Augment-and-Conquer Negative Binomial Processes: Supplementary Material

A Generating a CRT random variable

Lemma A.1. A CRT random variable | ~ CRT(m,r) can be generated with the summation of
independent Bernoulli random variables as

m ) r
| = Z by, by ~ Bernoulli <n_1+r> . (20)

n=1

Proof. Since [ is the summation of independent Bernoulli random variables, its PGF becomes

Cr(z) = H (nT—lIir T n—g +rz> - F(;}%ZB(m,kﬂ(m)k

k=0

)
Thus we have f(I|m,r) = CL“(O) = F(E,(l:)r) |s(m,0)|r!, 1=0,1,---,m. O

B Dir-PFA and LDA

The Dirichlet Poisson factor analysis (Dir-PFA) model [5] is constructed as

Lji ~ F(wzji)7 Wk~ Dlr(nv T 777)
K

N; =Y njk, njr ~Pois(Xjx), A; ~Dir(50/K, - ,50/K) 21)
k=1

where 7 is the Dirichlet smoothing parameter for the topic’s distribution over the vocabulary, n;, =
Zf\i’l d(2j; = k), and the data likelihood F(z;;;ws) in topic modeling is w,,x, the probability of
the ith word in jth document under topic wy.

The Dir-PFA has the same block Gibbs sampling as LDA [34], expressed as

Pr(zji = k|—) oc F(2ji;wi)Ajk

J Nj J Nj
(wk|—) ~ Dir 7I+ZZ5(ZJ'¢ =kuv;=1), - ,TI+ZZ5(2’J'¢ =k,v;; =V)

j=11i=1 j=11i=1

(Aj|=) ~ Dir (50/K +nj1, - ,50/K +njx) . (22)

C CRF-HDP

The CRF-HDP model [7, 26] is constructed as

vji ~ Fwz;,), wi ~Dir(n,---,n), zj ~ Discrete(A;)
Aj ~ Dir(ad*), o~ Gamma(ag,1/by), 7~ Dir(yo/K, - ,70/K). (23)

Under the CRF metaphor, denote n;, as the number of customers eating dish k in restaurant j and
151 as the number of tables serving dish k in restaurant j, the direct assignment block Gibbs sampling
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can be expressed as

PI'(Zji = k|—) X F(:cji;wk))\jk

N,
(ljx|—) ~ CRT(n;x, ary), w; ~ Beta(a + 1, N;), s; ~ Bernoulli ( ! )

J K J 1
a ~ Gamma | ag + Zlek - Zsj, =S nw,
j=1k=1 7=1 J
J J
(7|=) ~Dir [ y0/K +> L, 70/E+> Lk
j=1 j=1
(Aj|—) ~ Dir (a1 +nj1, -+, oF i + njx)
J Nj J N
(wg|—) ~ Dir n+ZZ(5(zﬁ =k,v;;=1),-- ,n—i—ZZ(S(zji =kv;=V)|. 24
j=1i=1 j=1i=1

When K — oo, the concentration parameter 7, can be sampled as

J oo
e+ KT —1
wo ~ Beta | y0 + 1, Lik |, m0o=
;; €0+K+—1+(f0—1nw0)2j=1220=1ljk
1 1
Yo ~ mpGamma | eg + K+, — | + (1 - wo)Gamma eo + Kt — 1, —— ] (29
fo—Inwg Jo—Inwg

where K is the number of used atoms. Since it is infeasible in practice to let K — oo, directly
using this method to sample 7y is only approximately correct, which may result in a biased estimate
especially if K is not set large enough. Thus in the experiments, v, is not sampled and is fixed as one.
Note that for implementation convenience, it is also common to fix the concentration parameter o as
one [25]. We find through experiments that learning this parameter usually results in obviously lower
per-word perplexity for held out words, thus we allow the learning of « using the data augmentation
method proposed in [7], which is modified from the one proposed in [24].

D NB-LDA

The NB-LDA model is constructed as

Tji ~ F(wzﬂ), WE ~ Dlr(n’ ... 7,,7)

K
Nj = njk, gk~ Pois(Ajk), Ajx ~ Gamma(r;,p;/(1 —p;))
k=1
rj ~ Gamma(vyy,1/c), p; ~ Beta(ag,by), o ~ Gamma(eg,1/fo) (26)

Note that letting r; ~ Gamma(yop,1/c), 70 ~ Gamma(eo, 1/ fo) allows different documents to
share statistical strength for inferring their NB dispersion parameters.
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The block Gibbs sampling can be expressed as

Pr(zj; = k|—) o F(zj5;wk)Ajk

—KIn(1—p;)
/|—) ~ Bet N; Krj), pi= ————"=
(pjl—) ~ Beta(ag + Nj,bo + Krj), pj e~ Kn(l-p,)
K J 1
(Lik|=) ~ CRT(njy,7;). 1} ~CRT(Y Lk, %). 7o ~ Gamma eo+ZlJ,
k=1 fo =25 (1 —p))

(TJ"_) ~ Gamma ( Yo + Z ljk? Klnl—)) s ()‘jkl_) ~ Gamma(rj + njk:pj)

7 7

(wk|—) ~ Dir n+zzéz“—k v = 1), ,n+2252ﬂ_k vi=V)|. @

j=11=1 j=11i=1

E NB-HDP

The NB-HDP model is a special case of the Gamma-NB process model with p; = 0.5. The hier-
archical model and inference for the Gamma-NB process are shown in (16) and (18) of the main
paper, respectively.

F NB-FTM

The NB-FTM model is a special case of zero-inflated NB process with p; = 0.5, which is con-
structed as

Lji ~ F(w2_11)7 wy ~ Dir(n, - ,n)
K
Nj = an]€7 Tij ~ POiS()\jk)
k=1
Ajr ~ Gamma(rb;z,0.5/(1 — 0.5))
r, ~ Gamma(vyg, 1/c¢), o ~ Gamma(eg, 1/ fo)
b;i ~ Bernoulli(my), 7, ~ Beta(c/K,c¢(1 —1/K)). (28)
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The block Gibbs sampling can be expressed as
Pr(zj; = k|—) oc F(zj5;wk)Ajk
(1 — 0.5)™
(1 —0.5)" + (1 — mg)

bji ~ 0(n;,r = 0)Bernoulli ( ) +6(njr > 0)
J J
- Z : bjk ln(l - 05)
) _ _ ) I J
T Beta(c/K—FZb]k,c(l 1/K)+J ;bﬁ), Pl e, by (i~ 05)

Jj=1

J
(Lik]=) ~ CRT(nj, mibjw ), (Ih]=) ~ CRT [ > " Ljx, %
j=1

al 1
(yol=) ~ Gamma(eo+Zl Zk N (1—p%)>

J

1
rE|—) ~ Gamma | o + Lik,
(rid=) ; e~ biIn(1 - 0.5)

(\jk|—) ~ Gamma(rybj; + nji,0.5)

J Nj J Nj
(wil]=) ~Dir [+ 6(zji = kv =1),- n+ > > Sz =kvi=V)|. (29)
j=1:=1 j=11i=1

G Beta-NB

The beta-NB process model is constructed as
Ljq ~ F(»’.dzji), Wi ~ Dlr(n7 e 777)
K

N; = ank, njr ~ Pois(Ajx), Ajr ~ Gamma(r;, pr/(1 —pg))
k=1
r; ~ Gamma(eg, 1/fo), pr ~ Beta(c/K,c(1 — K)) (30)

The block Gibbs sampling can be expressed as
Pr(zj; = k|—) oc F(zji;wk)\jk

J J
(pr|—) ~ Beta | ¢/K + ank,c(l -1/K)+ Zm— , Uik ~ CRT(njg, ;)

Jj=1

K
1
(rj|—) ~ Gamma (eo + Z ik, i )

k=1 fo =2 k=1 (1 = p)
(/\jkl_) ~ Gamma(rj + njk,pk)

J

(wk|_)NDlr n+zz§zyz—kvyz—1 ,77"‘225272—]6’072—‘/) . (31)

Jj=11i=1 j=11i=1

H Marked-Beta-NB

The Marked-Beta-NB process model is constructed as
Lji ~ F(ijr.:)7 Wk~ Dif(ﬁa T 777)

Nj = njk, njk ~Pois(\jx), Ajk ~ Gamma(re. pr/(1 - pr))

k=1
ri ~ Gammal(eg, 1/fy), pr ~ Beta(¢/K,c(1 — K)) (32)
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The block Gibbs sampling can be expressed as
PI'(ZJ‘Z‘ = k|—) X F(:vji;wk))\jk

J
pr ~ Beta | ¢/K + ank,c(l —1/K)+Jri |, Lk ~CRT(nx, k)
j=1

J
(rg]—) ~ Gamma | eg + lek,

j=1

1
fo—JIn(1 —pg)

(Ajk|—) ~ Gamma(ry, + njk, Px)

J N, J Nj
(wk|—)~Dir 77+ZZ(5(ZJ‘Z‘:]€,’UJ‘Z‘:1),"' ,7]+ZZ5(ZJ‘Z‘:]§,’UJ‘Z‘:V) . (33)
J=1i=1 j=1i=1

I Marked-Gamma-NB

The Marked-Gamma-NB process model is constructed as

rji ~ F(wz;,), wr ~Dir(n,---,n)

K
Nj = Z Njk, MNjk ~ POiS()\jk), )\jk ~ Gamma(rk,pk/(l — pk))
k=1
e ~ Gamma(yo/K,1/¢), pi ~ Beta(ao,bo), 7o ~ Gamma(eg, 1/ fo). (34)

The block Gibbs sampling can be expressed as
Pr(z;; = k|—) o< F(xji; wi)\jk

. ~JIn(1 - py)
~ Bet ik, Do + J o= ——
Pk cta a0+jz:;n]k7 0+ Tk y Dk C_Jln(].—pk)
J K 1
Lk ~ CRT(nju,m3), I ~ CRT(Y L, 70/K), 7o ~ Gamma (60 Th) gy Apum—
2 S ST
J
(rg]—) ~ Gamma | vo/K + Zl-k -t (N\jg|—) ~ Gamma(ry + njx, pr)
= e—Jn(l—pg) |7 T
J N J N
(Wil=) ~Dir {n+ >3 6(zji =kyvji =1), - ,n+ D> d(zi=kvi=V)|. (35
j=1i=1 j=11i=1
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