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Foreword

The Fourteenth International Multi-Conference on Computing in the Global Information
Technology (ICCGI 2019), held between June 30 — July 4, 2019 - Rome, Italy, continued a series
of international events covering a large spectrum of topics related to global knowledge
concerning computation, technologies, mechanisms, cognitive patterns, thinking,
communications, user-centric approaches, nanotechnologies, and advanced networking and
systems. The conference topics focus on challenging aspects in the next generation of
information technology and communications related to the computing paradigms (mobile
computing, database computing, GRID computing, multi-agent computing, autonomic
computing, evolutionary computation) and communication and networking and
telecommunications technologies (mobility, networking, bio-technologies, autonomous
systems, image processing, Internet and web technologies), towards secure, self-defendable,
autonomous, privacy-safe, and context-aware scalable systems.

This conference intended to expose the scientists to the latest developments covering a
variety of complementary topics, aiming to enhance one’s understanding of the overall picture
of computing in the global information technology.

The integration and adoption of IPv6, also known as the Next Generation of the Internet
Protocol, is happening throughout the World at this very moment. To maintain global
competitiveness, governments are mandating, encouraging or actively supporting the adoption
of IPv6 to prepare their respective economies for the future communication infrastructures.
Business organizations are increasingly mindful of the IPv4 address space depletion and see
within IPv6 a way to solve pressing technical problems while IPv6 technology continues to
evolve beyond IPv4 capabilities. Communications equipment manufacturers and applications
developers are actively integrating IPv6 in their products based on market demands.

IPv6 continues to represent a fertile area of technology innovation and investigation.
IPv6 is opening the way to new successful research projects. Leading edge Internet Service
Providers are guiding the way to a new kind of Internet where any-to-any reachability is not a
vivid dream but a notion of reality in production IPv6 networks that have been commercially
deployed. National Research and Educational Networks together with internationally known
hardware vendors, Service Providers and commercial enterprises have generated a great
amount of expertise in designing, deploying and operating IPv6 networks and services. This
knowledge can be leveraged to accelerate the deployment of the protocol worldwide.

We take here the opportunity to warmly thank all the members of the ICCGI 2019
Technical Program Committee, as well as the numerous reviewers. The creation of such a high
quality conference program would not have been possible without their involvement. We also
kindly thank all the authors who dedicated much of their time and efforts to contribute to ICCGI
2019. We truly believe that, thanks to all these efforts, the final conference program consisted
of top quality contributions.

Also, this event could not have been a reality without the support of many individuals,
organizations, and sponsors. We are grateful to the members of the ICCGI 2019 organizing



committee for their help in handling the logistics and for their work to make this professional
meeting a success.

We hope that ICCGI 2019 was a successful international forum for the exchange of ideas
and results between academia and industry and for the promotion of progress in the area of
computing in the global information technology.

We are convinced that the participants found the event useful and communications very
open. We also hope that Rome provided a pleasant environment during the conference and
everyone saved some time for exploring this beautiful city.
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Analysis of Cognitive Functions in the Encountered State of Driving Topics on
Expressways
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Abstract - For this study, we defined four situations that are
likely to trigger accidents on highways as driving topics, i.e.,
breakdown vehicles, sudden appearance of small animals,
falling objects, and lane decreases. Carrying out running
experiments controlling the time period (daytime or nighttime)
and the traffic flow (overtaking vehicle: Yes or No), we studied
the comparative analysis for each driving topic, focusing on
driving characteristics of young drivers and elderly drivers
concerning to “cognitions”, “judgments”, and ‘“operations”.
Using evaluation experiments, we try to analyze the driving
characteristics of elderly drivers for driving topics encountered
on highways based on comparing to young drivers.

Keywords - driving behavior; human engineering; elderly
drivers; driving topic; highway

I. INTRODUCTION

Although the number of deaths due to traffic accidents in
Japan is on a downward trend, traffic accidents caused by
erroneous operations by elderly drivers and reverse runs of
highways have become particularly problematic in recent
years. Regarding deaths by age group due to traffic
accidents in June, 2015, elderly people over 65 years old
(1,006 people, the composition ratio was 53.1%) were the
most frequent, followed by the 50s (200 people, the
composition ratio was 10.6%), the 40s (169 people, the
composition ratio was 8.9%) in this order [1]. Looking at
the trend over the past 10 years, although the overall trend is
in a decreasing trend (0.60 times in 2005), the rate of
decrease in elderly people is low, it is reported that elderly
people are the most frequent for eight consecutive years [1],
even in the number of fatal accidents by age group such as
automobile drivers. As described above, traffic accidents
caused by elderly drivers are relatively frequent and have a
high risk of leading to serious injury, so it is urgent to take
countermeasures towards the arrival of a super aging society
coming close to us.

Copyright (c) IARIA, 2019. ISBN: 978-1-61208-718-4
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As a factor of traffic accidents by elderly drivers, there
may be common points unique to the elderly, such as
slowing down a series of driving operations related to
cognitions, judgments and operations, miss operations of
handles and brakes due to distribution of attention to
multiple tasks and concentration, momentary driving due to
carelessness and distraction. Recently, various traffic
accident preventive safety systems have been studied, as
symbolized by automatic driving efforts, and practical
application of these systems has been accelerating. However,
most of those systems collect and analyze external
information of the vehicle, and there is a problem, which
cannot adaptively deal with the driving characteristics of
individual drivers. Also, with preventive safety technology
based on a standard general driver, it is difficult to deal with
the slowing down of the driving behavior peculiar to the
elderly found in recognition, judgment and operation.
Therefore, approaches to preventive safety systems
dedicated to driving characteristics of elderly drivers are
indispensable.

In this research, we define the four driving situations that
are likely to trigger accidents as driving topics, such as
breakdown vehicles with road shoulder, sudden
appearance of small animals, falling objects, and lane
decrease, especially for highways with high mortality rate
and easy to lead to serious accidents. Then, we carry out
running experiments controlling the time period (daytime or
nighttime) and the traffic flow (overtaking vehicle: Yes or
No). Specifically, paying attention to a series of driving
behaviors related to cognitions, judgments and operations
for each driving topic, and we will compare and analyze the
driving characteristics of young drivers and elderly drivers.
Acquiring the head posture, face orientation, eye-gaze,
which are less burdens on the driver as body information
indicating the driving characteristics by unconstrained
means, heartbeat as biological information, handle, brake,
and accelerator as each operation, we will clarify the driving
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characteristics of elderly drivers
encountered on highways.

This paper is presented as follows. We review related
work to clarify the position of this study in Section II.
Section III presents a definition of the experimental
protocols, driving topics, and running scenarios. In Section
IV, we examine the correspondence relationship between
measurement points of driver reaction and eye-gaze
information, focusing on the reaction time required for each
action, i.e., cognitions, judgments, and operations for the
driving topics. Additionally, we compare the average of
reaction times of whole drivers, elderly drivers, and young
drivers at each measurement point for "falling objects"
which is one of the driving topics. Finally, we present
conclusions and intentions for future work in Section V.

for driving topics

II.  RELATED WORKS

The cause of fatal accidents of elderly drivers is mostly
unsuitable for driving operation and is attributed to physical
characteristics, psychological characteristics, driving
characteristics, and social characteristics. Physical
characteristics indicate declining physical function such as
vision and exercise ability. As such assistive technologies,
systems reducing the operation load of steering, systems
automatically reducing the speed and damage when there is
a possibility of collision, they have been putting into
practical use [2]. The psychological characteristics mean
that elderly drivers are not good at parallel processing of
multiple information and have a tendency to become self-
oriented. The driving characteristics refer to mismatch of
consciousness and behaviors caused by "accustomed" or
"driving that would be" based on past experiences.
Additionally, the social characteristics refer to differences in
characteristics by generations, such as a decline in
communication skills and the influence of motorization [3].
As solutions to these characteristics of elderly drivers, the
followings have been reported. It is possible to reform
consciousness and motivate for safe driving by having each
elderly participate in efforts for traffic safety with their own
will rather than passive [3]. The elderly drivers are able to
improve attention by pointing and designating the signs to
recognize.

Furthermore, as a study on the cognitive function of
elderly drivers, Takahara et al. [5] analyzed the
characteristics at the temporary stop location, and
demonstrated the effectiveness of their system through the
development of a voice guidance type temporary stop
support system. In addition, Iida et al. [6] constructed the
hypothesis of the reverse running process as an example of
the elderly driver’s accidents on the expressway, they
confirmed the psychological state and the road composition
of the elderly driver when reverse running is easy to occur.
However, these researches have not been analyzed focusing
on the situations (driving topics) which are easy to induce
accidents on highways, such as breakdown car on road

Copyright (c) IARIA, 2019. ISBN: 978-1-61208-718-4
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Figure 1. Experimental system for measuring driver
behaviors.

shoulder, running-out of small animals, falling objects, and
reduced lane during work. In this study, through driving
experiments controlled the time zone and traffic flow, we
analyze the series of driving behaviors related to cognitions,
judgments and operations of these driving topics, and clarify
the driving characteristics of elderly drivers.

III. METHODS

In this section, we define the experimental protocols and
four driving topics easy to occur accidents. Next, we present
running scenarios controlling daytime or nighttime, the
presence or absence of an overtaking vehicle.

A. Experimental Systems

Though many people do driving behaviors every day,
there are many difficulties to clarify individual driving
characteristics from actual behaviors on the road in real
environments. For example, driving behaviors vary
depending on the road environment and traffic conditions at
that time, and their conditions on the actual road cannot be
reproduced constantly. Therefore, even if the behavior
varies, it is not possible to clearly distinguish whether it is a
variation due to a difference in traffic conditions or a
variation among individuals.

This study used a Driving Simulator (DS) to assess
driving behaviors for freely set road environments and
traffic conditions that affect driver behaviors. Figure 1
portrays the experimental system configuration used to
measure driver behaviors. The DS used for experiments has
platforms corresponding to compact and six-axis motion,
which is equipped with ordinary cars. The DS has three
color liquid crystal displays mounted in the front of the
cabin, and has a function reproducing pseudo-driving
environments that are freely configurable to horizontal
viewing angles. As Figure 1 shows, to measure body
information, such as head poses, face orientations, and eye-
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gaze movements without restraining drivers, we installed
cameras to the left and right in the center of the three-color
liquid crystal monitors mounted in front of the cabin.
Additionally, we set an infrared pod on top of the
instruments in front of the cabin. Here the camera heads and
infrared pod are input-based sensors of a head-gaze tracking
device (FaceLAB; Ekstreme Machine Corp.). Incidentally,
through preliminary test runs by multiple subjects, we
confirmed that installation of the stereo camera head and
infrared pod does not interfere with visibility during driving
operations. Furthermore, in order to capture the facial
expressions of drivers, an USB camera (Xtion pro Live) was
installed at the top of the liquid crystal monitor on the center
in front of the cabin.

B. Experimental Protocols

Figure 2 depicts the experimental protocol outline.
Initially, as individual characteristics of each subject, we
conducted an examination of the following questionnaire
methods: attitude, oriented, and concept to work on driving
were performed using the driving style check sheet [20].
Regarding the types of operation burdens that were strongly
felt, they were performed using a driving load sensitivity
check sheet [21]. In one running test, for each target subject
wearing a heart rate monitor (RS800CX; Polar), we
measured the instantaneous heart rate of a normal state
during 1 min in advance. Next, to improve the measurement
accuracy for face orientations and eye-gaze movements of
each participant, we calibrated the cameras of the head-gaze
tracking device (FaceLAB). We recorded a face video while
driving with the USB camera (Xtion Pro Live; ASUS Corp.)
to analyze the facial expressions of the subject. After these
preparations, each participant ran along the four running
scenarios described later in Section III.C, by synchronizing
the time base of each measuring device. Finally, using a
questionnaire that specifically examines driving topics

PR

occurring at random, subjective reviews, a four-stage check,
were also conducted when a driving topic occurred. After
obtaining the approval of Akita Prefectural University
Research Ethics Board, the experiment contents for all
subjects were explained fully to participants in advance. We
obtained written consent of participants. From each, we also
obtained an agreement to publish a face image along with
the consent to experimental participation. Subjects were 10
young drivers (A, B, C, D, E, F, G, H, I, Q: average age 22
years) and nine elderly drivers (J, K, L, M, N, O, P, R, S:
average age 62 years) in total 19 people.

C. Driving topics and Running scenarios
The driving course used in the experiment is a straight
course with no lane changes of two lanes on one side

| Driving style & Driving Workload Sensitivity |

|

| Test run |
|

| Camera calibration of faceLAB |

!

| Mounting of heart rate monitor |

!

Driving test : Scenario running |

|

Interview of near-miss events |

!

Removing of heart rate monitor |

Figure 2. Outline of experimental protocols.
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Figure 4. Driving topics for running test.
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(d) Sunny nighttime, and overtaking vehicles available

Figure 5. Running scenarios.

simulating the Tohoku Expressway, and starts running from
the driving scene that converges from the acceleration lane
to the expressway. Driving topics occurred in one running
were set randomly, and the measurement points of the
driver’s reaction for each driving topic were set as shown in
Figure 3. Figure 4 presents the state of each driving topic.
The falling object in Figure 4 (a) is installed in the center of
the left lane, and interferes with the running course. The
sudden appearance of small animals shown in Figure 4 (b)
was set so that when the vehicle passed the fixed point, it
emerged from the front left side of the vehicle and traversed
to the right so as to close the driving path of the concerned
vehicle. The breakdown vehicle in Figure 4 (c) simulated a

Copyright (c) IARIA, 2019. ISBN: 978-1-61208-718-4

state where a large truck was parked on the shoulder due to
a failure. With the lane decrease in Figure 4 (d), the
overtaking lane is unavailable due to in-work and decreases
from 2 lanes to 1 lane. In the case where each driving topic
and the concerned vehicle come into contact, characters of
"collision" are displayed on the front screen, but running
experiments can be continued.

Subsequently, we present an overview of running
scenarios in the following sentences. To take into account
the differences in visibility due to time periods, we set the
two conditions of daytime and nighttime, as well as the
presence or absence of an overtaking vehicle as traveling
conditions when encountering each driving topic. Figure 5
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Figure 6. Time series changes of heatmaps and saccades corresponding to each measurement point.

presents four types of driving scenarios that controlled time
periods (i.e., daytime or nighttime) and traffic flows (i.e.,
overtaking vehicles: Yes or No). The order of occurrence of
each driving topic was two patterns of type A (i.e., falling
objects — sudden appearance of small animals —
breakdown vehicles — lane decrease) and type B (i.e.,
breakdown vehicles — sudden appearance of small animals
— falling objects — lane decrease). The running time for
one scenario is about 7 to 10 minutes, and we gave
instructions to each subject to observe the speed limit of 100
(km / h). Additionally, maximum speed was automatically
limited to 120 (km / h) on DS side.

IV. EXPERIMENTAL RESULTS AND ARGUMENTS

Based on safety confirmation behaviors due to the driving
topics, we analyzed reaction times of whole drivers, elderly
drivers, and young drivers at each measurement point.
Finally, we discussed the differences of driving
characteristics between elderly drivers and young drivers,

"non;

focusing on "cognitions", "judgments", and "operations".

A.  Measurement points and driver response for driving
topics
Focusing attention on eye-gaze behaviors for driving
topics and safety confirmation behaviors due to lane change,
we will examine the correspondence relationship between
measurement points of driver reaction and eye-gaze
information (i.e., heat maps, saccades) as shown in Figure 3.
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Figure 6 presents the time series changes of heat maps and
saccades corresponding to each measurement point for the
falling object. Each heat map represents the degree of gaze
concentration in each of the following sections. They are
from b) passing the reference point to c) falling object
gazing, from c) falling object gazing to d) checking
surrounding conditions, from d) checking surrounding
conditions to e) avoidance actions. In addition, the time
series changes of saccades are divided into two sections, i.e.,
from a) 5 seconds before passing the reference point to b)
passing the reference point, from b) passing from the
reference point to e) avoidance action. Focusing on the time
series changes of heat maps and saccades in Figure 6, we
are able to confirm driver states related to the attention to
the falling object and the surrounding situation confirmation
due to lane change. Consequently, based on the vehicle
speed of b) the reference point during the passage, it is
possible to estimate the reaction time required for each
action, i.e., cognitions, judgments, and operations for the
falling object.

B. Analysis of Driver Response to Falling Objects

Figure 7 shows the average of reaction times of whole
drivers, elderly drivers, and young drivers at each
measurement point for "falling objects" which is one of the
driving topics. In Figure 7, the respective reaction times are
as follows.

1) from b) passing the reference point to c¢) falling object

gazing,
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Figure 7. Driver's reaction time to falling objects.

2) from c) falling object gazing to d) surrounding
situation confirmation,

3) from d) surrounding situation confirmation to e)
avoidance behavior

When analyzing a series of driving behaviors related to
cognitions, judgments and operations for falling objects, the
elderly drivers generally tended to have longer reaction
times than those of young drivers. Furthermore, by
classifying each driver based on the average of the whole
subjects and paying attention to the relationship with the
driving style, we analyzed the existence of the following
four groups.

- Group A: Discovery and situation confirmation are quick,
allowance for operation (i.e., cognition,
judgment, and operation are all fast)

- Group B: Discovery is late, but situation confirmation and
handling are quick (i.e., cognition is slow, but
judgment and operation are fast)

- Group C: discovery and situation confirmation is late,
operation is gradual (i.e., cognition, judgment,
and operation are gentle)

Group D: all reactions are average (i.e., cognition,
judgment, and operation are all average)

The young drivers are classified into Group A and Group D,

whereas the elderly drivers are more likely to be classified

as Group B and Group C. In addition, we believe that the

characteristics of driving behaviors will shift from group B

to group C as the aging of driver progresses.

C. Comparison of elderly drivers and young drivers

In Section IV.B, as the result of analyzing a series of
reaction times related to cognitions, judgments and
operations for falling objects, we confirmed that each driver
has a strong tendency to be classified as one of four groups
(i.e., A, B, C, and D). In order to further clarify the driving
characteristics of elderly drivers, we try to analyze each
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reaction time of elderly drivers and young drivers, for
running scenarios that controlled the time periods (i.e.,
daytime or nighttime). However, we set the condition that
no overtaking vehicle occurs in any case. We show reaction
time (Z1) for "cognitions" in Figure 8, reaction time (Z2) for
"judgments" in Figure 9, and reaction time (Z3) for
"operations" in Figure 10 separately. In these figures, (a)
shows the result of daytime, and (b) shows the result of
nighttime. Focusing on the reaction time (Z1) pertaining to
"recognition” in Figure 8, when the time period is daytime,
the reaction time of the elderly drivers is significantly longer
than that of the young drivers. On the other hand, when the
time period is nighttime, the difference between the elderly
drivers and the young drivers is hardly noticed. Generally,
the visibility at nighttime is considered to be deteriorated.
However, according to the questionnaire survey after the
running test, the majority accounted for the elderly drivers
as "the nighttime course was easier to recognize the falling
objects". The reason for this trend may be attributed to the
factor that eye-gaze targets during nighttime driving were
limited. In the reaction time (Z2) related to "judgment" in
Figure. 9, we can confirm that the reaction time of elderly
drivers is significantly shorter than that of young drivers in
both time periods (i.e., daytime and nighttime). This is
because the elderly drivers are rich in driving experience
compared to the young drivers, so we can infer that this
trend is due to differences in their experiences. In the
reaction time (Z3) related to "operation" in Figure 10,
almost no difference is observed when the time period is
daytime. On the other hand, it can be confirmed that there is
a large variation in reaction time of the elderly drivers in
nighttime. Comprehensively, analyzing the above results,
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Figure 9. Reaction time for judgments (Z2)

o Young subjects o Elderly subjects
5.00
4.50
4.00
3.50
3.00
2.50
2.00

1.00 1.35 I
0.50 L

0.00

1.06

Reaction time [m]

(a) Daytime / no overtaking vehicles

o Young subjects o Elderly subjects
5.00
450
4.00
3.50
3.00
2.50
2.00
150
1.00
0.50
0.00

(b) Nighttime / overtaking vehicles available

124

Reaction time [m]

Figure 10. Reaction time for operations (Z3)

we confirmed that the reaction time (Z1) related to
"cognition" of the elderly drivers is longer and the reaction
time (Z2) related to "judgment" is shorter than those of the
young drivers.

Finally, the distance from the reference point to the
falling object was calculated based on the reaction time (Z1)
related to "cognition" and the speed at the time of passing
through the reference point. The results are shown in Figure
11. In this section, we calculated the moving distance for all
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subjects assuming constant linear motion. The clear
difference can be confirmed as compared with the reaction
time in Figure 8. As we can understand from Figure 11,
among a series of driving behaviors, the driving
characteristics related to "cognition" are greatly different
between the young drivers and the elderly drivers.
Consequently, we infer that the difference will greatly affect
"judgment" and "operation" thereafter. Particularly, the

elderly drivers have a high ability to judge based on their
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Figure 11. Distance from the reference point to the falling object.

experiences. The following framework is effective for
elderly drivers, i.e., which will refine the gazing target
necessary for safety driving appropriately, and direct
caution resources to the gazing target at the same time.

V. CONCLUSION AND FUTURE WORK

For this study, we defined four situations that are likely to
trigger accidents on highways as driving topics, i.e.,
breakdown vehicles, sudden appearance of small animals,
falling objects, and lane decrease. Carrying out running
experiments controlling the time period (daytime or
nighttime) and the traffic flow (overtaking vehicle: Yes or
No), we studied the comparative analysis for each driving
topic, focusing on driving characteristics of young drivers
and elderly drivers concerning to “cognitions”, “judgments”,
and “operations”. Results clarified the following points.

* The elderly drivers had longer reaction times than
young drivers. Particularly, the reaction time regarding
to “cognitions” was remarkable.

* Based on the average of whole subjects, the existence
of categories characterizing elderly drivers was
confirmed from the relationship between the reaction
time of each driver and driving style.

* For elderly drivers, it is effective to narrow down
gazing targets necessary for safety driving and allocate
appropriate attention resources.

In future work, we aim to evaluate the statistical superiority
of the findings obtained in this research and aim to improve
the accuracy of a dangerous driving prediction model.
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Abstract—With the increasing amount of information and
inflation of pages in the World Wide Web, it becomes difficult
for the user to retrieve relevant information it needs. In other
words, it leads to a big challenge for a search engine, on how to
extract the exact results that match with the user query. Hence,
we need smart programs such as Web Crawlers to overcome
this problem. Web crawlers use different kinds of algorithms,
some of these algorithms using the heuristic function to achieve
the goal in an efficient manner such as A*, Adaptive A*, Best-
search algorithm, and some other algorithms are not using a
heuristic function such as Depth-first search and Breadth-first
search. This survey covers these two types of algorithms and
focuses on the mechanisms and the difference between them.

Keywords-Web Crawling Algorithms; Uniform Resource
Locator (URL); Best-first search; Heuristic function; Web
Crawler.

. INTRODUCTION

Web crawlers, also known as web spiders and web
robots, are programs that visit websites and read and
download their pages and other information to create entries
for a search engine index. The crawler crawls with a list of
Uniform Resource Locators (URLS) to visit, called the
seeds. As the crawler visits these URLSs, it identifies all the
URL hyperlinks in the page and adds them to the list of the
visited URLs (queue), called the crawl frontier. In its
simplest form, the crawler starts from the seed page and
then uses external links inside it to access other pages. The
process is repeated with new pages that offer more external
links to follow until a sufficient number of pages is
identified, or a higher-level goal is reached Web crawlers
are an essential component of web search engines, where
they are used to gather the corpus of web pages indexed by
the search engine. Moreover, they are used in many other
applications that process large numbers of web pages, such
as web data mining, and comparison-shopping engines. [1].
The crawler can start from any seed URL, but this is not
enough to reach all the web pages. The pages referenced by
the seed URLs should not reference it back to them,
otherwise it will end up in an infinite loop, and this is a
crucial factor to be considered. Hence, it is essential to start
from a proper seed URL. For example, Bing or Google
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search engines can be used to get seed URL by merely
entering the keywords into them and consider their resulting
links as seed URLSs. It is not possible to cover and index all
the websites in the World Wide Web for a particular search
entry. A web crawler always downloads a fraction of the
web pages that contain the most relevant pages and not just
a random sample of the Web [2] [3]. The relevance of a
page depends on some factors such as the number of visits
on the page. Web crawlers employ different strategies for
selecting the websites to be downloaded, such as depth-first,
breadth-first, best first, A* and other algorithms that will be
covered in this survey.

The crawler aims to crawl the World Wide Web and
report back some essential data and then perform an initial
data analysis using some additional data before it stores the
collected data. To achieve this purpose, the crawler that
crawls the Internet must have the following basic features to
serve their purpose [5]:

a) Robustness: The Web contains loops which are aims
to mislead the crawler to recursively crawl a particular
domain and get stuck in one single domain.

b) Distributed: The crawler should be able to work in a
distributed manner to crawl the Internet as quickly as
possible.

¢) Scalable: The crawler should have the flexibility to
add new machines whenever necessary.

d) Extensible: The crawlers should be able to adapt to
the increasing amount of data formats on the Web.

e) Quality: The crawler should be able to distinguish
between useful and useless information. In other words,
they should be able to filter out the relevant content.

f) Freshness: The crawler should make sure that the
concepts on the search engine are the latest and relevant to
the present context.

This paper is organized like this: in Section 2, the
architecture of web crawler is presented, and different types
of web crawlers are listed. The web crawler strategies are
specified in Section 3, and conclusion and future work are
shown in the last, fourth section.
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Il.  ARCHITECTURE AND TYPES OF WEB CRAWLERS

The architecture in Fig. 1 [6] provides an outline of the
main modules of a web crawler. URL frontier contains a list
of visited URLs (queue) to be fetched. A DNS resolution
module converts the URLSs to its equivalent IP addresses.
Fetch module that uses the HTTP request to retrieve web
pages associated with its URL. A parsing module extracts
the query text and set of links from a fetched web page.
Finally, a duplicate elimination module checks to determine
whether an extracted link is already in the URL frontier or
has recently been fetched.

There are different types of crawler; in this survey, some
of them will be covered.

A. Focused Crawler

This kind of crawlers works by gathering documents that
have specific areas of interest. In other words, it collects the
documents similar to each other. The main thing to be kept in
mind is that the page is downloaded after it is estimated that
the page is similar and relevant to the given topic. The main
advantage of this type is the availability of the URLs without
downloading the page to predicate the similarity of not
traversal page, meaning fewer costs.

B. Distributed Crawler

This type of crawlers distributes the work to several
other crawlers to perform the task at the same time. Then, it
collects all downloaded pages from all crawlers and sends
them to a central indexer where links are extracted and sent
via the URL server to the crawlers. The main advantage of
distributed crawler is that it is strong. It can withstand
system crashes and other types of problems and can adapt to
different crawling requirements.

C. Parallel Crawler Algorithm

Parallel Crawler (PC), which means more than one
crawler, runs multiple processes in parallel, where PC
depends on freshness and Selection Page [7]. The main idea
for PC is to maximize the download rate and achieve
minimum overhead by using parallelization. We can find
more than one crawling processes for the same URL. PC can
be distributed in different places or at the same local network
[8]. In [7] and [8], the authors presented different algorithms
that will help to achieve high performance.

I1l.  'WEB CRAWLER STRATEGIES

In this section, several search algorithms used by Web
crawlers will be enumerated and described.

A. Breadth First Search

It is the simplest form of crawling algorithms, which
starts with the root URL links and searches on the connected
links URL (in the same level). This algorithm is also known
as Blind search algorithm. That is because it is not
considering any information about the topic and means the
breadth-first search requires the maximum amount of
searching time.

On each page the crawler visits, all external links
(hyperlinks) will be extracted from the web pages, and all
these links will be distributed in the searching tree on the
leaves of the current node [9].

In Fig. 2, we show an example where the search starts
from the root URL (i.e., Seed page 1) and then collects URL
page 1.1 and page 1.2 which get searched in sequence at the
same level, then pages 1.1.1, 1.1.2, 1.2.1 and 1.2.2 are
searched in order [9].

- R —e—
DS Doc FP s Robot
H _
WA
W
AT
1 Fetch P Parse Conte TURL )
— — nt seen — fHlter 1™ _E?_E::
TURL. Frontier -
Figure 1. The architecture of crawler.
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Figure 2. Web crawler forest.

B. Depth First Search

In this search algorithm, the crawler starts from the root
URL and traverses to child URLs in the deep form. If there is
more than one child, the priority will be going to the most
left child and then keep performing deep traversal until it
receives no more nodes for searching steps. After that,
backtrack to the previous node to check whether there exists
another unvisited node, and then continue similarly. This
algorithm might end up in an infinite loop in case of large
number of branches.

In the example in Fig. 2, the search starts with root URL
(i.e., Seed page 1), and then the search proceeds by
downloading pages 1.1, and 1.1.1, then page 1.2 and its own
child’s are searched in order.

C. Best First Search

Best First Search is an informed search algorithm based
on estimate function which predicts the similarity between
the candidate URLs to pick the best one to fetch. This
estimated value could be the score or rank of relevancy.
There are many algorithms to apply the classifier for these
heuristic values, such as the cosine similarity, Support
Vector Machine (SVM) and string matching used for scoring
[10].

Unlike Uninformed search, the best first search algorithm
uses heuristic function to improve its result as much as
possible by exploring the node with the best score first [5].

D. A* Search

A* algorithm uses the best first search algorithm to
estimates the lowest total cost of any solution path. It
combines the features of uniform-cost search and greedy
(heuristic) search to compute the optimal path solution. The
cost associated with a node is f(n)= g(n) + h(n), where g(n)
is the cost of the path from the initial state to the goal node,
and h(n) is the heuristic estimate for the cost of the path
from node n to the goal node. f(n) can be referred to as the
relevancy cost of each link.
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The A* algorithm gives the best result of relevant
retrieve information with the lowest time compared with
other algorithms that don't use a heuristic function.

E. Adaptive A* Search

Adaptive A* Search is an informed heuristic search. In
each iteration, it improves the relevancy value of the Web
page and uses this new update in the next iteration. At the
beginning of the process, it takes more time because it stores
the history of previous iterations with every search. Once it
gathers sufficient knowledge about the relevant pages, it
needs the same time as A* search, Best-first search and any
other heuristic-based search algorithms.

F. Page Rank Search

Page Rank algorithm works by counting the number and
quality of links to a page in order to determine how
important the website is. So, as it is shown by the equation
below, the Page Rank does not rank websites but is
determined for each page individually

PR(P1) = PR(T1)/L(T1) + ... + PR(Ti)/L(Ti).

To find the Page Rank for a page, called PR(P1), we
need to find Page Rank of all pages T; with inbound links
and outbound links to page Pi. For example, page Ti, which
has a link from P, is calculated. Then page L(T1) will give
the number of outbound links to the page P:. We do the
same for T, Ts, up to page Ti, then the Sum of all the
weighted Page Ranks of all pages is calculated.

G. Path-Ascending Crawling Algorithm (PAC)

The crawler tries to obtain more information for a
specific website by crawling every path for that URL [11].
For example, in Fig. 3, we have a URL:
http://llama.org/hamster/monkey/page.html, PAC will try to
crawl /hamster/monkey/, /hamster/, and /. The added values
for PCA algorithm become very efficient while finding the
resource.

11
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TABLE I.
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Figure 3. Path-Ascending Crawling Algorithm (PAC)

COMPARISON BETWEEN ALGORITHM

Algorithm indicator

Number of the
relevant pages

Time to retrieve

Breadth-first search

Extremely small

Extremely large

Depth-first search Quite small Large
Best-first search Large Low

A* algorithm Extremely large | Extremely Low
Adaptive A* search Large Low

Page Rank search Large Large

IV. CONCLUSION AND FUTURE WORK

Reducing the search time with the best relevant result is
one of the main issues being targeted by search engines these
days. This survey focuses on the Web crawling algorithms
that use heuristic function and do not to retrieve relevant
data. Breadth-first search is a blind algorithm and is not an
efficient method. The depth-first search may end up in an
infinite loop when the branches are too large. The Best first
search and A* algorithm show nearly the same result with
respect to search time. They can be improved by enhancing
the heuristic function. Adaptive A* performs more
efficiently when the users search at the same type of content
because it depends on the history of searches, and with each
search, the efficiency of the search will increase. This may
consume some amount of time compared with the A*
algorithm. All algorithms discussed in this paper are
effective for search engine, however, the advantages favor
algorithms that use the heuristic functions to retrieve the best
relevant URLs and least response time.
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Abstract-Innovation does not occur spontaneously in an
organization. Instead, structural conditions providing
methodological support to the innovation process must be
established, thereby ensuring the competitive edge required to
respond to market demands. Organizations should therefore
be designed with attributes, i.e., internal characteristics that
provide structural conditions aimed at meeting these external
demands. This paper aims to characterize the innovation
process as one of the structural attributes of company
competitiveness. Innovation, which is considered an attribute
aimed at meeting customer needs, is shown to be a prerequisite
for organizations to gain a competitive edge in the market. The
methodology adopted here consists of identifying the structural
attributes of the organization, being innovation one of them,
establishing the conditions required for the innovation process
to prosper. Sub attributes that support the innovation
attributes are presented and linked to the innovation process.
The main result is a model that considers the cause-and-effect
relationship between external demands and the structural
attributes of innovation, providing methodological support for
innovation processes, enabling companies to meet the needs of
competitiveness in their market segment. This model facilitates
the design of innovation characteristics, creating guidelines for
the company’s strategic positioning in its market segment. This
approach, linking concepts of competiveness and innovation ,
is not usual in the existing literature and business practices .
The limitation of this research is mainly the design of this
generic model for the specific organization application.

Keywords-Innovation; organization attributes; competitiveness;
business models.

I.  INTRODUCTION

Competitiveness is a critical success factor for
organizational survival in the turbulent 21% century.
Competitiveness can be understood as a company’s ability
to continuously review its competition strategies in order to
gain a favorable position in its market segment. It is
triggered in response to external pressures resulting from the
demands of market, science and technology and society,
which are the main actors of the external environment.
These demands are expressed through continuous and
intermittent stimuli produced by these actors, e.g., shorter
product life cycles, increasing product diversification,
reduction of time to market, rapid obsolescence of existing
products and organizations, swift emergence of new
products, and the need to update the knowledge base. These
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factors exert different levels of influence, according to their
geographic location (county or municipality, state, region,
country, or continent) and economic activity (health,
education, durable or non-durable consumer goods, capital
goods, etc.) [3][10][12]

Company  competitiveness  means  that  the
organization’s working conditions enable it to generate
higher than average profits in its market segment, operating
sustainably, with quality, speed and flexibility. Moreover,
the organization must satisfy stakeholders and comply with
environmental requirements. Competiveness can be divided
into External competiveness, which means the company has
the ability to persuade consumers to buy its products rather
than those of its competitors — in other words, the ability to
shift the consumer’s brand loyalty. External competitiveness
is calibrated and controlled by qualitative standards. This
ability, in turn, drives so-called Structural competitiveness,
which is seen as a set of harmonious and synergic
methodological and technological factors that induce the
external market to shift its product loyalty from the brand it
previously purchased to the new one. Structural
competitiveness, which is calibrated and controlled by
quantitative standards, is achieved through the use of
structural attributes. Figure 1 shows a schematic diagram of
the competitiveness model, identifying the actions of each
of its components and their respective relationships [1].

This paper is structured with the following sequence :I-
Introduction: This section presents the more wide concepts
like Competitiveness and its influence in the organization
structure ;1l — Structural attributes presents the concept of
Structural competitiveness , its quantitative standards and
the relationship  with  qualitative standards, and
characteristic of the external competitiveness main
attributes; 11l — Innovation : this section provides the
Innovation definitions , its classification and the its
respective sub attributes, information flow needed for
innovation; IV-Relationship between innovation and other
structural attributes: this section establish the relationship
between innovation and the other structural attributes as
Organization driven attributes and Human capital driven
attributes; Conclusion and future work: this section presents
the main conclusions and the proposed future works.
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I[I. STRUCTURAL ATTRIBUTES

This section presents the competitiveness model,
showing the concepts in the external environment and the
organization environment; it also presents the relationship
between the external and organization environment.
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Figure 1.Competitiveness model

Companies achieve structural competiveness as a result of
their market, organizational and human capital management
structures. These are defined as structural attributes, which
are characteristics of the management system, manifested by
ongoing practices composed of methods that make up the
organizational and technological management. The
attributes and subattributes of competitiveness are classified
according to the range of applications described below.

A. Market driven attributes:

Characteristics  inherent to the organization’s
management system, expressed by an ongoing,
comprehensive and integrated set of methods aimed at
providing the conditions required to meet consumer market
demands. Market driven attributes can be divided into the
following subattributes:

1) Innovation - The process of technological innovation
consists of a complex set of activities that transforms ideas
and scientific knowledge into physical products employed in
the real world [5][12]. Innovation also comprises existing
technology and inventions to create a new product, service
or process. Innovative companies search for all kinds of
ideas, and their organizational culture encourages the
development of these ideas into feasible business programs.
The subattributes of innovation can be divided as follows: a)
focus on consumer needs; b) enterprise-wide quality; c)
enterprise-wide planning; d) use of core knowledge; and e)
continuous upgrading of products and processes.
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2) Agility - An agile company is one whose
technological and administrative infrastructures are flexible
and can be rapidly created, set up, and rearranged to meet
external business needs. Among other things, this attribute
favors faster time to market of new business initiatives. The
subattribute of agility can be divided into: a) technological
independence; b) reuse of solutions; c) suitable business
infrastructure; d) system-wide response capacity, not just of
individual processes; e) existence and implementation of
strategies; and f) enterprise-wide business architecture,
including supply chain and marketing processes.

3) Responsiveness - An organization’s ability to respond
to market demands in a timely manner, also called “time to
market.” This ability includes proactive search for customer
and supplier feedback, fast cycle organization, flexible
thinking, and doing things in short periods of time. The
subattributes of responsiveness can be divided into: a)
business process optimization, with the elimination of
activities that do not add value to the product or business; b)
adoption of proven technology; c) integration of business
strategies; e) fast response time from Engineering and

Marketing processes; and f) supply chain network
optimization.
B. Organization driven attributes

Characteristics  inherent to the  organization’s

management system, which are indicated by ongoing,
comprehensive and integrated methods aimed at providing
favorable conditions for its organizational structures to meet
external needs. Organization driven attributes determine
how the business administration and management process is
applied throughout the organization. These attributes can be
divided into: a) information flow synergy; b) structural
integration; c) information infrastructure; and d) knowledge
management.

C. Human capital driven attributes

Characteristics inherent to the organization management
system expressed by a continuous, comprehensive and
integrated set of methods aimed at providing favorable
conditions for the development of selection, education, and
training programs that enable the organization to reach the
level of human capital needed to support its
competitiveness. Human capital driven attributes can be
divided into: a) Teamwork design; b) project clusters; c)
virtual teams; d) human networking; and e) assumption-to-
knowledge ratio.

It can be stated that a company’s structural attributes
enable it to be organized, resulting in a state of structural
competitiveness that should be unambiguously aligned with
external competitiveness. To reinforce this mindset, the
organization must have internally structured attributes
whose implementation enables the company to meet the
demands of external competitiveness in response to
continuous and intermittent stimuli. Given the limited scope
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of this article, however, our discussion will focus solely on
the innovation-related portion of the complete
competitiveness model.

Figure 2 schematizes the attributes and subattributes of
competitiveness, split in market driven, organization driven
and human capital
driven.

[ Structural atributes '
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driven

: \ '/ Teamwork design
Tnnovation Imor:;;::;ﬂ o Project Clusters
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Figure 2.Structural attributes

1. INNOVATION

Any discussion about innovation must include the
subject of technology and their interrelatedness [5].
Technology involves the design, production and distribution
of goods and services in response to market needs.
Invention, on the other hand, is limited to expressing a new
idea, a new concept, or sketching a new path without
considering real technical or market feasibility. Hence,
innovation bridges the gap between ideas and their actual
implementation to meet human needs. There is a natural link
between technology and innovation. Technology is
improved continuously through a flow of incremental
innovations that build and shape its course.

Before discussing structural aspects, some concepts of
innovation will briefly be reviewed [14]. Innovation
involves the creation of a product, service or process that is
new to an organization. It is introduced on the market
through the use or sale of a new product, service or process.
Innovation can also be defined as the creation of something
new. It does not have to be new to the world; rather, it is
seen as the first use of an ldea within an organization,
whether or not this Idea has been adopted by other
organizations. The technology (or product) must be novel or
ground-breaking. An innovation may be a change in an
industrial practice, which improves productivity. The
innovation process involves integrating existing technology
and inventions to create a new or improved product,
process, or system. Although invention and innovation are
closely related, they are not the same thing. An invention
can be considered an event, while an innovation can be
thought of as a process. Innovation is less common, while
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an invention usually precedes several innovations.
Innovation represents the important link between an Idea
and its exploitation or commercialization. The bottom line
of innovation is the market, which will buy it or ignore it,
thereby dictating its success or failure. The relationship
between innovation and the need of competitiveness is a
partially solved task. This paper intends to identify a
significant, challenging, not yet solved, relationship , and
propose the way to reach it

A. Classification of Innovation

Innovation can be classified as radical or revolutionary,
or as incremental or evolutionary. Radical breakthrough
innovations are usually based on inventions. They are
relatively rare and typically start outside the boundaries of a
firm. When such innovations are developed within the
boundaries of a firm, they signify the introduction of
something that is not only new to the organization but also
drastically different from existing practices. An example of
radical innovation is the substitution of chemical
photographic processing for computational photography.

The second category, which comprises incremental or
evolutionary innovations, involves small but important
improvements in a product, process, or service. Incremental
innovations are relatively common and are created in-house,
helping companies maintain their competitive edge in the
market. An example is the Kaizen method, a process of
continuous improvement which is typical of this type of
incremental innovation.

Routine innovation is another category occasionally
used to refer to the introduction of something new, albeit
very similar to what an organization had in the past. An
example of this is the redesign of an item for a new one in
the manufacturing operation of a product component.

B. Innovation as a structural market driven attribute

As Figure 2 indicates, innovation is a market driven
structural attribute. This means that, for an innovation to be
of interest to the business, it must be part of the concepts
that underpin the company’s management model and be
included in its strategic issues and plans. Hence, it must be
linked, via cause-effect relationships, to the various
components of the business model. Considering the above
described definitions and implementation of the concepts of
innovation, they can be contextualized as a market attribute
that is an integral part of the competitiveness model.
Moreover, innovation can be classified as a structural
attribute of the organization, whose aim is to satisfy
customer needs.

C. Innovation subattributes

The innovation subattributes are characteristics of an
organization that creates favorable structural conditions for
the development of innovation processes [12][14].
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1) Focus on consumer needs

Meeting the requirements of this subattribute involves
changing an organizational culture that is often deeply
embedded. Such changes consist of: i) shifting from an
internal and often functional approach to a customer-
oriented matrix management system; and ii) searching for
customer input about products and services and remaining
constantly attentive to ensure that this input is
communicated throughout the organization instead of only
to marketing and Research and Development staff. Several
surveys have revealed that most of the development of new
ideas and products comes from listening carefully and
working with clients, rather than from new ideas for
developing new products created separately in Research and
Development laboratories. Hence, innovation efforts should
preferably be aimed at meeting customer needs.

2) Enterprise-wide quality

The cost of entry for companies in the 21% century is
the highest possible quality. To this, they end, will have to
adopt the broadest possible vision of quality. The concept of
total customer satisfaction must be a goal. The company’s
entire management team must be fully committed to the
zealous pursuit of this goal. This quality mindset must be
applied to both the tangible and intangible services
pertaining to the company’s physical products. Quality has
to do with how people focus on the customer, i.e., the next
person in line responsible for the subsequent activity of the
company’s business processes (the internal customer) or the
all-important end user. It is essential for customer supplier
relationships to be established within each company’s
business process. The innovation process must be imbued
with the company’s quality concepts to ensure that its
products and services meet customer needs and expectations
with the highest possible level of quality.

3) Enterprise-wide planning

To ensure its success, the innovation process must be
included in the full enterprise-wide planning at the various
strategic, tactical and operational levels. In other words, the
company must formulate innovation strategies, i.e., tactical
plans for innovation originating from its innovation
strategies, operational plans for innovation originating from
its tactical plans, and specific projects originating from its
operational plans. Large organizations have a natural
tendency to create internal mechanisms that hinder
innovation. It is a major strategic challenge to reduce as
much as possible these mechanisms that favor operations,
i.e., efficiency of current activities in detriment to creativity,
idea generation and the launch of innovative projects.
Innovation is initially seen as a disruption that interferes in
the operations of existing activities. In traditional and
conservative organizations, the difficulties arising from the
introduction of a new software program (e.g., an ERP
system), a new method (Group technology, Simultaneous
Engineering), or a new organization model (Business
Process Management), etc., are well known. Such
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organizations were designed to last. Rational decision-
making and operational pressures depend on many layers of
reporting and control. This obviously tends to favor the
amortization of heavy investments in existing activities. In
this regard, organization and innovation are on opposite
sides of managerial concerns. Companies need not only to
operate but also to evolve. Hence, the inclusion of
innovation processes among the company’s issues, and thus,
of innovation strategies in its long range strategic plan, is a
high level decision that is usually made by the Board of
Directors and conveyed as a top-down decision. Therefore,
the company must be convinced, at the political and
strategic level, that investing in innovation is a business
decision resulting from the realization that it has to maintain
and exceed its current competitive edge in order to satisfy
customer needs and expectations.

4) Use of core knowledge

Regardless of  their  organizational  structure,
considerable duplication of efforts and management
fragmentation are common issues in companies. In large
companies, in particular, opportunities to achieve
operational synergy are rare, since these companies tend to
focus on purely financial aspects. Thus, it is essential to
define core competencies, representing unique corporate
capabilities, i.e., the company’s “collective knowledge.”
Companies normally have only two or three core
competencies. These core competencies and expertise
should be defined by the strategic positioning of the
company, which should allocate the corresponding funds.
Moreover, top management should use the company’s core
knowledge as basis not only to build strategic alliances, but
also to create sourcing and vertical integration strategies.
Clearly, organizations must offer innovative products and
services if they operate in external environments where
product lifecycles decrease continuously and which are
characterized by ever increasing product diversification and
by the demand for products with highly differentiated
functionalities and performance. In such organizations,
innovation is essential for them to maintain their
competitive advantage. Therefore, innovation must be part
of the “collective learning” process, which is considered a
core competency.

5) Continuous upgrading of products and processes

The process of ongoing improvement and of adapting to the
environment of continuous change, ideas and plans that
make up for continuous upgrading of processes and
products is a constant demand. In this context, incremental
and routine innovations in products and manufacturing
processes, and the elimination of activities that add no value
to the company’s business processes are some examples of
these innovative practices.
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D. Innovation information Flow

The diagram in Figure 3 illustrates the company’s
response to external demands for new products and services,
and the reaction of its innovation process with new products
and services. The external flow illustrates how the external
environment activates the organization, calling for new
products and/or services. Enterprise flow takes place in the
opposite direction, reacting through the innovation flow or
process by supplying the products or services required by
society, science and technology or the market.

The attribute and subattributes of innovation,
considered a market driven structural attribute, uses the
external needs as input and develops new products and
services, following the connections between its subattributes
and other structural attributes, such as organization and
human capital. These relationships between innovation and
other structural attributes are discussed below. Figure 3
shows the information flow between the external
environment and structural attributes, detailing this flow in
the innovation process.

of products and
processes

Figure 3. External environment and enterprise flow for innovation
processes

IV. RELATIONSHIP BETWEEN INNOVATION AND

OTHER STRUCTURAL ATTRIBUTES

The attribute of innovation depicted in Figure 2 is
correlated with other structural attributes, as follows:

A. Organization driven attributes

Organization driven attributes determine how the
business administration and management process is applied
throughout the organization. The innovation process is
supported by these attributes, so that its concepts and
process activities can be applied continuously. Organization
driven attributes are divided into the following subattributes.

[11[12]
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1) Information flow synergy
The company’s business processes, including its
innovation process, should involve activities that add as
much value as possible to the business.

2) Information infrastructure
The existence of a unified information system that
includes most of the company’s business processes
facilitates interactions between its innovation process and
other business processes, such as product design, product
manufacturing, marketing and sales, manufacturing
planning and control, etc.

3) Knowledge management
The innovation process will be facilitated if is linked to
the knowledge base required for selected technologies,
internal developments, R&D partnerships or acquisitions.

4) Structural integration

The structural integration of the organization’s business
processes enables the innovation process to be involved in
the management of research activities, development
feasibility studies, and more generally, in project
management. Therefore, structural integration becomes part
of the implementation and improvement of subsequent
product and process technologies integrated in the
company’s portfolio.

B. Human capital driven attributes

Like the company’s other processes, the innovation
process is supported by the skills of human capital[17].
Ultimately, it is people that distinguish successful
companies from those that fail to provide the means for their
human resources to develop. People create and implement
strategies, design information systems and make them work.
Hence, it is obviously people that create inventions and
develop innovations. However, for people to be
differentiators, they must be educated and trained in a
continuous learning environment. Education is only part of
the solution. People can also be encouraged by performance
related ideas and metrics, and empowered to get the job
done. The creation of an innovative environment must
follow the abovementioned parameters, with the added
premise that an innovative product or service that fails when
initially introduced on the market should not be considered a
failure, but rather, an opportunity to review ideas and
designs and use these reviews in the next innovative project.
The structural sub attributes driven by human capital are as
follows.

1) Teamwork design

The innovation process is facilitated and accelerated
when people involved in innovation engage in teamwork,
exchanging ideas and concepts without putting up self-
protective barriers. Teamwork design is the opposite of
peer-to-peer organization, which is a frequent feature in
traditional organizations. The innovation process may be
slower in peer-to-peer organizations because the top down
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management style often hinders the free expression of
creative minds.

2) Virtual organization and virtual teams
These subattributes are feasible when the information
technology infrastructure enables knowledge to be
exchanged through available networks, and innovation
groups are formed in organizations located in
geographically different regions or countries within the
same extended enterprise [5][17].

Figure 4 illustrates the main relationships between
innovation and the organization driven and human capital
driven attributes. It shows the relationship between external
environment, structural attributes, innovation and the
organization driven and human driven attributes
components.

V. CONCLUSION AND FUTURE WORK

Organizational competitiveness is essential for
companies operating in their different fields of activity. In
the turbulent environment of the 21% century, with product
life cycles decreasing and product diversification increasing
continuously, the demand for innovative products and
services is growing apace.

Innovation does not come about spontaneously in
organizations. In fact, the innovation process requires
methodological support provided by structural conditions,
which in turn must be tied to the competitive requirements
manifested by external markets. This article discusses
innovation as a process rather than as an event. Hence, it
should be seen as an organizational process and included as
a structural market driven attribute in the competitiveness
model. In this proposal, the sub attributes of the innovation
process are presented as the basis for its development and
ongoing feasibility. The logical connection of innovation
sub attributes to the organizational and human capital
driven, internal attributes of competitiveness (Figure 4), and
actors of the external environment (Figure 3) is considered
understandable and feasible solution to connect Innovation
with external Competitiveness, as proposed in Figure 3.
Nevertheless, this process should be supported by other
organization driven and capital driven structural attributes as
well. The various workflows that comprise the innovation
process as part of the competitiveness model are presented
in this paper by means of cause-effect relationships between
external requirements and the structural attributes of
innovation. As proposed, a logical relationship was
developed between the innovation process as market driven
attribute and its competitiveness, necessary to the company
survival in the third millennium. This approach is presented
through a model that considers the cause-and-effect
relationship between external demands and the structural
attributes of innovation.
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Figure 4. Main relationships between innovation and organization driven
and human capital driven attributes.

Lastly, in view of the above described concepts, it can
be stated that it is advantageous for an organization to
include the innovation process in the structural
characteristics of its management system, provided this
process meets external needs, thereby boosting the
company’s competitive edge.

As future work, we are planning to address the
following: a) determination relationships  between
innovation and organization driven and human capital
driven attributes that are more relevant to competitiveness
that are preponderant to reach the necessary competitiveness
level; b) use focus methodologies to establish these
prevailing attributes. The lessons learned that in this article
are: innovation cannot be seen as an independent
characteristic of an organization or company, but as a
market driven attribute that contribute to the company to
reach the competiveness level; it is important to carefully
establish its relationships with other characteristics and
attributes of the enterprise that are not clear at first view.
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