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Composite Service Recommendation
with Multi-Step Multi-Label Classification
Shinichi NAKAGAWA

Abstract
Composite service is a new service that combines multiple web services on the
Internet. Service composition creates new services that users needs using ex-
isting web services. Current research has two main approaches: horizontal and
vertical. The horizontal approach selects the optimal combination of web ser-
vices for each task in a predefined workflow; however, it requires constructing
that workflow in advance, increasing development costs. The vertical approach
relies on artificial intelligence planning to generate a sequence of web services
that achieve a specified goal state; however, it requires representing the goal as
a logical formula, hard for end users. This study proposes a method that lever-
ages a language model to determine appropriate service combinations based on
user requirements expressed in natural language. The approach formulates the
task as a multi-label classification problem and uses a pre-trained BERT model
to solve it. Implementing this method calls for addressing two challenges:
Resolving the enormous number of predicted labels

Multi-label classification experiences a significant decline in predictive

accuracy when the number of labels to be predicted becomes extremely

large. This decline occurs because the training data become sparse as

the label count increases. In other words, most of the labels that the

model learns remain zero, making it difficult to accurately identify

relevant labels as one. Consequently, reducing the number of labels to

be predicted was essential.
Hierarchical Categorization

Atomic service information for the constituent services of a composite

service includes category information. A total of 152 categories cover

many domains. Instead of directly predicting all 152 categories, start-

ing with broader categories improved prediction accuracy. Therefore,

hierarchical organization of these categories becomes essential. Ad-

dressing the first challenge involves applying multi-label classification
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in multiple steps. Multi-label classification first predicted the broad

categories from the service description. The predicted categories are

then refined step by step, identifying the specific categories to which

the service description belongs. Finally, services falling under those

predicted categories are recommended.
To address the second challenge, we vectorized categories and performed cluster-
ing. The word2vec implementation relied on GoogleNews-vectors-negative300,
a pretrained model learned from Google News. This model contains 300-
dimensional vectors for three million words and phrases, covering a broad range
of vocabulary and representing meaning with high accuracy in 300-dimensional
space. These vectors were used to represent the categories. Balanced K-means
enabled clustering while maintaining uniform cluster sizes, making it possible
to adjust the number of predicted categories.

Verifying the predictive accuracy of multi-step multi-label classification and
single-step multi-label classification evaluates the effectiveness of the proposed
method. Calculating precision, recall, and F1 scores from each predicted cat-
egory and correct category confirmed the accuracy. The Davies-Bouldin index
confirmed the validity of the clusters generated by the clustering process. The
contributions of this study are as follows.

Resolving the enormous number of predicted labels
Multi-step multi-label classification preserved predictive accuracy even
when the number of labels become extremely large. Compared to
single-step multi-label classification, multi-step multi-label classifica-
tion improved precision by 0.35, representing a 218% increase. The F1
score increased by 0.19, corresponding to a 107% improvement. Con-
sequently, multi-step multi-label classification enhances performance.
Hierarchical Categorization
A stepwise clustering approach produced eight large categories and
four medium categories. The Davies-Bouldin index revealed that each
cluster had low clustering accuracy. However, forming categories from
these low-accuracy clusters and applying multi-step multi-label classi-

fication resulted in improved accuracy.
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