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Abstract
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This slide will briefly introduce poisson distribution , poisson process \ o ,Data Mining Lab
and poisson factorization by using some realistic example and simple

math methods. Then we will introduce event model by poisson point

process and recommend system by poisson factorization.
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Siméon Denis Poisson
1781~1840

m Life is good for only two things:

to study mathematics
and to teach It.
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Poisson Distribution
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X=1 0.271 0.406
X=2 0.271 0.677
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Mass Shootings in USA 1982 - 2012
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Plot by Aatish Bhatia

) Data from Mother Jones:

v hetp: fiwww.motherjones.com/politics/
2012/07/mass-shootings-map
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e Brief summary
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Poisson Distribution , St mea
\ > , Data Mining Lab

TR AT 5 I i

= I AR 0 R KT p RN, AR I3 A A A D IR AT A Bl A np. S5
B, R A S I A HE S TR . BARTERIE R L ARIT WY, AR A2

M
o BRI AREEN.
o A BIEZIRRMILH, Ao AR
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Poisson Process , STISEs

\ > , Data Mining Lab

NFEIRZAT v UAREAE — % SIS TR Y B — AN, AR SRR R 34
KA IR BCREAR T LUE AR i Rt AT 2 m,  ROAERENLE AR, AR
LLRE RE BSR4 10 220 1 T B A

sGEBNR{E S ORER I R A e st S AN AN AR Al S PR N Y dE X
S0 LB AT AT S A R B R AR A SR &R, i ERIA

A

T A g ) 2R A = FRAE Intensity function.
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Poisson Process

f \%&?EEIE%‘EEI&E
\ > ,Data Mining Lab
R

o |FARA R A XS AR E /Y .

o BNFAZIRRMANLE), Ao T AR,

BRELIE T AN E. RIS, AANRIESEBE IR,
2005 Nature— s ) & B NZKiE 32 4B 21/ .

time
location
1. item
preference

social
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Poisson Process , SIS T
\ , Data Mining Lab

o IR TEZEEE R IE e HICRR IE A
Intensity function: ﬂ«(t)

o FAERALES ] N R L

B

o SRR RS E T -
o | BENFEAZIRFMALH, A HAHRN;

o NKIEBHERIRBEE ] fRif. ALSZ LR ARSI, S 2 R IR e AR R,
JIT AR S F A 22 TB] B S5 M) 10, A S A T 25 PR TR
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Poisson Process f \%&}E}E}E;‘ggﬁg
Model \ y ’ Data Mining Lab

Recurrent
Influence

t
- F(O) = A(t)exp(— j A7) do)
0
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Poisson Process , \%ﬁg;ﬁ;ﬁg‘ggﬁg
\ > , Data Mining Lab

[FrosPsaln)| ( —logr ) | | —log Plusalhin)]| | —log s (t0a) |

i i i f
i !
hj_y ._.[ hidden h; } [ hidden h4 ]
. time
{!‘_,-.y_,-}l f [ij-l-l}' = f{‘j+]|hj} {EJ'+1'-UJ+]J

T
AT(t) :e};p('ut -h; + ?_.L-‘t{t—fj} + b )
N — —
past current iIll!j_f::i::-;h'

iIlﬂllL‘IlL’L‘ iIIﬂ'llL"'II ce

HRA, Wif, B ESESRAESRE D RAREN . BRAERNNA AT,
25 A5 B I RGP A A 22 X 25 34T 52 2]

Recurrent Marked Temporal Point Processes: Embedding Event History to Vector[C]. 2016. KDD 21



Poisson Process , \%ﬁg;ﬁ;ﬁg‘ggﬁg
\ > , Data Mining Lab

[— lngP(yj+1|hj]] [ —log f*(tj+1) ]

Vu ot
Output Layer
Wn'l.
Recurrent Layer hidden h;
3 Wy
W [ embedding y; }
Input Layer
[ WEJ"]’L
Timﬁlg i Marker y;

h
h, =max{W"y, +W't, +W"h._, +b,,0}

exp (‘I’-r‘?:’:hj + bf)

Sy exp (Vi +bY)

P(yj+1 = k|lh;) =

Recurrent Marked Temporal Point Processes: Embedding Event History to Vector[C]. 2016. KDD 22



Poisson Process , SpISEs
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Fup ~ Poisson(d, Bp)

Aup(t) = 0 By + Z Kup(e,t)

ecH(t)

EuP(ﬂ t) = E_m“_tﬁ}f@e = p.uUe = u),

IH P (user), T df(product) 2 2R 14 5¢ &R, MU — /NI TEAZ BR L, X 2o 1Y
SN AT AL

Recurrent Poisson Factorization for Temporal Recommendation[C]. KDD. 2017. 723



Poisson Process

f \%&?Eiﬁiﬁ%‘@ﬁﬁi
\@, Data Mining Lab
A0, 1,c)=A"(t,c)f(1]t,c)

L{C £ location, tNETE], cHlocationH)ZEH], T FuftFKuser, Intensity function iH
KA AT T E AT, DN =Je (L) MRS AR R .

|Due. (t)]
Ault,c) = iy

. (t—1,
Z 3., exp |i— o

=

L
Wyl - Tuwe
w(lle.t) = A, (£) 4+ Ggl(f
fullles) = 3= b0 (0 + e —Golt)

exploitation exploration

Spatio-Temporal Modeling of Check-ins in Location-Based Social Networks[J]. 2016. 24



e Brief summar
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_ \ , Data Mining Lab
Poisson Process

Motivation: 73 Mr S KA IRE 2R 2=, Mgt 2T (8] ] Intensity function.
LIRSS FIRiCHERIEM SRS, SR 4 X Marked Point Process.

Model:

o AT EAR R AR IR R R A
o IFTANCAZYE, BRI 25 SRR A ARSI a7 AL RS20

Jiik:

o SARERAIBAAEE, SRR N2 AL RN

o RHDMREITTIR, FAMIIRZ B8 EOR B[R] _E 52

o KHBRG AR, R4 IR EL M RGN .
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SVD (

SVDR—MERED B TTE, AR LA —MEFERFIPMF.

\ EEISRSEIa=
Data Mining Lab

PP R Ryxr = UuxkVkxi
—~ T
Tui = Uu Vi
SN Cui = Tui — Tui

i~ , 1 . 1
SSE:EEQui'I'Eluul +§|Ui|

< £ K
Ez(rui_zuukvki)z +—Azz uk+ Azkal
u,i

k=1 u,i k= k=1
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Probabilistic Matrix Factorization , STISEE

\ , Data Mining Lab

FILTHIRHOLE T, REIBIRIE, VISR T R NSRRI,
R

o AT SER = UTV
o TSR AIAR I RTE VLIS 545 35 4 R UL AR e RS A
o TR LA, T UV R 2 2

PMF Model

o WLIMEFS OULINPE AR RERAE AP FEMER Z 72D it o0 A1
o HPEtEUME R E eV Oy R A
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Data Mining Lab

Probabilistic Matrix Factorization ,@\ B T

430 1 2 AR 561 M 3740 A1

R.
p(RIU,V,82) = [TH_ 1T, [N(Ry; |ULV;, 83)] i

HALR 2feni s, Ul P oY, G185 e, A1, JNEA0.

S RTAASY A PRI SRS i N TRa i

p(Ulo2) = [IM N(Uy|0, 021 p(V|o?) = [Ti=1N(V;|0, a7 1)
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Probabilistic Matrix Factorization , STISEE

\ , Data Mining Lab

A DU HrHES:, A4S 20 A 2 A o 10 B U E 1Y 5 SRR
P(U,V|R,83,62,62) = p(RIU,V,8%) x p(Ulo2) x p(V|c?)

= TTMo T [N (Ry i [ULV;, 830150 X [T, N (U0, 021 X T4 N (V;[0, 021

wf ERBOSHOROR, #UrT AR 2 CANS SR, 67, 65, FIVFAERE R RTIR T 15
BB W BE A UAIV ) 8 R AR A P

>IN ALY RS

Inp(U,VIR) =Inp(R|U,V)+Inp(U) + Inp(V)
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Probabilistic Matrix Factorization

Va — 1

5\42

B A A B

1 (x — p)?
p(x)——Vﬁga;expC— 557 )

— 77Ty 2 Trr2 Ty,2
202 25%} 2512;
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Probabilistic Matrix Factorization , spIg e

\ , Data Mining Lab
Graph Model:

i=1,..,N
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Hierarchical Poisson Factorization , STISEE

\ , Data Mining Lab

Motivation:
o ANBRORUEFEZE H IVE S NAETRT, X A& i T BoA i B AT B ST R RS (NMF
C AR

o HXPFIATING, EARVP IS, HPF2RE P e PRy BB AE
WL E S, B SRR R A B 2 A D P BRI — S PR A1

o PERUFER T AEIAE R A i LA o OB FR A o IR m] LA R P
an MR R RR G, AT R AR R BE e b
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Data Mining Lab

Hierarchical Poisson Factorization ,@\ P T T s

The hierarchical Poisson factorization graph model:

|. For each user u:

(a) Sample activity &, ~ Gamma(a’,a’/b"). o
(b) For each component k, sample preference @y

Our. ~ Gamma(a, &,). "

! c’
c b E
(gh-
. . C
2. For each item : ' ?
(a) Sample popularity 7; ~ Gamma(c’, ¢’ /d"). \Cl

(b) For each component k, sample attribute 6. >t ,é’

[

D

Bir ~ Gammal(c, 1;). U Yui

3. For each user u and item 7, sample rating

Yui ~ Poisson(8, /3;).
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Hierarchical Poisson Factorization , SIS

\ - , Data Mining Lab

Xij ~P0isson(9iTqu)

HFR AR AFXTHOE A

. exp{-6] ¢}
p(Xi;1 60,¢;) = (6] ) ="~

log p(y |0, 8) =3 4,50} Yui log(6,; Bi) — log yui!
T
- (Z‘L{ Hﬂ} (Ei -Si] .

B 1 HA TR P R SR AR RAE S L. BREENL IR I R
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Hierarchical Poisson Factorization

score,; = E[6, B; |yl
KRG U !

PR B RO Biks Zuio & NSHEMAL.

3!‘95?}»)_1—‘[@ 1A|}'I-1.L HQ’ uﬂ"]‘uk}

HQ(£U|HU Hq ”1 |T1}Hf-} Zui |"z'u.1 .
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Hierarchical Poisson Factorization

/ \%E?EIE* 6=
- Data Mining Lab

2. For each user, update the user weight and activity

XG5!

parameters:
h
Yok = @+ 32 YuiPuik
shp
. T = )\ AT
For all users and items, initialize the user parameters Tk e i /
Yu, K5 and item parameters A;, 7/ to the prior with ﬁrshp
a small random offset. Set the user activity and item ke = — Z “k
popularity shape parameters:
h . : .
kP =a + Ka; 7,7 = + Ke 3. For each item, update the item weight and popu-

_ larity parameters:
Repeat until convergence:

)‘\hp =c+ wi Pur
1. For each user/item such that y,; > 0, update the E YuiPuik

. . shp
multinomial: A\te ‘-hp
ik u u.*a:
¢ua o (ixl){lp(ryuk) l()g f)"u.k_i_‘p(/\ ) 108 )‘ . {,." A“hp
e _ © ik
,I_% c — E + A’lr.tc
ke ik
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Dynamic Poisson Factorization

1. Draw user global factors: @i, ~ N (pa, Jr?.-,)

2. Draw item global factors: O, ~ N (s, Jg)

3. Foreachtimestep: t =1...T

Draw user and item correction factors:
ift =1
Unk,1 ~ N (fu, 03)
Umk,1 ~ N (o, 07)
else
‘Unk,t|ﬂnk,t—1 ~ N(Hﬂk,t—lggﬁ)

“Umk,t|‘b"mk,t—1 ~ N(’Umk?t—lr Ug)

Draw a click:

®

HiRIZIEEINE
Data Mining Lab
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Poisson Trust Factorization , \ P o T
\ > , Data Mining Lab

We now describe the generative process behind PTF. First, user preferences come from a Gamma
distribution:

6, ~ Gamma(a, b) (1)
(Recall that the Gamma is an exponential family distribution on positive scalars.) Item characteris-
tics also come from a Gamma:

Bi ~ Gamma(c, d) (2)
For each set of connected users, the trust variable is generated in a similar way:
Tuv ~ Gamma(f, g) (3)

Note this is a directed relationship. User © might trust user v, but not vice-versa.

Finally, ratings come from a combination of base matrix factorization and a trust component:

r.i ~ Poisson H,I Bi + Z TuvTvi (4)
vEN(u,i)
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Poisson Trust Factorization , \%&}E}E}E;‘ggﬁg
\ > , Data Mining Lab
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e Brief summar
y / SigE

Poisson Factorization \ ’ Data Mining Lab

Basic Model
e SVD

* Probabilistic Matrix Factorization

* Hierarchical Poisson Factorization

SVD PMF HPF

PMF & MEZR A Bl ash F2 11 A BE SR i B user Mlitem [ latent factor, SVDJ& M ALAL
HAr %, Wiaafi 2 userflitemlatent factor ] LL§ 5 loss i b . P& iR
1175 XAS—FE, (HPMFIIMLE 5 Pt Ak IE I ) svd ] loss function & SE07 1Y
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e Brief summar
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\ , Data Mining Lab

SVD PMF HPF

HPFSE N 1 AR PMFAE DL ORI B 1005+ R38N KRR 530 1
IR AT

Extension Model
* Dynamic Poisson Factorization

e Poisson Trust Factorization
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e Summary f \
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Poisson distribution: &A1y FA 5347 A1 AN 187 H 1) /N -
Poisson process: 7 ir 4 &K A REL I s2 I R 25, F4 fd 28 T [H] ) Intensity function .

FENLAR A BIRCHERIEM SRR, SR 4 X Marked Point Process.

Poisson factorization: MSVD. PMF. HPF, H/GHh/E T P MR,

42



/ \ HEISEscia =
 References \ of , Data Mining Lab

Hosseini S A, Alizadeh K, Khodadadi A, et al. Recurrent Poisson Factorization for Temporal
Recommendation([J]. 2017.

Du N, Dai H, Trivedi R, et al. Recurrent Marked Temporal Point Processes: Embedding Event
History to Vector[C]// ACM SIGKDD International Conference on Knowledge Discovery and
Data Mining. ACM, 2016:1555-1564.

Zarezade A, Jafarzadeh S, Rabiee H R. Spatio-Temporal Modeling of Check-ins in Location-Based
Social Networks[J]. 2016.

Probability and Statistics (4th Edition) by Morris H. DeGroot.

FE A = &% Bi A

http://maider.blog.sohu.com/304621504.html

Salakhutdinov R, Mnih A. Probabilistic Matrix Factorization[C]// International Conference on
Neural Information Processing Systems. Curran Associates Inc. 2007:1257-1264.

Gopalan P. Bayesian Nonparametric Poisson Factorization for Recommendation

Systems[J]. 2014:275-283.

Gopalan P, Hofman J M, Blei D M. Scalable recommendation with hierarchical Poisson
factorization[C]// Conference on Uncertainty in Artificial Intelligence. AUAI Press, 2015:326-335.
Charlin L, Ranganath R, Mcinerney J, et al. Dynamic Poisson Factorization[C]// ACM Conference
on Recommender Systems. ACM, 2015:155-162.

43


http://maider.blog.sohu.com/304621504.html

f \ HiRIZIEEINE
\@, Data Mining Lab

Q&A
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