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Abstract. Recently, because of the remarkable performance in alleviat-
ing the data sparseness problem in recommender systems, Graph Con-
volutional (Neural) Networks (GCNs) have drawn wide attention as an
effective recommendation approach. By modeling the user-item interac-
tion graph, GCN iteratively aggregates neighboring nodes into embed-
dings of different depths according to the importance of each node. How-
ever, the existing GCN-based methods face the common issues that, they
do not consider the node information and graph structure during aggre-
gating nodes, such that they cannot assign reasonable weights to the
neighboring nodes. Additionally, they ignore the differences in node types
in the user-item interaction graph and thus, cannot explore the complex
relationship between users and items, resulting in a suboptimal result.
To solve these problems, a novel GCN-based framework called RNT-
GCN is proposed in this paper. RNT-GCN integrates the structure of
the graph and node information to assign reasonable importance to dif-
ferent nodes. In addition, RNT-GCN refines the node types, such that the
heterogeneous properties of the user-item interaction graph can be bet-
ter preserved, and the collaborative information of users and items can
be effectively extracted. Extensive experiments prove the RNT-GCN
achieved significant performance compared to SOTA methods.

Keywords: Recommender system + Graph convolutional network -
User-item interaction graph

1 Introduction

Personalized recommender systems play a vital role in the era of big data and
can extract pivotal information from a mass of data and effectively alleviate
information overload [4]. Recommender systems face the common issue that the
data in the real world is extremely sparse and noisy [7,22], in other words,
numerous items interact with only a few users. Therefore, it is hard to extract

W. He and G. Sun—Contributed equally to this research.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
X. Yang et al. (Eds.): ADMA 2023, LNAI 14176, pp. 91-106, 2023.
https://doi.org/10.1007/978-3-031-46661-8_7


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-46661-8_7&domain=pdf
https://doi.org/10.1007/978-3-031-46661-8_7

92 W. He et al.

enough information to predict user preferences accurately, and the performance
of recommendations is limited in real-world applications.

Recently, Graph Convolutional (Neural) Networks (GCNs) with their power-
ful representation learning capabilities [11] has attracted wide attention in many
areas, such as Natural Language Processing (NLP) [15], etc. By modeling the
historical interaction data as a graph (e.g., the user-item interaction graph),
GCN-based methods successfully extracted the high-order collaboration signals
between nodes and effectively alleviated the data sparsity problem [7,13,22].
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Fig. 1. The difference between the prior GCN-based methods and RNT-GCN.

Although remarkable progress has been made with GCN-based methods,
there are still some significant disadvantages. When aggregating the information
of neighbor nodes, GCN-based methods cannot assign reasonable importance to
different neighbor nodes because they only consider the importance of neighbor
nodes based on the structure of the graph or node information. To be specific,
the methods of using the structure of the graph aggregate neighbor node accord-
ing to the degree of the node, the popular nodes (with larger degrees) have a
higher possibility to be recommended. The methods of using the node infor-
mation aggregate neighbor node according to the embedded similarity between
the central node and the neighbor node, the neighbor nodes with low similar-
ity probably contain important information and will be assigned a low weight.
These disadvantages will result in the neglect of important information and thus,
obtaining poor recommendations. In addition, the existing methods directly pro-
cess the user-item interaction graph and do not consider the intrinsic differences
between user and item nodes, resulting in low-quality embeddings. For example,
as shown in Fig.1, the prior GCN-based methods do not distinguish the user
and item nodes, they indiscriminately aggregate embeddings at different depths.
Therefore, due to the lack of distinguishing the node type, the existing methods
cannot explore the complex relationship between users and items, which results
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in a suboptimal result. These disadvantages limit the expression power of GCN,
which influences the recommendation performance of the GCN-based methods.

To solve the above-mentioned problems, we propose a novel Refined Node
Type Graph Convolutional Network for Recommendation, called RNT-GCN.
The main contributions of this paper can be summarized as follows:

— In RNT-GCN, we propose an attention-refinement network (ARN) to assign
the appropriate aggregation importance for different neighbor nodes. ARN
learns the relationship between neighbor nodes and central nodes at the graph
level and node level, such that the important information of local neighbor
nodes can be reasonably extracted.

— In RNT-GCN, we propose a type-aware embedding aggregation strategy. By
this strategy, the nodes of each layer are aggregated according to their type,
such that the heterogeneous properties of the user-item interaction graph can
be better preserved.

— In RNT-GCN, we propose a new information fusion layer that captures user
and item connections during prediction. This layer considers the connections
between different attribute nodes on different sides during prediction and
effectively extracts the collaborative information of users and items.

— Extensive experiments on four public datasets demonstrate that RNT-GCN
outperforms the SOTA models. The code is published on GitHub!.

2 Related Work

Some scholars [3,7,13,14,17,20,22] realized that the historical interaction
between users and items can be modeled as a user-item interaction graph. It
can provide plentiful information about the graph structure and nodes and effec-
tively improve the performance of the recommender system. Early works related
to graphs mainly explored the information of the graph through random walks
such as randwalk [6] etc. However, the performance of these methods is heavily
influenced by the quality of interactions generated by the randomwalk [13]. As
a consequence, models become difficult to train.

In recent years, many GCN-based methods have been proposed to explore
graph-structured data. For example, by performing embedding propagating on
the graph, NGCF [22] explicitly explores the higher-order connections between
nodes. To exploit the heterogeneous nature of the user-item bipartite graph, NIA-
GOCN [17] parallel independently learns the representation of the user and item
from different neighborhood depths and calculates the inner product between
the first and second layer embeddings, resulting in only the node information of
the specific range of receptivity fields can be captured. These GCN-based meth-
ods face many issues, such as complexity, bulkiness, and over-smoothing [2,13],
which result in the shallow depth of the convolutional layer and then make these
methods hard to extract the information of the high-order node. To solve these
problems, some works try to simplify GCN [3,7,13,14]. For example, in order to

! https://github.com/WeiHeCnSH/RNTGCN-TF-master.
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better learn the attributes of neighbors, JK-NET [23] aggregates the embedding
of each layer in the jump concatenate and adaptively selects the range of aggre-
gated neighborhood information. Similar to JK-Net, LR-GCCF [3| uses residuals
to concatenate the embeddings of the layers and removes nonlinearities. Mean-
while, Light GCN [7] realized that nodes encoded with ID contain only a small
amount of semantic information, and feature transformation is also redundant for
GOCN. Hence, GCN is further simplified. Later, based on Light GCN, IMP-GCN
[13] and UltraGCN [14] are proposed. Compared with Light GCN, IMP-GCN [13]
thinks that the indiscriminate use of higher-order neighbor nodes allows harmful
information to be propagated in the graph. To solve this problem, they propose
to divide the subgraph according to the user’s interest and perform high-order
convolution operations in the subgraph. UltraGCN [14] thinks that the messag-
ing mechanism in GCN greatly slows down the convergence of the model, so they
further simplify Light GCN by directly approximating the limit of infinite-layer
graph convolutions via a constraint loss. In addition, GDCF [24] think existing
approaches model interactions within the euclidean space be inadequate to fully
uncover the intent factors between user and item. Meanwhile, SGNR [18] sepa-
rates the user-item interaction graph into two weighted homogeneous graphs to
resolve the heterogeneous information aggregation problem, but doesn’t estab-
lish the distinction and relationship between different types of embeddings of
the users and items.

Although these graph-based approaches have achieved good performance,
they still face the problems proposed in the Introduction section.

3 Problem Statement

User-item Interaction Matrix: An user-item interaction matrix is denoted
as A € RM*N where M indicates the number of users and N indicates the
number of items. If there is an interaction between user u and item ¢, then
ay,; = 1, otherwise a,,; will be 0.

Bipartite Graph: A bipartite graph G (U,Z,€) is constructed based on the
user-item interaction matrix, where U indicates user set, Z indicates item set,
and £ indicates edge set if user u interacte with item i. Each node in the graph

can be represented using a vector of dimension d. 6730) € R? and 650) € R?
represents the initialized embedding of the user u and the item 4, respectively.

Target Problem: Our goal is to train a model to predict whether an interaction
will occur between the user u and the item 4 in the bipartite graph G (U,Z, ).

4 Methodology

In this section, we introduce RNT-GCN in detail. As shown in Fig. 2. The pro-
posed RNT-GCN consists of three parts: the attention refinement network, the
type-aware embedding aggregation, and the information fusion layer. The user
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(left) and the item (right) first perform multi-layer convolution to compute the
representation of each layer, then aggregate the information of each layer accord-
ing to the node type, and finally fuse the embedding information of both node
types to form the final node representation to make predictions.
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Fig. 2. The overall framework of the proposed RNT-GCN model.

4.1 Attention Refinement Network

To retain important information and weaken the influence of unimportant nodes,
by using the attention refinement network (ARN) in Fig. 3.a, we combine the
structure of the graph and the information of the nodes to assign reasonable
aggregate importance to neighboring node from the graph level and the node
level, respectively.
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Fig. 3. Illustration of proposed attention refinement network (left) and embeddings
aggregation (right).
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Importance of Graph-Level. Inspired by the famous GCN-based methods [3,
7,22], we use symmetric normalization terms to express the connection strength
between different neighbors ¢ and the center u at the graph level. In this way, we
combine the information of the degree of the central node and the neighboring
node. The importance of the graph level can be represented as follows:

&(g} _ |NumNZ| _ 1 )
o V |Nu| V ‘Nz| V ‘Nu| V |Nz|

where N,, and N; indicate the number of the first-order neighbors of users and
items, respectively. The intersection between the neighbors of users and items
can be represented as the interaction generated by users and items.

(1)

Importance of Node-Level. To better aggregate node information, we fur-
ther consider the relationship of nodes represented in the embedding space to
assign importance to different neighbor nodes. To be specific, in the embedding
space, the distance between two nodes can reflect the correlations between the
nodes to some extent. The nodes with closer distances indicate more similar-
ities, so more information should be aggregated from these nodes [19,21]. We
assign the importance of node level according to the distance between nodes.
The importance of node level can be represented as follows:

affi) = simy, (e&o), ego)) . (2)

For simplicity, we use cosine similarity to measure the strength of the connec-
tion between nodes. In the future, we will research more node-level importance
calculation methods. The importance of node level is represented as follows:

©0) ~ (0)
M) _ () (o>>: lew” O
Gy = COS <€u )64 |eg0)||e(0)| : 3)

where ® refers to the element-wise product. We normalize all node cosine sim-
ilarities as node-level importance using the softmax function. The normalized
node level importance can be represented as follows:

(n
exp (a )
di") = softmax (oz(n) “

i uz) = Z]EN“ . (ag"j)) (4)

The node-level importance of the item can also be obtained in the same way.

Importance of Integration. To integrate the importance of two different
neighbor nodes, we designed a dual attention integration strategy to combine
the structure of the graph and the relationship between nodes as the importance
of different neighboring nodes. It can be represented as follows:

i = AL + (1 - N al?). (5)
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where A is an adjustable super-parameter for balancing the weight of the impor-
tance of the two different aspects. The importance of different neighbor nodes
during aggregated can be represented as follows:

exp (i /T) (©)

G0 = softmax (o, /T) = 5 oxp (an 77)
FEN u,j

where 7 indicates the temperature of the normalization function, which can make
the training process smoother. The normalized importance of nodes can avoid
the scale increase of embedding in the convolution.

Same as [7], we also abandon feature transformation and nonlinear activation.
Meanwhile, we have also removed the self-loop, such that there is only one type
of neighbor node per layer. Therefore, the graph convolution operation in RNT-
GOCN can be represented as follows:

I+1 . ) (41 N l
e£L+ ) = ZieNu O‘u,iel(‘ )7 61(‘ I = ZueNi au,iei)- (7)
where eq(f ) and el(-l) denote the embedding representation of user node u and item
node ¢ at [ layer, respectively.

4.2 Type-Aware Embedding Aggregation

To capture neighbor node embedding information at different depths, we perform
L convolution operations to obtain the embedding of the user (item). Because
of the heterogeneous property of the user-item interaction graph, the embedding
of different layers contains different semantic information. As shown in Fig. 1,
the embedding of user types is obtained from the even layer (i.e., 0, 2,...), and
item type is obtained from the odd layer (i.e., 1, 3,..). On the item side, similar
findings can be derived by analyzing the convolution process of the items. To
preserve the embedding information of different types of nodes, we designed a
node-type-aware information aggregation strategy, as shown in Fig. 3.b. Based
on the node types in each layer, we divide the embedding of the convolution
layers into two types, i.e., the embedding of user type e(*) and embedding of
item type e(®). There, we aggregate embeddings of different depths according to
the node type to generate embeddings of different types of nodes. On the user

side, the odd layer is the embedding of item types eg ), and the even layer is the
embedding of user types e&u). The user and item type embeddings for user nodes

can be represented as follows:

et = 2 ok=0,12,... ake&%), el = D k=0,1,2,... brei™ Y. ®)

()
K3
layer is the embedding of item types el(-l). Similarly, the user type embeddings
and item type embeddings for item nodes can be represented as follows:

ez('i) = Zk:o,l,Z,... Ckez@k)7 eEU) = k=012 dkeg%ﬂ)- (9)

,1,2,...

On the item side, the odd layer is the embedding of user types e; ', and the even
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where ayg, by, ¢k, di, indicate the aggregation weights of k layer embeddings of the
same type of nodes on the user and item sides, respectively. Here, we average
the embedding of each layer.

4.3 Information Fusion

The existing embedding aggregation methods [1,3,7,22] do not distinguish node
types. Therefore, the user-item relationship will appear in the prediction process,
which will affect the recommendation performance. To solve this problem, we
design two novel information fusion methods, i.e., sequence concatenate and
reverse sequence concatenate, considering two different convolutional processes,
to explore the impact of different combinatorial relationships of embedding types
on the results.

Sequence Concatenate. The embedding of two node types is concatenated
according to the order of embedding generated by the convolution process to
generate the final representation of nodes. The final representation of the node
can be represented as follows:

eu =il e = eMlef". (10)

where || denotes the concatenate operation. The informational fusion strategy of
sequence concatenate is simply denoted as RNT-sc.

Reverse Sequence Concatenate. Consequently, we adjust the order of con-
catenating embeddings so that the same types of embedding correspondence are
used during prediction. The final representation of the node can be represented
as follows: , '

w = el = el (1)

The informational fusion strategy of reverse-sequence concatenate is simply
denoted as RNT-rsc.

4.4 Model Prediction

Similar to the existing GCN-based methods [1,3,7,13,17,22], we use the inner
product of the final representation of the user and the item as the preference
prediction of the user u for the item ¢. It can be represented as follows:

f'u,i = 6561'. (12)
We expand the scoring function to simply investigate the impact of two different
information-fusion strategies on the results. The scoring prediction for sequential
concatenate expands can be represented as follows:

Fui=eW o el 4 e ® el(-i). (13)

9
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The prediction score for the reverse concatenate expands can be represented as
follows: ‘ ,
Pui = e 0 e + el @ el (14)

Sequential concatenate uses embeddings of user types and item types to per-
form inner product operations and force them to be close to each other in dif-
ferent semantic spaces. Inverse concatenate performs inner product operations
in homogeneous embeddings, such that the intrinsic properties of different types
of embeddings are preserved.

4.5 Model Training

The Bayesian Personalized Ranking (BPR) [16] loss is applied as the loss function
of RNT-GCN. The loss function can be represented as follows:

1 . .
Leprr = 0] Z o (Fui = Fug) +7 6] (15)

(u,i,5)€0O

where O indicates the training set, ¢ indicates the observed positive samples, and
j is a negative sample randomly sampled from items with which the user has not
interacted. The ~ indicates the Lo regularization weights and the @ indicates
the embedding of the user with the item nodes and the trainable parameters in
the model. The o indicates the Sigmoid function, and the Adam algorithm [10]
is used to optimize the model parameters.

5 Experimental

5.1 Experimental Setup

In this section, we conduct extensive experiments to compare the performances
of our proposed RNT-GCN models. The experiments will answer the following
several questions:

— Q1: How is the performance of RNT-GCN compared with the SOTA graph-
based methods?

— Q2: What is the impact of different information fusion strategies on the per-
formance of RNT-GCN?

— Q3: What is the performance impact of interaction groups with different
sparsities levels?

— Q4: How effect of different parameters (number of layers L, Balance Weight
W, Node Dropout Ratio P) on RNT-GCN performance?

— Q5: How do the ARN, type-aware embedding aggregation, and the informa-
tion fusion layer contribute to the performance of RNT-GCN?

— Q6: Whether RNT-GCN can improve the embedding quality of nodes?
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DataSet. In order to objectively evaluate our proposed method, we con-
ducted experiments on four publicly available datasets, Kindle Store (14,356
users, 15,885 items, 357,477 interactions), Gowalla (29,858 users, 40,981 items,
1,027,370 interactions), ml-1m (6,022 users, 3,043 items, 895,699 interactions),
and Book-Cross (6,768, 13,683 items, 374,563 interactions)?. The preprocessed
datasets of the first three are provided by IMP-GCN [13], Light GCN [7], and
UltraGCN [14], respectively. For the Book-Cross dataset, we treat all ratings
as interaction records and remove the users and items with fewer than 10 inter-
action records. For each dataset, 80 percent of each user’s interaction records is
randomly selected as the training set, and the remaining interactions are used
as the test set. The items with observed interactions with the user are used as
positive samples for the user, and items with unobserved interactions are ran-
domly sampled for users as negative samples that form training pairs with each
positive sample.

Benchmarks and Evaluation Metrics. To reveal the value of our proposed
method, we compared it with several SOTA benchmark methods, covering
MF-based (BPR-MF [12]), MLP-based (NeuMF [8]), GCN-based (GCMC [1],
NGCF [17,22], LR-GCCF [3], LightGCN [7], IMP-GCN [13]). The all-ranking
strategy used to calculate each metric and use all items that do not interact with
the user as a negative sample of users. We calculate the average result of all users
as the prediction result of the model and present the results of Recall@N and
NDCG@N [9], where N is set to 10, 20, respectively.

Implementation Details. All embedding sizes of the model were fixed to 64,
and the embeddings of the model were initialized using Xavier [5]. The default
learning rates and mini-batches are le-3 and 1024, respectively. The temperature
7 is set to 0.1. For other parameters, we use a grid search to find the optimal
values. The depth of convolutional L was within {1,...,6}, the balance weights
W were set to {0.1,...,0.9}, Ly normalization coefficient was searched within
{le—6,...,1e — 2}, and the node dropout rating P was also introduced within
{0.0,...,0.9} for searching within. For all benchmarks, the other parameters
are set as in the original paper, and we do our best to adjust the parameters
to obtain the optimal values. When the results of Recall@20 on the test set are
lower than the optimal value for 50 consecutive rounds, the training is stopped.

5.2 Performance Comparison with the SOTA Methods (Q1 & Q2)

The detailed results of all methods are shown in Table 1. Compared with the
SOTA methods, the main observations are as follows:

(1) RNT-GCN consistently exceeds all benchmarks in all datasets. Compared
to the strongest benchmark IMP-GCN, RNT-GCN outperforms by an average

2 http://www2.informatik.uni-freiburg.de/~ cziegler /BX /.
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Table 1. Overall Performance Comparison With SOTA Models.

DatasSet | Kindle Store Gowalla ml-1m Book-Cross
Metric Recall NDCG Recall NDCG Recall NDCG Recall NDCG
Method 10 20 10 20 10 20 10 20 10 20 10 20 10 120 |10 20

BPR-MF |5.50 |4.16 [8.62 |5.31 |9.72 |10.62 |13.73 |11.71 |15.09 |21.03 |24.17 ' 22.87 |3.73 |4.53 |5.72 |5.03
NeuMF 3.92 296 |6.22 |[3.79 |7.71 |7.52 |11.94 |8.91 |14.84 |21.15 |23.74 |22.93 |2.17 |2.88 |3.50 |3.20
GCMC 522 [3.93 835 |5.08 |9.53 |10.30 |14.18 |11.65 |16.17 |22.62 |26.43 |24.72 |3.32 |3.95 | 5.74 |4.65
NGCF 6.29 |[4.68 |9.88 |[6.00 |10.68 |11.27 |15.55 |12.71 | 16.64 |22.18 |26.54 |24.47 |5.46 |6.15 |8.47 |7.02
NIA-GCN |5.39 |3.95 |8.60 |5.13 |10.47 |11.09 |15.39 |12.54 |15.56 |21.52 |24.81 23.46 |4.01 |2.86 |6.55 |3.89
LR-GCCF |6.34 |4.75 |10.00 |6.11 |12.12 |13.26 |17.22 |14.66 |17.08 |23.23 |26.73 | 25.19 |5.62 |6.41 |8.70 |7.26
LightGCN | 6.51 |4.86 [10.23 |6.24 | 12.79 |14.00 |18.11 |15.46 |17.21 |23.43 |26.95 25.41 |5.76 |6.52 |9.12 |7.45
IMP-GCN [ 7.04 |5.31 |10.80 |6.69 |13.06 |14.24|18.65 |15.82|17.37 |23.56 |27.11 |25.56 |6.33 |7.19 |9.77 |8.09
RNT-sc 6.64 [4.99 |10.11 [6.29 |12.27 |13.47 |17.51 |14.93 |17.25 |23.39 |27.07 |25.45 |5.90 |6.70 |9.13 |7.57
RNT-rsc | 7.96 |6.00 |11.94|7.48 | 13.19|14.21 |18.78 15.80 |17.66|24.19 |27.48 26.13|6.797.73|10.15 | 8.62
Imp.(%) 13.07[12.9910.56 |11.81|1.00 |- 0.70 |- 1.67 |2.67 |1.36 223 |7.27 |7.51 |3.89 |6.55

of 13% on the Kindle Stores dataset in Recall@10 and NDCG@10. Substan-
tial improvements have also been made on other datasets. Experimental results
confirm that our proposed method can reasonably aggregate neighbor nodes
and effectively extract heterogeneous information from the user-item interac-
tion graph, preserve the information of different types of nodes, and effectively
improve the quality of user and item representations.

(2) RNT-GCN yields more improvement in smaller positions (i.e., the top 10
ranks) than in larger positions (i.e., the top 20 ranks), indicating that RNT-
GOCN tends to rank the relevant items higher, which means the proposed model
can batter adapt the real-world recommendation scenario.

(3) RNT-GCN shows advantages on sparse datasets like Kindle Store and Book-
Cross. This indicates that, even in the sparse dataset, RNT-GCN can still extract
more useful information than methods.

(4) RNT-rsc performs better than RNT-sc. The reason is that RNT-rsc adjusts
the concatenated order of different types of embedding such that the predicted
ones are matched with the same type of embedding.

5.3 Parameter Sensitivity Analysis (Q3)

In this section, we analyze the effects of different parameters on the RNT-GCN.
Due to the trend is the same on other datasets and page limitations, only the
results on the Kindle Store and the ml-1m dataset are reported.

Balance Weights. We adjusted the balance weights to analyze the impact of
two different levels of node importance on the result. The results are reported
in Fig. 4. The ARN that fuses two kinds of information can obtain better results
on the Kindle Store dataset. This is because ARN can more reasonably measure
the importance of different neighbor nodes and aggregate more important infor-
mation. The influence of balance weights on the Kindle store is greater than that
of the ml-1m dataset. We speculate that because ml-1m is a dense dataset, and
the weight values assigned to different neighboring nodes are very close to each
other regardless of degree normalization strategy or node-level attention with
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Fig. 4. Effect of Balance Weights.

normalization, the influence of fusing two different types of significance on the
final results is slight. Thus, RNT-GCN results fluctuate moderately on ml-1m.
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Fig. 5. Effect of Node dropout Ratio

Node Dropout Ratio. We adjust the node dropout ratio P to analyze the
effect. The results are shown in Fig. 5. A proper node drop ratio for the Kindle
Store dataset can improve performance because it effectively avoids overfitting
and excessive node drop rates that lead to poor performance due to missing
important information. The impact of varying node dropout ratings on the
results is less significant for the ml-1m dataset, as it is denser than the Kin-
dle store and can extract more comprehensive information from the interaction
graph. The effectiveness of node dropout in improving recommended perfor-
mance is varied and should be adjusted based on the dataset.
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Number of Layers. We vary the depth of the model to investigate the effect of
convolution depth on RNT-GCN. The experimental results are summarized in
Table 2. When increasing the number of layers, the performance of RNT-GCN
increases rapidly and comes to the peak at the 4th layer on the Kindle dataset
and the 3rd layer on ml-1m dataset. With layers increasing, the performance
of RNT-GCN decrease. The reason is that, more layers can obtain neighboring
nodes with a larger range of perceptual fields, such that more node neighbor
information can be obtained. However, when the number of convolutional layers
exceeded 4 on the Kindle dataset and 3 on the m1-1m dataset, increasing the
number of layers will lead to a slight decrease in performance. We hypothesize
that with increasing depth, the node embeddings converge and become indistin-
guishable from each other.

Table 2. Effect of Number of Layers.

DataSet | Kindle Store ml-1m

Metric | Recall@10 | Recall@20 | NDCG@10 | NDCG@20 | Recall@10 | Recall@20 | NDCG@10 | NDCG@20
1 7.30 11.01 5.47 6.84 16.57 26.03 22.76 24.73

2 7.60 11.53 5.76 7.22 17.20 26.72 23.57 25.45

3 7.61 11.45 5.77 7.34 17.66 27.48 24.19 26.13

4 7.96 11.94 6.00 7.48 17.56 27.20 24.08 25.98

5 7.74 11.61 5.88 7.31 16.87 26.49 23.39 25.30

6 7.64 11.51 5.76 7.19 16.47 25.64 23.00 24.71

5.4 Data Sparsity Effect (Q4)

In this section, we investigate the efficacy of RNT-GCN in mitigating the issue
of data sparsity. We divide the test set of the Kindle Store into 4 groups based on
the number of interactions per user and display the Recall@20 and NDCG@20
results based on different sparsities, the detailed results are shown in Fig. 6.
Due to the page limitation, we only report the results in the Kindle Store (the
similar trend in other datasets). The results show that the Recall and NDCG of
RNT-GCN achieve more improvement in sparse user groups than in dense user
groups (i.e., the performance in the user groups with fewer than 17 and 33 times
interactions gains more improvement than in the user groups with fewer than 71
and 664 times interactions). This indicates RNT-GCN is beneficial for learning
the inactive users and items and can effectively alleviate data sparsity.

5.5 Ablation Experiments (Q5)

To validate the effect of each part of the model, we perform ablation experiments.
The results are reported in Table 3. “W /o n-i” and “W /o g-i” refer to “without
graph-level importance” and “without node-level importance”, respectively. The
“Cat” and “Avg” represent the pooling of embedding of each layer by concatenat-
ing and averaging, respectively. We obtained the following observations: All parts
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Fig. 6. The comparison of user group sparsity distributions on the Kindle Store with
partial baselines. The background histograms reflect the number of users for each group,
while the lines depict the results.

Table 3. Ablation experiments result on each proposed component.

DataSet Kindle Store ml-1m

Architecture | Recall@10 | Recall@20 | NDCG@10 | NDCG@20 | Recall@10 | Recall@20 | NDCG@10 | NDCG@20
W/o n-i 7.72 11.75 5.89 7.37 17.43 27.34 23.87 25.89

W/o g 7.79 11.86 5.96 7.46 17.68 27.35 2415 26.07

Cat 6.47 10.05 4.84 6.16 17.13 26.82 23.23 25.17

Avg 6.93 10.64 5.21 6.57 17.50 27.08 23.86 25.69

All 7.96 11.94 6.00 7.48 17.66 27.48 24.19 26.13

of RNT-GCN prove to be workable and effective. Compared with using only the
importance of the graph level or the node level, ARN that incorporates both can
assign more reasonable importance to different nodes and learn higher-quality
embedding. It can contribute to the RNT-GCN and improve the recommen-
dation performance. Compared to the summation-based and concatenate-based
strategies, RNT-GCN has achieved significant improvement. This shows that
type-aware aggregate strategies and the information fuse layer can better capture
the specific information of different nodes and effectively extract the high-order
collaborative signals at different types of nodes.

5.6 Embedding Visualization (Q6)

To show a more intuitive understanding and comparison of RNT-GCN, we ran-
domly select 10 users and visualize the embeddings of the user and item using
t-SNE. The visualization is shown in Fig.7. We can find that, compared with
MF, items in RNT-GCN are more closely related to each other and have fewer
items clustered. The results show that RNT-GCN improves the distribution of
nodes in the embedding space and can obtain higher-quality embeddings.
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Fig. 7. Visualization of the learned t-SNE transformed representations derived from
MF and RNT-GCN. Each star represents a user from the Kindle Store dataset, while
the points with the same color denote the relevant items.

6 Conclusion

In this paper, we propose a novel recommender system framework, RNT-GCN.
In RNT-GCN, we first develop an attention refinement network that can combine
information at both the graph-level and node-level to reasonably assign impor-
tance to nodes. Then, to preserve the specific properties of different types of
nodes, we propose a type-aware aggregation strategy that aggregates embeddings
of different depths by node type. Finally, to capture the relationship between user
and item, we develop an information fusion layer that fuses two different types
of embedding. Extensive experiments on four real datasets confirm the effective-
ness of our method, and ablation experiments confirm that each part makes an
important contribution.
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