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Abstract  In dynamic multi-category RFID systems, the number of absent tags in a category can
reflect the popularity of this tag category. Hence, it is of great importance to quickly and accurately
pinpoint the £ categories whose absent tags are the most, for the purpose of making proper
marketing strategies. In practical RFID applications, tags are usually categorized into various
categories according to the brands or manufacturers of the items that the tags are attached to. We
consider a set of tags where each tag has a unique ID that consists of two fields: a category ID
that specifies the category of the tag, and a member ID that identifies the tag within its category.
Besides the multi-category property, RFID systems also have the dynamic property, e. g., the
tagged items are frequently moved out of (or into) the system. This may entail that the set of
tags in the current system is not consistent with that stored in the database on the back-end server

side. We refer to the tags whose IDs are stored in database but are not present in the system as
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the absent tags. The number of absent tags in a category sometimes reflects the popularity of this
category, e. g. , the absent tags may be the sold tagged items in a market. The popular pareto
principle states that, for many events, roughly 80% of the effects come from 20% of the causes.
Hence, the most popular k£ categories whose absent tags are the most may determine the profit
and loss of a retailer. This paper takes the first step to define the problem of TOP-£ query for
popular categories in dynamic multi-category RFID systems, and proposes the EPC C1G2-compliant
fast query protocol called Hot TOP-£ Query (HTKQ). Its basic idea is to let the reader monitor the
communication process that the present tags in the current system participate in the framed slotted
Aloha protocol, and record each slot state to obtain an actual frame vector. Then, we virtually
execute the framed slotted Aloha protocol on the tag IDs in each category that is stored in the
back-end server to obtain a virtual frame vector for each category. By comparing the difference
between these two vectors, this paper uses statistical methods to estimate the number of absent
tags in each category. As the frames go on, the variance in the average estimate will decrease.
Moreover, HTKQ can delete the categories whose absent tag numbers are obviously small, and
are very likely not in the TOP-£ set. Thus, the valuable communication resource can be left for
the categories that are more likely in TOP-£ set. The HTKQ protocol does not terminate until
the number of remaining tags is equal to £, and these categories have met the predefined estimation
accuracy. This paper proposes sufficient theoretical analysis to guarantee the query accuracy, mean-
while optimizing the involved parameters to minimize the time cost of the proposed protocol. The
extensive simulation results reveal that, the proposed HTKQ protocol can ensure the predefined
query accuracy under various conditions, and outperforms the existing protocols by 80% at most
in terms of time-efficiency when there are a large number of categories in the system.

Keywords Radio Frequency Identification; dynamic systems; absent tags; cardinality estimation;
TOP-£ query; time-efficiency
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to probe tags; RFID tags can be read at a relatively long
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nearly 100 tags per second. Owning to these attractive proper-
ties, RFID technology has promising prospects in various
applications such as supply chain management, access control,

localization and object tracking, etc.



2 IS MM RFID R G0 81X 4 THR 25 2 5 #9 TOP-k 45 i1 piX 281

In practical RFID applications, tags are usually categorized
into various categories according to the brands or manufacturers
of the items that the tags are attached to. We consider a set
of tags where each tag has a unique ID that consists of two
fields: a category ID that specifies the category of the tag,
and a member ID that identifies the tag within its category.
Besides the multi-category property, RFID systems also have
the dynamic property, e. g., the tagged items are frequently
moved out of (or into) the system. This may entail that the
set of tags in the current system is not consistent with that
stored in the database on the back-end server side. We refer
to the tags whose IDs are stored in database but are not present
in the system as the absent tags. The number of absent tags
in a category sometimes reflects the popularity of this category,
e. g. , the absent tags may be the sold tagged items in a market.
The popular pareto principle states that, for many events,
roughly 80% of the effects come from 20% of the causes.
Hence, the most popular £ categories whose absent tags are
the most may determine the profit and loss of a retailer. To
this end, this paper takes the first step to study and formulate
the problem of TOP-£ query. To the best of our knowledge,
no dedicated work has addressed this problem. But we can
still borrow some related protocols to solve it. For example,
a straightforward solution is to use the tag identification
protocols to exactly identify all present tags in the system,
and then compare the collected tag IDs with that in the data-
base to exactly pinpoint the absent tags in each category.
Although simple, it is of quite low time-efficiency because it
needs to read each tag IDs. Alternatively, we can perform

the ZDE protocol on each category separately, to estimate the

number of absent tags in each category. However, the time cost
of this approach is in proportion to the number of categories.
In the system that contains hundreds of categories, this approach
is slow. Due to the significance of TOP-£ query and the
inefficiency of the existing protocols, we propose the Hot
TOP-£ Query (HTKQ) protocol to solve this problem. HTKQ
includes multiple rounds of estimation. In each round of esti-
mation, we first let present tags participate in the framed
slotted Alpha protocol and use the reader to monitor the state
of each slot. Thus, we can obtain a so-called actual frame
vector. On the other hand, we virtually execute framed slotted
Aloha protocol with the same hash parameters on the tag IDs
of each category that are stored in the database. Then, we
can obtain a so-called virtual frame vector for each category.
By comparing these two kinds of vectors, we can estimate the
number of absent tags in each category. As the frames go
on, the variance in the average estimate will decrease.
Moreover, HTKQ can delete the categories whose absent tag
numbers are obviously small, and are very likely not in the
TOP-k set. Thus, the valuable communication resource can
be left for the categories that are more likely in TOP-% set.
The HTKQ protocol does not terminate until the number of
remaining tags is equal to k£, and these categories have met
the predefined estimation accuracy. This paper also proposes
sufficient analysis to optimize the involved parameters.
Extensive simulation results reveal that the proposed HTKQ
protocol significantly outperforms the existing protocols by
reducing 80% the time cost when the RFID system contains a

large number of categories.



