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Introduction

4 Using the friendship network is @

msufficient to describe users' interactive

preferences. PC P,
Ignored the dynamic connections ¢+ (A ) B }—""7""77" @ —
between users and cascades p Pyax
<> Taking advantages of both the friendships e @ ----- e -
and diffusion interactions of users. t'
Proposing a sequential hypergraph attention tq= th thext

network to learn the short-term interactions
between users and cascades
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User Static Dependency Learning Interaction & Prediction
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Figure 1: Four modules of MS-HGAT: 1) users’ friendships are learned by GCN i1n user static dependency learning module; 2)
user dynamic interaction learning module obtains interaction-based user and cascade embeddings through sequential HGATS;
3)memory-enhanced embedding look-up refers to finding the corresponding representation vectors in the static user represen-
tation and the dynamic memory block; 4)in interaction & prediction module, self-attention mechanisms are used to efficiently
interact features in cascade, finally, probability of infection of candidates is calculated by Softmax function.
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User set: U={u4, Uy, ..., Up}

, , User Static Dependency Learning
friendship graph: Gg=(U, E)
historical diffusion cascades: C = {cq, c2,",cpm} IC|l =M
X l=ypy (15{% \F "F_%xfpwp) (1)
diffusion hypergraphs: G,={G}|t = 1,2, ..., T} Gi=(U% €H)
0 Nxd
X9 e R

diffusion sequence: ¢,,, ={(u/™, t/™)|ul™ € U}

User Static Dependency Learning

WS
N

Friendship graph
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2.Hyperedges-to-node

1.Nodes-to-hyperedge 3 Hyperedge update

Xeg e,l . ‘.

Figure 2: Stages of HGAT: (1) nodes-to-hyperedge aggre-
gation, the root node of each cascade is determined in ad-
vance for attention calculation; (2) hyperedges-to-node ag-
gregation, each hyperedge shares the same weight in this
operation; (3) hyperedge update, the attention coefficient «
1s retained from first nodes-to-hyperedge aggregation. The
learned user and the cascade representations are separately
written to the memory module.
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User Dynamic Interaction Learning:HGAT

L E & P a bt i

Nodes-to-hyperedge aggregation:

ot =o( ) al,Wixl,) (2)
'u,%Eej
exp(— dis(W;x! ., Wyrt
ot = p(— dis( Vixis Wi i) 3)

Zut Get. e}{p(- dls(wlxi}’t'} eri))
Hyperedges-to-node aggregation:;

----------

nH-l - Z wzof—f—] (4)
ejegf
Update of hyperedges:
o =o( Y al;Waxlth) (5)
uzee;
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Keyl  User Memory  Cascade Memory

————— [ X G000 o-0098] |
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thng Writing

1.Nodes-to-hypered 2 Hyperedges-to-nod 3|-| dge updat
== c: g e AN RS Sequential HGATSs with Gated Fusion Strategy
~ 8y 4-. - e1t .v e]'l 4-.
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WO':@ ot %) '@" '@ \_~ @®--" @" exp(Wﬁla(Wale?)) (7)
o Ry = T .
_____________________________ IR = (W o (W, xP)) exp(WE o(Wr, x0,)
0 __ wLr
x¢ = xt
Memory Module

Mp = {t’ : (XfD,OfD)} t=1,2,....T (6
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Memory-enhanced Embedding Look-up

User Static Dependency Learning

Static representation look up:

Given the target cascade: ¢, ={(u/™*, t/™)|ui* € U}

ZE =[(x;)] € Rleml>xa j=0,1,--- n-1.
Cn 1 1 Xelr — . . .
5 Cm STy e Static representation look up:
: [ e . 6 — ~ e - i Key User Memory Cascade Memory
- o, i Al CT a1 T [Eooe oo d] L
- m m m m m m C. 2 ol 1|.,] 0 > i e P - m 4 m 4 . D
E U1 't1 U2 'tz |.|3 'tg Cm'i ol ol .| 1 Look-up E: xzmm ozmm L lf ti 2 t and ti < (t + 1) — Xl,t<_Xt

qgl:[(xi,t)] € RlomIxXd j—o 7 ... N 71¢t=1,2,---, T

ph=[(ome)] € RIomI*d ¢=1,2... 7.

I

ZﬂDz ngpg + (1 _ .ng)q’r?L

e;-:[:)(\?'t-?'qé2 a(W g, p>) (8)
exp(WT, o (W, L) +oxp(WL_o(Wr,ah)

gRr, =
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ency Learnin Interaction & Prediction .
e SRR =oromnaacs Sz Self-attention:
T
At(Q, K, V) = softmax (QKd, + M) %
L F

hP, = At (zgw? ZEWE, z,iw;.‘*’) ©)

Self Attention

Add & Norm

Feed Forward
Add & Norm

| e
o

hi = [himEhg,m;---th,m] wo

M € R'Cm|x|cm|
Migj = —0 lf%>j else Mi,_f =]

Look-up i o

Key User Memory Cascade Memory
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ZI" = ReLU (hLWy4, +b1) Wy, +by  (10)

Fusion Layer:
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iy j = softmax(W,Z,, + Mask,y,) (12)

Self Attention

Add & Norm

: E —| Multi-Head (MaSkm {ﬁ — 0

) S Lr : Z F C {
r—ry: - (Maskm)!ffffi = —00
Key User Memory Cascade Memory
T X%w 0000l o [000e]
kwe | 2 X0 [BO08] 0 [0008] | |

| X OO0 4 _ Ml Head lem | |U|
o TJO0) == yjilog(3;i) (13)
o ==

in which 6 represents all parameters that need to be learned
in the model, if the user u; participate in cascade c¢,, at the

step J, y;i: = 1, otherwise y;; = 0.
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Table 1: Statistics of datasets used in our experiments

Datasets Twitter Douban Android Christ.

# Users 12,627 12,232 9,958 2,897
Frienship

# Links 309,631 396,580 48,573 35,624

Density 24.52 30.21 4.87 12.30
Interaction

# Cascades 3,442 3,475 679 589

Avg. Length  32.60 21.76 333 22.9

Density 8.89 6.18 227 4.66
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Table 2: Experimental results on 4 dataset (%) (Hits@k scores for K = 10, 50, 100), scores are the higher the better.

Models Twitter Douban Android Christianity

@10 @50 @100 @10 @50 @100 @10 @50 @100 @10 @50 @100
DeepDiffuse 579 10.80 18.39 9.02 1493 19.13 4.13 10.58 17.21 10.27 21.83 30.74
Topo-LSTM 8.45 15.80 2542 8.57 16.53 2147 4.56 1263 16.53 12.28 22.63 31.52
NDM 1521 2823 3230 1000 21.13 30.14 4.85 1424 1897 1541 3136 45.86
SNIDSA 25.37 36.64 4289 1623 27.24 3559 5.63 1522 2093 17.74 34.58 48.76
FOREST 28.67 4207 49775 1950 32.03 39.08 9.68 17.73 24.08 2485 42.01 51.28
Inf-VAE 1485 3272 4572 8.94 22.02 3572 598 1470 2091 18.38 38.50 51.05
DyHGCN 31.88 4505 52.19 1871 3233 39.71 09.10 16.38 23.09 26.62 4280 5247

MS-HGAT (ours) 33.50 49.59 5891 2133 35.25 4275 1041 2031 2755 28.80 47.14 55.62
recurrence 33.38 49.49 5898 22.19 35.64 43.11 10.85 20.23 27.76 28.00 47.33 56.60
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Table 3: Experimental results on 4 dataset (%) (MAP@k scores for K’ = 10, 50, 100), scores are the higher the better.

Models Twitter Douban Android Christianity

@10 @50 @100 @10 @50 @100 @10 @50 @100 @10 @50 @100
DeepDiffuse 5.87 6.80 6.39  6.02 6.93 7.13 230 253 256 .27 7.83 7.84
Topo-LSTM 8.51 12.68 13.68 6.57 7.53 7.78 3.60 4.05 4.06  7.93 8.67 0.86
NDM 1241 13.23 1430 8.24 8.73 9.14 2.01 222 293 7.41 7.68 7.86
SNIDSA 1534 16.64 1689 1002 11.24 11.59 2.98 3.24 3.97 8.69 8.94 9.72
FOREST 19.60 2021 21.75 1126 11.84 1194 583 6.17 6.26 14.64 1545 15.58
Inf-VAE 19.80 2066 21.32 11.02 11.28 12.28 4.82 486  5.27 9.25 1196 1245
DyHGCN 20.87 2148 2158 1061 11.26 11.36 6.09 6.40  6.50 15.64 1630 1644

MS-HGAT (ours) 2249 23.17 2330 11.72 1252 12.60 6.39 6.87 6.96 1744 18.27 18.40
recurrence 21.15 21.83 2196 12.09 12.72 12.83 6.51 6.97 7.07 17.19 18.06 18.21




@ Chongging University ATAI
Q_,/ of Technology Advanced Technique of

Artificial Intelligence

=—s SN|DSA=—sFOREST#— |nf-VAE »—= DyHGCMN=—sM5-HGAT == SMIDSA=—=FOREST +—=Inf-VAEs—= DyHGCN »—=MS-HGAT

30
56
51 25

S £
o 46 [=]
E E 20
& 41 e
2 2
£ 36 !
I T s

N

26 10

50 =] 70 80 90 50 &0 70 80 20
Proportion of trianing set (%) Proportion of trianing set (%)

(a) Twitter (b) Android

Figure 3: Impact of training proportion.
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Figure 4: Impact of maximum cascade lengths.
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Table 4: Ablation study of MS-HGAT.

Twitter Android

Models
Hits@100 MAPQ@100 Hits@100 MAPQ100

MS-HGAT 58.91 23.30 27.55 6.96
w/o FG 57.20 21.38 26.32 6.86
w/o DH 57.41 22.24 26.74 6.78
w/o UM 58.63 22.74 26.40 6.83
w/o CM 58.32 21.96 27.09 6.77
w/o ATTH 58.95 22.76 27.03 6.75

w/o GF X793 22.19 27.26 6.89
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