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Abstract
High-utility itemset mining is used to obtain high utility itemsets by taking into account both the quantity as well as

the utility of each item, which have not been considered in frequent itemset mining. Many algorithms compute high

utility itemsets by setting a minimum utility threshold in advance. However, determining the minimum utility

threshold is not easy. Too high or too low a threshold may result in incorrect high utility itemsets. In this paper, we

propose a method based on binary particle swarm optimization to optimize the search for high utility itemsets

without setting the minimum utility threshold beforehand. Instead, the application of the minimum utility threshold is

performed as a post-processing step. Experiments on five datasets indicate that the proposed method is better than

existing methods in finding high utility itemsets, and the time to obtain those itemsets is faster than that with setting

the minimum utility threshold first. © 2019 Elsevier B.V.
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SCOPE

Knowledge-Based Systems is an international, interdisciplinary and applications-oriented journal. This journal focuses on systems that
use knowledge-based (KB) techniques to support human decision-making, learning and action; emphases the practical signi�cance of
such KB-systems; its computer development and usage; covers the implementation of such KB-systems: design process, models and
methods, software tools, decision-support mechanisms, user interactions, organizational issues, knowledge acquisition and
representation, and system architectures. This journal's current leading topics are but not limited to: • Big data techniques and
methodologies, data-driven information systems, and knowledge acquisition • Cognitive interaction and intelligent human interfaces •
Recommender systems and E-service personalization • Intelligent decision support systems, prediction systems and warning systems
• Computational and arti�cial intelligence based systems and uncertain information processes • Swarm intelligence and evolutionary
computing • Knowledge engineering, machine learning-based systems and web semantics The journal also welcomes papers
describing novel applications of knowledge based systems in any human endeavor: ranging from �nancial technology to engineering to
health science or any other domain impacted by Arti�cial Intelligence technologies and its associated techniques and systems.
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a b s t r a c t

High-utility itemset mining is used to obtain high utility itemsets by taking into account both the
quantity as well as the utility of each item, which have not been considered in frequent itemset
mining. Many algorithms compute high utility itemsets by setting a minimum utility threshold in
advance. However, determining the minimum utility threshold is not easy. Too high or too low a
threshold may result in incorrect high utility itemsets. In this paper, we propose a method based on
binary particle swarm optimization to optimize the search for high utility itemsets without setting
the minimum utility threshold beforehand. Instead, the application of the minimum utility threshold
is performed as a post-processing step. Experiments on five datasets indicate that the proposed method
is better than existing methods in finding high utility itemsets, and the time to obtain those itemsets
is faster than that with setting the minimum utility threshold first.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Data mining is a set of techniques used to obtain hidden,
useful, and interesting knowledge from a large dataset. One of
the techniques is association rule mining, whose purpose is to get
transaction patterns, correlations, or associations among items in
the dataset. Association rule mining begins with finding items
that frequently appear together. Association rule mining, how-
ever, only pays attention to the appearances of the items, and
the utility of those items are considered the same. This technique
is called frequent itemset mining. Frequent itemset mining can
be significantly improved by taking into account the quantity
and the weight of the items. Quantity represents the number
of appearances of the same item, while weight may model the
profit of each item. In this technique, the quantity and the weight
of all items are no longer considered the same. Itemset min-
ing that considers both is known as high-utility itemset mining
(HUIM). Itemsets obtained this way will be more acceptable to
the user because they become more meaningful and fit the actual
conditions.

✩ No author associated with this paper has disclosed any potential or
pertinent conflicts which may be perceived to have impending conflict with
this work. For full disclosure statements refer to https://doi.org/10.1016/j.knosys.
2019.105164.
∗ Corresponding author.

E-mail addresses: ridowati.gunawan@mail.ugm.ac.id, rido@usd.ac.id
(R. Gunawan), ewinarko@ugm.ac.id (E. Winarko), pulungan@ugm.ac.id
(R. Pulungan).

Previous researches in high-utility itemset mining mostly fo-
cused on obtaining high utility itemsets in a large search space by
considering two main factors, namely speed and memory usage.
Determining the optimal minimum utility threshold to get those
high utility itemsets is often overlooked. Too high a threshold
may result in not getting any high utility itemset, while too low
a threshold may result in getting too many itemsets that they
become less meaningful. The user has to set the minimum utility
threshold manually by trying exact utilities from the transaction
data one by one. Furthermore, when the data changes, either
because of addition or update, the minimum utility threshold that
has been determined can no longer be used.

Determining the minimum utility threshold is analogous to
determining the minimum support in frequent itemset mining.
Obtaining the optimal frequent itemsets without first setting
the minimum support has been attempted by combining fre-
quent itemset mining with computational intelligence, such as
Genetic Algorithm (GA) [1], Particle Swarm Optimization (PSO) [2,
3], and Ant Colony Optimization (ACO) [4,5]. This combination
can improve the performance of the resulting method: it does
not require a minimum utility threshold [1,2], it is faster in
association rule searches [1,2,4], and it is more compatible with
real-world applications as well as with the user’s expectation [1,
4]. Previous researches also indicated that among computational
intelligence methods, the PSO-based method has a better com-
putation time and generates more meaningful rules compared to
GA-based [3]. We expect that a similar approach of not using a
minimum utility threshold can also be used in high-utility itemset
mining.
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High-utility itemset mining has been combined with compu-
tational intelligence, including with GA [6], with PSO [7–9], and
with ACO [10]. Kannimuthu and Premalatha [6] proposed two GA-
based algorithms, HUPEumu-GA (with minimum utility threshold)
and HUPEwumu-GA (without minimum utility threshold). Even
though HUPEwumu-GA does not use a minimum utility threshold
it produces better results than HUPEumu-GA. Those studies, how-
ever, still focused on speed and memory utilization. Ways for
tuning the minimum utility threshold have not been the focus
of those studies, and the user still has to try to determine the
appropriate minimum utility threshold manually.

Tseng et al. [11] proposed two efficient algorithms—TKU (min-
ing Top-K Utility itemsets) and TKO (mining Top-K utility item-
sets in One phase)—for mining high utility itemsets without a
minimum utility threshold, but only need to set the number of
produced itemsets. Although the algorithms succeeded in pro-
ducing itemsets without a minimum utility threshold, they suffer
from long running time and high memory consumption.

In this paper, we propose a method based on binary particle
swarm optimization (BPSO) to mine high utility itemsets without
first setting a minimum utility threshold. The method generates
itemsets according to the BPSO algorithm and outputs all of them
as a list sorted by the utility. A minimum utility threshold can
then be imposed on this list as a post-processing step. We then
compare our proposed method with other methods without a
minimum utility threshold, such as TKU and TKO, and also com-
pare it with other computational intelligence algorithms (swarm
and evolutionary algorithms), such as HUPEumu-GRAM+, HUIM-
BPSO+, HUIM-ACS, Bio-HUIF-GA, Bio-HUIF-PSO, and Bio-HUIF-BA
methods for various minimum utility thresholds.

The main contribution of the paper is an algorithm based on
binary particle swarm optimization to obtain high utility itemsets
without the need to set the minimum utility threshold before-
hand. Further contributions are the use of transactions with the
highest utility as the initial population of the particles, and the
determination of the right parameters to get the high utility
itemsets.

The rest of this paper is organized as follows: Related work
is briefly reviewed in Section 2. Section 3 provides the concepts,
definitions, and notations necessary for the rest of the paper.
The proposed algorithm for mining high utility itemsets is de-
scribed in Section 4. Experimental design, result, and analysis are
presented in Section 5. The paper is concluded in Section 6.

2. Related work

In this section, work related to methods for finding high utility
itemsets as well as particle swarm optimization for frequent
itemset mining and high-utility itemset mining is briefly re-
viewed.

2.1. High-utility itemset mining

Frequent itemset mining has two limitations: it assumes that
each item appears in a transaction once, and the weights of all
items or their profits in the transaction are assumed equal [12].
Both limitations lead to researches on high-utility itemset mining.
Yao et al. [12] defined two types of utility: transaction utility (i.e.,
quantity) and external utility (i.e., profit).

The focus of researches in high-utility itemset mining is to
obtain itemsets with utility more than or equal to a minimum
utility threshold. Yao and Hamilton [13] proposed a high-utility
itemset mining using Agrawal and Srikant’s apriori concept [14],
in which searching for high utility itemsets is carried out by first
generating candidate itemsets, namely by forming the cross prod-
uct of all items. Candidate itemsets with utility more than the

minimum utility threshold are considered high utility itemsets.
Although they used the apriori concept to generate candidate
high utility itemsets, Yao and Hamilton [13] proved that the apri-
ori property or the downward closure property does not apply
to high utility itemsets. Downward closure property stipulates
that any subset of a frequent itemset must also be a frequent
itemset. The downward closure property is not satisfied by high
utility itemsets because a subset of a high utility itemset is not
necessarily of high utility. The large number of candidate itemsets
and the inability to apply the downward closure property on high
utility itemsets result in long computation times in getting high
utility itemsets.

Liu et al. [15] developed a two-phase algorithm that uses the
concepts of transaction utility and transaction weighted utility to
prune the search space of the high utility itemsets. The proposed
transaction weighted utility maintains the downward closure
property as in frequent itemset mining, and this is referred to
as the transaction-weighted downward closure (TWDC) property.
Because transaction-weighted utility itemsets satisfy the down-
ward closure property, any frequent-itemset mining algorithm
can be modified to mine high utility itemsets, notably the apriori
algorithm. Transaction-weighted downward closure property is
used to prune high-utility itemset candidates in the first phase,
and then the complete high utility itemsets are obtained in the
second phase. In the first phase, items with utility less than the
minimum utility threshold are discarded, and this reduces the
number of items used to generate high-utility itemset candidates.

Searching for high utility itemsets using FP-Growth and tree
structure has a better computation time compared with using
the two-phase algorithm [16–18]. However, the three algorithms
have a common weakness: their large memory consumption.
This weakness arises because the tree structure built is not ef-
ficient in storing information on the itemsets with high utility.
Searching for high utility itemsets without generating candidate
itemsets first has better performance, such as found in HUI-
Miner [19], d2HUP [20], and Fast High Utility Miner (FHM) [21].
Efficient high-utility itemset mining (EFIM) uses two types of
utility calculations, namely sub-tree utility and local utility [22].

Empirical studies have been conducted on the classical algo-
rithms for high-utility itemset mining. Correct algorithm selection
is usually based on the type of the datasets processed, whether
they are dense or sparse, or long or short. EFIM is generally
considered an efficient algorithm in terms of memory usage and
is appropriate for small yet dense datasets. Meanwhile, d2HUP
has a better computation time compared to EFIM, especially for
large sparse datasets [23].

Instead of using a minimum utility threshold, Tseng et al. [11]
proposed two efficient algorithms, TKU and TKO, for mining a pre-
determined desired number of high utility itemsets. Although the
algorithms succeeded in obtaining high utility itemsets without a
minimum utility threshold, they require long running time and
have high memory consumption. Duong et al. [24] proposed an
algorithm called kHMC to discover the top-K high utility itemsets
more effectively in a single phase. They used three strategies,
namely RIU, CUD, and COV, to raise its internal minimum utility
threshold and reduce the search space. kHMC outperforms TKO
in terms of memory consumption and running time.

Fournier et al. [25] suggested the importance of examining
periodic patterns in multiple sequences. Although it has only
been applied to frequent itemset mining, the idea of periodic pat-
terns can also be applied to high-utility itemset mining. Fournier
et al. [26] proposed three methods, namely mining local high
utility, mining peak high utility, and mining non-redundant peak
high utility itemsets. Apart from the minimum utility threshold,
the addition of time-period elements is state-of-the-art in high
utility itemset mining. Yun et al. [27] suggested a high-average
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utility pattern mining (HAUPM) method for data streams using
damped windows. The data used is no longer in a static database,
but generally continuous flow of data with no restrictions, such
as data obtained from heartbeat sensors. The damped window
model is used to get more meaningful patterns in the stream
environment. Nguyen et al. [28] proposed a method for obtain-
ing closed high utility itemsets (CHUIs). CHUI mining involves
finding a representative set of high utility itemsets, which is
usually much smaller than the whole high utility itemsets but
can generate the entire itemsets without loss of information. A
method called HMiner-Closed is an effective miner of CHUIs for
both dense and sparse datasets.

Instead of the traditional high-utility itemset mining, Kan-
nimuthu and Premalatha [6] designed a GA-based algorithm to
mine high utility itemsets through mutation. They proposed two
approaches: with a minimum utility threshold called HUPEumu-GA
and without a minimum utility threshold called HUPEwumu-GA.
The fitness function in both methods is the utility. For HUPEumu-
GA a high utility itemset is an itemset with utility more than
the minimum utility threshold, while a HUPEwumu-GA itemset is
a top-K utility itemset population derived from the evolutionary
process.

Wu et al. [10] used ant colony system (ACS), which is extended
from ant colony optimization (ACO) for searching high utility
itemsets (HUIM-ACS). The designed algorithm adopts the TWU
concept to reduce the combinatorial problem. Through certain
routing graphs, HUIM-ACS does not have to perform utility cal-
culations for the same itemsets and has the ability to check
all processes whether there are itemsets in the transaction or
not. From their conducted experiments, the proposed HUIM-ACS
algorithm produces better results compared to the GA-based or
PSO-based algorithms in terms of running time and the ability
to discover high utility itemsets. However, it obtains fewer high
utility itemsets than the PSO-based algorithm in the connect
dataset.

Existing high-utility itemset algorithms, however, mostly fo-
cus on time and memory consumption. The determination of
the minimum utility threshold is not the focus of previous re-
searches, even though the minimum utility threshold significantly
affects the performance of the algorithm and the obtained item-
sets. Determining the minimum utility threshold is not easy, and
therefore, research is needed to find out how to get high utility
itemsets without first setting a minimum utility threshold.

2.2. Particle swarm optimization

Particle swarm optimization (PSO) was proposed in [29], and
many variations of PSO have been developed henceforth. A PSO
algorithm is a stochastic-based optimization technique inspired
by the social behavior of a flock of birds or a school of fish. A
particle is analogous to an individual, while a swarm is defined
as a population or a flock. Each particle has two characteristics:
position and velocity; it changes position according to its velocity.
A particle remembers the best position it has ever passed (pbest),
which is adjusted according to the outcomes of learning and
the environment (gbest). Change to its position or velocity is
influenced by the swarm used to achieve a particular goal.

PSO has also been used to obtain high utility itemsets in [7,
30]. The first step is finding 1-itemsets that meet the trans-
action weighted utility. A 1-itemset with transaction weighted
utility less than a minimum utility threshold will not be used
for further processing. Next, itemsets are encoded as particles
using the roulette wheel and randomly determined particle ve-
locity. The utility is used as a fitness function, and the sig-
moid function is used in updating the particles’ velocity. The
proposed PSO-based algorithm, which uses BPSO with sigmoid

function and transaction-weighted utility strategy, was named
HUIM-BPSOsig . Evaluation results showed that this algorithm is
more efficient and faster in finding high utility itemsets compared
to the GA-based algorithm (HUPEumu-GA). HUIM-BPSOsig was fur-
ther improved by altering its particles’ encoding to use OR/NOR
trees, used only at the initial population and during the pop-
ulation update. The improvement was called HUIM-BPSO+ [9],
and it produced better results than HUIM-BPSOsig . Even though
HUIM-BPSO+ can produce more itemsets than HUIM-BPSOsig and
sometimes can get the same number of itemsets as the de-
terministic algorithms, in some datasets (mushroom, accident,
and foodmart) the number of obtained itemsets is still fewer.
The deterministic algorithm used in the comparison is the TWU
model [19].

Song and Huang [31] stated that high-utility itemset min-
ing based on bio-inspired algorithms is more efficient but is
not guaranteed to get all high utility itemsets in the database.
Instead of using the current optimal value like the standard
algorithms in the bio-inspired approach, they proposed to use
proportionally selected discovered high utility itemsets as the tar-
get values of the next population. Three bio-inspired algorithms
were put forward, namely genetic (Bio-HUIF-GA), particle swarm
optimization (Bio-HUIF-PSO), and bat (Bio-HUIF-BA) algorithms.
Of the three algorithms, based on their experiments, Bio-HUIF-
GA produces the same number of itemsets as the deterministic
algorithms used in the comparison, namely IHUP [32] and UP-
Growth [11]. Bio-HUIF-PSO and Bio-HUIF-BA, on the other hand,
sometimes generate all itemsets, and sometimes miss some.

3. Preliminaries

In this section we describe several basic concepts [9,21,33]
required in high-utility itemset mining. Given a finite set of items
I = {i1, i2, . . . , im}, an itemset X is a set of distinct items and
X ⊆ I . A transaction database D = {T1, T2, . . . , Tn} is a set of
transactions Tc and Tc has an identifier c , called Tid. Each item
i ∈ I is associated with a positive value pr(i), called external utility
(i.e., the profit of the item). Each item i in a transaction Tc has a
positive value q(i, Tc), called internal utility or transaction utility
(i.e., quantity).

Definition 1. The following definitions are required:

1. The utility of item i in transaction Tc is defined by u(i, Tc) =
pr(i) · q(i, Tc).

2. The utility of itemset X in transaction Tc is defined by:

u(X, Tc) =
{
Σi∈Xu(i, Tc), if X ⊆ Tc,
0, otherwise.

3. The utility of itemset X in database D is defined by u(X) =
ΣTc∈g(X)u(X, Tc), where g(X) is the set of all transactions
containing itemset X .

4. The transaction utility of transaction Tc is defined by
TU(Tc) = ΣX⊆Tcu(X, Tc).

5. The transaction weighted utility (TWU) of itemset X in
database D is defined by TWU(X) = ΣTc∈g(X)TU(Tc).

6. The total utility in database D is defined by TU =

ΣTc∈DTU(Tc).

Example 1. An example is presented in Tables 1 and 2. Table 1
contains a sample database involving 7 transactions and 5 distinct
items. Each transaction consists of items, each with its own quan-
tity. Transaction T1 consists of 3 items represented by b, c , and d,
and with quantity 1, 1, and 2, respectively. The profit (external
utility) of each item is shown in Table 2. It consists of 5 items
with profit 5, 1, 2, 2, and 3.
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Table 1
An example of a transaction database D.
TId Transaction (item: quantity)

T1 (b : 1) (c : 1) (d : 2)
T2 (a : 1) (b : 7) (c : 3) (d : 2)
T3 (a : 1) (c : 2) (d : 3)
T4 (c : 2) (d : 2) (e : 5)
T5 (a : 5) (b : 4) (d : 5) (e : 6)
T6 (a : 3) (b : 8) (c : 1)
T7 (d : 5) (e : 4)

Table 2
Profit (utility) of each item.
Item a b c d e

Profit 5 1 2 2 3

Based on the tables, we provide the following examples to
illustrate the calculation for Definition 1:

1. The utility of item d in transaction T5 is u(d, T5) = pr(d) ·
q(d, T5) = 2 · 5 = 10.

2. The utility of itemset {a, d} in transaction T5 is u({a, d}, T5)
= u(a, T5) + u(d, T5) = pr(a) · q(a, T5) + pr(d) · q(d, T5) =
5 · 5+ 2 · 5 = 25+ 10 = 35.

3. The utility of itemset {a, d} in database D is u({a, d}) =
u({a, d}, T2)+u({a, d}, T3)+u({a, d}, T5) = 9+11+35 = 55.

4. The transaction utility of transaction T5 is TU(T5) = u(a, T5)
+ u(b, T5)+ u(d, T5)+ u(e, T5) = 25+ 4+ 10+ 18 = 57.

5. The transaction weighted utility of item a is TWU(a) =
TU(T2)+TU(T3)+TU(T5)+TU(T6) = 25+15+57+33 = 130.

6. The total utility of database D is TU = TU(T1) + TU(T2) +
TU(T3) + TU(T4) + TU(T5) + TU(T6) + TU(T7) = 7 + 25 +
13+ 23+ 57+ 33+ 22 = 180.

4. Proposed method

We propose a method for high-utility itemset mining with-
out minimum utility threshold, called HUIM-BPSO-nomut (High-
Utility Itemset Mining without minimum utility threshold based
on Binary Particle Swarm Optimization). This method consists of
four phases: pre-processing, initializing and encoding particles,
fitness evaluation, and updating phases, similar to previous BPSO-
based methods [9,29]. Each of these phases will be described
below. The pseudocode of the proposed method is depicted in Al-
gorithm 1. Inputs to function HUIM-BPSO-nomut() are a database
D containing transactions with items and quantities, the size of
the population pop_size, and the number of iterations iterations.
The output of the function is a set of high utility itemsets HUIs.

4.1. Pre-processing

In the pre-processing phase, the utility of each item in all
transactions and the total utility of each transaction are calculated
from transaction and profit data using Definitions 1.1 and 1.4,
respectively. As an illustration, the utility and the total utility of
transaction data in Table 1 and profit data in Table 2 are given
in Table 3. Each row in Table 3 is divided into three groups,
separated by colon (:). The first group contains items in the
transaction, the second is the total utility of the transaction, and
the third contains the utilities of items in the transaction. Notice
that the transactions in the table have been sorted in descending
order based on their total utilities.

Algorithm 1 The proposed high-utility itemset mining algorithm
1: function HUIM-BPSO-nomut(D, pop_size, iterations): HUIs
2: for each transaction T ∈ D do ▷ Phase 1: pre-processing
3: Compute utility of each item i ∈ T : u(i, T )
4: Compute total utility of T : TU(T )
5: end for
6: Sort transactions in D descendingly based on total utility
7: Population P ← ∅ ▷ Phase 2: initializing and encoding
8: for j← 1 to pop_size do
9: T ← Dequeue(D)

10: Encode T into particle p⃗
11: Generate velocity v⃗

12: Compute fitness of p⃗: fit(p⃗) ▷ Phase 3: fit evaluation
13: P ← P ∪ { (p⃗, v⃗, fit(p⃗)) }
14: end for
15: HUIs← Copy(P)
16: P(b) ← Copy(P)
17: p⃗(g) ← FindBestParticle(P(b))
18: Compute constriction factor k ▷ Eq. (4)
19: for i← 1 to iterations do ▷ Phase 4: updating
20: for each (p⃗, v⃗, fit(p⃗)) ∈ P , (p⃗(b), v⃗(b), fit(p⃗(b))) ∈ P(b) do
21: Update velocity v⃗ ▷ Eqs. (3) and (5)
22: Update particle p⃗ ▷ Eq. (6)
23: Compute fitness of p⃗: fit(p⃗) ▷ Eq. (2)
24: HUIs← HUIs ∪ { p⃗ }
25: if fit(p⃗) > fit(p⃗(b)) then
26: p⃗(b) ← Copy(p⃗)
27: p⃗(g) ← FindBestParticle(P(b))
28: end if
29: end for
30: end for
31: return HUIs
32: end function

Table 3
Transactions, utilities and total utility.
TId Transaction

(items : total utility : utilities)

T5 a b d e : 57 : 25 4 10 18
T6 a b c : 25 : 15 8 2
T4 c d e : 23 : 4 4 15
T2 a b c d : 22 : 5 7 6 4
T7 d e : 22 : 10 12
T3 a c d : 15 : 5 4 6
T1 b c d : 7 : 1 2 4

4.2. Initialization and particle encoding

In the second phase, the particle swarm optimization method
is initialized by forming its population. The population consists
of pop_size number of particles, each representing a transaction
in the database. A particle is formally defined as a vector p⃗ of
dimension d, where d is the number of distinct items in all
transactions, such that for a transaction T :

pi =
{
1, if item i ∈ T ,

0, if item i /∈ T .
(1)

Note that only pop_size transactions with the largest total utili-
ties are being represented in the population. As an illustration,
transactions in Table 3 only involve five distinct items. Assuming
pop_size = 5, Table 4 shows the encoding of transactions T5, T6,
T4, T2, and T7 from Table 3 as particles p⃗(1), p⃗(2), p⃗(3), p⃗(4), and p⃗(5),
respectively.
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Table 4
Encoding transactions as particles.

a b c d e

p⃗(1) 1 1 0 1 1
p⃗(2) 1 1 1 0 0
p⃗(3) 0 0 1 1 1
p⃗(4) 1 1 1 1 0
p⃗(5) 0 0 0 1 1

Table 5
Initializing particles’ velocities.

a b c d e

v⃗(1) 0.343757 0.640539 0.636980 0.724399 0.719616
v⃗(2) 0.521030 0.409739 0.092495 0.572762 0.503367
v⃗(3) 0.838405 0.369433 0.644313 0.647657 0.709206
v⃗(4) 0.336895 0.611416 0.768125 0.923636 0.409901
v⃗(5) 0.359932 0.072850 0.858039 0.868211 0.133234

In this phase, we also initialize the velocity of each particle
randomly. Similar to a particle, its velocity is a vector v⃗ of dimen-
sion d such that for all i ∈ T , −vmax ≤ vi ≤ vmax. Table 5 shows
an example of the initialization of particles’ velocities, where v⃗(i)
is the velocity of particle p⃗(i).

After initializing the velocity of the encoded particle, its fitness
is evaluated, which will be elaborated on in Section 4.3. The
particle, together with its velocity and fitness, is then put into the
population P . Three things must be noted here. First, all itemsets
in the original population generated from pop_size transactions
with the largest total utilities form the initial high utility itemsets.
Other high utility itemsets are generated as ‘‘descendants’’ of
these initial itemsets. Second, a new population P(b) is created,
which in the beginning is just a copy of the original popula-
tion. This population P(b) is used to record the best (i.e., fittest)
‘‘descendants’’ of each particle in P at each iteration. Third, the
current best of all particles p⃗(g) is sought among those in P(b). This
best particle is used later on for updating subsequent particles in
Section 4.4.

4.3. Fitness evaluation

To determine the best particle, the fitness of each particle p⃗ is
evaluated, which is defined by:

fit(p⃗) = u(X), (2)

where u(X) is the utility according to Definition 1.3 and X is an
itemset containing precisely all items in particle p⃗. This fitness
function has also been used by Kannimuthu and Premalatha [6]
and Lin et al. [9]. As an illustration, the fitness of particle p⃗(5)
in Table 4 is fit(p⃗(5)) = u({d, e}) = u({d, e}, T5) + u({d, e}, T4) +
u({d, e}, T7) = 28+ 19+ 22 = 69. The reader is invited to verify
that p⃗(5) is the fittest among particles in Table 4.

4.4. Updating

In this phase, all particles in P and their corresponding best
pairs in P(b) are repeatedly updated as many as iterations times.
In each iteration, the following are carried out on each particle:

1. Updating velocity. Let x⃗(t) be the vector x⃗ at discrete time
(iteration) t . The velocity v⃗ associated with a particle p⃗ is
updated as follows [34]:

vi(t+1) = k · [vi(t)+c1 · r1 · (p(b)i−pi(t))+c2 · r2 · (p(g)i−pi(t))],

(3)

where:

k =
2⏐⏐⏐2− ϕ −

√
ϕ2 − 4 · ϕ

⏐⏐⏐ , ϕ = c1 + c2, and ϕ ≥ 4. (4)

The constriction factor k plays a balancing role between
the global best particle p⃗(g) and the local best particle p⃗(b),
whose value is determined by the selection of the individ-
ual factor c1 and the social factor c2 according to Eq. (4).
Two random numbers r1, r2 ∈ (0, 1) are generated in
each iteration, which means that the two random numbers
are used in updating all components of all particles in a
particular iteration.
It should be noted that each velocity component in Eq. (3)
must fall within a particular bound; this is known as
the ‘‘vmax method’’ [35]. In this paper, we use the vmax
method together with a piece-wise linear function as de-
fined in [36], as follows:

vi(t+1) =

⎧⎨⎩
vmax, if vi(t + 1) > vmax,

vi(t + 1), if − vmax ≤ vi(t + 1) ≤ vmax,

−vmax, if vi(t + 1) < −vmax.

(5)

Example 2. As an illustration, let us select the individ-
ual factor c1 = 2 and the social factor c2 = 2. Con-
sequently, ϕ = c1 + c2 = 2 + 2 = 4 and k =

2⏐⏐⏐2−ϕ−
√

ϕ2−4·ϕ
⏐⏐⏐ = 2⏐⏐⏐2−4−√42−4·4

⏐⏐⏐ = 1. Let r1 = 0.639415

and r2 = 0.387346 and assume that p⃗(b) = [1, 0, 1, 0, 1]⊤
and p⃗(g) = [1, 1, 1, 0, 1]⊤. Table 6 shows the detailed
calculation involved for updating the velocity associated
with particle p⃗(1) in Table 5.

2. Updating particle. Based on its updated velocity, the parti-
cle p⃗ is updated as follows [29]:

pi(t + 1) =

⎧⎨⎩1, if r < S(vi(t + 1)) =
1

1+ e−vi(t+1)
,

0, otherwise,
(6)

where r is a random number generated for each com-
ponent of each particle, and S(·) is the sigmoid function.
Note that this update may change the configuration of the
particle, which in turn may result representing a com-
pletely different itemset with a different total utility and,
therefore, representing a new high utility itemset.

3. Evaluating the particle’s fitness. Once a particle is updated,
its fitness is re-evaluated using Eq. (2). If the newly updated
particle is fitter than its corresponding best pair in P(b),
the new particle replaces it, and a new global best particle
is sought among the particles in P(b) by invoking function
FindBestParticle(), which is depicted in Algorithm 2.

Algorithm 2 Finding the best particle

1: function FindBestParticle(P): p⃗
2: fit ← 0.0
3: for each (q⃗, v⃗, fit(q⃗)) ∈ P do
4: if fit(q⃗) > fit then
5: fit ← fit(q⃗)
6: p⃗← Copy(q⃗)
7: end if
8: end for
9: return p⃗

10: end function

4.5. Time and space complexity

By inspecting Algorithm 1, it is straightforward that computa-
tion time is mostly spent on the for-loop in lines 19–30. Assuming
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Table 6
Updating velocity v⃗(1) from Table 5.

i Calculation Result

1 1 · [0.343757+ 2 · 0.639415 · (1− 1)+ 2 · 0.387346 · (1− 1)] 0.343757
2 1 · [0.640539+ 2 · 0.639415 · (0− 1)+ 2 · 0.387346 · (1− 1)] −0.638291
3 1 · [0.636980+ 2 · 0.639415 · (1− 0)+ 2 · 0.387346 · (1− 0)] 2.690502
4 1 · [0.724399+ 2 · 0.639415 · (0− 1)+ 2 · 0.387346 · (0− 1)] −1.329123
5 1 · [0.719616+ 2 · 0.639415 · (1− 1)+ 2 · 0.387346 · (1− 1)] 0.719616

that function FindBestParticle() has time complexity O(pop_size),
then the time complexity of the for-loop isO(iterations·pop_size2).
Most of the time, computation spent on this main for-loop is
much larger than that spent on the for-loop in lines 2–5, which
has time complexity O(|D|). If not, the overall time complexity of
the algorithm is O(iterations · pop_size2 + |D|).

The space complexity of the algorithm, on the other hand, de-
pends on the data structures retained all the time. The algorithm
needs to store database D with space complexity O(|D|). It also
stores two instances of population, P and P(b), each with space
complexity O(pop_size · d), where d is the number of distinct
items in the transaction database. This is because apart from
its binary representation, a particle is also determined by its
d velocities. Finally, the algorithm must store the high utility
itemsets HUIs, which is originally of size pop_size but grows to
O(iteration · pop_size) in the worst case. Note that HUIs only
needs to store the binary representations of the particles, without
their velocities. Overall, the space complexity of Algorithm 1 is
O(iteration · pop_size+ pop_size · d+ |D|).

4.6. The proposed method compared with HUIM-BPSO+

Both the proposed method and HUIM-BPSO+ use the BPSO
approach. In this section, we emphasize the differences between
them. The first is in the pre-processing phase. HUIM-BPSO+ ini-
tializes its population by empty transactions (represented by zero
vectors), while the proposed method uses pop_size transactions
with the highest utility. Furthermore, in this phase, HUIM-BPSO+
also performs 1-HTWUIs (high-transaction-weighted utilization
1-itemsets) process [15] to prune unpromising items. An item
is unpromising if its transaction weighted utility is less than
the minimum utility threshold. Such items are removed from all
transactions. Only items in 1-HTWUIs are used in all transactions
and in subsequent parts of the algorithm. The proposed method
uses no such process.

The second is in updating velocity. The proposed method com-
bines the vmax method with a piece-wise linear function, and uses
the constriction factor k to balance between the global search
result p⃗g and the local search result p⃗b. HUIM-BPSO+, on the other
hand, does not make use of the vmax method with a piece-wise
linear function, and the constriction factor k is a just constant.

The third and the most important is in the use of minimum
utility threshold. The proposed method generates itemsets ac-
cording to the BPSO algorithm (which, in the worst case, are as
many as iteration · pop_size) and outputs them as a list sorted
by the utility. The user may impose a minimum utility threshold
on this list, but this step is a post-processing one, in the sense
that this imposition does not change the output of the method.
The application of minimum utility threshold, on the other hand,
is an integral part of HUIM-BPSO+. In each iteration, an itemset
is stored or discarded based on whether its utility exceeds the
minimum utility threshold or not. Once an itemset is discarded,
all its ‘‘descendants’’, namely those obtained from subsequent
updates of the itemset, cannot simply be ignored because these
‘‘descendants’’ may still be found during the iterative process
by modifying other particles. In our experience, some of these
‘‘descendants’’ may have high utility.

Table 7
Characteristics of the datasets used in the experiments.
Dataset Size |I| |D| Avg Total utility Density (%)

Chess 335 75 3,192 37 1,484,915 49.33
Connect 9,309 129 67,557 43 32,782,315 33.33
Mushroom 558 119 8,124 23 2,217,907 19.33
Accident 10% 34,678 468 340,183 33 12,659,954 7.22
Foodmart 176 1,559 4,141 4 12,011,023 0.28

5. Experiments, result and analysis

To evaluate the proposed method, we perform several series
of experiments. This section specifies the datasets we use in
the experiments, presents their setup and results, and provides
discussion and analysis.

5.1. Datasets

We use five datasets in our experiments, four from Frequent
Itemset Mining Dataset (fimi) repository: chess, connect, mush-
room, and accident; and one from Microsoft 1996: foodmart.
The characteristics of the datasets used in the experiments are
shown in Table 7. Size represents file size in KB, |I| represents
the number of distinct items, |D| represents the total number of
transactions, Avg represents the average length of transactions,
and Density represents the ratio of the average number of items
in all transactions to the number of distinct items.

Those datasets are a collection of datasets generally used in
frequent itemset research. The internal utilities are determined
using a uniform distribution in the range of [1, . . . , 15], which
means the minimum quantity is one, and the maximum quantity
is fifteen. The external utilities or profits, on the other hand, are
generated using a half-normal distribution. The total utilities of
all datasets are listed in the sixth column of Table 7. Because the
number of transactions in the accident dataset is vast, only 10%
of the transactions are used. The original datasets, together with
the corresponding internal and external utilities we used in the
experiments, can be found at http://www.github.com/ridowati/
arhuim.

5.2. Experimental setup

The proposed method, HUIM-BPSO-nomut (BPSO-nomut for
short), will be compared with ten previous algorithms. Firstly, it
is compared with high-utility itemset mining algorithms without
minimum utility threshold, but with a pre-determined number
of itemsets, namely TKU (Top-K utility), TKO (Top-K utility in
One phase) [11], and kHMC [24]. Throughout the paper, the TKO
used is TKOBase without optimization, as found in the SPMF li-
brary [37]. The three algorithms are used as a basis of comparison
because they are classic algorithms, where the user does not
specify the minimum utility threshold before the search process
is carried out. The number of highest utility itemsets selected, K ,
is determined by the user.

Secondly, the proposed method is compared with other com-
putational intelligence methods that do not use a minimum util-
ity threshold. They are HUPEumu-GRAM+ (GA-tree for short) [9],

http://www.github.com/ridowati/arhuim
http://www.github.com/ridowati/arhuim
http://www.github.com/ridowati/arhuim
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which is based on GA with OR/NOR tree, and HUIM-BPSO+ (BPSO-
tree for short) [9], which is based on BPSO with OR/NOR tree.
Each comparison with GA-tree and BPSO-tree involves five ex-
periments, from which four quantities are measured, namely the
number of high utility itemsets, total utility, running time, and
memory consumption.

Thirdly, the proposed method is also compared with HUI-
Miner [19], which is a deterministic algorithm with minimum
utility threshold, as well as with several computational intel-
ligence methods that use minimum utility threshold, namely
GA-tree, BPSO-tree, and HUIM-ACS [10]. Lastly, the proposed
method is compared with three newly proposed bio-inspired
algorithms [31], namely, Bio-HUIF-GA, Bio-HUIF-PSO, and Bio-
HUIF-BA.

The proposed method and the previous methods are imple-
mented based on the open-source data mining library SPMF [37],
except for HUIM-ACS and kHMC. All algorithms are implemented
in Java and run on a PC with AMD Ryzen 7 2700 Eight-Core
Processor, 3200 MHz, 8 cores, 16 logical processors, and 16.0 GB
of RAM, running 64-bit Windows 10. All implementations can be
found at http://www.github.com/ridowati/arhuim.

5.3. Result and analysis

The proposed method vs TKU, TKO, and kHMC. In this part, the
proposed method is compared with TKU, TKO, and kHMC to find
out the strengths and weaknesses of computational intelligence
and deterministic methods. Each dataset is experimented on with
TKU, TKO, and kHMC by varying K , the number of highest utility
itemsets produced, up to a maximum value still doable in our
equipment. The proposed method proceeds as usual, producing
high utility itemsets without restriction and is set with the pop-
ulation size 20 and the number of iterations 10,000. Once the
proposed method finishes, the top (highest utility) K itemsets it
produces are collected.

For chess, connect, and accident datasets, TKU produces the
top K high utility itemsets as desired. For the mushroom dataset,
K can be set up to 70,005, while for the foodmart dataset, it can
be set up to 8002. For these two datasets, setting larger values of
K results in the same numbers of high utility itemsets, namely
70,005 for the mushroom dataset and 8002 for the foodmart
dataset. For TKO and kHMC, itemsets can be generated for all
datasets with any value of K . To assess the strengths and weak-
nesses of the four methods, we compare the ‘‘quality’’ of the top K
high utility itemsets they produced, measured by the total utility
of those itemsets. The first row of Fig. 1 depicts the total utility
obtained by TKU, TKO, kHMC, and the proposed method for each
dataset.

For the chess dataset, of the three algorithms, TKO has the best
performance. TKU requires large storage space for candidates and
the top K itemsets, especially for K greater than 10. kHMC has a
weakness for large K , namely a significant performance reduction
in time and memory consumption, which has also been observed
by [38]. In this case, the percentages of total utility obtained by
the proposed method compared with TKU, TKO, and kHMC for
K = 1, 10, 100, 1000, and 3000 are 100%, 100%, 99.93%, 99.02%,
and 96.43%, respectively. For the connect dataset, the percentages
are 100%, 100%, 99.97%, 99.13%, and 96.08%, respectively; for the
mushroom dataset, those percentages are 100%, 100%, 98.05%,
84.28%, and 73.62%; for the accident dataset, they are 100%, 100%,
98.05%, 84.28%, and 73.65%; while for the foodmart dataset, the
percentages are 96.41%, 96.33%, 79.93%, 80.21%, and 54.44%.

The running time of the four methods for each dataset is
shown in the second row of Fig. 1. The proposed method is
much faster than TKU but much slower than TKO. The proposed
method is slower than TKO for all datasets except for the connect

dataset. The running time of kHMC is faster than others almost
for all datasets and all K values except for mushroom when
K = 3000. Population size and the number of iterations affect
the running time of the proposed method, while the number of
desired itemsets holds only negligible influence.

The proposed method consumes less memory than others
except for the foodmart dataset, as shown in the third row of
Fig. 1. TKU and TKO consume much memory, except for the food-
mart dataset, where the proposed method needs more memory
than the others. kHMC consumes more memory than others for
connect, mushroom, and accident datasets, and sometimes even
consumes more memory than is available; for instance, when
processing chess and connect datasets when K = 3000.

Our experiments indicate that for the same values of K , TKO
is better than TKU and kHMC. TKU requires more time to obtain
high utility itemsets compared to TKO and kHMC, while kHMC is
faster than the others but requires more memory. The strength of
the proposed method compared with TKU is that it can produce
more itemsets with relatively less memory and less running time.
Compared with TKO, the strength of the proposed method is
that it can produce the same number of itemsets, especially for
small values of K with less memory. Compared with kHMC, the
strength of the proposed method is that it can produce the same
number of itemsets, and usually with less memory. In conclusion,
although based on computational intelligence approach, the pro-
posed method can be used as an alternative in obtaining high
utility itemsets, especially for datasets with high density, like the
connect dataset, with less memory.

The proposed method vs BPSO-tree and GA-tree—without minimum
utility threshold. In this part, three computational intelligence
methods are compared by fixing them to produce the same
number of high utility itemsets for each dataset. For this purpose,
GA-tree and BPSO-tree are adjusted by setting their minimum
utility threshold to 0 and then collecting a pre-determined num-
ber of highest utility itemsets they produce. For all three methods,
the desired number of high utility itemsets is 100, the population
size is 20, and the number of iterations is 10,000. To assess the
strengths and weaknesses of the three methods, we compare the
‘‘quality’’ of the high utility itemsets they produced, measured by
the total utility of those itemsets.

From the 100 highest utility itemsets, the total utility of GA-
tree, BPSO-tree, and the proposed method for each dataset is
depicted in the first row of Fig. 2. It can be observed that the
proposed method always produces itemsets with the largest total
utility for all datasets. For accident and connect datasets, the total
utility produced is even significantly larger. The running time of
the three methods can be seen in the second row of Fig. 2. Except
for the connect dataset, the proposed method is faster than others
and for some of them significantly so. The third row of the figure
depicts the memory consumption of the three methods. The
proposed method mostly has a better memory consumption than
BPSO-tree, but worse than GA-tree. Nevertheless, since all three
algorithms are optimization-based, their memory consumption is
quite low and depends mostly on the population size and the
number of iterations.

It is easier in practice for the user to determine the number of
desired high utility itemsets than the minimum utility threshold.
The three algorithms can always produce the number of itemsets
with the highest utility. This is different if the acquisition of the
high utility itemsets is based on the minimum utility threshold.
If the pre-determined minimum utility threshold is not correct,
the desired itemsets may not be obtained, or too many itemsets
are obtained.

In conclusion, the proposed method always produces bet-
ter quality itemsets than GA-tree or BPSO-tree, within relatively

http://www.github.com/ridowati/arhuim
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Fig. 1. Comparing TKU, TKO, kHMC, and the proposed method showing the total utility (first row), the running time (second row), and the memory consumption
(third row).

Fig. 2. Comparing GA-tree, BPSO-tree and the proposed method without minimum utility threshold showing the total utility (first row), the running time (second
row), and the memory consumption (third row).
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Fig. 3. Comparing GA-tree, BPSO-tree, HUIM-ACS, and the proposed method with minimum utility threshold showing the number of itemsets (first row), the total
utility (second row), the running time (third row), and the memory consumption (fourth row). In the fifth row, the four algorithms are put in the context of
deterministic algorithm HUI-Miner, which produces all itemsets.

better running time and comparatively similar memory consump-
tion. The 100 highest utility itemsets produced by the proposed
method consistently and sometimes significantly have more total
utility.

The proposed method vs BPSO-tree, GA-tree, and HUIM-ACS—with
minimum utility threshold. In this part, four computational intel-
ligence methods are compared by fixing them to produce high
utility itemsets using a minimum utility threshold. For this pur-
pose, once the proposed method finishes generating high utility
itemsets, a post-processing step is added to collect all itemsets

whose utility is more than a pre-determined minimum utility
threshold. The minimum utility threshold is expressed as a per-
centage (δ) of the total utility (TU) in each dataset, i.e., δ · TU .
To assess the strengths and weaknesses of the four methods, we
compare the number of high utility itemsets they produced as
well as the total utility of those itemsets.

Fig. 3 depicts the results of experiments for this comparison,
showing the number of itemsets, total utility, running time, and
memory consumption of the four methods. Note that the mini-
mum utility threshold used for each dataset is different, reflected
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Fig. 4. Comparing Bio-HUIF-GA, Bio-HUIF-PSO, Bio-HUIF-BA, and the proposed method when they are fixed to produce the top K = 100 high utility itemsets, showing
the total utility (first row), the running time (second row), and the memory consumption (third row).

by the different δ, which we adopt from previous studies [7–9].
It is evident from the first and second rows of the figure that the
proposed method consistently produces more itemsets and with
more total utility than GA-tree as well as BPSO-tree, even though
the proposed method does not use a minimum utility threshold.
For foodmart and mushroom datasets, GA-tree cannot even gen-
erate any high utility itemset for some of the minimum utility
thresholds specified. HUIM-ACS can produce more itemsets than
GA-tree and BPSO-tree, but not always more than the proposed
method. For the foodmart dataset, HUIM-ACS produces more
itemsets, while for the connect dataset, the proposed method pro-
duces more. As for the other datasets, at certain minimum utility
thresholds, HUIM-ACS produces the same number of itemsets as
the proposed method.

The running time and the memory consumption of the four
methods are depicted in the third and fourth rows of Fig. 3.
The proposed method is relatively faster than BPSO-tree except
for the chess dataset. GA-tree is almost always faster than the
proposed method, but always worst in terms of the number
of itemsets and the total utility produced. HUIM-ACS requires
more time than the others for almost all datasets except for the
mushroom dataset, where it performs similarly to the proposed
method. However, apart from the mushroom dataset, the running
time difference for other datasets is very long. For the connect
dataset, with a minimum utility threshold of 29.5% and 29.7%,
the process must be terminated because the time needed is very
long. The proposed method requires relatively more memory
than GA-tree or BPSO-tree, especially for dense datasets.

The proposed method does not perform a search for high-
transaction-weighted utilization 1-itemsets (1-HTWUIs), as is
done in BPSO-tree or GA-tree [15]. BPSO-tree and GA-tree limit
themselves to use only items in 1-HTWUIs, thus eliminating
items that have transaction-weighted-utility below the minimum

utility threshold. Without restricting to 1-HTWUIs, the proposed
method can produce more itemsets and with more total utility
for various minimum utility thresholds.

To get an idea of how many high utility itemsets are supposed
to be produced, a traditional and deterministic algorithm HUI-
Miner [19] is used as a basis of comparison. The fifth row of Fig. 3
shows the percentage of high utility itemsets produced by the
four methods out of those produced by HUI-Miner. The proposed
method is always better than the GA-tree and BPSO-tree for
all datasets and can reach more than 90%, except for connect
and foodmart datasets. As the minimum utility threshold is set
larger, the proposed method gets closer to HUI-Miner. HUIM-ACS
can produce the same number of itemsets as HUI-Miner for the
mushroom dataset. The proposed method, on the other hand, can
produce more itemsets than HUIM-ACS for the connect dataset.

The proposed method vs bio-inspired algorithms. In this part, we
compare the proposed method with three newly proposed bio-
inspired algorithms, Bio-HUIF-GA, Bio-HUIF-PSO, and Bio-HUIF-
BA [31]. These algorithms require a pre-determined minimum
utility threshold, and, for comparison, is set to 0. The four meth-
ods are compared by inspecting the number of itemsets and total
utility they produced based on top-K (where K = 100) and the
minimum utility threshold. The minimum utility thresholds used
are the same as the previous experiments.

Fig. 4 compares the four algorithms when they are set to
produce the top K = 100 high utility itemsets. The first row
shows the total utility of those top 100 itemsets. Out of the five
datasets, the proposed method obtains the same results as Bio-
HUIF-GA for four datasets, and the results are always better than
the other two bio-inspired algorithms. However, the proposed
method obtains the lowest result for the foodmart dataset.

The running time of the algorithms can be seen in the second
row of Fig. 4. The proposed method is the fastest for chess and
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Fig. 5. Comparing Bio-HUIF-GA, Bio-HUIF-PSO, Bio-HUIF-BA, and the proposed method when they are set to produce all high utility itemsets and then a minimum
utility threshold is imposed, showing the number of itemsets (first row), the total utility (second row), the running time (third row), and the memory consumption
(fourth row).

mushroom datasets, is faster than Bio-HUIF-GA for the connect
dataset, is faster than Bio-HUIF-GA and Bio-HUI-BA for the ac-
cident dataset, and is faster than Bio-HUIF-BA for the foodmart
dataset. The proposed method requires less memory than the
three bio-inspired algorithms, except for the foodmart dataset, in
which it requires more than Bio-HUIF-GA and Bio-HUIF-BA.

Fig. 5, on the other hand, compares the four algorithms when
they are set to produce all high utility itemsets, and then a
minimum utility threshold is imposed. For the bio-inspired al-
gorithms, this is done by setting the minimum utility threshold
to 0. The number of itemsets and their total utility are depicted
in the first and second rows of Fig. 5. Although the proposed
method cannot produce the highest number of itemsets or total
utility compared to all three bio-inspired algorithms, it is higher
than one or two of them for some datasets. For the chess dataset,

the proposed method produces more than Bio-HUIF-PSO and
Bio-HUIF-BA. For the connect dataset, it produces more than Bio-
HUIF-BA, while for the mushroom dataset, all four produce almost
the same number. For the accident dataset, the proposed method
obtains more than Bio-HUIF-BA and is close to Bio-HUIF-PSO.

The running time of the four algorithms is depicted in the third
row of Fig. 5. The proposed method has the longest running time
for the foodmart dataset. For connect and accident datasets, it is
slower than Bio-HUIF-PSO but faster than Bio-HUIF-GA and Bio-
HUIF-BA, and for chess and mushroom datasets, it is the fastest.
The memory consumption of the four algorithms is depicted
in the fourth row. The memory consumption of the proposed
method is the least for four datasets: chess, connect, accident, and
mushroom; but the most for the foodmart dataset.
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Fig. 6. The effect of varying the minimum utility threshold on the number of itemsets produced in each dataset.

In conclusion, the proposed method can produce similar num-
bers of itemsets to the bio-inspired algorithms. The memory
usage of the proposed method is less compared to the three
algorithms, and its running time is also comparatively faster.
The weakness of the proposed method is evident in the case of
the foodmart dataset, which is sparse. In this case, the proposed
method is the worst in terms of the number of itemsets, total
utility, running time, and memory consumption.

Discussion. To determine the ‘‘correct’’ minimum utility thresh-
old, detailed knowledge about the characteristics of the data
being processed must be obtained, and this is not easy. Different
datasets have different minimum utility thresholds. Experiments
on the five datasets show that the range of the minimum utility
threshold widely varies. The user must, therefore, perform trial
and error to determine this minimum utility threshold to obtain
the desired number of itemsets. Fig. 6 shows a range of used
minimum utility thresholds along with the number of itemsets
obtained for each dataset. For the chess dataset, for instance,
the user may determine the minimum utility threshold value
between 0.01% until 28% and observe how the produced number
of itemsets changes. In general, the higher the minimum utility
threshold, the less the number of itemsets produced. Neverthe-
less, those itemsets have higher utility and are likely more useful
to the user compared to those with lower utility.

There are many ways to assess the quality of HUIM algorithms,
and we believe that the total utility obtained is as, if not more,
important, as the number of itemsets produced. The total utility
corresponds to the profit accrued if a collection of itemsets is
selected or purchased. The user cannot determine the minimum
utility threshold arbitrarily since it must be in the range shown
in Fig. 6 to be meaningful. For very sparse datasets, such as
the foodmart dataset, the minimum utility threshold must be
very small. Among the five datasets, there is no dataset with a
minimum utility threshold above 50%. These indicate that it is
not easy to determine the minimum utility threshold; it cannot
be made up arbitrarily in advance since it depends on the user’s
knowledge of the dataset. Therefore, the proposed method has
a vital role in overcoming the problem of determining the min-
imum utility threshold. Furthermore, the determination of the
initial population is an essential factor for optimization-based
algorithms, such as genetic algorithm and binary particle swarm
optimization. It is evident that restricting only to 1-HTWUIs does
not make the produced itemsets of better quality.

Our experiments have also shown that:

1. For some datasets, the proposed method can generate
itemsets with the same total utility as TKU for a speci-
fied number of itemsets. For other datasets, however, TKU
produces itemsets with higher total utility. These indicate
that the proposed method does not always manage to
generate the highest utility itemsets. However, it should
be noted that the proposed method completes in better
or comparable running time and memory consumption

in all datasets and that for some datasets, TKU may take
unreasonable running time to complete.

2. In our experiments, TKO can produce itemsets according
to the desired number of top-K; when the desired number
K is reached, the itemsets and the total utility produced
by both TKO and TKU are the same. The proposed method
has not been able to achieve this. As with TKU, TKO also
can produce the K highest utility itemsets for the connect
dataset but with a very long running time.

3. kHMC has an advantage in speed, but the required memory
is enormous. The proposed method, on the other hand,
requires much less memory and produce almost similar
itemsets.

4. The proposed method is always better than the other three
computational intelligence methods when used with or
without minimum utility threshold within relatively better
running time and comparatively similar memory consump-
tion. We suggest that this is because the proposed method
is not restricted to only use items in 1-HTWUIs and applies
the vmax method together with a piece-wise linear function
when updating particles.

5. The proposed method can produce similar numbers of
itemsets as the bio-inspired algorithms, but not for all
datasets and minimum utility thresholds. The proposed
method also has less running time and less memory con-
sumption compared to the bio-inspired algorithms. How-
ever, the proposed method has a weakness when dealing
with sparse datasets, especially the foodmart dataset.

6. Conclusion

We have proposed a method based on binary particle swarm
optimization to obtain high utility itemsets without a minimum
utility threshold. The advantage of the proposed method is that
the process of obtaining high utility itemsets becomes more
optimal because it does not need to set the minimum utility
threshold in advance. Besides, if there are changes due to addi-
tions or updates to the dataset, the proposed method can be used
immediately without adjusting the minimum utility threshold.
We have also shown that the proposed method is superior to
other computational intelligence methods in terms of the number
of itemsets and the total utility produced.

On the other hand, for datasets with small average transaction
length or with small number of transactions, even though the
proposed method produces the same number of itemsets, it only
produces itemsets of lower total utility compared to TKU, TKO,
and kHMC. To overcome this problem, we expect that the velocity
update in the BPSO-based method can be tuned differently, for
instance, by using a probabilistic velocity approach. Using this
approach, updating velocity for bit ‘0’ will be treated differently
from that for bit ‘1’. We plan to investigate other computational
intelligence methods based on swarm intelligence, such as ant or
bee colony, to address this weakness of the proposed method.



R. Gunawan, E. Winarko and R. Pulungan / Knowledge-Based Systems 190 (2020) 105164 13

Acknowledgments

This research was supported by the doctoral dissertation grant
of the Ministry of Research, Technology and Higher Education of
the Republic of Indonesia, grant no. 109/SP2H/LT/DRPM/2018.

References

[1] X. Yan, C. Zhang, S. Zhang, Genetic algorithm-based strategy for identifying
association rules without specifying actual minimum support, Expert Syst.
Appl. 36 (2009) 3066–3076, http://dx.doi.org/10.1016/j.eswa.2008.01.028.

[2] R.J. Kuo, C.M. Chao, Y.T. Chiu, Application of particle swarm optimization
to association rule mining, Appl. Soft Comput. 11 (1) (2011) 326–336,
http://dx.doi.org/10.1016/j.asoc.2009.11.023.

[3] M. Gupta, Application of weighted particle swarm optimization in
association rule mining, Int. J. Comput. Sci. Inform. 1 (3) (2012) 69–74.

[4] R.J. Kuo, C.W. Shih, Association rule mining through the ant colony system
for national health insurance research database in Taiwan, Comput. Math.
Appl. 54 (11–12) (2006) 1303–1318, http://dx.doi.org/10.1016/j.camwa.
2006.03.043.

[5] V. Mangat, Swarm intelligence based technique for rule mining in the
medical domain, Int. J. Comput. Appl. 4 (1) (2010) 19–24.

[6] S. Kannimuthu, K. Premalatha, Discovery of high utility itemsets using
genetic algorithm, Int. J. Eng. Technol. 5 (6) (2013) 4866–4880, http:
//dx.doi.org/10.1080/08839514.2014.891839.

[7] J.C.-W. Lin, L. Yang, P. Fournier-Viger, J. Frnda, L. Sevcik, M. Voznak, An
evolutionary algorithm to mine high-utility itemsets, Adv. Electr. Electr.
Eng. 13 (4) (2015) 392–398, http://dx.doi.org/10.15598/aeee.v13i4.1474.

[8] J.C.-W. Lin, L. Yang, P. Fournier-Viger, J.M.T. Wu, T.P. Hong, L.S.L. Wang, J.
Zhan, Mining high-utility itemsets based on particle swarm optimization,
Eng. Appl. Artif. Intell. 55 (2016) 320–330, http://dx.doi.org/10.1016/j.
engappai.2016.07.006.

[9] J.C.W. Lin, L. Yang, P. Fournier-Viger, T.P. Hong, M. Voznak, A binary
PSO approach to mine high-utility itemsets, Soft Comput. 21 (17) (2017)
5103–5121, http://dx.doi.org/10.1007/s00500-016-2106-1.

[10] J.M.-T. Wu, J. Zhan, J.C.-W. Lin, An ACO-based approach to mine high-
utility itemsets, Knowl.-Based Syst. 116 (2016) 102–113, http://dx.doi.org/
10.1016/j.knosys.2016.10.027.

[11] V.S. Tseng, C.W. Wu, P. Fournier-Viger, P.S. Yu, Efficient algorithms for
mining Top-K high utility itemsets, IEEE Trans. Knowl. Data Eng. 28 (1)
(2016) 54–67, http://dx.doi.org/10.1109/TKDE.2015.2458860.

[12] H. Yao, H.J. Hamilton, C.J. Butz, A foundational approach to mining itemset
utilities from databases, in: Proceedings of the 2004 Society for Industrial
and Applied Mathematics (SIAM) International Conference on Data Mining,
SIAM, Lake Buana Vista, 2004, pp. 482–486, http://dx.doi.org/10.1137/1.
9781611972740.51.

[13] H. Yao, H.J. Hamilton, Mining itemset utilities from transaction databases,
Data Knowl. Eng. 59 (2006) 603–626, http://dx.doi.org/10.1016/j.datak.
2005.10.004.

[14] R. Agrawal, R. Srikant, Fast algorithms for mining association rules, in:
Proceedings of the 20th International Conference on Very Large Data Bases,
Vol. 1215, 1994, pp. 487–499.

[15] Y. Liu, W.-k. Liao, A. Choudhary, A two-phase algorithm for fast discovery
of high utility itemsets, in: Proceedings of the 9th Pacific-Asia Confer-
ence on Advances in Knowledge Discovery and Data Mining (PAKDD’05),
Springer-Verlag Berlin, Heidelberg, 2005, pp. 689–695, http://dx.doi.org/10.
1007/11430919_79.

[16] A. Erwin, R.P. Gopalan, N.R. Achuthan, CTU-Mine: An efficient high utility
itemset mining algorithm using the pattern growth approach, in: 7th IEEE
International Conference on Computer and Information Technology (CIT
2007), 2007, pp. 71–76, http://dx.doi.org/10.1109/CIT.2007.120.

[17] V.S. Tseng, C.W. Wu, B.E. Shie, P.S. Yu, UP-Growth: an efficient algorithm
for high utility itemset mining, in: Proceedings of the ACM SIGKDD
International Conference on Knowledge Discovery and Data Mining, 2010,
pp. 253–262, http://dx.doi.org/10.1145/1835804.1835839.

[18] C.-W. Lin, T.-P. Hong, W.-H. Lu, An effective tree structure for mining
high utility itemsets, Expert Syst. Appl. 38 (6) (2011) 7419–7424, http:
//dx.doi.org/10.1016/j.eswa.2010.12.082.

[19] M. Liu, J. Qu, Mining high utility itemsets without candidate generation,
in: Proceedings of the 21st ACM International Conference on Information
and Knowledge Management (CIKM), 2012, pp. 55–64, http://dx.doi.org/
10.1145/2396761.2396773.

[20] J. Liu, K. Wang, B.C.M. Fung, Mining high utility patterns in one phase
without generating candidates, IEEE Trans. Knowl. Data Eng. 28 (5) (2016)
1245–1257, http://dx.doi.org/10.1109/TKDE.2015.2510012.

[21] P. Fournier-Viger, C.W. Wu, S. Zida, V.S. Tseng, FHM: Faster high-utility
itemset mining using estimated utility co-occurrence pruning, in: Lecture
Notes in Computer Science (including subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics), Vol. 8502 LNAI, Springer
International Publishing, 2014, pp. 83–92, http://dx.doi.org/10.1007/978-
3-319-08326-1_9.

[22] S. Zida, P. Fournier-Viger, J.C.W. Lin, C.W. Wu, V.S. Tseng, EFIM: a fast
and memory efficient algorithm for high-utility itemset mining, Knowl. Inf.
Syst. 51 (2) (2017) 595–625, http://dx.doi.org/10.1007/s10115-016-0986-0.

[23] C. Zhang, G. Almpanidis, W. Wang, C. Liu, An empirical evaluation of high
utility itemset mining algorithms, Expert Syst. Appl. 101 (2018) 91–115,
http://dx.doi.org/10.1016/j.eswa.2018.02.008.

[24] Q.H. Duong, B. Liao, P. Fournier-Viger, T.L. Dam, An efficient algorithm
for mining the Top-K high utility itemsets, using novel threshold raising
and pruning strategies, Knowl.-Based Syst. 104 (2016) 106–122, http:
//dx.doi.org/10.1016/j.knosys.2016.04.016.

[25] P. Fournier-Viger, Z. Li, J.C.W. Lin, R.U. Kiran, H. Fujita, Efficient algorithms
to identify periodic patterns in multiple sequences, Inform. Sci. 489 (2019)
205–226, http://dx.doi.org/10.1016/j.ins.2019.03.050.

[26] P. Fournier-Viger, Y. Zhang, J.C.W. Lin, H. Fujita, Y.S. Koh, Mining local
and peak high utility itemsets, Inform. Sci. 481 (2019) 344–367, http:
//dx.doi.org/10.1016/j.ins.2018.12.070.

[27] U. Yun, D. Kim, E. Yoon, H. Fujita, Damped window based high average
utility pattern mining over data streams, Knowl.-Based Syst. 144 (2018)
188–205, http://dx.doi.org/10.1016/j.knosys.2017.12.029.

[28] L.T.T. Nguyen, V.V. Vu, M.T.H. Lam, T.T.M. Duong, L.T. Manh, T.T.T. Nguyen,
B. Vo, H. Fujita, An efficient method for mining high utility closed itemsets,
Inform. Sci. 495 (2019) 78–99, http://dx.doi.org/10.1016/j.ins.2019.05.006.

[29] J. Kennedy, R.C. Eberhart, A discrete binary version of the particle swarm
algorithm, in: 1997 IEEE International Conference on Systems, Man, and
Cybernetics. Computational Cybernetics and Simulation, Vol. 5, 1997, pp.
4–8, http://dx.doi.org/10.1109/ICSMC.1997.637339.

[30] J.C.-W. Lin, W. Gan, P. Fournier-Viger, T.P. Hong, V.S. Tseng, Efficient
algorithms for mining high-utility itemsets in uncertain databases, Knowl.-
Based Syst. 96 (2015) 171–187, http://dx.doi.org/10.1016/j.knosys.2015.12.
019.

[31] W. Song, C. Huang, Mining high utility itemsets using bio-inspired al-
gorithms: A diverse optimal value framework, IEEE Access 6 (2018)
19568–19582, http://dx.doi.org/10.1109/ACCESS.2018.2819162.

[32] C.F. Ahmed, S.K. Tanbeer, B. Jeong, Y. Lee, Efficient tree structures for high
utility pattern mining in incremental databases, IEEE Trans. Knowl. Data
Eng. 21 (12) (2009) 1708–1721, http://dx.doi.org/10.1109/TKDE.2009.46.

[33] S. Zida, P. Fournier-Viger, J.C.W. Lin, C.W. Wu, V.S. Tseng, EFIM: A highly
efficient algorithm for high-utility itemset mining, in: LNCS, in: Lecture
Notes in Computer Science (Including Subseries Lecture Notes in Artificial
Intelligence and Lecture Notes in Bioinformatics), vol. 9413, 2015, pp.
530–546, http://dx.doi.org/10.1007/978-3-319-27060-9_44.

[34] M. Clerc, The swarm and the queen: Towards a deterministic and adaptive
particle swarm optimization, in: Proceedings of the 1999 Congress on
Evolutionary Computation, Vol. 3, CEC 1999, 1999, pp. 1951–1957, http:
//dx.doi.org/10.1109/CEC.1999.785513.

[35] R. Eberhart, J. Kennedy, A new optimizer using particle swarm theory, in:
Proceedings of the Sixth International Symposium on Micro Machine and
Human Science (MHS’95), 1998, pp. 39–43, http://dx.doi.org/10.1109/MHS.
1995.494215.

[36] M.F. Tasgetiren, Y.-C. Liang, A binary particle swarm optimization
algorithm for lot sizing problem, J. Econ. Soc. Res. 5 (2) (2004) 1–20.

[37] P. Fournier-Viger, C.W. Lin, A. Gomariz, T. Gueniche, A. Soltani, Z. Deng, H.T.
Lam, The SPMF open-source data mining library version 2, in: Proceeding
19th European Conference on Principles of Data Mining and Knowledge
Discovery (PKDD 2016) Part III, in: LNCS, vol. 9853, Springer, 2016, pp.
36–44, http://dx.doi.org/10.1007/978-3-319-46131-1_8.

[38] S. Krishnamoorthy, A comparative study of Top-K high utility itemset
mining methods, in: P. Fournier-Viger, J.C.W. Lin, R. Nkambou, B. Vo,
V.S. Tseng (Eds.), High-Utility Pattern Mining: Theory, Algorithms and
Applications, Springer, 2019, pp. 47–74, http://dx.doi.org/10.1007/978-3-
030-04921-8_2.

http://dx.doi.org/10.1016/j.eswa.2008.01.028
http://dx.doi.org/10.1016/j.asoc.2009.11.023
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb3
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb3
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb3
http://dx.doi.org/10.1016/j.camwa.2006.03.043
http://dx.doi.org/10.1016/j.camwa.2006.03.043
http://dx.doi.org/10.1016/j.camwa.2006.03.043
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb5
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb5
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb5
http://dx.doi.org/10.1080/08839514.2014.891839
http://dx.doi.org/10.1080/08839514.2014.891839
http://dx.doi.org/10.1080/08839514.2014.891839
http://dx.doi.org/10.15598/aeee.v13i4.1474
http://dx.doi.org/10.1016/j.engappai.2016.07.006
http://dx.doi.org/10.1016/j.engappai.2016.07.006
http://dx.doi.org/10.1016/j.engappai.2016.07.006
http://dx.doi.org/10.1007/s00500-016-2106-1
http://dx.doi.org/10.1016/j.knosys.2016.10.027
http://dx.doi.org/10.1016/j.knosys.2016.10.027
http://dx.doi.org/10.1016/j.knosys.2016.10.027
http://dx.doi.org/10.1109/TKDE.2015.2458860
http://dx.doi.org/10.1137/1.9781611972740.51
http://dx.doi.org/10.1137/1.9781611972740.51
http://dx.doi.org/10.1137/1.9781611972740.51
http://dx.doi.org/10.1016/j.datak.2005.10.004
http://dx.doi.org/10.1016/j.datak.2005.10.004
http://dx.doi.org/10.1016/j.datak.2005.10.004
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb14
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb14
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb14
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb14
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb14
http://dx.doi.org/10.1007/11430919_79
http://dx.doi.org/10.1007/11430919_79
http://dx.doi.org/10.1007/11430919_79
http://dx.doi.org/10.1109/CIT.2007.120
http://dx.doi.org/10.1145/1835804.1835839
http://dx.doi.org/10.1016/j.eswa.2010.12.082
http://dx.doi.org/10.1016/j.eswa.2010.12.082
http://dx.doi.org/10.1016/j.eswa.2010.12.082
http://dx.doi.org/10.1145/2396761.2396773
http://dx.doi.org/10.1145/2396761.2396773
http://dx.doi.org/10.1145/2396761.2396773
http://dx.doi.org/10.1109/TKDE.2015.2510012
http://dx.doi.org/10.1007/978-3-319-08326-1_9
http://dx.doi.org/10.1007/978-3-319-08326-1_9
http://dx.doi.org/10.1007/978-3-319-08326-1_9
http://dx.doi.org/10.1007/s10115-016-0986-0
http://dx.doi.org/10.1016/j.eswa.2018.02.008
http://dx.doi.org/10.1016/j.knosys.2016.04.016
http://dx.doi.org/10.1016/j.knosys.2016.04.016
http://dx.doi.org/10.1016/j.knosys.2016.04.016
http://dx.doi.org/10.1016/j.ins.2019.03.050
http://dx.doi.org/10.1016/j.ins.2018.12.070
http://dx.doi.org/10.1016/j.ins.2018.12.070
http://dx.doi.org/10.1016/j.ins.2018.12.070
http://dx.doi.org/10.1016/j.knosys.2017.12.029
http://dx.doi.org/10.1016/j.ins.2019.05.006
http://dx.doi.org/10.1109/ICSMC.1997.637339
http://dx.doi.org/10.1016/j.knosys.2015.12.019
http://dx.doi.org/10.1016/j.knosys.2015.12.019
http://dx.doi.org/10.1016/j.knosys.2015.12.019
http://dx.doi.org/10.1109/ACCESS.2018.2819162
http://dx.doi.org/10.1109/TKDE.2009.46
http://dx.doi.org/10.1007/978-3-319-27060-9_44
http://dx.doi.org/10.1109/CEC.1999.785513
http://dx.doi.org/10.1109/CEC.1999.785513
http://dx.doi.org/10.1109/CEC.1999.785513
http://dx.doi.org/10.1109/MHS.1995.494215
http://dx.doi.org/10.1109/MHS.1995.494215
http://dx.doi.org/10.1109/MHS.1995.494215
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb36
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb36
http://refhub.elsevier.com/S0950-7051(19)30513-1/sb36
http://dx.doi.org/10.1007/978-3-319-46131-1_8
http://dx.doi.org/10.1007/978-3-030-04921-8_2
http://dx.doi.org/10.1007/978-3-030-04921-8_2
http://dx.doi.org/10.1007/978-3-030-04921-8_2

	A BPSO-based method for high-utility itemset mining without minimum utility threshold
	Introduction
	Related work
	High-utility itemset mining
	Particle swarm optimization

	Preliminaries
	Proposed method
	Pre-processing
	Initialization and particle encoding
	Fitness evaluation
	Updating
	Time and space complexity
	The proposed method compared with HUIM-BPSO+

	Experiments, result and analysis
	Datasets
	Experimental setup
	Result and analysis

	Conclusion
	Acknowledgments
	References




