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Abstract—Nowadays, it is common that a netizen creates
multiple accounts across social platforms. Mapping accounts
across platforms could facilitate various applications in security.
Existing methods usually focus on profile and network based
features. In this paper, we concentrate on capturing dynamic
information of social users and present a deep dynamic user
mapping model to identify the accounts across platforms. The
proposed model captures dynamic latent features from three
aspects including posting pattern, writing pattern, and emotional
fluctuation. We also develop a matching network that fuses
dynamic and traditional features to identify accounts. To the best
knowledge of ourselves, this is the first trial that applies deep
neural network in mapping users with dynamic information.
Experiments on real world dataset demonstrated the effectiveness
of the proposed method.

I. INTRODUCTION

In recent years, owing to the diversity, superb feature and
strong attraction of social media, there is a trend that netizens
create multiple accounts on different platforms. Mapping users
across social networks devotes to identify the accounts belong
to the same user in different platforms. From a security point of
view, mapping users can help control rumors, monitor public
opinion, analyze or track cyber criminals[1]. Thus mapping
users across platforms is a highly demanded and valuable
research question.

In this paper, we concentrate on capturing dynamic
information of social users, and proposed a deep dynamic user
mapping model (DDUM) to identify the accounts across
different platforms. To capture user dynamic information,
DDUM explores latent dynamic features from three aspects
using three encoders. The posting pattern encoder takes
endogenous and exogenous factors which affect user online
posting behavior into accounts. The writing pattern encoder
develops a pop culture attention mechanism and devices a
memory network to model writing pattern. The emotional
fluctuation encoder learns representation using attention based
Bi-LSTM. DDUM integrates all dynamic representations and
traditional information, and develops a matching network to
identify accounts. We conduct a series of experiments on real

world dataset, the experiment results demonstrated the
effectiveness of the proposed model.
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Fig. 1. The overview of Deep Dynamic User Mapping Model

II.  DEEP DYNAMIC USER MAPPING MODEL

The goal of the proposed model is to match users across
social platforms via capturing dynamic information. The
architecture of the proposed model is shown in Fig. 1. The
DDUM contains two major components, the traditional and the
dynamic information component. The former is designed for
encoding profiles and networks. The latter is consist of three
encoders to encoding posting pattern, writing pattern, and
emotional fluctuation. The matching network is devised to
measure the similarity of feature representations of different
accounts.

A. Posting Pattern Encoder

The factors that impact posting behavior can be coarsely
partitioned into two types, endogenous and exogenous factors.
The endogenous factor we considered is circadian rhythm which
is believed to the cause of why some individuals prefer to surf
the internet in the morning houses while others prefer evening
hours. Exogenous factor is environment influence. For instance,
people with different occupations behave differently on
weekends or holidays. Many people spend more time on social
networks, but the service industry practitioners are busy at



working. In addition, we analyze the posting patterns from two
aspects the original posting and the retweeting, which also show
the individual preference. We employ the posting pattern
encoder as introduced in [2], and build a posting pattern
representation pp,, .

B. Writing Pattern Encoder

We develop a pop culture attention writing model (PAWM)
to encode the writing pattern representation. PAWM is
mainly composed of two parts: a pop culture attention module
and a memory module. In the pop culture attention module, we
incorporate an pop culture representation v, in the attention
mechanism to consider the influence of pop culture ingredients
in user writing pattern. The attention mechanism maps a hidden
embedding h, which produced by Bi-LSTM into a latent writing
pattern vector p,

¢, = tanh(Wy,hy + Wy Ve + bye) (1)
_exp(cTcr)
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where ¢ is a context vector which indicates the informative
words for writing patterns, it is randomly initialized and learned
by training.

The memory module uses an external memory matrix M €
R™*™ which is consisted of n memory blocks, the size of each
block is m. The weight u,(i) is calculated using a scoring
function S

; exp(S(Me—1(),p))
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where p is the current input pattern vector and M;_, (i) denotes
a previous step memory vector. Function S is formulation as:

SM,-1(D),p) =
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z(me,p) = [me,p, |me — p|,me o p,me"W,pl, (6)
where o is the element-wise product. The mixture feature set
z(me, p) is designed to capture a variety of similarities between
memory vector and input vector.

The update operation is a convex combination of the old
memory vector and the current input vector,

M (@) = u;(Da; + (1 —u(De )M, (D), (7

a; = tanh(W,p + b,), (8)

e; = sigmoid(W,p + b,), 9
where W, W,, b,, b, are parameters to be trained, a; is an
vector represents the current latent writing pattern information
we learned from new input, e; can be viewed as an erase vector
as the old knowledge will be forgotten. The read operation is a

weighted sum,

(D) = Ziu (DM, (@) . (10)
The writing pattern representation tp of the input tweet is
calculated by:

tp = Wy (r: (D) +p) , (11)
where W, is a weight matrix.

For user u, we can obtain a writing pattern matrix through
mapping all history tweets into writing pattern vectors. A CNN

is employed to extract high level representation wp,, which
indicates the user writing pattern representation.

C. Emotional Fluctuation Encoder

To model the emotional fluctuation of users, we pre-train a
attention based Bi-LSTM as the emotion classifier. In our work,
the emotion categories are divided into five categories, including
strong positive (2), positive (1), neutral (0), negative (-1), strong
negative (-2). Given a user u, the history tweets posted in day d
is denoted as [twty,, tWty,, ", tWtg en], Where len is the
number of tweets. We feed tweets into attention based Bi-LSTM
and obtain the corresponding categories. Then we can calculate
the emotion of user u in day d using a weighted sum:

ecyq; < ATLSTM(twt,;) , (12)
€Cyg = Zi €Cudi - (13)
For user u, we build the emotion fluctuation embedding ef,, over
a period of time D as follows:

efu = [eculr €Cu2,"*") eCuD] . (14)
D. Traditional Information Component

1) Profile Encoder

In this work, we use the profile based features including
username, location and description.

Description. We utilize word embedding to convert text into
an embedding matrix D; in this component. Description text
matrix D; is encoded into a vector x; using a convolutional
neural network. Then we build a vector x,,;,:

x; « CovNet(D,), (15)
Xmix = [%:,%TMx;, %], (16)
where M is a similarity matrix. The vector x,;,;, is then passed
through a hidden layer, then we obtain the description matching
vector des; ;:

des;j = a(Wgq * Xpmix + bg) , (17)
where w,; is the weight vector of the hidden layer and o(-) is the
non-linearity.

Username. We measure the similarity of username using the
Levenshtein (Edit) distance which denoted as name; ;.

Location. We directly match the location information from
three levels including city, state, and country, the similarity is
denoted as loc; ;.

2) Network Encoder

Network embedding is an intuitive way to represent the
friend network. To represent the network structure, we adopt
DeepWalk [3] in work, and learn the network embedding vi.

E. Matching Component

We develop a matching network to identify accounts as
shown in Fig. 1. Given an account pair ac; and ac;, the

corresponding representation pair of feature k are denoted as F/*

and F]-k. We build the mixture vector vX as:

vl = [l S IR = LW ag)

pp

For instance, the mixture vector of posting pattern is vy, , i.e.



vp’ = [ppovpy. pp: — pojl oo Wepp;] . (19)

We feed the vector v, into a fully connect network and obtain a
similarity vector vX for feature k. According to this method, we
can obtain the similarity vectors including posting pattern

similarity vector v¥?, writing pattern similarity vector v, ©,

emotional fluctuation similarity vector vy f , network similarity
vector vl'. We fuse all similarity vectors and build a matching
vector Vpgten:

Vmaten = [V, 05, v w3, vf] (20)
v = [des; j,name; ;,loc; ;] . (21)

Finally, we feed the vector v,,4:-, into a hidden layer, then a
classifier is applied to identify accounts.

III. EXPERIMENT

A. Dateset

To validate the proposed model, we collect account pairs
use a dataset from [4, 5], and supplement through Google
Profiles and about.me website which provide a list of other
accounts on different platforms. Then, we collect information
of each account including profiles, history tweets, friend
networks, etc. Table I provides more details.

TABLE L SUMMARY OF THE DATASET
Sites #Accounts #Tweets
Twitter 963,900
Others 2602 823,700

B. Baselines and Evaluation Metrics

The evaluation metrics we selected are precision, recall, and
F1 score. Evaluation is performed through 10-fold cross-
validation. For each split, we fit model to 80% data, tuned with
10% data, and tested on the remaining data.

To validate the performance of the proposed model, we
compare it with baseline methods which introduced in related
works: FRUI [6], MBS [7], Hybrid[8], HYDRA[9].

C. Model Training

The entire model is trained to minimize the cross-entropy
error through mini-batch Adagrad which is an adaptive learning
rate method. To avoid overfitting, the dropout with probability
0.5 is adopted. During the training process, we take an early
stop strategy.

D. Experimental Results

Table IT shows the experimental results of baselines and our
model. The proposed model outperforms all baselines. The
proposed model achieves the best performance with F1 value
0.8232. Among all methods, FRUI performs worst which
focuses on relationship network. MBS uses statistics of
behavioral patterns which performs better than FRUI. It partly
demonstrates that online behavior pattern is an effective feature
that can be used in this task. The HYDRA which combines
profile, network, and content features performs best in all
baselines. The experiment results demonstrate the effectiveness
of the proposed model.

TABLE II. PERFORMANCE OF PROPOSED MODEL AND BASELINES
Method Precision Recall F1
FRUI 70.51 63.44 66.79
MBS 77.29 64.56 70.35
Hybrid 75.47 80.84 78.06
HYDRA 84.23 76.59 80.23
DDUM 85.75 79.16 82.32

IV. CONCLUSION

In this paper, we proposed a deep dynamic user mapping
model (DDUM) by fusing dynamic and traditional features and
developed a matching network to identify accounts across social
networks. DDUM captures dynamic information through three
encoders which encoding posting pattern, writing pattern, and
emotional fluctuation. The posting pattern encoder is inspired by
endogenous and exogenous factors of online behavior. The
writing pattern encoder combines the pop culture attention
mechanism and memory network to encode representation. To
our best knowledge, this work is the first trial which applies deep
learning in mapping social users with dynamic information.
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