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The findings of this research project offer practical solutions for improving the monetization and
management of network resources, while also fostering a more efficient and user-oriented internet
service ecosystem. They could also influence both academic research and industry practices.

The pricing of network bandwidth and caches plays important roles in
monetizing system resources of Internet service providers (ISPs), and thus incentivizes them to
provide quality of service (QoS) for users, especially for the future Internet architectures such as

information-centric networks (ICN). The research results of this project are two folds: 1) We have
designed practical contract under which ISPs can better monetize and manage caches, and 2) We have
developed the premium peering between ISP and CP, under which ISP allocates bandwidth based on CP' s
payment. The time-based caching contracts and the corresponding pricing schemes for ICN has been
studied, and the premium peering mechanisms between multiple competing ISPs and CPs where ISPs set

prg?g Rage been studied for allocating bandwidth to achieve QoS. Several academic papers have been
published.
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According to Cisco Systems report , nearly two-thirds of the global population will have Internet
access by 2023. There will be about 5.3 billion total Internet users by 2023, up from 3.9 billion in
2018. Internet users are accessing the contents distributed globally through various kinds of devices
such as Tablets, smartphone, TV, Internet of Things (10T) devices, and traditional personal computers.
As content distribution over the Internet become more and more popular and important, future I nternet
architecture requires highly scalable infrastructures to distribute content efficiently. Information-
centric networks (ICN) was proposed as a kind of important future Internet architecture to facilitate
the contents distribution.

The pricing of network bandwidth and caches plays important roles in monetizing system
resources of Internet service providers, and thus incentivizes them to provide quality of service (QoS)
for users, especialy for the future Internet architectures such as information-centric networks (ICN).
Traditional caching policies such as least recently used (LRU) or most recently used (MRU) make
caching decisions based on content popularity and therefore, do not help 1SPs monetize their cache
resources; and the best-effort Internet services provided by Internet service providers do not guarantee
QoS.

Inthisresearch, weresearch on 1) practical contract designs under which Internet service providers
can better monetize and manage caches, and 2) the premium peering between Internet service
providers and content provider (CP), under which Internet service providers all ocates bandwidth based
on CP’s payment. The purposes of this research are to propose time-based caching contracts and the
corresponding pricing schemesfor ICN, and to study premium peering mechanisms between multiple
competing Internet service providers and CPswhere Internet service providers set price for alocating
bandwidth to achieve QoS. As an important and promising future Internet architecture, ICN has been
promoted both by academiaand industry. While most research has concentrated on the technical aspect
of ICN, we will focus on the important economic aspect of ICN and provide the viability of future
ICN architectures.

ICN uses content name as the routing locator has been proposed for efficient contents distribution.
In ICN, content is dynamically cached in routers, which is different from traditional content
distribution networksthat still use | P address as routing locator and cache content at distributed servers,
and caching has been identified as a critical component for ICN. We proposed a time-based caching
mechanism for service providers (SPs) to monetize caching. The SPs cache contents of contents
providers for a certain amount of time, depending on the payment from CPs (see Fig.1).
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Fig.1 Cache retrieval model.



AsshowninFig. 2, atime-to-live (TTL) base cache replacement mechanism with nonlinear pricing
is proposed. Different from traditional LRU cache replace mechanism, in TTL based cache
mechanism, atimer is attached to each content in cache, and the content will be evicted if time set in
the timer is out. The contents TTL is determined by the payment from CPto SP. Therefore, SP hasthe
incentives to deploy caches in its networks, while CP can control the contents' access performance for
users. The analytical results for occupancy rate, CP's payment and utility are obtained.

Contents A’s time-to-live (TTL) in
cache is determined by payment of CP.
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Fig. 2. Time-to-live caching: contents time in cache is determined by the payment from CP.

The research results of this project are two folds. 1) We have designed practical contract under
which ISPs can better monetize and manage caches, and 2) We have developed the premium peering
between ISP and CP, under which ISP allocates bandwidth based on CP’s payment. The time-based
caching contracts and the corresponding pricing schemes for ICN has been studied, and the premium
peering mechanisms between multiple competing | SPs and CPswhere | SPs set price have been studied
for alocating bandwidth to achieve QoS. Several academic papers have been published.
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