].unique():
info = ' '.join(data[data['QQ'] == qq]['Info']) 99 = qq2[e][e]
str = "%s,%s\n' % (qq, info) chat_time = t[e]
T_output.write(str) ElSEE _

f_output.close() info += line

else:

f.close()
T _output.close()
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Digamma & # . (x)= dInT(x) _I'(x)
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R 7 o B0 A 2/ & 2% Z Perplexity

¥ EHMME AP EKEA
2—2 p(x)log, p(x)

Perplexity =2"(P) =

HALEX]LX2.. . xntgEHEAQE B XA A

~3"0g, a(x )

Perplexity =a ' - CaXkiEE K&

m x4 H(p,q)=-3 p(x)log, q(x)

X
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& 2% B Perplexity 5 3 4R Y

1 Al % % BF2 BB ALY, 40X HKiE
£ Pt K A7 A tokensx 2% (A JUAT F #9 2 ¢ 13] 2
B oo X #%EEFAER]GHNE

\Y V
P(W | Model )= | p(w; | Model )‘vl = exp(—\%-Zlog p(w: | Model )]
i=1 i=1

AP, LDAP 3 &g 42 5 4% A .
P(W,_ | Model ) = mZK:pz kld=m) p(w=t|z=Kk) ﬁ(i '(%j

n= t=1 \_ k=1
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Bft: PageRank
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TextRank

#PageRank ¥ &5 “M " &, “487 , &R K 2z
B tBL5EHHaKRd, AAR oﬂ]fﬁwﬂ#ﬂiiﬁ@o
=(1-d)+d- |
- ( 4' Jeggz ‘()llt( 1 (VVJ)
&) F SifeS) g 4a 44 & :
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#PageRank¥ “R 7~ iﬁﬁk “gF" , shins i
Az, PREXEE @A A
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0. 007

Text Rank

trdas = TextRank4Sentence() 0. 008
tras.analyze(text=text, lower=True, source = 'no_stop_words'
data = pd.DataFrame(data=tras. key_sentences)

mpl.rcParams[ 'font.sans-serif’'] = [u'SimHei']

mpl.rcParams|[ 'axes.unicode_minus'] = False
plt.figure(facecolor="w") 0.004
plt.plot(data[ 'weight'], 'ro-', lw=2, ms=5, alpha=0.7)
plt.grid(b=True) 0,003
plt.xlabel(u'f]F"', fontsize=14)

plt.ylabel(u'EHEE ", fontsize=14)

plt.title(u'HFHREZEEMEZR ', fontsize=18) o
plt.show()

0.005

ER2E

0. 001
key sentences = trds.get key sentences(num=20, sentence min len=4)
for sentence in key sentences: : : : ; : : : :
i e ' . . 0.000 L i i i i i .
print sentence[ 'weight'], sentence['sentence’] 0 50 100 150 200 250 300 350 400 450
G

. 00699560759634 Mb&nEFH.LEMEE, MERNZHEIFREEEE, NERERERAZRELRSFRE, ENELE—NMAETIRBHETEERSEEL A

. 00621160375013 X—F(RFETET, BERHEET—HETLE, F— AT LLHFER/NA

. 00588860912528 ALETHEATILT, BRERE, TRAEAEFEE, EaEEE& Tk, —LUANEBCEREESEFEN—, FHE/LFTHAZEEET/LEEZMELN
.00584459738866 fBiE, HEJLTEFETEZMIAE CEREEIT, T IBEE—PMATERNNREEE, L TEE—£EEHEHCHZE
.00567083997126 EEFFX 4 PHNETFEL— T AERERRETE

.00565208315006 IR ESFENRGD, @FRER TR BFHEFZE, MNTEFERRIFTELAHAESRE

.00559372837107 WA HKBEFEXETEEIEE, EEF —FEE, B8R ABEHREEMBAAT

.00527989619912 Wi HFIE, MEBFHILRMEEESE, RNEEEF I WERENILT, EUNEERAZAEE

.00527906358787 FFE A BRHFIRXEFER, FFELAREEE, BSFHERRIIMTEBIERT4

.00519622569726 HLRAFRARMRAMFET i, RET—BERIR: RAGEFE, MEBER, REHFEHFEREERE=ER

.00519145626625 fhBIRET 7 HEME, EHROESHUREE, EERAAPRBEEEE b, —REBERAE LR E LSS L, B TEEMER, EERMSL
.00507970004724 H— I AFEEFE#E, #1RMEE, EIREERO—LibF, SETANEE
.mmm%m%ﬂ”E%EE?E—%%%RE%%—%E¥,ﬁﬁﬁ-iﬁﬂ%ﬁﬁ?%ﬂ%@%? BN SREE AT TR EE”

. 0049360646412 HEXFHEZFER T, XEREREERIME L, LERELERMATHER, EREE/EFHNELHERE: BREANLAHTRBEEZEFE
.00491815078362 BF T BT » ﬁﬁﬂﬂﬂ@ﬂ%ﬂ,EAMAE~n%ﬁ$ﬂp%Eﬁ_¢$ﬂﬁ%ﬁﬂ7xikﬁﬁﬁﬁﬁﬂmxm B, EEE—FADEE
.00490464531034 WAEREFELE, EFLE#SHFE, 81 FEBENERTREE— AR

.00486932833768 +HEREI—I-TF, HEBEFEFHENEF, EA I REEENALE—EEEFT

. 00483241065578 H—ABRARXEFHN —-Z AR, #Bif: "8, {REEX)LE

. 0047216969869 AR, LERLRMEHIIzE, CLLEFHT I EFIER

.00470900307196 HHFELATHE, FEFHE ISR AATHIAE, GEHLS
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David M. Blei, Andrew Y. Ng, Michael I. Jordan, Latent Dirichlet
Allocation, 2003

Gregor Heinrich, Parameter estimation for text analysis. 2008

Matthew D. Hoffman, David M. Blei, Francis Bach. Online learning
for Latent Dirichlet Allocation. 2010

Mihalcea R, Tarau P. TextRank, Bringing order into texts.
Association for Computational Linguistics, 2004.

http://en.wikipedia.org/wiki/Dirichlet distribution
http://en.wikipedia.org/wiki/Conjugate prior
https://en.wikipedia.org/wiki/Perplexity
https://github.com/letiantian/TextRank4ZH
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http://en.wikipedia.org/wiki/Dirichlet_distribution
http://en.wikipedia.org/wiki/Conjugate_prior
https://en.wikipedia.org/wiki/Perplexity
https://github.com/letiantian/TextRank4ZH
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