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Reinforcement Learning-Based Online Pricing for Inter-Datacenter Bandwidth
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(Department o f Computer Science and Engineering , Shanghai Jiaotong University , Shanghai 200240)

Abstract With the rapid development of cloud-based services, bandwidth between datacenters
has become a valuable resource. Currently, the bandwidth is sold with a fixed price and is allocated
using traffic engineering mechanisms, which have no guarantee on when the transfers can be
finished. However, most transfer tasks have strict deadlines, while not finishing them on time
may result in high losses to customers. In addition, trivially fixed pricing strategies will cause
network inefficiency and cannot maximize service providers’ revenues. We thus focus on how to
design online pricing mechanisms for inter-datacenter transfers, while achieving revenue maximi-
zation and truthfulness. We first propose Price List-Based Online Pricing Mechanism (PLPM),
providing customers with a price list to select specific time slots and amounts. In particular,
discriminative prices for bandwidth at different time slots with corresponding capacities are calculated
by reinforcement learning methods. We then extend PLPM to Request-Based Online Pricing
Mechanism (RPM), which allows customers to request customized data transfers. RPM online

explores and exploits the valuations of customers for revenue maximization and meanwhile
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guarantees truthfulness against rational customers. Allocation rules with priorities are designed

to improve network utilization. We finally conduct experiments and demonstrate that the proposed

mechanisms outperform fixed pricing from cumulative revenue and network utilization.
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Background

In recent few years, the worldwide demands for cloud-
based services are growing sharply, and the bandwidth on the
Wide Area Network (WAN) that connects different data-
centers is becoming more and more valuable. For example,
web search engines require high-throughput transfers to
update and propagate new indices; video delivery services
require low-latency transfers to improve user experience; big
data applications need to transfer large-scale datasets from
one datacenter to another, thus performing the tasks of data
integration, data mining, machine learning, and deep learning.
Realizing such huge demands of data transfer, many domestic
and overseas cloud platforms (e. g. » Amazon Web Services
(AWS), Google Cloud, Microsoft Azure, Alibaba Cloud,
Huawei Cloud, and Tencent Cloud) have built up globally
distributed datacenters as well as WAN to connect them for
data transfer services.

In this work, we consider how to dynamically price inter-
datacenter bandwidth, from the perspective of a service
provider. We first identify the main drawbacks in the current
pricing strategy with fixed prices and the bandwidth allocation
strategy with traffic engineering: (1) the data transfers with
strict deadlines cannot be supported; (2) the cumulative
revenue of the service provider cannot be maximized; and
(3) the network bandwidth cannot be adequately utilized.
We thus turn to design online pricing mechanisms and
overcome the following three major challenges: (1) how to
build a suitable market model to capture the complex supply-
demand relationships between the service provider and
customers? (2) how to online exploit and explore the private

valuations of customers for maximizing the service provider’s

[62] Mirrokni V'S, Leme R P, Tang P, et al. Dynamic auctions
with bank accounts//Proceedings of the Twenty-Fifth Inter-
national Joint Conference on Artificial Intelligence (IJCAD).
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cumulative revenue? and (3) how to guarantee the truthful-
ness of customers?

We propose two reinforcement learning-based pricing
mechanisms, called Price List-based online Pricing Mechanism
(PLPM) and Request-Based Online Pricing Mechanism
(RPM). First, PLPM provides a price list for customers in a
real-time way. The price list contains time slots as well as
remaining capacities and prices in correspondence. By
contrast, RPM allows the customers to launch customized
requests for data transfer. RPM further online learns the
highly differentiated valuations of customers and ensures
their truthfulness with parameter-based Q-learning. To
improve network utilization, we propose a priority-based
strategy for bandwidth allocation. We finally evaluate our
design under different valuation functions of customers.
Experimental results reveal the remarkable advantage of our
design over the pricing strategy with fixed prices from higher
cumulative revenue and network utilization. Specifically, the
cumulative revenue of RPM converges to roughly 80% of the
offline optimum.
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