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Abstract—Temporal utility mining is complicated than utility
mining due to the time consideration. The former discusses the
situation that different items may have different profit values and
on-shelf time periods. In this paper, we handle the problem of
temporal fuzzy utility mining, which simultaneously considers the
temporal factor, purchased quantities, item profits and linguistic
terms from a transaction database. In the past, we proposed a two-
phase tree-based approach to solve this problem. In this paper, we
further design a tree structure with less memory to store all the
required information and with faster execution speed than the
previous one. The experimental results show that the proposed
method can get good performance on the execution efficiency and
consumed memory size.

Keywords—data mining, fuzzy set, fuzzy data mining, temporal
utility mining, tree structure.

I. INTRODUCTION

Frequent-itemset mining (FIM) uses a user-predefined count
threshold called minsup to determine the importance of each
itemset [1][2][3]. It can help managers to find useful data and
make effective decisions. FIM is a popular data mining task in
finding association rules or knowledge patterns from a dataset.
It assumes all the items in a transaction are equally important,
and the mining is conducted according to the appearing
frequencies of itemsets in a transaction dataset. The processing
strategies of FIM can be classified into level-wise methods and
pattern-growth methods. For example, the Apriori algorithm is
initially proposed to discover knowledge patterns in a level-wise
manner. However, more computation and consumed memory
may thus occur while the size of the transactional datasets is
getting high. Therefore, Han et al. proposed an approach called
FP-Growth (Frequent-Pattern Growth) [8] to overcome the
problem. FP-Growth uses a tree structure called FP-Tree
(Frequent-Pattern Tree) to mine frequent itemsets.

One drawback of association-rule mining is that it does not
consider the quantity and profit of an item. Consequently, the
utility data mining [21] has recently been viewed as an important
data mining task. It attempts to find itemsets with high-utility
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values based on the quantity information and the profit value of
an item. If an itemset is a high utility one, its utility value is
larger than or equal to a user-predefined minimum utility
threshold. To enhance execution efficiency, some two-phase
methods [16][17][22], which use upper-bounds on the utility
measure, were proposed to mine high-utility itemsets. Besides,
incremental handling for utility mining [20] and weighed
applications [5][7][9] were also discussed.

In the past, the concept of the fuzzy set theory [23] has often
been used by intelligent systems [24][25][26] because of its
simple concept and similar to human thinking. For utility
mining, Lan et al. proposed a fuzzy utility mining approach [14]
to reflect the factors such as quantity values for items, unit
profits, and the implication meaning of quantities. Huang et al.
then considered the temporal fuzzy utility mining, which was
complicated than fuzzy utility mining due to the time
consideration [10]. The former discusses the situation that
different items may have different on-shelf time periods. In
addition, Hong et al. proposed a two-phase tree-based approach
to solve this problem [6]. In this paper, we will introduce another
alternative with less memory requirement and less computation
time than that in [6]. The proposed approach needs to be
executed in only one phase.

II. REVIEW OF RELATED WORKS

FIM [1][2][3], which focuses on discovering information or
knowledge patterns in a dataset, is a fundamental data mining
task. Its concept is used to facilitate the development of business
strategies or decision-making. Note that when a consumer
purchases product A4, he/she may also buy other products in
addition to 4. Agrawal et al. proposed the famous Apriori
algorithm to discover the relationship of products. Han et al. [8]
then designed a compressed tree, called FP-Tree (frequent
pattern tree) and proposed the Frequent-Pattern Growth (FP-
Growth) algorithm based on it to explore effectively frequent
itemsets without candidate itemsets. This FP-Tree was used to
store items with relevant information, such as the items and their
appearance times. According to FP-Tree, all high frequent



itemsets can be found. In the past, some methods [11][15][18]
[19] based on it have been developed.

Only consider the frequency values of items in a dataset as a
factor is not sufficient to reveal the high-profit items in real
applications. To overcome this problem, utility mining [4][16]
[17][21] has been proposed. Utility mining can be considered as
an extension of frequent mining, and that information, such as
sold quantities and profit values of items, was used to decide the
importance of an item or itemset in a dataset. Its goal is to find
valuable or high-profit itemsets, but quantity information is not
easily comprehended by decision-makers.

Fuzzy utility mining [10][14], which stems from the concept
of utility mining and fuzzy data mining [16][17][21][27][28],
improved the above problem. Its goal is to consider sold
quantitative, profit value, and transformed linguistic terms,
which viewed as the implication of quantity to derive itemsets
with high fuzzy-utility values. Fuzzy utility mining is, however,
needed to perform an exhaustive search on discovering the
complete set of high fuzzy-utility itemsets, which caused
information loss problem. To resolve this problem, an upper-
bound method was proposed to keep the monotonic property in
fuzzy utility mining [14]. Based on the extension of the concept
as mentioned above, the transaction periods in a dataset then
were then considered to discover information patterns with the
temporal property of the items [10].

In this paper, we modify our previous two-phase temporal
fuzzy utility mining method [6], which applied the upper-bound
model [10] to hold monotonic property, to find all possible
itemsets in one phase. An extended node structure is designed,
which embeds more information (such as transaction ID, fuzzy
value and utility value) in addition to the upper-bound value
used in our previous method [6], to speed up the mining process.

III. ALGORITHM

A. Problem Statements

A running example in Table 1 is given to illustrate the
proposed fuzzy utility mining with the temporal property. The
table includes four features and six transactions. A time period
can contain one or more transactions, or no transactions and it
represents an interval of time. The profits for items are given in
Table 2. The membership functions, including Low, Middle, and
High fuzzy regions, for all items shown in Figure 1.

TABLE 1. A QUANTITATIVE DATABASE

Trans, {64, 2C}

A e (44, 4B}

P, Trans; {14, 1C}
Trans, {34, 3B,4C, 4D, 2F}
Transs {34, 6B, 2E}

L (34, 4D, 3E}

The previous methods [6][10] were used to solve temporal
fuzzy utility mining problem. The corresponding definitions
according to those methods are described below.

Definition 1: Let 7 be the set of all items {ij, iz, i3, ..., im}
considered in a dataset. If X € [, then X is an itemset in /. For
instance, {4, B} is a 2-itemset in / where [ = {4, B, C, D, E}.

TABLE 2. ITEM UTILITIES

(OO %~
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Definition 2: A time period set P = {py, ps, ps3, ..., p:i}, t 1S
the number of the time periods, and p; denotes the 7-th time
period. The time period p; may contain zero, one, or more
transactions.

Definition 3: A temporal quantitative transaction contains
four fields: a period of transaction occurrence, the purchased
items, the purchased quantities of items, and the item
identifications. For instance, take items A, B and E in Trans of
Table 1: their quantities are 3, 6 and 2, respectively. And they
occur in period Ps.

Definition 4: The temporal quantitative transaction database
is called TQD = {Trans;, Trans,, Transs, ..., Trans.}, where
Trans; is the i-th transaction in 70D and z denotes the number
of transactions in 7QD.
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FIGURE 1. MEMBERSHIP FUNCTIONS OF ITEMS

Definition 5: Given the membership functions for every
item, we compute the fuzzy values for every transaction. Given
an item i, its fuzzy set f,. of the value v,. in the temporal
quantitative transaction 7rans, is represented as:

fyzl fyzz fyzh>
= (T4 22
fyz <Rzl Rz2 Rzh



For instance, the quantity value of B in Trans,; can be
067 033

converted into < > according to Figure 1.

B.Low  B.Middle  B.High
Definition 6: An item i. has an external utility represented
as s(i;) for the profit of i.. For instance, s(4) is 2 in Table 2.

Definition 7: The utility value u,. of an item i. in Trans, for
is considered as

Uy, = vy, *5(i,).
For example, u(B) in Trans; is 4*6 (=24).

Definition 8: The fuzzy utility f;.; of its /-th fuzzy region in
Transy for an item i is considered as

fuyzl = fyzl * uyz-

As mentioned in the above definitions, the fuzzy value of
the fuzzy item {B.Low} in Trans; is 0.67. Then, the fuzzy utility
value of fuzzy item {B.Low} in Trans; is calculated as 0.67 *
24 =16.08.

Definition 9: The fuzzy transaction utility #fi, of a temporal
quantitative transaction Trans, is the sum of the items of the
fuzzy utility in Trans,. It is represented as

tfuy = Zingransy fuyz-

For instance, #fu; = fu,, (amidgaie; + futr, (crowy = 12 + 5.36 =
17.36.

Definition 10: The fuzzy utility value fir,x of the fuzzy
itemset X in Trans, is defined

fqu = fyX * ZRleX vyz * S(iz)9

where the value fx is the membership degree value of X in
Trans,, vy is the quantity of item i. in X, and s(i;) is the profit
value of item i.. Value f,x must be the smallest one in R in X.
For example, the fuzzy itemset {4.Middle, C.Low} in Trans;
and the fuzzy values are 1 and 0.67. We choose the smallest
fuzzy value, 0.67, to calculate the fuzzy utility value of
{A.Middle, C.Low} in Trans;. The fuzzy value of {4.Middle,
C.Low} in Trans; is calculated as 0.67 * [(6 * 2) + (2 * 4)] =
12.8.

Definition 11: The start transaction period STP;. of an item
i- is represented as the first transaction occurring during the time
period of i; in the TQD. In Table 1, the STP of D is P>.

Definition 12: The transaction period of itemset X is called
LTPy. For instance, the STP of itemset {4, D} is P; and its last
transaction period is the end of the TQD, which is P;.

Definition 13: The temporal fuzzy utility ratio #fury of the

itemset X is defined as
tfury = Z f Uyx / Z
Transy€LTPx

Xe€TransynNTransy€LTPx

tfu,

In the formula, the value fis,x is represented as the fi value
of the fuzzy itemset X in Trans, and tfu, is the transaction fuzzy
utility value of Trans,. For instance, the time period of the fuzzy
itemset {B.Low} in Table 1 is from P, to P;3; the first transaction
is Trans; and the last is Transs. The tfur of the fuzzy itemset

{B.Low} is calculated as (16.08 + 18) / (17.36 + 32 + 1.98 +
53.34+47.36 +26) =34.08 / 178.04 = 0.19.

Definition 14: Consider X and 4 be fuzzy itemset and
threshold value, respectively. If tfury >= A for any itemsets X, X
is a high temporal fuzzy utility itemset (HTFUI). For instance,
the {B.Low} in Table 3 is HTFUI; if 1 is 15%. Note that the
monotonic property is not kept in temporal fuzzy utility mining.
We must find the candidate itemsets and determine whether
these candidate itemsets are HTFUIs.

Definition 15: The maximal transaction fuzzy utility of
Trans, is represented as
mtfu, = mfu,,
izETrans,,

For instance, in Transz, mtfu, = mfusy + mfuzm = 5.36 +
16.08 = 21.44. Note that #fu is not the upper bound of the m#fu,
and mtfu is the upper bound of each fuzzy itemset.

Definition 16: The start transaction period STP,; of all
items is represented as

minTp = {STPI,Ssz,. ..,STPm}

The STP; is the start transaction period of the j-th item, value
m is the item number, and the symbol minzp is assigned the latest
time period of the parameters attached. For instance, in Table 1,
STPyy is Pa.

Definition 17: Consider X be a temporal fuzzy utility
itemset. LTP,; represents the time period from STP, to the last
time period of TQD. The temporal fuzzy utility upper bound
ratio is represented as

tfuubry =

mtfuyx/ Z tfu,

XeTransyNTrans,€LTPx Transy€LTPqy

For instance, tfuubr g rowy = (mtfuz + mtfies) / (tfus + tfug + tfus
+ tfig) = (21.44 +45.42) / (1.98 + 53.34 +47.36 + 26) = 66.86 /
128.69 = 51.95%.

Definition 18: Consider X and 4 be temporal fuzzy utility
itemset and a threshold value, respectively. X is a high temporal
fuzzy utility upper bound itemset (HTFUUBI) if tfuubrx>= A for
any itemsets X. For instance, the temporal fuzzy utility 1-itemset
{B.Low} in the above example is an HTFUUBI,.

B. Proposed Mining Approach

The detailed steps for the proposed algorithm are as follow:
Inputs:
(1) temporal quantitative database (7QD)
(2) mitemsin TQD
(3) membership functions for all items
(4) ttime periods
(5) minimum temporal fuzzy utility threshold 4
Step 1: Convert the appearance time of each transaction in 7QD
to a time period.
Step 2: Get the STP;: of each item . in TQD.
Step 3: For each item i. in a Trans,, change its value v,. into a
fuzzy set f,. represented as (g—“+ fy—zz+...+fy—2h),

. nz1 Rzz. Rzn
according to the membership functions for the



quantities of the items, where R, is the /-th linguistic
term of i., 4 is the total number of regions for i., and f,.;
is the membership of v). of Rz

Step 4: For each Trans;, in each period p; of TOD:

(a) Calculate the fit,-; of the /-th fuzzy region of item i. in
Trans;y.

(b) Determine the mfit,. of i. in Trans;,.

(c) Find the tfu;, value and the mtfu;, of Trans;,.

Step 5: Initialize the HTFUUBI, table as empty, where each
tuple has a fuzzy 1-itemset, the total mifu value, and the
occurrence frequency of the fuzzy 1-itemset.

Step 6: Derive the tfuubr of each temporal fuzzy utility 1-
itemset. If #fuubr > A, where A is the given threshold
value, the corresponding fuzzy l-itemset is
HTFUUBI,.

Step 7: Insert the temporal fuzzy utility 1-itemset where tfuubr
> A into the HTFUUBI, table. Include their total mifu
value and the occurrence frequency.

Step 8: Delete the temporal fuzzy utility 1-itemsets and those
fuzzy utility values not included in the HTFUUBI,
table.

Step 9: Sort the HTFUUBI, table from high to low frequency.
This HTFUUBI, table can be used as the header table
of the FP-Tree.

Step 10: Replace the values of the nodes of the FP-Tree with the
mitfu, TID (transaction identification), fuzzy value and
utility value from the transaction table.

Step 11: After completing step 10, the final FP-Tree is built.
Then, using FP-Growth [8] to find the candidate
HTFUIs and determine whether they are HTF Uls while
mining the conditional FP-Tree.

Step 12: Output the HTFUIs to users.

IV. EXPERIMENTS

A synthetic dataset, T6I4N4KD200K, was used for
compared performance efficiency between the proposed method
and two-phased method [6] in terms of running time and
consumed memory. The quantity value for each item in this
dataset was assigned randomly in the range from [1, 10]. The
profit values of items were also produced at random. Three
membership functions in Figure 1 were used in the test.

The running time and consumed memory of the proposed
method and the previous two-phased method for three different
thresholds with three fuzzy terms for items are shown as follows.
In Figures 2 and 3, it can be observed that the proposed method
outperformed the two-phased method in execution time and
consumed memory.

V. CONCLUSIONS

In this paper, we propose an extended tree structure
according to the method in [6] to store more information in
nodes and mine the results in one phase. The designed algorithm
can find all high temporal fuzzy utility itemsets. The
experimental results show that the proposed method can get
good performance with less memory and with faster execution
speed than the previous one.
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FIGURE 2. RUNNING TIME FOR TWO METHODS ON THREE DISTINCT
THRESHOLDS.
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FIGURE 3. CONSUMED MEMORY FOR TWO METHODS ON THREE DISTINCT
THRESHOLDS.
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