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ABSTRACT: As the group-buying model shows significant progress in attracting new users, enhancing user engage-
ment, and increasing platform profitability, providing personalized recommendations for group-buying users has
emerged as a new challenge in the field of recommendation systems. This paper introduces a group-buying recommen-
dation model based on multi-head attention mechanisms and multi-task learning, termed the Multi-head Attention
Mechanisms and Multi-task Learning Group-Buying Recommendation (MAMGBR) model, specifically designed to
optimize group-buying recommendations on e-commerce platforms. The core dataset of this study comes from the
Chinese maternal and infant e-commerce platform “Beibei,” encompassing approximately 430,000 successful group-
buying actions and over 120,000 users. The model focuses on two main tasks: recommending items for group organizers
(Task I) and recommending participants for a given group-buying event (Task II). In model evaluation, MAMGBR
achieves an MRR@10 of 0.7696 for Task I, marking a 20.23% improvement over baseline models. Furthermore, in
Task II, where complex interaction patterns prevail, MAMGBR utilizes auxiliary loss functions to effectively model the
multifaceted roles of users, items, and participants, leading to a 24.08% increase in MRR@100 under a 1:99 sample ratio.
Experimental results show that compared to benchmark models, such as NGCF and EATNN, MAMGBRSs integration
of multi-head attention mechanisms, expert networks, and gating mechanisms enables more accurate modeling of user
preferences and social associations within group-buying scenarios, significantly enhancing recommendation accuracy
and platform group-buying success rates.
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1 Introduction

Recently, users have increasingly preferred purchasing through group buying rather than individual
purchases, as group-buying prices are often more favorable than those for single purchases. According to
Forbes [1], the group-buying model has achieved notable progress in attracting new users, enhancing user
engagement, and boosting platform profitability. Under this model, users can share links to products they
are interested in, allowing friends who are also interested in the same product to join the group buying.

There are distinct differences between the core processes of group buying and individual purchases.
Generally, individual purchases involve users (consumers) placing orders directly through an online shop-
ping platform. In contrast, as depicted in Fig. 1, the group-buying process consists of two stages. In the first
stage, a user (consumer) selects a product of interest and initiates a group-buy at a lower price than that
available for individual purchases; this user is referred to as the group initiator. In the second stage, other
users can select from a list of available group-buying opportunities and join an existing group-buy, thereby
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becoming group participants. Each initiated group-buy is defined by a product, an initiator, and potential
participants. A group-buy is only successful if certain conditions are met, such as reaching a predefined
threshold of participants.
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Figure 1: Group buying process diagram

According to the two stages depicted in Fig. 1, our group-buying recommendation model comprises
two tasks. The first task recommends items to the group initiator for initiating a group-buy. The second task
recommends group-buying opportunities for participants to join a group-buy for a specific item. In contrast,
traditional group recommendation models focus on a single task of recommending items to a user group,
aiming to predict the items that the group collectively prefers based on member’s individual preferences [2,3].
In group recommendation, user roles are relatively simple and typically rely on the interactions between the
group, products, and users to construct group representations. In contrast, the relationships between users
and products in group buying scenarios are more complex. Therefore, it is crucial to fully and accurately
leverage these intricate correlations and interactions when modeling group buying.

We propose a multi-head attention mechanism and multi-task learning-based group buying recom-
mendation model, named MAMGBR. This model utilizes multi-head attention and multi-task learning
to capture the embedding information of initiators, participants, and products. Specifically, we employ
graph convolutional network (GCN) during the embedding learning phase to learn the embeddings of
different roles. Furthermore, we introduce expert networks and gating mechanisms in the multi-task learning
component to facilitate information exchange between the two tasks. At the same time, we integrate the
multi-head attention mechanism within the expert network to enhance the model’s accuracy. To further
optimize model performance, we design two auxiliary loss functions to improve the training effectiveness,
thereby enhancing overall performance.

Despite the significant advantages of group buying models, their recommendation systems still face
several challenges, such as the complexity of user roles, with significant differences in the needs of organizers
and participants, making it difficult for traditional recommendation models to provide a unified approach.
There is also a task collaboration dilemma, where there are information barriers between product recommen-
dations (Task I) and participant recommendations (Task II), and independent optimization leads to limited
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accuracy. Furthermore, higher-order relationship modeling is needed as the triadic interactions between
users, products, and participants are dynamic and sparse, and conventional collaborative filtering methods
fail to capture them effectively. To address these challenges, we adopt a multi-task learning framework to sep-
arate the dual task objectives, balancing specificity and commonality through parameter sharing. An expert
network and gating mechanism are designed to implement cross-task feature selection, as shown in Fig. 2. We
combine Graph Convolutional Networks (GCN) and multi-head attention mechanisms to model complex
relationships from both topological (GI/GP/GIP tri-graphs) and semantic association perspectives.
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Figure 2: Overall structure of the model

In summary, the objectives and main contributions of this study are as follows:

(1) We propose a group-buying recommendation model based on multi-head attention mechanisms and
multi-task learning, effectively addressing the dual-task requirements of group-buying recommendations
within a multi-task learning framework. Specifically, the model recommends appropriate items to group
organizers and suggests potential group-buying opportunities to participants.

(2) The model employs Graph Convolutional Network (GCN) for embedding representation learning,
combined with expert networks and gating mechanisms. Leveraging multi-head attention mechanisms, it
deeply extracts features and captures dependencies between tasks, significantly enhancing recommenda-
tion accuracy.

(3) An auxiliary loss function is designed and incorporated to further optimize embedding represen-
tation learning, allowing for a more precise modeling of the complex interactions among users, items, and
participants, thus improving recommendation performance.

(4) Extensive experiments conducted on a real group-buying dataset demonstrate that the proposed
model outperforms existing methods in recommendation accuracy, fully showcasing the effectiveness and
superiority of this research.

The remaining part of the paper is as follows: Section 2 discusses related work, Section 3 describes our
method, Section 4 validates our model and presents the results, Section 5 discusses the implications and
significance of our findings, and Section 6 concludes our work.
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2 Related Work
2.1 Group Buying Recommendation

Group purchasing [4] typically refers to a collective effort by a group of individuals to buy the same
product. In the current landscape of online e-commerce services, there are two forms of group purchasing.
Early models of group purchasing [5] involved platforms organizing hundreds or even thousands of users,
who were often strangers to one another, to collectively purchase goods from sellers. In recent years, novel
group purchasing models, such as those exemplified by China’s Pinduoduo, have emerged, allowing users
to act as initiators of group buying and invite friends to join. Consequently, users within this new model
are often interconnected through social networks, which marks a significant distinction from traditional
group purchasing methods. Although group recommendation [6,7] differs fundamentally from group buying
recommendation, it remains one of the most relevant fields. Yannam et al. [6] developed a recommendation
system that combines social tags and collaborative filtering to enhance group recommendation effectiveness.
By integrating social tag information with collaborative filtering, the system provides recommendations
better aligned with the preferences of group members. The MGBR model proposed by Zhai et al. [8]
adopts a multi-task learning module that allows for better interaction between the two sub-tasks. By using
a collaborative expert network and gating units, the model effectively integrates information from both
tasks, thereby enhancing recommendation performance. The model further improves recommendation
results by introducing auxiliary loss functions to optimize representation learning. Sha et al. [9] proposed
the J2PRec framework, which simultaneously addresses both product recommendation and participant
recommendation in group buying services. In the group buying scenario, success depends not only on
recommending the right products to the initiator but also on identifying potential participants and ensuring
their willingness to join the group buying.

Beyond e-commerce, group recommendation has applications in various domains such as Point of
Interest (POI) recommendation [10] and restaurant recommendation [11]. However, in the context of our
research on social e-commerce group buying recommendations, groups are dynamically formed from social
networks rather than being predefined, which represents a significant departure from traditional group
recommendation tasks.

2.2 Social Recommendation

Social recommendation is a method in recommendation systems that aims to leverage information
from social networks or social relationships to improve recommendation results. In social recommendation,
recommendation algorithms not only rely on a user’s historical behavior and preferences but also consider
interactions, relationships, and the interests of friends or social circles within the social network. This
approach uses trust and influence in social relationships to predict content or items that a user may be
interested in, thus providing more accurate personalized recommendations.

Wau et al. [12] proposed the Social GCN model, which utilizes Graph Convolutional Networks (GCN)
to model the information diffusion process in social recommendation. By performing multi-layer informa-
tion propagation on both the social network and the user-item interaction graph, Social GCN effectively
captures the spread of user preferences within the social network, improving traditional user-neighbor-
based recommendation methods. Chen et al. [13] proposed the ADSRec model, aimed at addressing
the issue of social relationship noise in Graph Neural Networks (GNNs). This approach introduces a
denoising network that adaptively adjusts the weights of social edges to reduce the impact of noisy social
relationships. It also integrates contrastive learning to further enhance the representation of users and items,
improving recommendation accuracy. Wu et al. [14] introduced DiffNet++, which further improves social
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recommendation by considering both social influence diffusion (from the social network) and interest
diffusion (from item interactions), thereby enhancing recommendation effectiveness. The model uses a
multi-level attention network to selectively aggregate information from these two networks, optimizing user
embedding learning. Yu et al. [15] proposed a deep adversarial framework based on Graph Convolutional
Networks (GCN) to address issues in social recommendation such as sparse social relationships, noisy
data, and the heterogeneous strength of social ties. This framework enhances relational data through a
GCN-based autoencoder and handles the diversity of social relationships through an attention-based social
recommendation module.

Liu et al. [16] introduced a multi-perspective social recommendation approach (MPSR), which uses
Graph Convolutional Networks (GCN) to learn user’s multi-level preferences and employs multi-view
modeling of social relationships to improve recommendation performance. The MPSR framework effectively
captures the trust differences between users in a social network and combines item attributes to uncover
user’s explicit preferences. Huang et al. [17] proposed a knowledge-aware coupled graph neural network
(KCGN), designed to enhance the performance of social recommendation systems. KCGN strengthens the
recommendation model’s understanding of social influence and item dependencies by capturing interre-
lationships between user-user and item-item pairs. The authors particularly emphasize modeling dynamic
multi-type user-item interaction patterns and improving user embedding learning through global graph
structure awareness.

2.3 Group Recommendation

Group recommendation is an important branch of recommendation systems, primarily addressing the
problem of providing personalized recommendations for a group of users. In many application scenarios,
such as shared family accounts, team collaboration, or groups in social networks, the recommendation
system needs to consider not only the interests of individual users but also the preferences of multiple
users within the group, aiming to find a recommendation solution that satisfies the needs of the majority of
group members.

Huang et al. [18] proposed a multi-attention mechanism group recommendation model (MAGRM),
which learns both internal and external social features of the group through multiple attention networks.
MAGRM dynamically captures the preference interactions between group members by learning each
member’s social attributes, thus more accurately recommending items for the group. Yannam et al. [19]
introduced an attention mechanism-based group recommendation model (GRAM), which combines a
neural collaborative filtering framework with attention mechanisms to dynamically capture each group
member’s influence on group decision-making. GRAM can adaptively adjust the weights of different
members in group recommendations, improving the accuracy of group recommendations. Lu et al. [20]
proposed a group recommendation method based on Graph Neural Networks (GNN), using a graph
structure to represent social relationships between users and learning deep user features through GNNs. This
approach effectively integrates information from user’s social networks, significantly improving the accuracy
of group recommendations. Huang et al. [21] introduced a two-stage deep learning model (GRMTDL)
to address the sparse data problem in group recommendations. The model includes two stages: the first
stage is Group Representation Learning (GRL), where semantic features of the group are learned through a
graph autoencoder network; the second stage is Group Preference Learning (GPL), where user and group
preferences are learned through a dual-network structure.

Li et al. [22] proposed a Multi-view Interaction Compromise Learning (MICL) method, aiming to
address the member interaction and compromise issues in group recommendation. MICL captures the



2810 Comput Mater Contin. 2025;84(2)

interaction-compromise relationships among group members through a multi-view graph convolutional
network, thereby enhancing the accuracy and reliability of group recommendations.

2.4 Multi-Task Learning

Multi-task learning (MTL) has diverse applications in recommendation systems, enhancing system
performance and user experience by addressing issues such as task conflicts, negative transfer, and data
sparsity. First, the cross-task knowledge distillation framework leverages the prediction results of one task
to supervise another, enabling knowledge transfer between tasks and mitigating task conflicts [23]. The
STEM model effectively addresses the negative transfer problem in MTL by combining shared and task-
specific embeddings, significantly improving performance across different tasks [24]. In the application of
contrastive learning, one study proposed improving recommendation effectiveness by integrating both static
and dynamic neighbor information, thereby tackling the challenge of data sparsity [25].

Liu et al. [26] proposed a multi-behavioral sequential recommendation model called MAINT, which
is similar to a multi-task learning approach. By utilizing a multi-aspect projection mechanism, behavior-
enhanced LSTM, and multi-aspect fusion mechanism, it accurately captures users’ multi-faceted preferences
and intents, significantly improving the accuracy and robustness of the recommendation system. The
CPMR model adopts a pseudo-multi-task learning framework to model static preferences and dynamic
interests separately, capturing user’s dynamic interests with temporal information, thus maintaining model
updates and timeliness in incremental learning [27]. Additionally, the FairSR model focuses on fairness in
recommendation systems, reducing algorithmic bias within an MTL framework through preference graph
embeddings, ensuring fairness and balanced interactions among users [28].

Deng et al. [29] proposed a recommendation method integrating knowledge graphs with multi-task
learning, where the knowledge graph captures semantic associations between users and items, and multi-
task learning improves the coordination of dependencies across different tasks. Gao et al. [30] introduced
a unified multi-task learning framework aimed at integrating multiple conversational recommendation
objectives, such as user preference mining and contextual understanding, to efficiently handle diverse
recommendation tasks within a single framework. This framework utilizes shared embedding layers and
feature extraction modules, enhancing the personalization and diversity of the recommendation system
while significantly reducing computational costs.

3 Methodology
3.1 Task Formalization

In this study, we use the symbols u, i, p to denote the group-buy initiator, item, and participant,
respectively. Based on the characteristics of the group-buying process, the group-buying recommendation
task is divided into the following two tasks:

Task I: 7(i|u), recommend an item i suitable for initiating a group buying for the initiator u.

Task IL: 7(p|u, i), recommending a participant p to join a group-buy for a given initiator-item pair (1, i).

The selection of recommendation targets (i.e., item i and participant p) in group-buying recommenda-
tions is based on scoring all items in the candidate item list and all participants in the candidate participant
list through r(i|u) and r(p|u, i), respectively.

We define a group-buying group as < u,i,G >, where G = {p1, p,...,p|g|} represents the set of
participants. The purpose of the group-buying recommendation model is to maximize the observed prob-
ability of this transaction group (i.e., P (u, i, P1>P2s-- > p‘G|)). In most real-world group-buying scenarios,
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participants within the group are typically unfamiliar with each other, particularly in groups requiring
hundreds of participants.

Additionally, we represent the entire set of users and items as U and I, respectively, where u, p € U, i € I.
Furthermore, we denote positive and negative samples in model training by N*, N~ respectively.

3.2 Overview of Overall Structure

As shown in Fig. 2, the model is primarily composed of three core components: the embedding learning
module, the multi-head attention and multi-task learning module, and the result prediction module.

In the first module, the embedding information of users (including initiators and participants) and
products is learned separately through Graph Convolutional Networks (GCN), generating corresponding
embedding matrices. The second module incorporates an expert network and a gating mechanism, with
multi-head attention introduced within the expert network to further enhance the model’s learning capa-
bility. In the third module, a Multi-Layer Perceptron (MLP) is constructed for each task, and the output
embeddings from the final gating mechanism in the multi-task learning process are used as input to the
prediction module to compute the results for each task.

Furthermore, to improve the embedding learning effectiveness for initiators, products, and participants,
this study designs two auxiliary loss functions tailored for these two tasks to optimize the training process
of the model, thereby achieving better recommendation performance.

3.3 Embedding Learning Module

As described in Section 3.1, r(i|lu) and r(p|u, i) are derived based on the embeddings of the initiator
u, item i, and participant p. Therefore, learning the embedding features of these entities is the primary step.
Through the positive samples in the data, the model observes numerous interactions among these three types
of entities, allowing it to extract effective embedding features. In the group-buying recommendation context,
we construct three graphs: GI (initiator), GP (participant), and GIP (social). The GI graph represents the
connection between initiators and projects. For instance, if user A chooses project a to initiate a group-buying
event, an edge is established between A and a in the graph. GP captures the relationship between participants
and projects. If participant B joins the group-buying event for project a, an edge is formed between B and the
project in the graph. GIP reflects the connection between initiators and participants. If participant B joins
the group-buying event for project a, an edge is also created between B and A, indicating their relationship
in the graph. The structural features of these graphs are crucial for learning embeddings for the initiator u,
item i, and participant p. We use Graph Convolutional Network (GCN) [31] to learn the node embeddings,
as GCN are effective in modeling the relational dependencies within a graph, yielding representations for
the initiator, item, and participant-a process we refer to as embedding learning. The graphs GI, GP, GIP
represent different types of connections between u, p, and i, capturing various interaction patterns among
these entities. Specifically, GI and GP extract information regarding user preferences for items, but with
different focal points: GI focuses on initiators, while GP focuses on participants. Additionally, the similarity
in preferences between users is captured by GIP, which aids in recommending suitable participants for a
particular group-buying group.

Assume that X} e RUUIHIDxd XL ¢ RUUIIDxd x! ¢ RIVIX gre the embedding matrices learned from
the I-th layer (1< < H) of the graph convolutional network (GCN) on GI, GP, GIP, where d denotes the
embedding dimension of the matrix. The computation for the I-th layer is as follows:

X) =0 (AX'WT) o))
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X, = o (ApXp'W5 ) )
Xip = o (ApX[p'Wi) 3)

where A; e RUVHID+AUIHID - 4, ¢ RUVIHID+(UIHID - 4, € RIVHUL are the normalized adjacency matrices
for GI, GB, GIP, respectively. Wf_l,Wé_l, Wf;,l € R9*4 are the trainable weight matrices, and o is the Sigmoid
activation function.

As shown in Fig. 2, each entity u, i, p is embedded through GCN across the three graphs, with each

entity associated with two different views. Consequently, we are able to obtain the embedding information
for initiators, items, and participants, as follows:

Ul UP

e,=¢e, |le; (4)
Ul PI

e =¢/|le; (5)
PI}| .UP

ey =¢,|le, (6)

Here, || denotes the concatenation operation, el!, eU? € R are the embedding vectors output by the

Graph Convolutional Network (GCN) at the H-th layer in the GI and GIP graphs, respectively. Similar
notations apply for item i and participant p. The resulting embeddings e,, e;, e, all belong to R??, and these
three embeddings are then concatenated to serve as inputs for the subsequent multi-task learning module.

3.4 Enhancing Feature Representation with Multi-Head Attention Mechanism

To further improve the model’s performance, we embed a multi-head attention mechanism in each
expert network to enable deep feature extraction and capture global dependencies among the input data. The
multi-head attention mechanism computes the similarity weights between the query (Q) and key (K) vectors
and uses these weights to scale the value (V) vectors, thereby generating weighted feature representations.
Specifically, the calculations for Q, K, and V are given by:

Q=XWq,K=XWg, V=XWy (7)

where W, Wi, Wy € Rimpurx(Bxdneaa)

In detail, the multi-head attention mechanism divides the input of the expert network into multiple
“heads” and attention scores are calculated separately for each head. The attention score is calculated through
the dot product of the query vector and the key vector, then scaling the result by dividing by \/d},44 to avoid
excessively large values due to increased dimensions:

Qi-Kj
V dhead

where Q;, K¢ R*dhead represent the query and key vectors, and dj,.,4 is the dimension of each head,
with scaling performed by \/d},.,4. The attention score is then transformed into attention weights using the
softmax function:

Qi K}
a;j = softmax ( ] ) )

where «; ; represents the relevance between query Q; and key K.

(8)

Score; ; =
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Finally, the weight vector for each head is calculated by the following formula, and the outputs of
multiple heads are then combined. A linear transformation is subsequently applied to restore the input
dimensions:

O; =%, ai,;V; (10)
MultiHeadOutput = Concat(head,, head,, ..., head,)Wo 11)

where W € RUPXdnead)*dinput i the weight matrix for the linear transformation.

This mechanism allows the model to capture shared features across different tasks via multi-head
attention in the shared expert network. In task-specific expert networks, the multi-head attention mechanism
focuses on task-relevant features, enhancing task-specific learning. By introducing the multi-head attention
mechanism, the model not only improves feature representation capacity but also effectively captures
long-range dependencies, further enhancing its multi-task learning ability.

3.5 MultiTask Learning Module

As previously discussed, the group-buying recommendation task is divided into Task I and Task II,
making the introduction of a multi-task learning framework appropriate. In Task I, user u selects an item i
from a list to initiate a group-buy. This process is influenced not only by user u’s preference for item i but also
by the potential participant’s preferences for this item. This reflects the nature of real-world group buying—
typically, the stronger the potential participant’s interest in item i, the higher the likelihood of a successful
group buy for that item. For instance, in Fig. 1, the initiator might be interested in a recommended phone,
T-shirt, and book. However, If he could learn in advance that some participants are willing to participate in
the mobile phone group, and that the potential group size for the phone exceeds that for other items, he is
more likely to choose the phone for the group-buy.

Thus, the model’s learning in Task I needs to incorporate participant’s preference information from Task
IT to encode participant characteristics. Additionally, the learning in Task II depends on information about
the initiator and item from Task I, as Task II aims to estimate r(p|u, i). It is important to note that each
combination in a triplet (u, i, p) provides different sources of information. Specifically, (u, i) captures user u’s
preference for item 7, with Task I focusing more on item 7 (u, p) reflects the preference similarity between
user u and participant p; and (i, p) represents participant p’s preference for item i, with the latter two pairs
being central to Task II.

In line with the above, we employ expert networks and a gating mechanism to enhance the learning
effectiveness of both tasks in the group-buying recommendation context. Our multi-task learning framework
consists of three components: Task I, a shared layer S, and Task II. Each component operates with multiple
expert networks and a gating mechanism working collaboratively.

To be more specific, in each expert network, a multi-head attention mechanism is integrated (The
specific principle has been explained in Section 3.4). This mechanism is combined with a feedforward neural
network to process the input data and generate feature representations, serving as a feature extractor for
specific tasks or shared tasks. After being processed by the multi-head attention mechanism, the features are
passed to the feedforward neural network for further processing. The feedforward neural network maps the
input features to hidden layers through two linear transformations

Xhidden = RelLU (I/V]x + bl) (12)
Output = Wthidden + b2 (13)
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where W; € R%impuxdhidien Y7, ¢ Ridden*douput gre the weight matrices for the linear transformations, and
by € Rhigden b € R¥ourut are the corresponding bias vectors. The x represents the output of the multi-head
attention mechanism, ReLU is the activation function defined as ReLU(x) = max(0,x).

To prevent overfitting and enhance the stability of the training process, batch normalization and dropout
are incorporated into the feedforward neural network. Batch normalization is applied to standardize the
output of intermediate layers, accelerating training and improving model stability. The formula is as follows:

Al—y
Voi+e

where y and ¢? are the mean and variance of A; in the current mini-batch, and e is a small constant to
prevent division by zero. Additionally, during the training process, the Dropout regularization method was
employed, which randomly sets the output values of certain neurons to zero to reduce the risk of overfitting.

A, = (14)

Finally, after feature transformation through the multi-head attention mechanism and the feedforward
neural network, the output of the expert network E(x) can be expressed as:

E(x) = Dropout (BatchNorm(ReLU(W,(ReLU (W, - MultiHead(Q,K, V) + b;)) + b;)))

Next, the gating unit, a critical component of the model, is responsible for selecting the output of
different expert networks. Each task has a dedicated gating network, which dynamically selects the most
appropriate expert output based on the input by generating weights. By assigning weights to different experts,
the model can control the degree of attention to various expert networks.

Similar to the expert networks, the gating units generate gating weights through two fully connected
layers and the ReLU activation function. The selection weights for the expert networks are then generated
using the softmax function, as defined by:

o= exp(hz,-)
' Y. jexp(ha;)

where «; represents the i-th output weight of the gating network, and ,; s the output value of the i-th neuron
in the second layer.

(15)

Through this design, the model is able to effectively extract the most suitable features in multi-task
learning and dynamically adjust the reliance on the outputs of experts for each task via the gating networks,
thereby achieving optimal performance across multiple tasks.

3.6 Prediction Module

In this section, we calculated two recommendation scores separately. These results are computed in the
model’s final layer (layer L) using the outputs from gating mechanisms I and II, as given by:

r(ilu) = o (MLP; (MTL;(a}))) (16)
r(plu, i) = o (MLPy (MTLy(a}'))) (17)
Here, MLP;;;() represents the multi-layer perceptron (MLP) operation performed after the embedding

outputs from the final layer of gating mechanisms I'and IT. MTL;/;;() denotes the operation within the multi-
task learning module.
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3.7 Two Auxiliary Losses Functions
We propose two auxiliary loss functions to refine the learning of object embeddings within the model.
Experimental results indicate that these auxiliary losses significantly enhance recommendation performance.

1
Li=-

—_— logo (r(i|u)—r(i'|u)) (18)
INF UNT| <u,g€:N;<u,i'Z>eN,

1

L= Y logo(r(plu,i)—r(p"|ui)) (19)

‘N+ UNII| (u,i,p)eN}, (u,i,p")eN;;

To refine the model’s representation learning, we propose two enhanced loss functions based on the
aforementioned basic loss functions. These refined loss functions aim to improve the recommendation
performance of our method.

1. Auxiliary Loss for Task I: While the participant information from Task I can affect Task II, our analysis
suggests that the model should primarily focus on the matching between the initiator u and the item i in Task
I, rather than whether there is a match between (4, i) and participant p. This is because the user’s preference
for item i is the main motivation for initiating a group buy. By minimizing the interference of potential
participant information in Task I, we can avoid introducing excessive noise. Therefore, the model should
ensure that the following inequalities hold:

r(u, i, p) > r(u,i',p),r(u, i, p') > r(u,i’, p) (20)

where r(u, i, p) is computed as per Eq. (16), and i, p’ represent the replaced item and participant, which do
not exist in the actual group buying records.

For each positive sample triplet t = (u, i, p), we define T/ = {(u,i’,p)|i’ eI\i} and T} =
{(u,i,p") |p’ € U\G}, ;}, where G/ ; denotes the set of participants representing the group buy. Through
negative sampling, we adjust |7'I| |TP| to a fixed size |T|.

Additionally, we incorporate both the BPR [32] and ListNet [33] loss functions. Following the above
rationale, we propose an auxiliary loss function for Task I:

L= X2 Ywiplogr(u,i,p) (21)

|N+| x 2|T| teN} (u,i,p)eTIUT?

where y(,; ,) =1, indicates that the triplet (u, i, p) belongs to the positive sample set, and otherwise is 0.
N; and N denote the positive and negative samples for Task I, and Nj; and Nj; represent the positive and
negative samples for Task II.

2. Auxiliary Loss for Task II: The strategy for optimizing representation learning in Task II differs
significantly from Task I. On one hand, in the real triplet (i, i, p), replacing item i with another item i’ should
significantly reduce the model’s predicted result because i’ does not effectively attract participants to join the
group, as participant p’s preference does not align with i’. In addition, replacing user p with another user p’
in the real triplet (u, i, p) should also significantly reduce the predicted result, as p’s preference for item i is
not as strong. Therefore, our model should ensure the following conditions hold:

r(plu,i) > r(plu,i’) (22)
r(plu,i) > r(p'lu, i) (23)
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The goal of Task II is captured in the loss function of Eq. (23), and we further implement the auxiliary
objective using the BPR loss:

1 . .
L= N X Z Z logo(r(plu,i) —r(plu,i')) (24)
N7l = | T| teN}; (u,i’,p)eT!
Finally, the overall loss function of the model is updated to:
L= L[ + ﬂLH + /,;IL; + ﬂHL;[ (25)

where 81, B11 are coeflicients that control the influence of the auxiliary losses.

4 Experiments
4.1 Experimental Data

1. Group buying Dataset: Currently, datasets related to group purchasing from real shopping websites
remain relatively scarce. Previous datasets utilized for group recommendation models [2,34,35] are not
suitable for evaluating our group buying recommendation task, as discussed in Section 1, due to significant
inherent differences between the two. In this study, we utilized data from Beibei as a basis for evaluating all
comparative models. Beibei is an online shopping platform in China that focuses on maternal and infant
products, provides a substantial number of group buying transaction logs, enabling the identification of each
transaction groupss initiator, products, and participants. Additionally, in some transaction groups within the
dataset, two users (regardless of being initiators or participants) are identified as social friends.

Our dataset encompasses 430,360 successfully completed group-buying transactions, comprehensively
reflecting user behavioral characteristics and product transaction patterns on group-buying e-commerce
platforms. The dataset includes 125,012 unique users who can serve flexibly as either group organizers or
participants, highlighting the versatility and diversity of user roles within group-buying activities. Each user
can select products based on individual needs and either organize or join a group-buying event, illustrating
the interplay between individual actions and group dynamics.

Additionally, the dataset includes 30,516 distinct products, each of which could be chosen by a single user
to initiate a group-buy or selected by multiple users to form independent group-buying events. This diverse
product data offers a multifaceted perspective for analyzing how product characteristics influence group-
buying behaviors. Furthermore, this dataset provides a robust empirical foundation for studying role shifts
among users within group-buying contexts, examining product preference selection, and understanding
the relationship between initiation and participation behaviors. This supports multidimensional analysis
and modeling, enabling deeper insights into group-buying behavior patterns and potential pathways for
strategy optimization.

We solely employed this dataset for model evaluation, which includes only records related to mater-
nal and infant products. Our results sufficiently demonstrate the applicability of our model to other
group buying, as the patterns on other shopping websites exhibit similar characteristics to those of the
Beibei platform.

2. Sample Construction: Prior to constructing the training and testing sets, we first retained the data
of users who had initiated or participated in at least one group buying in the original dataset, following
the common practices outlined in previous related studies [36]. Subsequently, we removed transaction
groups containing the filtered users (either initiators or participants) and retained the remaining dataset for
experimentation. The statistical results of the preprocessed data are detailed in Table 1.
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Table 1: Preprocess the statistical data of the experimental dataset

Object Number

User 125,012
Item 30,516
Deal group 430,360

We collected training and testing samples for Tasks I and II as follows. In the processed dataset, all
observed (u, i) pairs and (u, i, p) triplets were used as positive samples (Y) for Tasks I and II, respectively.
For Task I, we randomly selected one item that the initiator # had not purchased as a negative sample (N),
thereby forming a negative sample pair with u. In transaction groups represented as < u, i, G >, where G
denotes the set of participants, we randomly extracted one user from the non-participants U/G to create a
negative sample pair with u and 7 for Task II. The ratio of Y to N was set at 1:9. Consequently, for each test
instance in Tasks I and II, the candidate list size was 10. The model was required to compute scores for each
candidate item or user and generate a ranking list based on these scores.

Additionally, the training set, validation set, and test set are divided in a ratio of 7:3:1.

4.2 Baselines

In our experiments, multiple baseline models were employed for comparative analysis. These base-
line models were adapted with specific modifications to meet the requirements of the group-buying
recommendation task.

(1) NGCEF [37]: Aims to introduce higher-order connectivity information within a user-item interaction
graph to effectively capture collaborative filtering signals, thereby enhancing the embedding representations
of users and items. This approach utilizes graph embedding propagation layers, recursively passing infor-
mation between users and items to capture multi-layered interaction relationships, leveraging higher-order
connections to improve prediction accuracy in recommendation tasks.

(2) EATNN [38]: Utilizes transfer learning and attention mechanisms to personalize the transfer
of user preference information across item and social domains. This model enhances recommendation
accuracy, especially under conditions of sparse user data (e.g., cold-start users), by more effectively modeling
user preferences.

(3) GBGCN [39]: Designed specifically for group-buying recommendations on social e-commerce
platforms, this model aims to recommend lists of suitable products for initiating group buys, thus improving
group-buying success rates and platform sales. By constructing a heterogeneous graph neural network,
GBGCN captures user’s multiple roles and complex social relationships within the group-buying process,
facilitating more accurate modeling of user preferences and social influence.

(4) LightGCN [40]: This model simplifies the traditional Graph Convolutional Network (GCN) struc-
ture by removing redundant feature transformations and non-linear activation operations, retaining only
neighborhood aggregation and multi-layer embedding weighted combinations.

(5) IMPGCN [41]: In the modified version of this model, we utilized an interest embedding matrix to
group users and items based on their interests by controlling the number of user groups, filtering features
according to the group with the highest interest, and retaining relevant information. Simultaneously, user
embeddings were grouped to enable independent embedding computation within each interest group at the
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same layer, allowing different information to propagate within distinct groups and enhancing information
diversity. We also retained IMPGCN’s block matrix processing method to minimize computational overhead.

(6) J2PRec [9]: A new Joint Product-Participant Recommendation (J2PRec) framework is proposed to
improve the success rate of group buying (GB) services. In this model, J2PRec not only recommends products
that match the interests of the initiator but also suggests potential social friends who might participate
in the group buying, thereby helping to increase the participation rate. The proposed J2PRec framework
significantly enhances the participation and success rates of group buying by jointly recommending suitable
products and potential participants, utilizing relational graph embeddings and a joint learning module.

(7) MGBR [8]: A Multi-task Learning-based Group Buying Recommendation (MGBR) model is
proposed, which decomposes the group buying recommendation task into two sub-tasks: recommending
products to the initiator and recommending participants for the selected products. MGBR facilitates
information exchange between the sub-tasks by introducing expert networks and gating mechanisms, and
optimizes representation learning through auxiliary loss functions, thereby improving recommendation
performance.

Although these baseline models were not initially designed for group-buying recommendation tasks,
their direct application may not satisfy the specific requirements of our model. Therefore, we made necessary
adjustments to enable these models to perform in our tasks. Specifically, in our study, these baseline models
are limited to recommending either for Task I or Task II, and thus required tailored modifications. Since the
two tasks in our research are similar, modifications were limited to the result prediction module rather than
the primary framework. Effective mechanisms within the original models were preserved to ensure robust
performance in the new task context. These improvements allow the baseline models to better meet the
demands of group-buying recommendations, effectively addressing the personalized user needs and complex
interaction relationships inherent in the group-buying scenario.

4.3 Implementation Details

The experiments in this study were conducted on a server equipped with a GeForce RTX 4090 graphics
processing unit (24 GB memory), operating under Ubuntu 22.04. The model training and inference were
performed using PyTorch 2.3.0 and CUDA 12.1.

4.4 Evaluation Protocols

In this experiment, we employed Mean Reciprocal Rank (MRR@N) and Normalized Discounted
Cumulative Gain (NDCG@N) [42] as metrics to evaluate the recommendation performance of all baseline
models. These evaluation metrics enable an objective assessment of the ranking performance of the model
across both the organizer’s item recommendation and participant recommendation tasks. These metrics
are widely used in the evaluation of ranking-based recommendation systems, with NDCG particularly
focusing on the specific ranking positions of positive samples/participants in the recommendation list. We
first calculated MRR/NDCG@®10 at a positive to negative sample ratio of 1:9, and subsequently calculated
MRR/NDCG@100 at a ratio of 1:99, in order to comprehensively assess the recommendation performance
of all comparative models.

4.5 Overall Performance Comparison

Table 2 presents the performance of all baseline models across the two tasks. All results are visualized
in Fig. 3.
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Table 2: Performance of all baselines on Task I and Task II, the first place highlighted in bold and the second place
highlighted with an underline

Task I Task II
Model 1:9 1:99 1:9 1:99
MRR@10 NDCG@10 MRR@100 NDCG@100 MRR@10 NDCG@10 MRR@100 NDCG@100
NGCF 0.5607 0.6617 0.2741 0.4150 0.3778 0.5211 0.1254 0.2748
EATNN 0.5827 0.6807 0.2240 0.3736 0.3404 0.4929 0.0727 0.2310
LightGCN 0.4518 0.5181 0.2957 0.3383 0.3128 0.4179 0.1264 0.1105
IMPGCN 0.2067 0.4183 0.3106 0.3225 0.2984 0.3672 0.1195 0.1216
GBGCN 0.5095 0.6231 0.2775 0.4006 0.3668 0.5127 0.1168 0.2665
J2PRec 0.5625 0.6547 0.3114 0.4374 0.4319 0.4827 0.2511 0.2762
MGBR 0.6401 0.7292 0.2876 0.4501 0.6484 0.7327 0.2877 0.2406
our 0.7696 0.8268 0.3480 0.4897 0.6877 0.7411 0.3570 0.2874
Improvement  20.23% 13.38% 11.75% 8.80% 6.06% 1.15% 24.08% 4.06%
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Figure 3: Performance graphs of all baselines

(1) Clearly, our model, MAMGBR, demonstrates optimal performance across both tasks, attributable
to several key factors. First, by employing GCN across multiple views, MAMGBR captures rich and crucial
features from the relationships between users and items. Secondly, the multi-task learning module in the
model enables essential information sharing between the two tasks. Additionally, the auxiliary loss function
further facilitates information interaction, mitigating potential issues between Task I and Task II. Notably,
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our model shows an especially significant advantage in Task I over other baselines, underscoring its capability
in optimizing the match between organizers and items.

(2) Due to NGCF’s recursive propagation of connectivity information between users and items via
embedding propagation layers, it effectively captures higher-order collaborative signals, yielding overall
better performance compared to other baseline models. However, NGCF still falls short of surpassing our
proposed model.

(3) Although EATNN performs well in social-aware recommendations and incorporates attention
mechanisms to enhance recommendation accuracy, its performance in this study’s tasks did not meet
expectations.

(4) GBGCN, designed specifically for group-buying recommendation tasks, distinguishes multiple
user roles and emphasizes social relationships among users. However, its performance in this study’s tasks
remains limited.

(5) LightGCN and IMPGCN, based on traditional graph convolutional network methods, has a
relatively simple structure that only enables basic group-buying recommendations. When handling complex
social relationships and user roles, IMPGCN’s capacity is notably limited, resulting in relatively weaker
overall performance.

(6) J2PRec and MGBR are methods specifically designed for group buying. However, both approaches
are overly complex, making them less ideal in terms of time and computational resources. Additionally, their
results are slightly inferior to those of our method.

4.6 Ablation Study
We designed three ablative variants to further validate the effectiveness of our proposed method:

MAMGBR-M: The multi-task learning framework was removed, with each task being independently
trained and evaluated. This configuration aims to analyze the contribution of multi-task learning framework
to model performance.

MAMGBR-MH: The multi-head attention mechanism was eliminated from the original architecture.
We subsequently tested its performance on both Task I and Task II to assess the impact of this component
removal on model effectiveness.

MAMGBR-L: The enhanced loss functions L} and L/, specifically designed for Task I and Task II were
replaced with their original counterparts Lj, L;. This variant was implemented to examine the effects of our
proposed loss function modifications on model training efficacy and final performance metrics.

As shown in Table 3, MAMGBR-M demonstrates superior performance in both tasks, significantly
outperforming other variants. This robustly validates the critical importance of our multi-task learning
framework to the proposed method. The results clearly indicate that inter-task information interaction
profoundly influences the recommendation processes for both commodities and participants. The per-
formance of MAMGBR-MH notably degrades after removing the multi-head attention mechanism from
expert networks, further confirming the effectiveness of this mechanism in modeling comprehensive feature
dependencies. This finding underscores its pivotal role in enhancing model performance. When replacing
the enhanced loss functions with their original counterparts (MAMGBR-L), the model fails to optimize
implicit constraints in embedding representations during training. This not only compromises generalization
capability but also decelerates convergence speed, thereby fully demonstrating the indispensable role of our
improved loss functions in embedding optimization.
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Table 3: Performance of all ablation variants for Task I and Task II, the first place highlighted in bold

Model Task I Task IT
1:9 1:99 1:9 1:99
MRR@10 NDCG@10 MRR@100 NDCG@100 MRR@10 NDCG@10 MRR@100 NDCG@100
MAMGBR-M 0.6321 0.7143 0.2916 0.4523 0.4089 0.5872 0.2180 0.2695
MAMGBR-MH 0.5418 0.6550 0.1974 0.3619 0.3270 0.4755 0.1693 0.2084
MAMGBR-L 0.4367 0.4922 0.2739 0.3288 0.2874 0.3890 0.1197 0.1043
MAMGBR 0.7696 0.8268 0.3480 0.4897 0.6877 0.7411 0.3570 0.2874

4.7 HyperParameter Analysis
1. Impact of Loss Function Coeflicients

We systematically adjusted the weighting coeflicients f; and f;; of auxiliary loss functions across
the range [0.1-0.5] with increments of 0.1 (Fig. 4). The model achieves optimal performance when f; =
Bir = 0.3. Deviations from this optimal value (either higher or lower) degrade model performance, as

improper coeflicients weaken the auxiliary loss constraints, thereby reducing generalization capability or
inducing overfitting.
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Figure 4: Performance of MAMGBR under different loss function coefficients. The X-axis represents the values of f;
and fj;, while the Y-axis represents the model performance values
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2. Impact of MuHIti-Head Attention Configuration

We experimented with varying numbers of attention heads (1, 2, 4, 8, 12, 16) to investigate their effects.
As illustrated in Fig. 5, recommendation accuracy improves substantially with increasing head numbers,
reaching peak performance at 8 heads while maintaining stable training dynamics. However, further
increases to 12 or 16 heads not only degrade performance but also prolong training time and heighten the
risk of overfitting. This suggests that excessive attention heads may introduce redundant feature interactions
while compromising model robustness.
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Figure 5: The impact of different numbers of attention heads on performance. The X-axis represents the number of
attention heads, while the Y-axis represents the model performance values

5 Research Results and Implications
5.1 Research Results

This study proposes MAMGBR, a group-buying recommendation model for e-commerce platforms
based on multi-head attention mechanisms and multi-task learning, aimed at optimizing recommendations
in group-buying scenarios. Experimental results indicate that MAMGBR significantly outperforms existing
baseline models across both tasks, excelling especially in organizer item recommendation (Task I) and
participant recommendation (Task II). Specifically, MAMGBR achieves an MRR@10 of 0.7696 on Task I,
marking a 20.23% improvement over traditional models, and a 24.08% increase in MRR@100 on Task II.
By incorporating Graph Convolutional Networks (GCN) and multi-head attention mechanisms, MAMGBR
enables fine-grained modeling of the multi-role relationships among users, items, and participants, effectively
capturing complex associations between user preferences and item attributes. Each task also incorporates
expert networks and gating mechanisms to optimize task dependencies and information exchange, further
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enhancing recommendation accuracy. Additionally, the auxiliary loss function strengthens the embedding
learning process, making the model’s performance more stable and efficient across tasks.

In comparison with other baseline models, such as NGCE, EATNN, GBGCN, and GBME, MAMGBR
demonstrates superior performance across both task types. Although these baselines focus on collaborative
relationships between users and items or incorporate social information, they face limitations in handling
the role diversity and high complexity of group-buying recommendations. MAMGBR, by leveraging a multi-
task framework, enables effective coordination between organizers and participants, thereby enhancing
recommendation precision.

5.2 Research Significance
(1) Improving Group-Buying Recommendation Accuracy and Success Rates

MAMGBR effectively addresses the complexity of multi-role interactions inherent in group-buying
recommendations. Group-buying behavior on e-commerce platforms is often influenced by various factors,
including organizer preferences, participant interests, and item attributes. By incorporating multi-head
attention mechanisms and multi-task learning, MAMGBR integrates these factors comprehensively. This
research provides a significant boost to group-buying success rates on e-commerce platforms, enabling more
accurate recommendations of items and participants, thereby enhancing user experience and increasing
transaction volume.

(2) Enriching Multi-Task Learning Applications in Recommendation Systems

This study illustrates the advantages of multi-task learning in group-buying recommendations
through MAMGBR. Traditional recommendation systems focus mainly on optimizing a single task, while
MAMGBR’s dual-task architecture excels in both organizer item recommendation and participant recom-
mendation tasks. This multi-task learning approach enriches the research paradigm in recommendation
systems, offering a framework for similar applications in other recommendation scenarios.

(3) Strengthening the Research Foundation for Social Group-Buying in E-Commerce

The dataset used in this study, consisting of 430,000 group-buying events from the real-world maternal
and infant e-commerce platform “Beibei,” showcases user behavior and item transaction patterns in authentic
social group-buying settings. Experimental validation on real data demonstrates that the MAMGBR model
is not only applicable to maternal and infant e-commerce but also holds promise for other group-buying
contexts. This study provides an innovative foundation for group-buying recommendation research, offering
insights for future social e-commerce applications.

(4) Offering New Approaches for Modeling Complex User Roles

The design of this model emphasizes the multi-role relationships of users in group-buying scenarios,
exploring the intricate interactions among organizers, participants, and items. Traditional recommendation
models primarily focus on simple user-item relationships, whereas MAMGBR goes further by emphasizing
synergies between roles. This modeling approach provides an innovative solution for the recommenda-
tion field, with potential applications in other recommendation tasks requiring consideration of multiple
user roles.

(5) Providing a Broadly Applicable Framework for Group-Buying Recommendations

The MAMGBR model proposed in this paper is not only suitable for group-buying recommendations in
the maternal and infant e-commerce domain but also demonstrates strong generalizability by characterizing
the multi-dimensional roles of users, items, and participants. Extensive validation on real datasets highlights
MAMGBRSs potential in diverse recommendation contexts. In the future, this model could be adapted for
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group-buying recommendations across different product categories, supporting the efficient operation of
personalized group-buying activities and driving further advancements in social e-commerce.

6 Conclusion

This paper conducts experiments on the task of group-buying recommendations in e-commerce web-
sites. To address the two tasks in this study, we propose a group-buying recommendation model (MAMGBR)
based on multi-head attention mechanisms and multi-task learning. Leveraging an in-depth understanding
of the correlation and information exchange between the two tasks, MAMGBR’s multi-task learning module
incorporates expert networks and gating units, with multi-head attention mechanisms embedded within
the expert network to more effectively learn embedding features of entities within purchasing groups.
Additionally, we introduce two auxiliary loss functions, each corresponding to the training objectives of the
two tasks, to further optimize representation learning. Experimental results demonstrate that our model
significantly outperforms other baseline models, proving to be well-suited for group-buying scenarios.
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