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Editorial

Mirjana Ivanovié!, Milo§ Radovanovié!, and Vladimir Kurbalija1

University of Novi Sad, Faculty of Sciences
Novi Sad, Serbia
{mira,radacha kurba} @dmi.uns.ac.rs

Before we introduce this fourth issue of Volume 18 of Computer Science and Infor-
mation Systems, we are very glad to announce the impact factors of our journal, updated
for 2020: the two-year IF rose to 1.167, and the five-year IF to 0.974. This is the first
time since our journal’s inception that we reached an impact factor higher than 1. This
achievement certainly cannot be attributed only to the efforts of the editorial team, but all
our creative authors whose high-quality articles, in emergent topics in ICT, attracted the
citations needed to increase impact. Also, let us not forget the reviewers who recognized
the potential of the articles and in many cases helped improve them with their diligent
reviews.

This issue contains 10 regular articles and 6 articles in the “Special Section on Pattern
Recognition, Optimization, Neural Computing and Applications in Smart City” guest-
edited by Mu-Yen Chen, Jose de Jesus Rubio, and Arun Kumar Sangaiah.

The first regular article, “Buffer-Based Rate Adaptation Scheme for HTTP Video
Streaming with Consistent Quality” by Jiwoo Park et al. presents a playback buffer model
for rate adaptation and proposes a new buffer-based rate adaptation scheme for HTTP-
based adaptive streaming (HAS) of video. Experimental results show that the proposed
scheme achieves higher video quality than conventional algorithms and can cope with
various environments without tuning of configuration parameters.

The second article, “Deep Semi-supervised Learning with Weight Map for Review
Helpfulness Prediction” authored by Hua Yin et al. proposes an end-to-end deep semi-
supervised learning model with weight map, which makes full use of the unlabeled re-
views in the task of review helpfulness prediction. Training is divided into three stages:
obtaining the base classifier, iteratively applying weight map strategy on large unlabeled
reviews to obtain pseudo-labeled reviews, training on the combined reviews to obtain the
re-trained classifier.

“Cooperation and Sharing of Caught Prey in Competitive Continuous Coevolution
Using the Predator-Prey Domain” by Krisztidn Varga and Attila Kiss presents a simulation
of the predator-prey domain (with carnivores, herbivores, and plants) and continuous (not
generation based) neuro-evolution to create a complex environment where two forms of
competition arise: between predator and prey, but also between individuals of the same
species. The simulation sheds light on questions about the importance of cooperation and
sharing in such complex competitive environments.

In the article entitled “Using Honeynet Data and a Time Series to Predict the Number
of Cyber Attacks,” Matej Zuz¢dk and Petr Bujok present multiple methods for using real-
world time-series data to predict cyber-attacks on home computers, mobile devices, and
servers over secure shell (SSH). It focuses on the overall prediction of attacks on the
honeynet and the prediction of attacks from specific geographical regions using multiple
approaches like ARIMA, SARIMA, GARCH, and Bootstrapping.
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Masoud Reyhani Hamedani and Sang-Wook Kim, in “SimAndro-Plus: On Comput-
ing Similarity of Android Applications,” propose SimAndro-Plus as an improved variant
of the SimAndro state-of-the-art method for computing the similarity of Android appli-
cations with regards to their functionality. The proposed method introduces two improve-
ments: (1) it exploits two beneficial features to similarity computation that are disregarded
by SimAndro, and (2) to compute the similarity of an app-pair based on strings and pack-
age name features, SimAndro-Plus considers not only the terms co-appearing in both
apps, but also terms appearing in one app while missing from the other.

“Analysis of Entrepreneur Mental Model and Construction of its Portrait,” authored
by Yongzhong Zhang et al. first summarizes three key factors that affect entrepreneurial
mental models: prior knowledge, personality characteristics and opportunity perception.
Then, methods for the construction of entrepreneur mental portraits are introduced, which
include a cluster analysis method and a fuzzy comprehensive evaluation method, provid-
ing a meaningful reference for promoting innovation and entrepreneurship education and
training.

Jianjun Li and Jia Liao in their article “Research on Influencing Factors of the De-
velopment of Cultural and Creative Industries Based on Grey Factor Analysis” study the
influencing factors of cultural and creative industries (CClIs) using Grey Factor Analysis
and 30 different indexes to empirically analyze the correlation between the influencing
factors and the added value of CCls in the city of Shanghai, highlighting the importance
of technology research and development, policy and government financial support, human
resources, social culture, cultural consumption environment, cultural industry basis and
development status.

The article “Conversational Agent for Supporting Learners on a MOOC on Program-
ming with Java,” by Cristina Cataldn Aguirre et al. addresses an important problem in
massive open online courses (MOOCs), the lack of personalized support from teachers,
by evaluating JavaPAL, a voice-based conversational agent offered on edX for supporting
learners on programming with Java. Agent usability, learners’ performance and interviews
with users are evaluated and used to determine the helpfulness of JavaPAL.

“Assessing Learning Styles Through Eye Tracking for E-Learning Applications” by
Nahumi Nugrahaningsih et al. investigates the possibility to distinguish between visual
and verbal learning styles from gaze data. In an experiment involving first year students
of an engineering faculty, content regarding the basics of programming was presented
in both text and graphic form, and participants’ gaze data was recorded by means of
an eye tracker. Results show a significant relation between gaze data and visual/verbal
learning styles for an information arrangement where the same concept is presented in
both graphical and text formats.

The final regular article entitled “Compensation of Degradation, Security, and Ca-
pacity of LSB Substitution Methods by a New Proposed Hybrid n-LSB Approach,” by
Kemal Tiitiincii and Ozcan Cataltas, proposes a new hybrid n-LSB (Least Significant
Bit) eight substitution-based image steganography method in the spatial plane. The pre-
viously proposed n-LSB substitution method by the same authors is combined with the
Rivest-Shamir-Adleman (RSA), RCS5, and Data Encryption Standard (DES) encryption
algorithms to improve the security of the steganography as judged by multiple standard
criteria.
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Guest Editorial — Pattern Recognition, Optimization,
Neural Computing and Applications in Smart City

Mu-Yen Chen', Jose de Jesus Rubio?, and Arun Kumar Sangaiah3

! National Cheng Kung University, Taiwan
2 TInstituto Politécnico Nacional, Mexico
3 Vellore Institute of Technology, India

Machine Learning was coined in 1980’s. It comes under the category of Artificial In-
telligence. Without being explicitly programmed by human or assistance, Machine Learn-
ing gives the opportunity to the computer to learn automatically. The primary aim is to
allow the computer learn automatically without the human intervention. But it has the
limitation of handling only smaller dimensional data with lesser amount of inputs and
parameters. Due to this drawback, Deep Learning was introduced. Deep Learning on the
other hand is the enhancement of Machine Learning which can handle any number of high
dimensional data as well as greater number of inputs and outputs. Due to this advance-
ment it can handle complex model in easier manner. Since Deep Learning uses multiple
layers to extract high level features from input, it can work with various disciplines such
as Biomedical, Computer Vision, Handwriting Recognition etc.

The idea of smart city requires connecting every related matter with the Internet
tightly; from public facilities to municipal management systems, it has to integrate in-
formation technology with the Internet of Things (IoT) to enhance the quality of life and
the resource management of the city. Through collecting various types of data by IoT,
utilizing cloud spaces or other types of storage equipment to share data, and conducting
big data research to analyze relevant issues could support the municipal decision-making.
To improve resource efficiency, all of the devices in a smart city system, including trans-
portation, medical care, electricity, disaster prevention etc, could conduct big data and ar-
tificial intelligence analyses to understand the usage of user traffic, logistics, and resource.
With the high-performance technology in smart city systems, such as cloud computing,
fog computing, and high-consumption sensors, to handle massive data for satisfying the
demands from the public.

The first article entitled” The Dynamic Two-echelon MSW Disposal System Study
under Uncertainty in Smart City”, authors construct a grey fuzzy multi-objective two-
echelon MSW (municipal solid waste) allocation model. According to the result, the
MSW is prior to be allocated to RDF (Refuse Derived Fuel) plant and incineration plant.

The second article entitled "The Application of E-commerce Recommendation Sys-
tem in Smart Cities based on Big Data and Cloud Computing”, authors present one com-
prehensive evaluation system based on improved collaborative filtering recommendation
algorithm under the Hadoop cloud computing platform. The experiential results showed
the proposed model has more efficient than the traditional single machine environment.

The third article entitled "Optimization of Intelligent Heating Ventilation Air Condi-
tioning System in Urban Building based on BIM and Artificial Intelligence Technology”,
this research proposes the energy consumption of building HVAC (heating ventilation air
conditioning) system by combining back propagation neural network (BPNN) and Ad-
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aboost algorithm. The experimental results illustrate the proposed hybrid Adaboost-BP
algorithm can be useful to predict the energy consumption of the air conditioning system.

The fourth article entitled” Face Recognition Based on Full Convolutional Neural Net-
work Based on Transfer Learning Model”, authors develop an adaptive scale feature ex-
traction method based on convolutional neural network (CNN). This research also adopts
the transfer learning approach to construct the sketch face recognition model by using the
training sample. The proposed model can reach about 97.4% and the accuracy rate has
been outperformed than the traditional sketch face recognition algorithm.

The fifth article entitled "Background Modeling from Video Sequences via Online
Motion-Aware RPCA”, authors propose a novel online motion-aware RPCA (robust prin-
cipal component analysis) algorithm, named OM-RPCAT, which adopt truncated nuclear
norm regularization as an approximation method for low rank constraint. In this research,
the dataset is used scene background initialization (SBI) and the experimental results il-
lustrate the proposed algorithm has the better performance than traditional online RPCA
algorithms.

Finally, in the last article entitled “A Novel Network Aligner for the Analysis of
Multiple Protein-protein Interaction Networks”, authors present the Accurate Combined
Clustering Multiple Network Alignment (ACCMNA) method. It is a novel and accurate
multiple network alignment algorithm. After several performance evaluations, the results
illustrate the proposed ACCMNA algorithm outperforms better than traditional PPINs
(protein-protein interaction networks) of various sizes within an acceptable running time.

Acknowledgments. The guest editors are thankful to our reviewers for their effort in reviewing
the manuscripts. We also thank the Editor-in-Chief, Professor Mirjana Ivanovic, for her supportive
guidance during the entire process.
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Buffer-Based Rate Adaptation Scheme for HTTP Video
Streaming with Consistent Quality

Jiwoo Park, Minsu Kim, and Kwangsue Chung

Department of Electronics and Communications Engineering,
Kwangwoon University, Seoul, South Korea
{jwpark, mskim}@cclab.kw.ac.kr, kchung@kw.ac.kr

Abstract. Recently, HyperText Transfer Protocol (HTTP) based adaptive
streaming (HAS) has been proposed as a solution for efficient use of network
resources. HAS performs rate adaptation that adjusts the video quality according
to the network conditions. The conventional approaches for rate adaptation
involve accurately estimating the available bandwidth or exploiting the playback
buffer in HAS clients rather than estimating the network bandwidth. In this paper,
we present a playback buffer model for rate adaptation and propose a new buffer-
based rate adaptation scheme. First, we model the playback buffer as a queueing
system that stores video segments. The proposed scheme selects the next video
bitrate that minimizes the difference between the current buffer occupancy and the
expected value from the playback buffer model. The evaluation results indicated
that the proposed scheme achieves higher video quality than conventional
algorithms and can cope with various environments without the tuning of the
configuration parameters.

Keywords: adaptive algorithms, queueing analysis, streaming media, transport
protocols.

1. Introduction

Global Internet video traffic has been growing rapidly with the emergence of popular
video streaming services such as YouTube, Netflix, and Amazon Prime. According to
Cisco's Visual Networking Index, worldwide video traffic accounted for 75% of total
Internet traffic in 2017 and is expected to reach 82% by 2022 [1]. To handle the
increasing video traffic, many video service providers adopt adaptive bitrate streaming
technology to provide the best possible streaming experience for users. Recently,
HyperText Transfer Protocol (HTTP) based adaptive streaming (HAS) technology has
attracted attention owing to the simplicity of its implementation and deployment [2]. In
contrast to the existing real-time transport protocol (RTP) based streaming technology,
which transmits video packets through User Datagram Protocol (UDP), HAS streams
video over HTTP/Transmission Control Protocol (TCP), which is a traditional protocol
stack used to deliver web messages. Video streaming technologies such as Microsoft’s
Smooth Streaming, Apple’s HTTP Live Streaming, and Adobe’s HTTP Dynamic
Streaming rely on HTTP-based adaptive bitrate streaming [3-6]. In the HAS system, the
video content is encoded at various bitrates, and the encoded video content is divided
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into small video segments of a certain length and stored in the HTTP web server [7].
The HAS client sends an HTTP GET message to download the video segments. The
transmitted video segment is stored in the playback buffer of the client, and when
enough video segments are stored, the decoder consumes the first video segment and
displays it on the screen.

Research on HAS is being actively conducted to improve the service quality and user
experience. A general research topic is a methodology for improving the performance of
the rate adaptation algorithm implemented in the HAS client and applying it to various
environments [8]. In the conventional video streaming service, quality degradation is
caused by the interruption of playback or the distortion of the image in a situation where
the network bandwidth is insufficient. Because HAS dynamically adjusts the video
bitrate, unnecessary changes in video quality can make users feel uncomfortable.

Recent studies have shown that requesting a segment in an ON-OFF pattern to
maintain the buffer occupancy causes the HAS client to incorrectly measure the
available bandwidth and repeat unnecessary quality changes in a multi-client
environment [9]. To solve this problem, techniques for bandwidth measurement and
playback buffer-based adaptation methods have been studied [10-12]. The existing
approach is expected to improve the performance of HAS by accurately measuring the
available bandwidth or setting a threshold for the buffer occupancy. However, most of
the conventional approaches have been designed by targeting to a specific scenario. This
leads to require the setting of configuration parameters such as weights and thresholds,
degrading adaptability to the various scenarios. The conventional approaches are hard to
achieve consistent quality for the media-consumption environments that the network
bandwidth, videos watching by users, and number of users are changing over time.

In this paper, we propose a buffer-based rate adaptation scheme to achieve consistent
quality for HAS. The main contributions of the proposed scheme are as follows.

« We analyze the relationship among the video bitrate, network bandwidth, and
playback buffer occupancy of HAS.

» We present a playback buffer model for rate adaptation by considering the analyzed
results for the relationship among the affecting factors to the performance of HAS.

» We then propose a novel rate adaptation scheme that controls the video bitrate by
using the current buffer occupancy and the average buffer occupancy predicted by the
playback buffer model.

» To compare the performance of the proposed scheme with the conventional

approaches, we perform simulations in various network environments by using the ns-3
network simulator.

The reminder of the paper is organized as follows. Section 2 reviews related work on
HTTP-based adaptive streaming. Section 3 presents the playback buffer model for HAS.
Section 4 describes the proposed rate adaptation scheme and its buffer-based adaptation
algorithm. Section 5 presents the results of the proposed scheme, and Section 6
concludes the paper.
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2.  Background and Related Work

In this section, we describe the basic operation of the HAS system and analyze the
behavior of the HAS client. We also classify rate adaptation schemes according to
adaptation factors such as the bandwidth, buffer occupancy, and video bitrate.

2.1. HAS System

As the demand for video streaming over the Internet increases, various technologies and
standards have been proposed and developed. Recently, HTTP-based adaptive
streaming has attracted attention owing to its efficient use of limited network resources
and fast start-up time. Conventional streaming technology frequently uses the RTP over
UDP, which does not perform error recovery for fast media delivery. By using HTTP,
network address translation and firewall problems of existing streaming protocols can be
easily solved. The HAS system also has the advantage of a low implementation cost
because it can use the existing HTTP web servers and cache servers that are already
installed globally.

In the HAS system, the HTTP web server stores video contents encoded with
different resolutions, frame rates, and bitrates depending on the quality level. Each video
is divided into segments of short length. The HAS client requests consecutive video
segments while performing rate adaptation to adapt the video bitrates to the changing
network environment. In general, rate adaptation algorithms use segment throughput to
estimate the available bandwidth.

2.2. Behavior of HAS Client

At the beginning of the streaming, the HAS client quickly fills the playback buffer by
continuously requesting video segments in the buffering state to prevent playback
stalling. When the playback buffer is full, it periodically requests video segments in the
steady state. Fig. 1 shows that if the video bitrate is lower than the network bandwidth,
the HAS client has an ON-OFF pattern in the steady state. Owing to this ON-OFF
pattern, the available bandwidth may be inaccurately measured in an environment where
multiple HAS clients compete.

There are two typical problems caused by HAS clients having an ON-OFF pattern.
The first problem is that the HAS client underestimates the available bandwidth because
the TCP connection is idle during the OFF period [13]. When a TCP sender does not
send or receive data for more than one retransmission timeout, the TCP congestion
window is reduced to the initial value, and the TCP connection restarts slow-start after
an idle period [14]. Unnecessary slow-start reduces the TCP throughput. For example,
whenever an HAS client restarts slow-start while competing with greedy TCP flows, the
throughput of the HAS client gradually decreases, and the client is unable to obtain the
fair share of bandwidth.
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Throughput [, Buffering State Steady State

ON| OFF

Time
Full Buffer
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Fig. 1. Request pattern of the HAS client

Request
>
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Another problem is that HAS clients overestimate the available bandwidth when there
are multiple HAS clients in the same network and they operate in an ON-OFF pattern
[10]. Fig. 2 shows that the download duration varies depending on the overlap of ON
periods when two HAS clients request video segments of the same size. Because the
available bandwidth is estimated according to past segment throughputs, HAS clients
may overestimate the bandwidth if the ON period is not overlapped. For example, if
multiple HAS clients overestimate the available bandwidth and unnecessarily improve
the video quality simultaneously, the network bandwidth becomes insufficient and
network congestion occurs, resulting in poor video quality. In summary, the ON-OFF
pattern is known to be a typical factor that degrades the quality of HAS services.

1s i15s 1 2s
P —

\
i

<> h
|

HAS Client 1 2] I_l H_' '—'

HAS Client 2 (] —— [ = A

0% 50% 100%
Overlapped Overlapped Overlapped

Fig. 2. Download duration of two competing HAS clients in the same network

2.3. Rate Adaptation Schemes

Although HAS is a relatively new application, its popularity has resulted in considerable
research. In particular, the rate adaptation scheme is an interesting research topic
because it automatically adjusts the video quality to provide video to users at the
maximum possible quality. We begin by reviewing the rate adaptation scheme and then
describe the key shortcomings of state-of-art solutions.
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The most basic method of rate adaptation is to select the highest quality while
ensuring a video bitrate lower than the available bandwidth. In general, the rate
adaptation scheme is implemented in the client to reduce the load on the server.

« Estimating: Estimate the available network bandwidth by measuring the per-
segment throughput from the previous segment request.

» Smoothing: Remove noise from estimates by applying an exponentially weighted
moving average filter or a harmonic mean filter.

» Quantizing: Select the video quality using the smoothed version of the estimated
bandwidth.

» Scheduling: Determine the next request time according to the playback buffer

occupancy.

We can classify existing rate adaptation schemes into two main categories:
bandwidth-based and buffer-based. Bandwidth-based rate adaptation controls the video
bitrate according to the estimated available bandwidth. Early rate adaptation schemes
adopted by commercial video providers belong to this category. Because the video
quality mainly depends on the accuracy of the bandwidth estimation, measurement
techniques considering the network type and traffic characteristics have been proposed.
The dash.js video player provided by the DASH Industry Forum estimates the future
throughput by using the average throughput of the last three segments to mitigate
fluctuations in the bandwidth measurement [15]. PANDA predicts the available
bandwidth in a manner similar to TCP congestion control and prevents the problem of
ON-OFF patterns when multiple clients share bottleneck links [12]. PANDA updates the
segment throughput in an additive increase and multiplicative decrease (AIMD) manner.
Under complex network conditions, it is still challenging to accurately predict the
network bandwidth.

Buffer-based rate adaptation selects the video bitrate according to the occupancy of
the playback buffer implemented in HAS clients. In the buffer-based approach, the video
quality is proportional to the buffer occupancy. A few studies have addressed the buffer-
based approach to model the playback buffer [16-20]. BBA performs rate adaptation
using a function that linearly maps the current buffer occupancy to the video bitrate [21].
It also divides the playback buffer into three sections, and its performance is determined
by the length of each section. In [22], the authors modeled the playback buffer as an
M/M/1 queue to characterize buffer starvations.

Because rate adaptation schemes are designed to improve the performance of HAS in
a specific scenario, they make direct or indirect assumptions regarding the target
environment. Most of them also require the setting of configuration parameters, such as
weights and thresholds. These are often set arbitrarily through experiments. While fixed
parameters may be adequate in certain scenarios, they cannot achieve consistent quality
for all scenarios. Therefore, we must identify the factors affecting the video quality and
consider these factors for rate adaptation. Clearly, the bandwidth and buffer are the main
factors in rate adaptation. However, the bandwidth and buffer are treated separately, and
the relationship between them is not well-considered in conventional approaches. In this
paper, we present a playback buffer model for HAS clients and analyze the relationship
among the bandwidth, buffer occupancy, and video bitrate using queueing theory.
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3. Playback Buffer Model for HAS

In this section, we formalize the playback buffer for HAS clients. Before presenting the
playback buffer model, we first define the symbols and terms used in the paper, as
shown in Table 1.

Table 1. Notation used in this paper

Notation Definition
r Video bitrate of the n™ segment
R, Video bitrate of the m™ quality level
X Segment throughput
Segment duration
Buffer occupancy
0 Buffer capacity

Number of segments in the buffer

Segment arrival rate

Segment service rate
Traffic intensity of the buffer

Coefficient of variation

Average number of segments in the buffer

Maximum number of segments in the buffer

SIix|zZzlolx v |>|=

Average waiting time of buffer

In this paper, the buffer occupancy of HAS clients is expressed in units of time. As
shown in Fig. 3, the buffer occupancy is reduced by the time the video is played, and
when the segment download is completed, the segment duration is added to the buffer
occupancy. We can model the playback buffer as a queue that stores and processes
video segments, as shown in Fig. 4.

Buffer Occupancy

b '

Fig. 3. Buffer occupancy of the HAS client
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Fig. 4. Queuing model of the playback buffer

In the playback buffer model, the arrival rate is the number of video segments
arriving per unit time. The nth arrival rate can be calculated using the estimated network
throughput and the size of the nth video segment, as follows.

X
Ay =—" 1)
r-r

Unless playback is paused, the HAS client consumes one video segment during each
segment duration in the steady state. In this case, the service time is equal to the segment
duration, and the service rate can be expressed as follows.

My == )
T
The buffer occupancy is updated according to the following equation.
b, =max(0,b,_, —(t, —t,,))+7 ®3)

Here, t, is the time at which the nth segment download is completed. Assuming that
we have a continuous analogue of by, the following relationship is satisfied.

db(t
#:A(t)—y(t) 4)

Equation (4) shows that the buffer occupancy of HAS clients can be mathematically
modeled as a non-linear differential equation.

Because video segments are transmitted over the network and consumed at a constant
rate, we suppose that the arrival rate follows a certain probability distribution and that
the service rate is fixed. Thus, we model the playback buffer as a G/D/1/K queue, where
G represents interarrival times, which have a general distribution; D represents service
times, which are deterministic; and K represents the queue size. Because the analytic
solution of the G/D/1/K queuing model is unknown and is very difficult to obtain, we
use an approximation to predict the average buffer occupancy. In the playback buffer
model, the buffer occupancy is equal to the time to wait in the playback buffer until the
most recently received segment is decoded.

Kingman’s formula is the most widely used approximation for the mean waiting time
in a G/G/1 queue [23].
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E[Weel] z[ca ;CS J[ﬁj% (5)

Here, p= A/ is the traffic intensity, which represents how busy a queueing system

is. Because the second term in (5) represents the average number of elements in an
infinite queue, it must be modified for a finite queue. If the interarrival time and the
service time follow the exponential distribution, their coefficients of variation (CVs) are
equal to 1, and (5) becomes an equation for M/M/1 queues. An M/M/1/K queue is the
finite version of the M/M/1 queue, and its mean waiting time is calculated via
summation instead of an infinite series. The mean waiting time for an M/M/1 queue is
twice that for an M/D/1 queue. The mean waiting time of M/M/1, M/M/1/K, and M/D/1
queues can be expressed as following equation when 0< p <1.

imw. = fim[ £ | LK+ D" T KpT
K MM 1K K 1 K+1
—w —w -p l_p

(6)
Yo
= E =Wymy =2-Wyp,
According to the relationship among M/M/1, M/M/1/K, and M/D/1 queues, we can
predict the mean waiting time of a G/D/1/K queue as follows.

¢ p (1-(K+1)p“+Kp )1

E [WGDIK ] R P — (7)
2\1-p 1-p U

The CV of the service time ¢ is removed because the standard deviation of the

service time is equal to 0 in our model. When the playback buffer is in the steady state,
where o converges to 1, (7) converges to the following equation.

. ¢ K 1 czK
M EWeonl =55 =70 ®

4.  Proposed Buffer-Based Rate Adaptation

This section introduces the proposed rate adaptation scheme, which measures the buffer
information rather than the network bandwidth for rate adaptation. Fig. 5 shows a block
diagram of the proposed scheme in the HAS system.
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Proposed Rate Adaptation Scheme

8 | Bitrate | __|Queueing
Selection Model
HTTP Internet Measurement
Web Server T
00| Playback | 0 | Video

AHTTP GET Request Buffer Player |

[ video Segment HAS Client

Fig. 5. Block diagram of the proposed scheme

41, Measurement

In this step, the proposed scheme measures the available bandwidth and the interarrival
time of segments for the playback buffer model. Measurement of the available
bandwidth in the HAS client is not accurate, because it is performed in the application
layer and involves measurement error. The approximate available bandwidth is
predicted via the smoothing of bandwidth samples.

There are many ways to take an average, such as the arithmetic mean, harmonic
mean, and moving average. The proposed scheme uses all samples and updates the
previous average using the current sample, as follows.

A=3n=AL o (n-A) ©

The arithmetic mean of the samples is calculated using (9). The network bandwidth is
expressed in terms of the bitrate, i.e. the number of bits transferred per unit of time.
When calculating the average of rates, such as speed, bitrate, and bandwidth, the
harmonic mean is a more appropriate method than the arithmetic mean. The proposed
scheme estimates the network bandwidth using the following equation.

1o 1Y (1 o1(1 1))
”“‘(HEZJ (H—ﬁ—HD o

We also calculate the CV of the interarrival time, which is a variable in the playback
buffer model. The proposed scheme records the arrival time of each segment and
calculates the interarrival time. The average of the interarrival times is calculated using
(9). Because only a squared CV is needed, we calculate the variance of the interarrival
time, as follows.

tpfectens) o

In the proposed scheme, the CV of the interarrival time represents the network
variability, which indicates how often the network changes. However, because there are
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insufficient data at the beginning of the streaming, the CV does not contain meaningful
information. It may be a smaller than predicted using the proposed playback buffer
model. To prevent this, we calculate the CV using (9) and (11) and set the minimum

value as follows.
2
c? =max| 1, [zj (12)
A,

4.2. Updating Queuing Model

The proposed scheme estimates the average buffer occupancy through the queuing
model to perform buffer-based rate adaptation. We define the expected average buffer
occupancy B as a function of the estimated bandwidth and the CV of the interarrival

time.

2 r* —(K+1)rHS + KH

g, - 5o My (K+D)rH, +KH, (13)
n 2 r__Hn r.K+1_HnK+1

Equation (13) gives the relationship among the available bandwidth, buffer
occupancy, and video bitrate. We observe that the buffer capacity, segment duration,
and CV of the interarrival time affect the buffer occupancy and represent the variability
of the device, video, and network, respectively. In this model, the buffer capacity and
segment duration are fixed before performing rate adaptation. The proposed scheme
updates the queuing model using the data measured in the previous step and thus is able
to take into account the variability of the surrounding environment.

4.3. Bitrate Selection

When choosing the video bitrate according to the buffer occupancy, it is necessary to
prevent buffer underflow and overflow, which adversely affect the performance, and
simultaneously improve the average video quality. Buffer underflow and overflow can
be resolved by keeping the buffer occupancy constant. By selecting the video bitrate in
proportion to the buffer occupancy, the video quality can be improved as the playback
buffer is filled.

If we derive a function such as f(Hn, Bn): r from (13), we can easily select the

appropriate video bitrate. However, it is impossible to obtain the inverse of a
multivariate nonlinear function in an analytical manner. Therefore, the proposed scheme
follows a heuristic method to determine the video bitrate according to the buffer
occupancy. If the video bitrate can be selected to set the buffer occupancy to the target
occupancy, the playback buffer can remain stable. The proposed scheme selects the next
video bitrate that minimizes the difference between the buffer occupancy and the
expected value from (13), as follows.

r,., =argmin|(B_, —B,)-b, (14)
R
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Here, Bnax is the maximum predictable value of the average buffer occupancy and
satisfies the following equation.
B, =limB, =2:1imB, (15)

Fig. 6 illustrates the proposed bitrate selection in a two-dimensional space. Suppose
that a video is encoded at five bitrates {R;, R,, Rs, R4, Rs}. Then, we can draw five
points on the B — B curve. A larger index of R represents a higher video bitrate. The
position of each point is determined by the ratio of the bandwidth to the encoded bitrate.
For example, as the bandwidth increases, the points move to the right along the curve. In
accordance with (13), the buffer capacity determines the shape of the curve, and the
slope increases with the capacity. The CV of the interarrival time and the segment
duration scale the curve vertically. The proposed scheme finds the closest point to the
buffer occupancy line. Thus, video streaming starts with the lowest bitrate, but a higher
bitrate is selected as the buffer occupancy increases from 0. If the selected bitrate
satisfies 0 < x/r < 1, the buffer occupancy decreases because the video bitrate exceeds
the network throughput. Conversely, the buffer occupancy increases when the network
speed is higher than the selected bitrate. If the rate adaptation is performed for a
sufficient time in the proposed method, the buffer occupancy converges to By./2 and
remains stable unless the network bandwidth changes significantly.

Fig. 6. Proposed buffer-based bitrate selection

5. Simulation Results

We performed a set of simulations to evaluate the proposed scheme in comparison with
other conventional algorithms using the ns-3 network simulator [24]. To objectively
evaluate the performance of the rate adaptation scheme, we implemented the HAS
system in addition to the ABR, PANDA, and BBA algorithms. ABR is a basic rate
adaptation scheme, and PANDA and BBA are the most representative algorithms for
rate adaptation. A brief description of each algorithm is presented as follows.
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» ABR estimates the available bandwidth through an arithmetic mean of the three

most recent segment throughputs and selects the highest video bitrate that is lower than
the measured available bandwidth [15].

» PANDA performs AIMD-like bandwidth estimation with an additive increment w
and a multiplicative factor x [12]. We used 0.3 and 0.28 as the defaults for w and «,
respectively.

« BBA uses a lower threshold of 90 s and an upper threshold of 24 s, for a buffer

capacity of 240 s [21]. We set the thresholds at ratios of 3/8 and 9/10 for the variable
buffer capacity.

5.1. Experimental Setup

As shown in Fig. 7, in all the simulation, a simple dumbbell network topology including
TCP and UDP applications was used for generating competing traffic according to
network profiles.

TCP TCP
Sender Receiver
100 Mbps 100 Mbps
Ims -7 T 1ms
10 Mbps
HTTP |/ |Droptail| 8ms |Droptail| * | HAS
Server |\ Router Router [ 3 Client
UDP UDP
Sender Receiver
Fig. 7. Network topology used in the simulations
Table 2. Network profiles used in the simulations
Network | Period Min Max Pattern
Profile (s) (kbps) (kbps)
1 30 1500 5000 High-low-high
2 30 1500 5000 Low-high-low
FTP, Exponential
3 - 2529 4110 ON-OFF, Pareto
ON-OFF

We used two basic patterns for the network profile, i.e. high—low-high and low—
high—low, according to the guideline of the DASH Industry Forum [25]. To simulate a
general network environment, we constructed a network profile that generated highly
variable traffic by combining three patterns of traffic models: FTP, Exponential ON-
OFF, and Pareto ON-OFF. FTP is a file transfer protocol that sends packets using
multiple TCP connections and thus transmits data at the maximum possible speed.
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Exponential ON-OFF is a traditional traffic model of circuit-switched networks, whereas
Pareto ON-OFF traffic represents a bursty characteristic of packet-switched networks.
Detailed information regarding the network profiles is presented in Tables 2 and 3. Fig.
8 shows the bitrate changes of each profile in the simulation.

Table 3. Detailed settings of network profile 3

Pattern Characteristic Configuration
TCP NewReno
F1P Greedy Always ON
Exponential BurstTime = 0.8 s
OpN-OFF Poisson/Memoryless 1dleTime=0.2s
Rate = 3 Mbps
BurstTime=0.5s
Par(g(l):I(:DN- Long-tail/Bursty IdleTime=05s
Rate = 3 Mbps
5000 p---- 1 s g-mmm
i 1 ] ! !
! v Pt
A4000 s----,l Tl - [ ST 1 I.----J b o o o o
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Fig. 8. Bitrate change in the network profiles
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The video sample used in the experiment was encoded with six levels of quality,
according to YouTube’s recommended encoding settings [26]. As the quality level
increased, the video bitrate increased exponentially. Table 4 presents the resolution and
bitrate for each quality level. For further experiments, we divided the video sample into

video segments 2-10 s in length.

Table 4. Configuration of the video bitrates

Quality level Resolution Bitrate (kbps)
1 160p 221
2 240p 614
3 360p 1384
4 480p 2462
5 720p 5535
6 1080p 12453
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5.2. Performance Metric

We evaluated the rate adaptation scheme with regard to efficiency and stability. In the
HAS system, efficiency corresponds to the overall video quality, and stability
corresponds to the lack of changes in video quality. To measure the overall video
quality, we calculated the average video bitrate for all segments using (9). To evaluate
the change in the video quality and the magnitude of the change simultaneously, we
defined a metric for the relative difference in the video bitrate, as follows.

1 N271 |rn+1_rn| (16)

N —-145 min(r,,.r,)

To take into account the variability of the device, video, and network, we performed
15 simulations for each rate adaptation scheme, while the changing buffer capacity and
segment duration. For all the network profiles, the buffer capacity was changed to 30,
60, and 120 s, and the segment duration was changed to 2, 4, 6, 8, and 10 s. The
simulation results were averaged, the standard deviations were calculated.

5.3. Performance Evaluation

Before comparing the proposed rate adaptation scheme with ABR, PANDA, and BBA,
we describe its behavior. The proposed scheme selects the next bitrate according to the
buffer occupancy and maintains the buffer occupancy through the playback buffer
model. Fig. 9 shows that the proposed scheme maintained a stable buffer occupancy
even in a highly variable environment. The proposed scheme tended to select lower
bitrates to fill the playback buffer quickly when the buffer capacity was large. Because
network profile 3 had increased network variability, the playback buffer model
computed a higher value for the average buffer occupancy, owing to the increased CV.
Therefore, the proposed scheme behaves conservatively when the network is unstable.

To compare the performance of the rate adaptation scheme, we calculated the average
video bitrate and the relative difference in the video bitrate from all the simulation
results, as shown in Fig. 10. Bandwidth-based rate adaptation schemes exhibit lower
video bitrates and fewer bitrate changes than buffer-based schemes. PANDA exhibited
worse performance than ABR when the network bandwidth was insufficient at the
beginning of the streaming. This inefficiency indicates that the bandwidth estimation
must be swift to catch network changes. Tuning the configuration parameters may solve
this problem but should be done on a per-network basis. BBA exhibited a higher
average video bitrate than ABR and PANDA, but there were unnecessary bitrate
oscillations. Because BBA set thresholds of the buffer occupancy that divided the
playback buffer into several areas, it changed the video quality too frequently when the
buffer capacity was small. The proposed scheme exhibited a high average video bitrate,
similar to BBA, but reduced the number of changes in the video bitrate by using the
difference in the buffer occupancy.
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Fig. 10. Average video bitrate and relative difference in the video bitrate for all schemes in (a)
network profile 1, (b) network profile 2, (c) network profile 3

Fig. 11 shows the results for all the rate adaptation schemes in network profile 1,
where network bandwidth decreased and then increased. All the schemes performed rate
adaptation at approximately 100 s owing to the reduction in the available bandwidth or
buffer occupancy. ABR and PANDA select the next video bitrate according to the
estimated available bandwidth; thus, they responded sensitively to network changes.
PANDA performed rate adaptation more conservatively than ABR because of its
AIMD-like bandwidth estimation. PANDA exhibited a slow quality improvement at the
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beginning of the streaming. BBA selects the video bitrate according to the current buffer
occupancy and changes video quality when the buffer occupancy exceeds the threshold.
BBA frequently changed video quality when the buffer occupancy remained near the
threshold. The proposed scheme also selected the video bitrate based on the buffer
occupancy but did not change the video quality directly. The playback buffer model
computed an expectation of the average buffer occupancy based on indirect information
regarding the network, device, and video. Because the proposed bitrate selection method
employed this value for rate adaptation, the proposed scheme was able to achieve
consistent quality despite the variability.

6000

......... ABR
----- PANDA
5000 BBA
—— Proposed
%]
24000
<
i)
8 3000
2
@
T 2000
S
1000 |f
0
0 50 100 150 200 250

Time (s)

Fig. 11. Rate adaptation in network profile 1

By performing many experiments with various configurations, we observed that there
was a tradeoff between the efficiency and stability in HAS. We plotted 12 points
representing each rate adaptation scheme in each network profile, as shown in Fig. 12.
More points close to the top left of the graph are interpreted as a better rate adaptation
scheme. In the experiment, the performance of ABR and PANDA was determined by the
accuracy of the bandwidth estimation. BBA could achieve better video quality
regardless of the network conditions but made unnecessary quality changes that
adversely influenced the user experience. The proposed scheme struck a balance
between efficiency and stability and achieved better performance in some cases. The
proposed scheme also employed a buffer-based bitrate selection algorithm, but its rate
adaptation was performed using the playback buffer model comprising bandwidth,
buffer, and video segment information. Therefore, the proposed scheme can provide
consistent quality for HAS despite the variability of the network, device, and video.
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Fig. 12. Comparison of performance in network profiles 1, 2, and 3

6. Conclusion

To investigate the relationship between the bandwidth and the buffer in HAS, we
developed a playback buffer model. The playback buffer was modeled based on the
queueing theory, which is a proper way to analyze waiting entities. We predicted the
average buffer occupancy by exploiting the playback buffer model. Because the average
buffer occupancy is determined by the available bandwidth, segment duration, and
buffer capacity, we propose a novel bitrate selection algorithm based on the playback
buffer model. The proposed scheme sets the average buffer occupancy as a target and
thus performs buffer-based rate adaptation for achieving consistent quality despite the
variability of the network, device, and video. To evaluate the performance of the rate
adaptation scheme, we implemented the HAS system in the ns-3 network simulator and
conducted simulations with various configurations. We compared the proposed scheme
with well-known rate adaptation algorithms with regard to the average video quality and
the change in video quality. The simulation results indicated that the proposed scheme
achieves very high video quality on average, even under unstable network conditions.
Because the proposed scheme updates the expectation of the average buffer occupancy
whenever it receives video segments, it responds to network changes without adjusting
any parameters. However, the playback buffer modeling based on queuing theory has a
limit in the real-world environments where the network bandwidth, videos watching by
users, and number of users are changing more severely than simulation environments.
To address this issue, we plan to extend the proposed scheme with a more practical
buffer model for the real-world commercial HAS clients as a future work.
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Abstract. Helpful online product reviews, which include massive information, have
large impacts on customers’ purchasing decisions. In most of e-commerce plat-
forms, the helpfulness of reviews are decided by the votes from other customers.
Making full use of these reviews with votes has enormous commercial value, es-
pecially in product recommendation. It drives researchers to study the technologies
about how to evaluate the review helpfulness automatically. Although Deep Neu-
ral Network(DNN), learning from the historical reviews and labels, computed by
the votes, has demonstrated effective results, it still has suffered insufficient labeled
reviews problem. When the helpfulness of a large number of reviews is unknown
for lack of votes, or some useful latest reviews with less votes are submerged by
the past reviews, the accuracy of current DNN model decreases quickly. Therefore,
we propose an end-to-end deep semi-supervised learning model with weight map,
which makes full use of the unlabeled reviews. The training process in this model is
divided into three stages:obtaining base classifier by less labeled reviews, iteratively
applying weight map strategy on large unlabeled reviews to obtain pseudo-labeled
reviews, training on above combined reviews to obtain the re-training classifier.
Based on this novel model, we develop an algorithm and conduct a series of experi-
ments, on Amazon Review Dataset, from the aspects of the baseline neural network
selection and the strategies comparisons, including two labeling and three weight-
ing strategies. The experimental results demonstrate the effectiveness of our method
on utilizing the unlabeled data. And our findings show that the model adopted batch
labeling strategy and non-linear weight mapping method has achieved the best per-
formance.

Keywords: Semi-supervised learning; Review helpfulness; Pseudo label; Weight
map; Labeling strategy.
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1. Introduction

Online reviews of products, which are very important to costumers, can provide reference
for their purchase decisions [[1] [2]. But massive customer reviews on e-commerce web-
sites, including plenty of descriptive, emotional texts with diversified expressions, may
lead to information overloading [3]]. To highlight the useful reviews, some platforms al-
low users to vote on their helpfulness. But these votes are imbalanced on some new or
unpopular products. The fewer votes on latest products lead to bias errors and are not
credible. Therefore, it is necessary to automatically evaluate the review helpfulness[4].

Early studies mainly used hand-crafted features to try to solve the problem of review
helpfulness prediction, such as Geneva affect label coder (GALC)[S], linguistic inquiry
and word count (LIWC), general inquirer (INQ)[6]. However, due to manual feature engi-
neering and data annotation, using manual features is laborious and expensive. Recently,
models built using the convolutional neural networks (CNN)[7] have been applied to re-
view usefulness predictions and showed performance increasing on review helpfulness
prediction.

However, most of the current models have poor generalization ability when there is
insufficient data. For products with few reviews, it is difficult to obtain enough label data
to train effective models using supervised learning methods. In order to alleviate the issues
of insufficient labeled data and make full use of adequate unlabeled data, we studies semi-
supervised learning for review helpfulness prediction. This paper proposes a deep semi-
supervised learning method with weight map for review helpfulness prediction without
any hand-craft features and prior knowledge.

The remainder of the paper is organized as follows. Section [2] analysed the related
work, Section [3]formally defines the problem and presents our method step by step. Sec-
tion [4] illustrates the experiment settings including dataset, evaluation standards, experi-
ment design and the experiment results analysis. Finally, Section [5]discusses the conclu-
sions and the future work.

2. Related work

Some pioneering works hypothesize that helpfulness is an internal property of review
texts, and try to find new hand-crafted features to study it. Martin used GALC [5]] to ex-
tract the emotion features from the review texts to build the emotion-based review help-
fulness prediction model [8]. Yang leveraged existing linguistic and psychological dic-
tionaries to represent reviews in semantic dimensions [6]]. Liu used some argument-based
features as the indicators of helpful reviews [9]]. However, the performances of these meth-
ods depend largely on the hand-crafted features and a mass of manual annotated samples,
which are time-consuming and labor-intensive.

Hence, some neural network-based methods have been proposed to solve this prob-
lem. Lee and Choeh used multi-layer perceptron neural networks with hand-crafted fea-
tures [[LO], similar with the work of Malik and Hussain who used deep neural network with
emotion features [11]]. Chen and Yang designed a convolutional neural network(CNN) on
the raw-text reviews without any hand-crafted features [[12]]. Saumya used a two-layered
convolutional neural network model to predict the best helpful online product review [[13]].
The models they built showed performance increasing on review helpfulness prediction.
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Most of the existing works focus on popular product categories with massive reviews.
However, in the case of insufficient data, the model generalization ability is poor. For
example, the ’Electronics’ category of the Amazon Review Dataset [14] has more than
1.68 million reviews, while the *Musical Instruments’ category only has 10k reviews, and
most of them have a few votes. For products with a few reviews, it is difficult to obtain
enough labeled data to train an effective model with supervised learning method.

Semi-supervised learning [[15/16] was prompted to alleviate the issues of insufficient
labeled data and make full use of adequate unlabeled data. The most classic and simplest
form of semi-supervised learning is self-training[[17J1819420]. It is an iterative process,
which firstly trains a supervised classifier on the labeled data, and utilizes this classifier
to label the unlabeled data, then enlarges the training set with the most confident predic-
tions (also named pseudo labels[21]). This method can improve classifier’s performance,
especially when the labeled training data is obviously scarce[22]. However, classification
errors might be accumulated along the process when the pseudo labels are not predicted
correctly. The essential problem of self-training is how to make the baseline classifier
more precisely and decrease the impact of false predicted reviews in the training process.

This paper proposes a deep semi-supervised learning method with weight map to
predict review helpfulness automatically. The contributions of this paper are as follows:

1) The method is a new end-to-end self-training model for review helpfulness predic-
tions, and the performance is considerable well in insufficient labeled reviews situa-
tion.

2) It proposes a novel deep semi-supervised learning framework with different label-
ing and weight mapping strategies,which guides the model to choose more reliable
pseudo labels.

3) It develops an algorithm and conducts a series of experiments from the aspects of
baseline and strategies comparisons on Amazon Review Dataset. The experimental
results demonstrate the effectiveness of our method on ultilizing the unlabeled data.

3. Methodology

In this paper, A deep semi-supervised learning method is proposed for review helpfulness
prediction. The flowchart of the proposed method is shown in Figure [T} The procedure is
divided into three phases, including: (1)Training base classifier. (2) Weighting unlabeled
reviews. (3) Re-training classifier. First, A base classifier is trained on the small labeled
dataset by deep neural network. Second,the large unlabeled dataset is predicted by the
base classifier for getting the pseudo labeled dataset. A probability selection is applied on
this pseudo labeled dataset to get the selected labeled dataset. To balance the instances, a
weighting map is proposed and applied on the selected labeled dataset. Then the weighted
labeled dataset is combined with the original small labeled dataset to construct the re-train
labeled dataset. Finally, the classifier is built on the expanded dataset. The details of each
step are described in the following sections.

3.1. Preliminary

Given a small labeled review dataset D; = {(x;, y;)|i = 1,2, ..., n} including n reviews,
where z; represents the ¢th user review and y; represents the label of this review. The
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Fig. 1. The flowchart of the method

value of y can only be 0 or 1. When y; = 1, it means that the review is helpful, otherwise
it is unhelpful. D,, = {(z;)|j = 1,2,...,m} is the unlabeled large dataset including
m reviews, where n < m. The review helpfulness prediction problem is defined as a
binary classification problem to output a classifier which makes full use of both of the
two datasets.

According to the flowchart, the pseudo labeled dataset D), = { (7, y},p;)[j = 1,2, ..

where p; represents the probability of yg(y; = Qorl), is firstly obtained by the base
review classifier built on D; . Based on p;, parts of reviews from D, are selected to
get Dy = {(=;,9),pj)li = 1,2,...,m';m’ < m}, where Dy C D,. The rest re-
views of D, is D},. After D, is processed by weighting map approach, the weight set
Dy = {(zj,y5,wj)lj = 1,2,...,m;w € (0,1];m" < m} is produced, where w; is
the weight of ;. Then let D, = {(zx, y;,, wi)|k = 1,2,...,n+m/;w € (0, 1]} be the
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Re-train set, which combined D; with D,. The symbol descriptions are showed in Table

il

Table 1. Symbol Descriptions

Symbol Description
D, the original small labeled training set with n reviews
D, the larger unlabeled training set with m reviews
D, pseudo labeled training set on D,, with m reviews
D, selected pseudo labeled training set on D,, with m’ reviews
Dy, weighted pseudo labeled training set on D with m’ reviews

S

new training set after combined D; with D,,

3.2. Processing unlabeled reviews

In the training base classifier phrase, the base classifier Classifiery,s. is built by the
deep neural networks, not limited to CNN [[7], Gated CNN [23124125]] and RNN [26] to
minimize the cross entropy error function on D;. For the pretraining language models
have demonstrated the state-of-the-art performance on a wide range of natural language
processing tasks [27]], BERT[28] is applied as the word embedding layer. As a key phrase,
processing the unlabeled reviews is divided into three steps.

1) Generate the pseudo labeled set

The architecture of the model with deep neural networks are shown in figure 2] Given
an unlabeled review x; in D, we predict this review’s label y;- by classifierpgse. As
a binary classification problem, the output of the Classifieryqse is a two-dimensional
vector o;;, where k = 0, 1 ,for z;. After training on D,,, we get an output matrix Output.
For weighting process, we transfer matrix Output to a probability matrix Proboutput
computed by formula (1).

010 011

Output = 010 0{1

Om0 Om1
P1o P11
PTObOutput = p70 p?l
pr.n,O pT;’Ll

pix = p(y; = klz;)
eoik

where k= 0,1i=1, Y pjr =1.
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Then we obtain the pseudo label y’ and p; for each unlabeled review z; in D,, by
formula (2), (3).

o1 ifp>05k=1 o
Y700, ifpir=>05k=0
pj = p(pjrlk = y;) 3)

2) Select the pseudo label set

It is an iteration process to select the reviews from D), to get D,. We firstly choose
the reviews whose p; is larger than the mean of the p;. These reviews construct D,, and
the rest of reviews in D,, construct D!, ,which is used in the next iteration.

’

2P
Pmean = # (4)
m

3) Generate the weighted set

In the following retraining step, we combine the new labeled dataset with the original
labeled dataset D; to produce a new classifier. There are two ways to use the labeled
dataset D,. One is that all the reviews in D, are treated as the same confidence,and another
one is to treat them as different weights. Therefore, we set a weight factor on Dy, and
transfer D, to D,,. w; is generated by formula (5).

1, No weight
wj = 4 Py, Hard weight (®)]
f(p;), Mapping weight

When wj is set to 1, D is transferred to D,, as following.

x1 y1 |l
T2 Y2 |1
Dw = .
N
Tm! ym, 1

The hard weight utilizes the p; in D,. It sets p; as the weight.

r1 Y1 | p1

T2 Y2 | P2
Dw = . . .
Tt y;n/ Pm/

We propose a new soft weight mapping approach. It adjusts the weight based on hard
weight to a more reasonable way.
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Fig. 2. The architecture of deep neural networks

3.3. 'Weight mapping approach

For the lower value of pj, its influence should be lowered to the future classification
model. On the other hand, more attention should be paid to the instances which have
higher value of p;. Weight mapping works.

Before being mapped, the range of p; is [Pmeans Pmaz]- The confidence of each in-
stance is very close. So the paper tries to map the original p; to the range of [0.5,1].
Linear mapping and non-linear mapping are two different mapping way to be compared.
The linear mapping is done by formula (6). This mapping way doesn’t change p;’s dis-
tribution density showed as Figure 3] The non-linear mapping is done by formula (7).
The aim range is still [0.5, 1]. From Figure [3] it is found that non-linear mapping makes
the instances diffuse to the side way and changes the original distribution. It makes more
instances in the two sides of the new distribution.

i — Pmean 0.5

Pmazx — Pmean

w; = min(max(p;(p; — W +1),0.5),1) D

3.4. Re-training classifier

Retraining phrase, shown as figure [ is a semi-supervised learning process, which iter-
ative utilize the processed unlabeled reviews. It includes three parts:join datasets, retrain
classifier and terminate training.

The paper combines D,, with D; to get a new dataset D,.,which has n + m/' reviews.
For the reviews in Dy, its weight wy, is set to 1. Then the neural network is trained on
the combined dataset D,. and the new classifier Classi fier,e—¢rqin i gotten. L. is the
cross entropy loss function.

L(Dr) = Lce(wk O] xkvyk) 8)
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Lee(tr, yr) = —lyr - log(pr) + (1 — yr) - log(1 — pi)] ©))

Retraining on the D, is an iterative process. It will be terminated and output the final
classifier when the accuracy of classifier does not increase any more.Or the number of
reviews in D!, is smaller than in D, then the training process will be terminated.

4. Experiment

In this part, the detailed experiments,including dataset processing, evaluation metrics,
experiment settings and results analysis,are illustrated.

4.1. Dataset

The benchmark dataset is from Amazon Product Review Dataset. It has product reviews
and metadata from Amazon, including 142.8 million reviews spanning May 1996 - July
2014 [14129]. The reviews information contains ratings of products, texts of reviews, help-
fulness votes and total votes of reviews. The paper chooses Electronics as a representative
category to verify the proposed method. This category has the most reviews and is the
most frequently used product category in related work.

In order to avoid data bias, the reviews with a total of less than 6 votes are removed,
the proportion of helpful votes and unhelpful votes is set to 0.5 [30]. The paper randomly
selects some of the helpful reviews to make the training dataset distribution to reach a bal-
anced state, that is, the reviews marked as helpful and unhelpful are both half of the data
set. To satisfy with the data setting requirement which the number of D is largely smaller
than D,,, 1% of the original dataset is selected as the training dataset [20], and 20% of
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the trainning dataset as the development set, and 10 times of the trainning dataset as the
test set. The left of the original dataset is the unlabeled dataset. The detailed description
is shown in Table

Table 2. Datset Divisions

Reviews Tokens(unique) Tokens
Train Set 500 10670 59378
Dev set 100 3585 11723
Test set 5000 54592 654264
Unlabeled 42934 232729 4789641

4.2. Evaluation metrics

Accuracy, Precision, Recall, F1-Score are chosen as the performance measures for eval-
uating the classification performance of our approach. The values of these evaluation
criteria range from O to 1. The larger of these evaluation criteria, the performance of the
model better.

Accuracy refers to the proportion of reviews correctly classified by the model. The
calculation method is ass:

TP+TN
TP+TN+ FP+ FN
F1-score considers both the Precision(P), which refers that the proportion of helpful
reviews identifications is actually correct, and the Recall(R), of the test to compute the
score, which are defined as:

Accuracy = (10)
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Precision - Recall

Fi- =2
1-seore Precision + Recall

TP
P 1Ston = ———— 11
recision TP+ FP an
TP
frecall = 75 T FN

Where a true positive (TP) is an outcome where the model correctly predicts the help-
ful reviews. Similarly, a true negative(TN) is an outcome where the model correctly pre-
dicts the unhelpful review. A false positive(FP) is an outcome where the model incorrectly
predicts the helpful reviews. And a false negative(FN) is an outcome where the model in-
correctly predicts the unhelpful review.

4.3. Experiment setting

To validate the efficiency of the deep semi-supervised learning method, it designs the ex-
periments to answer the three important questions. Has the different deep neural network
impacted on the final classifier? Which is the best choice in the three weight mapping
approaches? What are the influences of the two labeling strategies?

1) Baseline setting

The paper chooses three typical deep neural network as the baseline network including
Convolutional Neural Networks (CNN) [7], Gated CNN [23l24125]] and Recurrent Neural
Networks(RNN) [26] , and sets the parameters of these three network to select better-
performing network. For the Convolutional Neural Networks, the model consists of one
convolutional layer with the 256 channels. The paper adopts multiple sizes of kernels 2,
3, 4, followed by ReL.U activation [31]]. It sets dropout rate to 0.3 for regularization [32],
and concatenates them after every max-pooling layer, then trains the model using AdamW
optimizer{33] with le-4 learning rate.The setting of model with Gated CNN is same as
[23124]], and the model with RNN mainly refers to [26]. The word embedding model used
in all experiments in this paper is Bert [28]], and the max length of the review text used
is 420, covering 95% of the effective review data. All the experiments are conducted on
NVIDIA GeForce GTX 2080Ti GPU and implemented using PyTorch.During the training
process, due to that the number of training data is very small, the early-stopping strategy
[134]] is adopted to prevent the model from overfitting.

2) Strategy comparison experiments description

The comparative experiments mainly verify the relevant strategies proposed above.
One is a comparison of labeling strategies, and the other is a comparison of different
weight mapping strategies.Labeling strategies includes overall labeling and batch label-
ing strategy. The overall labeling strategy means that the unlabeled set Du is used as a
whole for prediction processing, and the remaining ones are filtered out and iteratively
predicts the labeling process again. In contrast, the batch labeling strategy is to divide
Du into batches in advance into Duq, Dus, ..., and then predict and filter each subset.
Experiments will be conducted to analyze the impact of different labeling strategies. The
weighting strategies includes three different strategies:no weight, hard weight and map-
ping weight. The effects of different weight strategies will be compared by experiments.
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The table[3]is an explanation of the models and related strategies built by each compara-
tive experiment. The neural network used in all experiments is the one performing well in
the above baseline experiment.

Table 3. Comparative experiments description

Experiments Weight Method Labeled Method
Exp.1 No weight Overall labeling
Exp.2 No weight Batch labeling
Exp.3 Hard weight Overall labeling
Exp.4 Hard weight Batch labeling
Exp.5 Liner mapping weight Overall labeling
Exp.6 Liner mapping weight Batch labeling
Exp.7 Non-liner mapping weight Overall labeling
Exp.8 Non-liner mapping weight Batch labeling

4.4. Results and Analysis

After getting the results of baseline experiments, the better neural network was selected,
then we analysed the influences of the two labeling strategies and the final results of the
experiments.

1) Baseline experiments results

In order to select a better neural network, Three benchmark experiments have been
conducted. The results of these experiments are shown in the following table [ Based on
the results, it can be concluded that the CNN network is generally better than the others
from values of F1-score and accuracy.

Table 4. Baseline experiments Results

Model Precision Recall F1-score Accuracy

CNN 68.12 67.21 67.66 67.33
Gated CNN 67.51 66.32 66.91 67.10

RNN 63.64 70.02 66.67 65.11

2) Strategies experiments Analysis

When using the overall labeling strategy, in each training loop, the number of pseudo-
labeled samples reduce and its Fl-score is as follows Figure [5] It can be shown from
Figure [5|that when the overall labeling strategy is adopted, the amount of pseudo-labeled
samples added is no more than half of the previous loop. During the process of training
model, the pseudo labeled samples introduced become less and less. It causes more errors
accumulated in the early stage and even leads to the model performance degradation.
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When using the batch labeling strategy, the amount of pseudo-labeled reviews in each
training loop and its Fl-score are shown in the figure|[d]

It can be demonstrated from Figure [f] that the experiments that only adopting batch
labeling strategy without weight mapping processing will filter out more pseudo-labeled
samples in the first loop. In the subsequent loops, the amount of reviews are slightly
reduced, but remain stable. At the same time, experiments using batch labeling strategy
and weight mapping method can prevent the model from a sharp decrease in the amount
of pseudo-labeled training reviews, and make the amount of newly added pseudo-labeled
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reviews more stable in the entire training process. Thus the model performance can be
stably improved.

The distribution and changes of the pseudo-labeled sample probability p; in each
semi-supervised training loop of Exp.1-8 are shown in the figure [/{ When overall label-
ing strategy is used, in the semi-supervised training loop, the amount of pseudo-labeled
training set added to the training loop decreases sharply. It results in a very large change
in the probability distribution, which is extremely centralized. The stability and general-
ization of the model are both not enough. When the batch labeling strategy is adopted, the
overall performance and improvement of the model are more stable, because the amount
of pseudo-labeled samples added is relatively stable, and the model is more robust with a
better generalization performance.

3) Analysis of the final results of experiments

The final results of the experiment are shown as table [} It can be concluded that the
model adopted batch labeling strategy and non-linear weight mapping method has the best
experimental results. It’s F1-score increases by 5.27% and accuracy increases by 4.96%,
compared with the baseline model, which demonstrates obvious improvement.

Table 5. Final results of the experiment

Model Precision Recall F1-score Accuracy
Exp.1 67.82 68.53 68.17 68.06
Exp.2 66.39 71.26 68.73 68.27
Exp.3 67.21 71.01 69.05 67.93
Exp.4 71.25 68.91 70.06 69.42
Exp.5 69.46 67.63 68.53 68.34
Exp.6 69.23 71.80 70.47 70.48
Exp.7 71.12 72.21 71.66 71.21
Exp.8 70.12 76.22 73.03 72.29

5. Conclusion and future works

This paper studies semi-supervised learning for review helpfulness prediction. It proposes
a deep semi-supervised learning method with weight map for review helpfulness predic-
tion without any hand-craft features and prior knowledge. As the experiments demon-
strated,the batch labeling strategy can effectively alleviate the problem of the sharp de-
crease in the pseudo-labeled sample size and make the pseudo-labeled data set flattened
in the semi-supervised learning loop, and the weight mapping strategy can effectively im-
prove the model effect, the stability and generalization of the model. In the future work,
we will further explore the method of adjusting the pseudo-labeled sample weight in the
semi-supervised learning process, and the application of semi-supervised learning in text
classification.
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Abstract. Competition is one of the main driving factors of evolution and can be
observed in nature as well as in simulations. Competition can occur between preda-
tors and preys causing an arms race, but it can also happen between individuals of
the same species. Our simulation uses the predator-prey domain (with carnivores,
herbivores and plants,) and continuous (not generation based) neuro-evolution to
create a complex environment where both forms of competition arise. The charac-
teristics of the simulation make it hard for a predator to catch prey alone, this creates
a dependence on cooperation. The predators can share the caught prey with nearby
members, in order to help them work together. We explore how sharing affects the
cooperation of the hunters, and compare the effectiveness of one and two predator
populations.

Keywords: artificial life, neural networks, evolution, coevolution, cooperation, arms
race, competition, predator, prey.

1. Introduction

Evolution is a critical part of nature that makes complex behaviours and higher level
lifeforms possible. A lot of reasons can lead to evolution including environmental changes
[11], competing species [8], and competition between individuals [3]. A relevant example
today for the first one is the ongoing climate change, which has already shown its effects
in nature: a 2 degrees Celsius increase in spring temperature over 10 years caused a red
squirrel population in the southwest Yukon, Canada, to have an 18 days advancement in
the timing of breeding [22]. It has been shown that competitive arms races arise in nature
(bats and moths [12], whelk and Mercenaria [4]) as well as in simulated environments
[20] [23]. It is important to study these processes to better understand one of the main
driving factors of evolution.

We were interested in the performance and behaviour of simple agents that have lim-
ited knowledge about their local surroundings in a competitive and changing environment,
where cooperation is key for survival. Studies confirm [5] [14] that even microbiological
lifeforms usually cooperate by releasing enzymes into the common space, which helps
everyone to get more nutritions. But can such low level lifeforms really cooperate? Mar-
shall [17] who studied the “wolf-pack” hunting of myxobacteria disagrees. He argues
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that they do not necessary cooperate with each other, because more bacteria indeed helps
killing prey more effectively, but the released nutritions must be shared. Since such low
lifeforms have no concept of teamwork and can only sense other individuals near them,
the “cooperating” behaviour might only come from the loose definition of cooperation.
The experiment proposed here is similar to the strategy of these microscopic predators,
but instead of chemical warfare, they have to catch prey by surrounding it.

There are a number of hypothesises we want to examine. The first one is that arms race
can be sustained in our continuous simulation without distinct generations. The second is
that two smaller hunter populations will be more effective at catching prey, because they
can specialize two different roles to capture prey and there is a possibility of arms race
between the two populations. The last hypothesis is that a higher sharing percentage will
increase cooperation between hunters.

2. Related Work

2.1. Evolutionary Computation

In computer science evolutionary computation refers to a family of algorithms that are
used for solving global optimisation problems. They start with a population of solu-
tions, which are usually randomly generated, and evolve them based on natural selec-
tion, crossovers and mutations. Natural selection means survival of the fittest, therefore
there is often a fitness function that evaluates every solution and then the best performing
ones will be selected for crossing or mutation. Crossing two or more population members
means that the result will contain parts of all of the parent members, this helps to faster
converge to the optimal solution. Mutation is also an important part of the process, by
having a low chance for altering small parts of members we can ensure that we do not get
stuck in a local optima. Evolutionary computation have led to interesting discoveries and
showed solutions that exceeded the researchers expectations [15].

2.2. Neuro-evolution

Neuro-evolution is a subset of the evolutionary algorithms. It is a form of artificial intel-
ligence, which focuses on training artificial neural networks. The training can involve the
weights of the network, the structure of the network or both, in this paper we are using
the first one. Artificial neural networks are often trained by a form of stochastic gradient
descent algorithm, but one of the greatest advantages of neuro-evolution over them is that
it does not need training sets of correct input-output pairs. It is a powerful tool for solving
problems, where the system or environment is highly complex, for example controlling
autonomous agents [2], rockets [6] or freeway traffic [27], which is exactly what we need.

2.3. Coevolution

Coevolution in evolutionary computation means that multiple agents belonging to two or
more populations are evolving while interacting with each other and this is represented in
their fitness evaluations. Coevolution can be cooperative, competitive or both at the same
time. In cooperative coevolution [16] agents work together to achive a common goal and
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they share a common fitness evaluation. In competitive coevolution [13] [24] agents are
working against each other and one’s gain in fitness means loss to it opponent(s). A good
example of competitive and cooperative coevolution is Balch’s work [1] where he trained
robot soccer teams with reinforcement learning. He showed that global reinforcement for
the teams results in better performance and more heterogeneous behaviour, because an
agent is not punished even if he did not contribute as much to the overall fitness. Teams
evolved with local reinforcement show homogeneous behaviour, because they are compet-
itive against their teammates. Another study [21], where behaviour of spotted hyenas was
modeled using coevolution, showed that communication and reward sharing increased co-
operation in a simple simulated environment. In this paper we wanted to achieve a mix
of global and local reinforcement for hunters by introducing sharing of caught prey. This
way each agent will have their own fitness value, but they can benefit by working together.
Another important aspect of coevolution is that it often leads to arms races between the
populations and evolutionary trade-offs can also be discovered [8]. Evolutionary trade-
offs are adaptations, where one feature or behaviour of an agent becomes better while
other areas experience decreased performance.

2.4. Predator-Prey Domain

Predator and prey systems have been extensively studied by many scientific fields, in-
cluding biology [25], mathematics [30] and computer science [7] [13]. In predator prey
systems there are usually two populations where the predators’ goal is to eat preys. Dif-
ferent aspects of this system can be analysed depending on the simulation or the real life
ecosystem. One of the most studied concept is coevolution between predators and preys
[13], because the model fits perfectly with its two distinct subpopulations, where one’s
gain is the other’s loss.

Our study was inspired by a simulation [23] that was used to create competitive and
cooperative behaviours using coevolution. In this study they used 3 predators and 2 preys
and they managed to keep up an arms race between cornering and fleeing strategies. For
the neuro-evolution a multi agent ESP [29] architecture was used, where the hidden neu-
rons inside a network come from different sub-populations and each network inside one
agent contains its own neuron sub-populations. They used multiple networks to keep track
of all of the enemies’ coordinates and combined them by summing their output neuron
values. With this structure they created multilevel cooperation and competition. Cooper-
ation between the hidden neurons in a network, cooperation between the neural networks
inside agents, cooperation between agents of the same kind, and competition between
hunters and preys.

3. Rules and Mechanisms of the Simulation

We wanted to scale up the number of agents in the simulation and to run it continuously,
without distinct generations, but still benefit from evolution. The original architecture
was not suited for our needs, because every agent had global knowledge of all of their
enemies’ positions and by scaling up to hundreds of agents one individual’s movement
would require hundreds of neural networks to cooperate. The spatial environment was a
good starting point, because spatial coevolution proved to be effective [18], [19], [26] in
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overcoming the main arising problems in coevolution: loss of gradients, (which means
that one population is either too weak or too strong for the other for meaningful change
to occur), over-specialization, (which means that the evolutionary process gets stuck in
a local optimum), and red queen dynamics, (which means the populations continue to
change, but these changes do not force more general solutions). To avoid extinction we
used populations with fixed sizes. This means that whenever an agent dies, it is immedi-
ately replaced by a new one and the same happens to plants. This does not mean that there
are infinite resources, because in practice plants have to be found first, which takes time.
The new agent will be constructed from multiple currently alive agents. These agents
are chosen from the top performing individuals in the population, which means that they
are in the top 10% based on their fitness values. (The selection process is discussed in
detail in section 3.5.) The 10% threshold was chosen, because after experimenting with
different values, we found this to be high enough that not only a few lucky agents will be
considered and low enough to ensure that only competitive genes will be passed on. This
parameter could have been set to any value, but this is not in the scope of our study. This
system combined with local interactions will keep the simulation running forever and en-
sure that rapid as well as slow evolution will take place. Since we are using agents with no
memory and there is no “Hall of Fame” to preserve the best networks of all time, the evo-
lution only reacts to the current environment. The complexity of the environment makes
it highly unlikely to reach a state that was visited before, which prevents the simulation to
be stuck in a periodic repetition of states and strategies.

To experiment and to draw conclusions a suitable environment is needed. We built
the simulation around the predator-prey domain, which has been studied by the scientific
community for over decades. Multiple studies confirm, that arms race between predators
and preys can be observed in nature and that this can be reproduced in an artificial en-
vironment. Each individual in the simulation is controlled by 3 different artificial neural
networks. Fitness based selection and random mutations ensure the continuous evolution.

3.1. Playground and Walls

The artificial world consists of a 2 dimensional rectangle, where the size of each dimen-
sion can be configured. There are maps that can be loaded into the simulation. A map is
a collection of walls, the simplest map consists of 4 walls around the rectangle. A wall
has two points, these points’ coordinates are defined on the unit square. When a map is
loaded all the walls’ coordinates will be multiplied by the worlds dimensions, this way
maps are not tied to sizes. Walls do not move and do not have thickness. If a creature
comes into contact with a wall, then it dies. Walls represent static danger to all agents, it
does not change throughout the simulation contrary to dynamic danger for the preys, the
moving and evolving carnivores. It adds complexity at the neural networks’ level, where
walls have to be considered when fleeing as well as catching prey. They can be inter-
preted as uncrossable environmental features, like deep canyons, fast flowing rivers or in
the microscopical sense a patch of toxins. Walls create a structure to the map and separate
small ecosystems. They can provide shelter against predators too, if prey can stay in close
proximity most hunters will not risk bumping into a wall or scaring the prey into killing
itself. This alone can create an arms race, where preys and predators try to get more and
more closer to the walls.
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3.2. Plants

Plants are represented as disks on the map. If a prey comes into contact with a plant, then
the plant will be eaten. There is always a constant amount of plants, because when one is
consumed it reappears on a random location. Predators have no effect on plants and their
vision is not blocked by them in order to help them find prey more easily.

3.3. Predators and Preys

Predators and preys are very similar. Both of them have a square as shape, and both of
them have 5 sensors they can use to navigate. The sensors are rays starting from the crea-
ture and going to 5 different directions. Every creature can move in 8 different directions
on the plane: N, E, W, S, NE, NW, SE, SW, (N = North, E = East, W = West, S = South).
They have an orientation in the direction they are moving and can only turn left, right
or keep going straight. The 5 sensor rays follow these directions too, one goes where the
creature is facing and 2-2 go left and right relative to that. A sensor tells the creature that
in the relevant direction what kind of object can be found and how far it is. For preys the
objects can be walls, plants, predators or nothing if there is nothing inside the view range.
For predators the objects can be walls, preys, other predators or nothing. There is always
a constant amount of both types of agents, because when a creature dies it is replaced with
a new one immediately.

3.4. The Brain

All predators and preys have a brain, which they use to decide which way they should
move based on the sensor inputs. The brain is responsible for finding food and escaping
static or dynamic obstacles, to accomplish this it is divided into 3 different artificial neu-
ral networks. The “food-network™ is responsible for locating food, the “wall-network”
avoids walls and the “predator-network” knows where predators are. For predators the
food means prey, but for the preys the food means plants and another important distinction
is that for the prey, predators mean danger, but for predators they are necessary compan-
ions to catch prey. The networks have the same architecture, because all of them are used
the same way. The input neurons get the data from the sensor rays and the 3 outputs are
the directional changes (turn left/right, keep going straight). The architecture consist of 5
input neurons, 7 hidden neurons and 3 output neurons with sigmoid activation function.
Only one hidden layer was chosen, because the task is simple and more layers would have
added unnecessary complexity. Since the environment needs to be optimized first (choos-
ing default values) to be able to properly evaluate our architecture and there is no training
data, we couldn’t use pruning and constructing algorithms [28] [9]. There is no danger of
overfitting our network, because of the lack of a training dataset and the environment will
change as evolution progresses, but too few neurons could restrict our agents abilities.
There is no standard way of determining the network architecture in this case, but there
are some rule of thumbs that we can use [10]:

— “The number of hidden neurons should be between the size of the input layer and the
size of the output layer.”
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— “The number of hidden neurons should be 2/3 the size of the input layer, plus the size
of the output layer.”
— “The number of hidden neurons should be less than twice the size of the input layer.”

These rules work to some extent, but every task is different and the chosen architec-
tures have to be tested. We choose the highest number of neurons where while using 100
plants and 300 agents the simulation still runs smooth on the test machine. Although our
decision makes output calculations more resource intensive, this way our agents will not
be hindered by too few neurons. After the environment was balanced using this architec-
ture, the configuration performed well during testing and allowed complex behaviours to
emerge. Finding the most optimal number of hidden neurons will be a future research.

The different networks inside a single agent only get the relevant inputs for them (for
example the wall-network is only concerned about detected walls). The value for a given
input neuron is 0 if in the given direction there is no relevant object or v — d where v
represents the maximum view range and d represents the distance of the detected object.
The 3 outputs represent the 3 decisions the creature can make: turn left, right, or keep
going straight. The outputs of the 3 different networks is summed together and then the
decision with the maximum summed weight will be selected. This creates an internal
cooperation between the networks, because they are all necessary to survive and they
share the host’s fitness. (The fitness function is discussed in the next section.) The outputs
could have been combined other ways, for example with another neural network, but this
would add additional complexity to our simple agents and this method already proved to
be sufficient [23].

N
Y v

(b) Behaviour of rays when turning right two

(a) Detection of objects with rays .
times

Fig. 1. Ray mechanics

3.5. Selection and Mutations

Selection occurs within each population. Since the number of agents is constant in the
populations, when a creature dies another takes its place. This new agent will have 3
different neural networks and a starting position, all of these features come from other
agents. The donor agents come from the top 10 percent of the population based on their
fitness value at the time the replacement occurs. The randomly selected individuals from
the elite fitness group are not necessary different, for example 2 or 3 networks can be
inherited from the same agent. The new position will be the average of the position of an
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elite agent and a random coordinate, the average will be weighted 2 to 1, this way the new
agent will spawn in the near of the selected high performing teammate. This will ensure
that reproduction will also happen locally, but with enough variety to not get stuck in one
place.

The fitness value is calculated by how long an agent has been alive combined with how
many plants or preys they have consumed. An agent starts out with a predefined amount
of health. Every timestep, (the smallest time interval in the simulation or in other words
one update of the artificial world,) the health declines, and if it reaches zero then the agent
dies. For every timestep it survives, it gets 1 fitness point. Hunters and preys can extend
their lifespan by consuming food, for preys every plant eaten will give them a predefined
amount of fitness and health points, for predators every caught prey gives them a fitness
score boost based on the fitness of the prey. If they catch one with a high fitness score,
then they will get more fitness and health themselves for defeating a successful opponent.
This is called “competitive fitness sharing” [24] and it helps avoiding stagnation.

3.6. Parameters

The simulation can be configured using a configuration file with many different parame-
ters:

— screen_size_x: size of the x axis in pixels

— screen_size_y: size of the y axis in pixels

— updates_per_second: Simulation updates per second

— food_amount: Amount of plants on the field

— herbivore_amount: Amount of preys on the field

— carnivore_amount_1: Amount of hunters in the first group on the field

— carnivore_amount_2: Amount of hunters in the second group on the field

— map: Map file to load

— seed: Random seed, so the simulations can be repeated

— herbivore_speed: Speed of the preys

— carnivore_speed: Speed of the hunters

— initial_herbivore_health: Starting health when spawning new prey

— initial_carnivore_health: Starting health when spawning new hunter

— food_nutrition: Nutrition (health and fitness) the prey gets when it consumes a plant

— herbivore_nutrition: Base nutrition value (health and fitness) the hunter gets when it
consumes a prey

— threshold_herbivore_score: The threshold fitness score for caught prey, in case of a
successful hunt the nutrition the hunter gets depends on the preys fitness (new fitness
= old fitness + prey nutrition * prey fitness / threshold fitness)

— sharing_percentage_1: Amount of food a hunter in the first group is willing to share if
other hunters are nearby (in percentage)

— sharing_percentage_2: Amount of food a hunter in the second group is willing to share
if other hunters are nearby (in percentage)

— share_range: The sharing range in pixels from a hunter that caught prey, other hunters
in this range will get an equal share from the prey (the part that the hunter was willing
to share will be divided equally between the others)
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— mutation_rate: Probability of mutation

— herbivore_size: Size of the preys in pixels

— carnivore_size: Size of the hunters

— thinking_time: Number updates after the agents make their next decision

— view_range: Length of the sensor rays in pixels

— start_recording: Elapsed time from the start of the simulation to start recording (in
minutes)

— recording_duration: Elapsed time from the start of the recording to end recording (in
minutes)

— record_all_details: Recording all details of the simulation or just the events and aver-
ages (true or false)

The planning for the default simulation values started with the map. We decided that
the size should be 800 by 800 pixels, because this fits on most modern monitors regardless
of orientation. The map can be seen in Figure 2. This configuration was chosen, because
there are vast spaces as well as corners where prey can hide. The prey’s diameter is half
the size of the hunter’s, this helps prey to escape through small paths between hunters
and makes hunters easier to detect. The hunters benefit from their increased size, because
they can cover more area of the map. The diameters were set to be 40 and 80 pixels
and the initial plan was to have 100 plants, prey and hunters in the simulation, because
a population of 100 individuals is large enough for the algorithm to not get stuck in a
local optima. The population of hunters had to be reduced to 90, because they took up
too much area of the map and blocked advanced strategies from emerging. The prey are
slightly faster than the hunters (0.8 vs 1.2 pixels/update), in order to make them hard to
catch for one hunter alone and still make it possible using teamwork. At first giving the
agents a lot of initial health seemed to be a good idea to make them last longer and to have
enough time to find food. This worked well when there were only prey and plants on the
map, but when hunters were introduced their behaviour changed. The prey were hiding
from the predators and not catching any plants, making it harder for both populations
to evolve. By reducing their health to 1000 and setting the reward for one plant to 200
they tended to seek food even when danger was introduced. On the other hand hunters
needed as much initial help as they could get, therefore their health was set to 5000.
More health equals more time to find teammates and hunt together, but if we would set
it any higher they wouldn’t explore the map, because it is more beneficial to them to just
wait out their lifetime than to accidentally die early by colliding with a wall. The base
reward for catching prey is set to 200, but the final reward depends on the fitness value
of the caught agent. An agent is considered average, if it reaches 750 fitness, this means
that it survived three quarters of its initial lifespan or that it managed to eat some plants.
The exact reward value comes from the formula: agent’s_fitness_value / 750 * 200. This
ensures that killing a skillful individual is rewarded and that agents who are results of bad
mutations or crossovers do not feed the hunters too much. There are two more important
parameters left, the view range and the share range. The view range was not limited at
first, but after a short time of running the simulation this resulted in reduced movement,
by decreasing its value the agent were more keen to explore the map. With 190 agents on
a map with 640000 pixels, there is approximately a 60 by 60 pixels square for each one,
therefore a view range of 50 pixels is sufficient for them to be aware of their surroundings.
The sharing range comes from the view range, an agent should only get a share of the price
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if it contributed to the hunting process, which means that it was close when the prey died,
therefore the sharing range should be less than then view range. When the sharing range
was too low (10-30 pixels) the hunters did not have enough room to corner prey and still
be close enough to get a share, in the end 40 pixels showed the best results.

Fig. 2. The map used for the simulations

4. Experiments

The simulation was implemented in Rust, a fast and high level language that has many
safety guards for memory management and concurrent programming. The code is open
source and it is published on github®. The program does not have huge system require-
ments, but the performance will depend on the number of agents used. The experiments
were carried out on a 6 core 3.6GHz processor. If simulation data is being recorded, we
advise using an SSD.

There are a lot of parameters in this simulation that can be adjusted, therefore we had
to come up with an experimenting plan. After the default values have been chosen for
the parameters that we will use for all simulation runs, (more details in the Parameters
section,) we focused on two main factors: the number of predator populations (1 or 2)
and sharing percentages (0, 25, 50, 75 or 100). When there are two predator populations
we can also test different sharing percentages for them (0-100, 20-80, 40-60). This gives
us 5 x 2 + 3 = 13 kinds of simulation runs. All simulations are run for 8 hours (or
approximately 700000 simulation updates). The results shown here are individual runs,
not averaged over multiple simulations from the same kind, because each run is different
with huge spikes in the graphs at different places and we do not have the necessary time
and resources to run enough simulations to smooth the graphs out.

3 https://github.com/kvarga-research/Competitive-and-Cooperative-Evolution
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(a) Agents inner state is hidden (b) Agents inner state is visible

Fig. 3. Screenshots of the simulation. The visibility of the agents’ inner state and
detection rays can be toggled. The smaller squares are preys, the bigger ones are
predators. The first hunter group is red and their elite agents are yellow. The second
hunter group is blue and their elite agents are cyan. The elite preys are purple.

4.1. Results

The 13 runs with different configurations will be discussed in this section. To avoid repe-
tition of words, we introduce a naming system for the different configurations. 'PNSM’
means that NV population(s) was/were used with M % sharing. For example P2S50 means
two populations with 50% sharing. If there are different sharing percentages, then the ad-
ditional percentage will be added to the end: P2S20S80. All graphs were smoothed out
with rolling average over 20000 timesteps.

The results for P2S25, P2S50 and P2S75 can be seen in Figure 5. The graphs on
the right side show the cooperation between hunters and the first thing we can notice
is that hunting involving only one individual is always the smallest and mostly 2 to 3
sized hunting groups dominate. Its interesting to see that the performance of the two
hunter groups are very close throughout the entire run in P2S25 and P2S50, the green
and blue lines follow each other closely, this means that they have been working and
moving together, reacting the same way to the environmental and behavioural changes.
If we take a look at Figure 4, we can see that there is an arms race between the two
hunter populations. because their average fitness scores are taking turns at having the
most prey captured. Looking at the P2S75 run we can see that green group is clearly more
successful than the blue one, but the spikes in the graph are at the same places, this most
likely means that the two teams are cooperating in a way: they form huge packs (which
is beneficial when there is 75% sharing), but the green team is the one actively catching
preys meanwhile the blue team might be blocking fleeing paths, or just simply having a
parasitic relationship with the greens. The cooperation graph confirms this theory, because
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the “equal or greater than 5 sized groups are massively dominating. These are most
likely much bigger groups than 5, because if they were near 5, then statistically the 4
sized groups’ graph should be closer to it. The plant eating is much lower than the prey
catching throughout the simulation, but this does not mean that they are suppressed, this
only tells us that eating plants is not worth it that much. Another interesting phenomenon
that we observed in most of the simulations is that since prey are running from hunters,
there are areas where hunters are dominating, therefore at such places the spawned plants
will not be eaten. This leaves much fewer plants for other areas and when hunters move
after prey, they free up plant-rich fields, which explains periodic bumps in plant eating
and prey capture.

The results for P1S25, P1S50 and P1S75 is shown in Figure 6. The main difference
compared to the “two population” version is that the overall hunter performance is worse.
The performance also declines the more sharing is introduced, this is most apparent with
75% when the average preys captured are a third of the multi population counterpart. Such
low number of caught prey is caused by the hunters forming big “wolf packs” with lot of
agents on a very small area. These high density groups leave a lot of free space for preys
to roam around and make it relatively easy to evade them. With such good conditions for
preys we could expect the plant eating to skyrocket, but this is not the case, because as
mentioned before, these hunter rich areas are hogging plant resources. Preys might seem
poorly performing looking at the average plants eaten, but keep in mind that they have to
balance eating and avoiding predators. When predators are truly dominating, the number
of caught prey increases meanwhile the plant consumption drops to almost zero, because
preys are eaten so fast they have no chance of finding plants. A spectacular example can
be seen of this with 50% sharing between the 350000th and 400000th timesteps.

The cooperating diagrams are mostly dominated by hunter groups of size 2 or 3, but
size 4 and 5 are not far behind and successful solo hunting remains almost nonexistent.
These ratios are not changing much during simulations and they do not seem to be affected
by different sharing levels.

14000 —— Prey 14000 —— Prey
—— Hunter group 1 —— Hunter group 1

12000 —— Hunter group 2 12000 — Hunter group 2

10000 10000

8000 8000

6000 6000

4000 4000

2000 2000 1

0
0 100000 200000 300000 400000 500000 600000 700000 0 100000 200000 300000 400000 500000 600000 700000
(a) 25% (b) 50%

Fig. 4. Average fitness of the top 10% with 25% and 50% sharing
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Fig. 5. Successful hunting and teamwork comparison between 25, 50 and 75 percent
sharing with two predator populations
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(a) 25% (b) 25%
(c) 50% (d) 50%
(e) 75% (f) 75%

Fig. 6. Successful hunting and teamwork comparison between 25, 50 and 75 percent
sharing with one predator population

Sharing can be also set®%, which means that hunters will only get rewards if they
are the ones catching the prey and there is no compensation for teamwork and blocking
escape paths. The corresponding simulation runs are sholigure 7. This con gura-
tion often makes hunters avoid each other as much as possible to maximize their chance





