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Abstract: We propose a method for managing software assets in the automotive industry to enhance
software competitiveness and to reduce development costs. The ownership of software assets in the
automotive industry is held by automotive parts companies, making it challenging to exchange these
technologies. Moreover, the criteria for determining software assets are often unclear, resulting in
difficulties in integrating automotive software and implementing over-the-air updates. To address
these issues, we suggest breaking down black-boxed software assets into tradable components,
valuating them, and introducing the concept of exchanging software technology assets. Additionally,
we provide a structured approach for recycling used software assets and establish a software asset
management system for registration and tracking. Our proposed approach can help traditional
automotive OEMs narrow the technology gap with automakers such as Tesla and improve their
software competitiveness in the automotive industry. This paper contributes to the advancement
of software asset management practices in the automotive industry, and provides insights into the
integration of automotive software and over-the-air updates.

Keywords: automotive industry; software asset; technology valuation; R&amp; D management

1. Introduction

In the automotive industry, where hardware competitiveness has always been empha-
sized, software is now breaking down the barriers between industries and emerging as
a crucial factor in determining the future success of companies [1]. Software is no longer
an additional component but is recognized as a core competitive factor, on par with the
existing powertrain [2]. The hardware competitiveness gap among automakers is gradually
closing, and most of the innovation in the automotive sector is expected to be triggered
by software [3]. In particular, the transition to the MECA (Mobility, Electrification, Con-
nectivity, Autonomous) era is an important background factor that motivates automakers
to focus more on securing software competitiveness [4]. Accordingly, major automakers
such as Volkswagen and Toyota are pursuing the transition to software companies through
various methods such as startup investments, M&A (Mergers and Acquisitions), and joint
ventures to strengthen their own competitiveness in software [5].

The automotive industry tends to favor incremental, process-oriented innovation over
radical innovation, as the latter involves complex operating methods, low profits, and
high risks [6,7]. Additionally, due to its capital-intensive and highly competitive nature,
companies in the industry strive to concentrate their core competencies and prevent the
emergence of new competitors, alternative business models, or technologies [8]. However,
since there are limitations to internal technology and Ré&D capabilities, the proportion of
ICT companies and telecommunications companies in the automotive sector is expected to
increase [9-11].
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Customers are increasingly demanding advanced software functions such as advanced
driving assistance and autonomous driving capabilities. However, the current vehicle ar-
chitecture, which is independently designed for each part, has limitations in realizing these
functions [12]. A new electrical and electronic architecture is needed to maximize software
commonality, integration, and connectivity [13]. Major global automakers are strategically
transitioning towards solving these problems through step-by-step approaches [14,15]. The
recent trend of separating hardware-software development and procurement, along with
the creation of dedicated software organizations to strengthen independent development
capabilities, is seen as an effort not only to secure proprietary software technology but also
to reduce the cost of transitioning to a new electrical and electronic architecture [16].

In fact, to shorten the development period of high-quality software, it is necessary
to develop a standardized platform and ensure that legacy code, which has been applied
to mass production with proven reliability, can be effectively utilized [17]. Currently, the
problem of legacy code ownership and the difficulty of evaluating the value of software
technology is hindering software technology transactions, and the reality is that it is
difficult to justify its value [18]. Additionally, investment in advanced features is mainly
made by automakers, and when most parts companies develop software centered on
mass-production development, it is difficult to distinguish ownership solely based on the
conventionally used contracts [19]. To solve this problem, it is necessary to understand
the importance of software and prepare a new, detailed contract between automakers and
parts makers based on a mutually beneficial attitude [20].

In other words, a win—-win situation is possible between automakers and parts makers
who belong to group companies that recognize the core competitiveness of the MECA era
as software [21], and a strategy for strengthening software competitiveness is promoted at
the group level [22]. To expand their global business and strengthen the group’s software
competitiveness, this study proposes the establishment and operation of software value
estimation standards that can be jointly used by group companies [23]. To achieve this,
benchmarking information obtained through domestic and foreign channels is used to
establish software value calculation standards and conduct software technology value
evaluations for group companies’ software (Basic SW, Application SW). It is judged to
enable reasonable technology value evaluations.

2. Conceptual Background
2.1. Characteristics of the Automotive Sector

In the past, automobiles were merely a basic means of transportation with machinery
as the primary component. With recent advancements in ICT technology, sophisticated
technologies such as electronic devices, electronic control devices, and ITS have emerged,
providing car users with safer and more convenient features [24]. As a result, automobile
manufacturers are gradually transitioning from individual module-based control to an
integrated control approach at the component level, and new product development is
also increasingly focused on developing electronic components for safety and convenience
purposes, rather than solely on design-oriented development [25].

As the use of electronic devices continues to expand, the software complexity and
integrated control modules for overall vehicle control are also increasing [26]. Furthermore,
as the number of lines of code (LOC) in software increases with module coupling and
cohesion, complexity also increases, leading to more vehicle safety accidents and recalls
due to software defects [27]. Vehicle software can be categorized based on function and
has been updated and mass-produced individually to meet the needs of each field without
taking into account the vehicle architecture [28,29].

To summarize, automakers have been developing electronic systems and application
services based on firmware for each function without thoroughly considering the overall
vehicle architecture (Table 1). This structure, which closely and intricately combines hard-
ware and software, has been developed and updated only for specific functions and specific
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hardware, making it difficult to reuse software. This slows down the development cycle of
automotive electronic parts and acts as a factor that lowers the level of integrated control.

Table 1. Classification of vehicle SW.

Category

Key Technology

Infotainment software
OS for integrated control
of electronic parts

Infotainment SW platform, tools, etc., applied to convenience devices, etc.
SW for integrated vehicle control such as OSEK and RTOS; SW platform for safety and
electronic components such as electronic devices applied to vehicle safety devices, tools, etc.

SW for external connection Connected SW area used to connect inside and outside the vehicle, such as communication
and communication service and big data, artificial intelligence and IoT interworking, V2X interworking, etc.

SW for development
and verification

Vehicle SW development tool, verification tool, verification device driving, etc.

Recently, the need for automotive companies to develop a comprehensive architecture
has been further increased by the interlocking of vehicle convenience devices with mobile
devices and IoT devices, as well as the expansion of user convenience through connections
with vehicle peripheral facilities, transportation infrastructure, OTA, and so on. To improve
the efficiency of automotive electronic embedded software development, automakers first
define and apply a standardized structure based on a protocol called AUTOSAR (AUTomo-
tive Open System ARchitecture) [30]. This standardized software enables collaboration and
division of labor among different companies for each module, shortening the development
schedule, and modularizing frequently used functions for horizontal deployment to other
vehicle models [31]. However, at this time, legal issues regarding liability arise in case of
quality problems if additional contracts are not made with parts companies according to
the horizontal development of each vehicle type.

2.2. Characteristics of Software Supply in the Automotive Sector

The traditional structure of the automotive supply chain is a pyramid structure with
OEMs at the top, where Tier 1 supplies vehicle electronics subsystems to the OEMs. In this
subsystem, Tier 1 provides its own controller, operating systems, and application in the
form of a black box, and the OEM receives these subsystems from multiple tiers, integrates
them into a single electronic system, and applies them in mass production for the finished
vehicle [32].

In summary, Tier 1 provides the (sub) system called ECU (Electronic Control Unit)
to OEMs in the form of a black box, and here its own IP is included in the cost. At this
time, the value of software is not recognized alone, but acknowledging the subordination
of intellectual property rights to the hardware system, their significance is duly recognized.
However, with the recent emergence of specialized software companies, the software Tier
1 is now communicating directly with the OEM and supplying only the software to the
OEM based on its own software specifications. Currently, the OEM interacts with the
traditional tiers in a different way. The software Tier 1 requests the OEM to implement its
own software or software development specifications in hardware. In this case, Tier 1 may
be reduced to a supplier of hardware only, and as ECUs that were previously provided as
black boxes become white boxes, intellectual property rights (IP) may not be recognized,
resulting in the deterioration of Tier 1 profitability. This trend is expected to intensify in
the future.

Until now, Tier 1 has supplied (sub) systems equipped with proprietary hardware,
operating systems, and domain software. The OEM had to accept the ECUs required for
electronic systems even though they used various operating systems and semiconductors
(MCU, CPU, GPU, etc.) from different manufacturers, as without Tier 1’s cooperation, it was
difficult to optimize the required performance and function in a timely manner or to release
the product required by the market in time. However, as the importance of software is
being emphasized, OEMs are working to improve this business structure by standardizing
their own software platform or, furthermore, the architecture for electrical and electronic
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equipment. As a result, they will move on to receiving only (sub) systems with low
added value from their suppliers. The following data explain that the Electrical /Electronic
(E/E) architecture of traditional vehicles has a distributed structure with dozens of ECUs
connected in a network [33], while Tesla’s architecture is integrated in a centralized manner
(Figure 1). The technology gap between traditional automotive OEMs and Tesla’s software
control architecture is estimated to be around 10 years, and steps are being taken to narrow
this gap.
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Figure 1. Possible evolution of vehicular E/E architectures (Revised).

Major global OEMs, such as Volkswagen, Toyota, Mercedes-Benz, and Volvo, are
already implementing this phenomenon [34]. By standardizing their own software plat-
form or electrical and electronic equipment architecture, OEMs can achieve cross-layer
optimization, shorten the development period, improve software quality, and diversify
their suppliers away from Tier 1-dependent business structures [35]. This is a desirable
outcome for OEMs if they can meet the conditions of technological prowess and timely
recruitment of excellent software talents, but it will be a significant threat for Tier 1.

In other words, the cooperative relationship between OEMs and Tier 1 is shifting
towards competition as both parties strive to internalize the underlying software platform,
such as the BSW (Basic Software). In order to maintain control over ECU software, Tier 1 is
expected to compete with OEMs by providing black-box based products in a larger format.
For instance, Volkswagen is reducing software costs by utilizing legacy codes, minimiz-
ing source code changes through a common software platform, and promoting software
development through an update method that reuses previously applied source codes for
mass production. Volkswagen is currently developing VW. Operating System, a single
software platform for their vehicles, and has established a company with 2000 employees
dedicated to developing Volkswagen vehicle software [36]. Toyota has created a company
named TRI-AD, which can develop software for their vehicles. TRI-AD was established by
bringing together developers from Toyota, Denso, and Aisin [37]. Tesla shares software
developers with SpaceX, and software developers from NASA are collaborating to develop
vehicle software [38].
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2.3. Software Valuation Methodology

There are various methodologies for technology valuation, which can be classified
into three categories: the income approach, market approach, and cost approach. A mixed
methodology that combines these categories has also been developed.

The income approach is based on discounted cash flow methods (DCF). This approach
calculates the expected future free cash flow that a company can generate from its operating
activities in the future, and the level of risk associated with this cash flow. By dividing the
net present value, which is discounted using a rate that reflects the total number of issued
shares, this method calculates the future rate of return that a company can achieve as a
future profit per share.

The market approach is a valuation method that assesses the value of technology
based on the market price that is typically established between parties in a transaction who
possess sufficient transaction information and willingness to trade. To utilize the market
approach, there must be transactions between independent parties in an active market
where comparable technological assets are traded, and there must be ample technological
assets that have been traded in the past, with accessible information on their transaction
prices [39]. In many instances, it can be challenging to find a comparable target [40].

The cost approach is a valuation method that estimates the various costs of software
development, based on the principle that a rational person will not pay more than the cost
to obtain a software asset with equal need or utility [41]. However, there are limitations
to this approach in that input costs do not necessarily relate to future value or revenue
generation, and not everyone can create the same technology asset value with the same
cost [42,43]. To overcome these limitations, research is being conducted to determine
optimal prices through software development cost analysis, markup level analysis, and
software standard pricing based on the cost-oriented pricing method.

This study employs a combination of the income approach, market approach (specif-
ically, the royalty approach), and cost approach to establish a reasonable standard for
valuing software in the automotive industry. Furthermore, the study includes an in-depth
analysis of the concept proposal for technology transactions and the utilization of existing
legacy code to expand IP-based business.

3. Analysis
3.1. Software Asset Identification and Securing

The automotive industry is experiencing an increase in the added value of software
due to the decoupling of software from specific hardware, which is being driven by OEMs’
efforts to capitalize on software [44]. Tesla has emerged as a game-changer in this regard,
leading the way in car changes centered on software using Over the Air (OTA) updates [45].
With the entry of ICT companies such as Google (San Bruno, CA, USA), Samsung (Seoul,
Republic of Korea), and QNX (Ottawa, ON, Canada) into the automotive industry, software
technology in the automotive sector is rapidly advancing, and software is becoming more
modular and common in the MECA areas [46]. As this trend continues to spread to other
OEMs, it is highly likely to extend to all areas of vehicle control.

Despite OEMs’ efforts to take ownership of software and decouple it from specific
hardware dependencies, OEM-owned software remains a black box, with a high likelihood
of shared ownership with other companies. Therefore, if the software code is transferred to
a third party for outsourced development, issues regarding ownership are likely to arise.

To facilitate IP-based business expansion and collaboration with global companies,
development results should be conceptualized, managed, and operated as BIP, FIP, SIP, PIP,
and OIP, and the IP concept should be clearly specified in the contract [47].

If the IP concept is not addressed in the contract, it becomes challenging to distinguish
between existing and newly developed source code, making it difficult to claim ownership
of existing technological assets when providing output (Table 2). OIP was added to reflect
the increasing use of open-source software in the automotive industry and the trend
of global companies developing source codes using open-source software. Automotive
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manufacturers are required to provide notice of their use of open-source software, with each
company operating its own notification website. A review of notification sites belonging to
Volkswagen Group, Ford Motor, General Motors, Stellantis, and Hyundai Motor revealed
that the most recent models exhibited an increased rate of open-source utilization. Given
the rising percentage of software incorporated into automobiles, it is reasonable to expect a
corresponding increase in the employment of open source solutions.

Table 2. Intellectual Property (IP) concept (Revised).

Category

Definition

BIP (Background Intellectual Property) Existing IP developed by each partner before the start of the collaboration contract

FIP (Foreground Intellectual Property)
SIP (Sideground Intellectual Property)

PIP (Postground Intellectual Property)

IP created by the cooperative partner within the scope of the collaboration
agreement

IP related to collaboration and developed during the collaboration, but not within
the scope of the collaboration

IP related to the collaboration and developed by each of the collaboration partners
after the end of the collaboration

OIP (Opensource Intellectual Property) IP related to freely used, modified, and created by individuals or groups

The time has come for collaboration with future competitors to shorten technology
development periods and apply necessary technology in a timely manner through open
innovation [48]. However, in the case of joint development, it is necessary to clarify the BIP
that the two companies developed and secure ownership of it (Figure 2), and to actively
address the IP division issue that occurs at the beginning and end of the collaboration [49].
This problem may become more complicated if multiple companies develop multiple
controllers together [50]. If the BIP is not systematically arranged in advance, it is inevitably
impossible to secure one’s technical assets [51,52].

Collaboration Collaboration
tarts ends

I
1
i
I

Background IP i Sideground IP
I
I

Postground IP
A Company from A developed by A : developed by A
; § » Time
! Foreground IP
Collaboration 1 developed in |
i collaboration | N
: : » Time
) :
Background IP 1 Sideground IP | Postground IP
B C 1
ompany from B i developed by B|  developed by B
! ]
1
!
0SS
oldIpP < > NewlP

Figure 2. IP definition for joint development (Revised).

When developing jointly with a partner company, the following must be specified in
the contract [51]. First, when developing the ‘1st controller’, the BIP of the partner company
and the company shall be specified in the contract, and it shall note that the FIP jointly
developed within the project period is jointly owned, while the SIP developed separately
by each company is owned by each company. After the project is over, the PIP developed
by each company is owned by that company. When developing the ‘2nd controller’, the IP
obtained from the “1st controller’ development goes through the process of capitalization
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and is registered in BIP, and then will be developed jointly with another partner. After the
joint development is completed, the BIP is secured by going through the IP capitalization
process in the same way as in the previous process and will then again be used for the
development of the ‘3rd controller’. OIP used for controller development is well organized
and sent to OEMs for notification. Currently, ownership follows the open-source license
regulations (Figure 3).

P t assl;‘rgl]l)ﬂy disalssste];;bly asszé‘r%lpbly disazs:eIP bly asg:n]'\])bly
Value ‘ :
BIP of 25t 5
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BIP of 15t FIP R
Partner E[p of 25t / ~ SIp 1
FIP N artner &~ P[P
BIP of 15t 1
Partner Zl B PIP l BIP
: — BIP BIP
BIP BIP BIP | ‘
orp orp orp orp orp orp
- 1%t Controller > - 2stController > - 3%t Controller Time
Figure 3. Systematic securing of BIP (Revised).
3.2. Software Value Calculation Method
Software valuation can be performed by selecting an appropriate methodology de-
pending on the intended purpose. The methodology for calculating value is determined
based on the technological maturity of the software, which can be evaluated using the
income approach, market approach, or cost approach. The specifics of each approach are
detailed in the table below (Table 3). In summary, the appropriate value estimation method-
ology can vary depending on whether the software is in the early stages of development or
has reached the commercialization stage [53].
Table 3. Calculation of value based on technological perfection.
Value Degree Stage Value Calculation Method Accuracy
Hich Commercialization Market approach/Income approach Lich
'8 Development completed Income approach/Market approach '8
T Developing Alternative cost approach/Royalty deduction approach T
Low o . Low
Initial Regeneration cost approach

The target of technology valuation can be categorized into technology assets, technol-
ogy, intellectual property, human assets, and market assets. Depending on the purpose and
nature of the valuation, it is common to exclude human assets and market assets during
the evaluation process [54]. At present, the evaluation of technology encompasses a range
of factors, including the economic life cycle of the technology, sales projections, financial
analysis, economic profit flow, discount rate, business value, technical contribution, and
technology value. When conducting a software valuation, the value assessment is typically
based on technical maturity; however, in certain cases, all three methodologies are utilized
to appraise the value, followed by a consultation process.

The income approach uses the DCF (Discounted Cash Flow) method to calculate the
VT (Value of Technology). It is determined by multiplying the degree of technology contri-
bution, which is the extent to which technology contributes to business value, as shown
in Equation (1) below. When determining the technological contribution, it is important
to avoid underestimating the value of software assets by calculating the contribution of
technology as the proportion of software in certain modularized parts of the vehicle’s



Appl. Sci. 2023,13, 4174

8 of 19

value. In Equation (1), t represents the period during which cash flow estimation is made; n
represents the economic life cycle of the technology; CFt represents the cash flow in period
t; r represents the discount rate; and technology contribution represents the contribution of
technology to business value [53].

n
F
VT = IX(:) (12_ :)t x technology contribution 1)

The royalty deduction method assumes that a company licenses technology from a
third party because it does not possess the target technology. Generally, a license fee must
be paid during the economic life of the licensed technology, and the present value of the
total amount of royalties paid is estimated as the technology value. To use the royalty
deduction method, there must be many comparable technology transaction royalty data in
the technology transaction market. In the case of automobile and trailer manufacturing,
the median royalty value of 3% can be applied to the calculation if statistics of the technical
evaluation guide are applied. When evaluating the value of vehicle software, the accuracy
of the value evaluation can be increased by calculating the proportion of R&D personnel
involved in the parts if the software contribution to the price is limited by modularization.
The royalty rate estimation formula is as follows [55]. The standard rate is 3%, which is
the median car royalty; the utilization rate ranges between 0 and 100%, depending on the
software’s contribution to the price; the increase/decrease rate considers special factors
such as the license situation, and the default value is 100%; and the pioneer rate considers
the case where a large cost is required for commercialization, and the default value is 100%.

Royalty Rate = standardrate x utilizationrate x increase/decreaserate x pioneer rate (2)

The estimation of software price is carried out through a cost approach, which involves
analyzing the software development cost, markup level, and software standard price for
the software that a company intends to develop or has already developed. The formula for
software standard pricing is given as in [56].

SW standard price = SW development cost x (1 + markup)
SW development cost = SW manufacturing cost + SW nonmanufacturing cost ~ (3)
SW manufacturing cost = SW development price — profit(or technology fee)

To evaluate the markup index for vehicle software, it is necessary to consider additional
factors such as the disclosure of source code in the basic module, provision of libraries,
verification of reliability for mass production, expected quantity, maintenance period
after discontinuation, and factors contributing to the improvement of marketability of the
finished product.

3.3. Software Technology Trading Method

Currently, Application Software (ASW) and Basic Software (BSW) are developed using
a standard process linked to the software integrated development environment for vehicles
(referred to as SW Dev Hub), which is a virtual development solution based on digital twin
technology to facilitate efficient controller development (Figure 4). To prevent duplicated
development, functions that can be shared are classified and structured. The developed
technology identifies software assets as BIP, FIP, SIP, PIP, and OIP based on the contribution
rate of each company to clearly classify the assets of each company. Software is classified
into Component-Stack-Module-Unit (based on the AUTOSAR Guide), technical assets are
classified, input cost is calculated, and software assets with tradable technology are listed,
enabling the trading of software parts when necessary [57].
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Figure 4. SW Assets Identification.

A Component refers to the highest level of configuration in the software platform archi-
tecture, Stack is a combination of functions that represent the highest structural /functional
level, a Module is a logical/structural group/set of units that compose functions for the
same purpose, and a Unit is defined as the function level of the minimum functional unit.
The income approach, market approach (royalty deduction method), and cost approach
are all used in software value calculation through a previously agreed upon valuation
model, and reasonable cost estimation is carried out through mutual consultation. All valu-
ation methodologies, including Equations (1)—(3), are performed to ensure the reliability of
software technology valuation (Figure 5).
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Figure 5. Type of Providing SW Output.
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In case of profit from a technology transaction, compensation is distributed based on
the stake. The BIP of each company is provided in a black-box format, and when the source
code is disclosed, a weighting factor is added and reflected in the valuation amount for
technology evaluation. To facilitate verification, the black-boxed source code is marked
with information that allows for reading a specific signal value, which reduces the user’s
efforts to white-box the software. This approach also helps to protect the software vendor’s
technical assets.

The HW Dev Hub aims to align the Hyundai Motor Group’s development process
with the goal of creating a joint software development environment. This involves extract-
ing common technologies from the Group Company SW Structured and identifying the
software assets owned by each company through SW Assets Identification. The SW Valua-
tion Methodology is used to evaluate the value of the software owned by each company,
and Technology Transfer facilitates the transfer of technology assets between companies

(Figure 6).
A
Technqlogy Company @ -
Trading P
B B B
SW Valuation : A v Ak CA
Methodol ncome arket ost
cthocooBY Approach  Approach @ Approach
A
SW Assets Contributionl SA H SLVB H el |
Identification Rate CAT|—[CA ||
— R — | — ]
Group
Company SW Commons SW Commons SW
Structured (Domain #1) (Domain #2)
ASW Development ?? < §
T A S - :
SW Dev SWP Supply ? 2
Hub Bl Sha™
Supply S Lo

Figure 6. Software co-development concept.

3.4. Software Supply and Pricing Structure

If the software is divided into Component, Stack, Module, and Unit and supplied with
necessary technologies, product prices can be intuitively compared with competitors, and
companies can also gain an advantage in negotiation with their customers by focusing
their request on necessary technologies. The high initial capital cost of securing software
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reduces competitiveness when bidding for contracts. It also raises the risk of return on
investment due to the difference between the time of capital investment and the time of
recovery, as well as the problem of software price adequacy, which are factors that lead to
lower competitiveness.

It is important to “white-box” software that has been “black-boxed” prior to delivery.
This involves identifying the technical assets of the software to determine the extent of
open-source usage and the company that owns the software assets. It is only possible to
trade necessary technologies when the software is identified in module units and the total
amount is calculated (Figure 7).
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Figure 7. Software co-development concept.

In addition, the preparation of various data for fair price calculation, schedule delays
due to price negotiation, and excessive reduction requests without customer standards are
important factors that can decrease the competitiveness of software quality. The investment
cost for a software module with a high frequency of use is billed as a subscription fee for
the mass production period (BIP), and for a software module whose return on investment
is unclear due to low frequency of use, a fee is charged at the development stage (FIP)
and developed as needed to secure performance. If one module is charged (SIP, PIP)
as a subscription fee to the next project through the capitalization process, a win-win
relationship can be formed between the software developer and the user.

If a software developer converts a portion of their cash inflow to the time of mass
production and proceeds with billing based on vehicle sales performance, software users
can be relieved of excessive cost burden (Figure 8). However, this concept will not work
unless it is operated in a mutually beneficial attitude based on trust and a culture that
recognizes software technical assets between the two companies.

[Future Way]

Curve Shift
70%

35%

0% 0% 0% 0%

Mass Production Mass Production

Development

Advance
Development

Mass Production

W SW user cash flow B SW developer cash flow W SW user cash flow

Figure 8. Software billing concept.
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At present, BIP, FIP, SIP, PIP, and OIP are developed and supplied without differentia-
tion, but a license policy that considers the separation and development time of each IP
should be established and implemented in the future. It is believed that competitiveness
in the electronic software field can be secured by establishing a strategic pricing policy
that takes into account various supply scenarios, such as supplying each component of the
software product according to the customer’s request and whether source code is included
(Figure 9).

[Current Way]

SW

Supply

Price

Advance Development Mass Production Development to Mass Production
: : Mass Production
Development License Development License License

(NRE, Effort based
service fee, etc.)

(NRE, Effort based
service fee, etc.)

(Royalty: limited to
some projects)

. Technical support h

[Future Way]

SW

Supply

Price

Advance Development Mass Production Development to Mass Production

< b »
< > <« +

Development License Mass Production

(NRE)

License (Royalty)

Technicalsupport | . Technical support |
' (separately) | ___(separately) !

* NRE: Non-recurring engineering

Figure 9. Software module unit supply concept.

3.5. Method of Determining the Material Similarity of Software Works

As mentioned above, even if the BIP is systematized and specified in the contract,
issues of software ownership and copyright infringement by third parties may arise. When
determining whether there is substantial similarity between two works to determine
copyright infringement, only those corresponding to the creative expression form should
be compared. Unauthorized copying of someone else’s work infringes on the right to
copy, and, in this case, if the original work is not reproduced as it is, new creativity cannot
be recognized even if it is modified, increased, decreased, or changed; it is seen as a
simple copy.

When judging the similarity of a program work, it is based on practical similarity
(objective similarity, structural similarity), and quantitative similarity (Figure 10). When
judging the similarity of the source code, similarity can be judged by verifying the similarity
between the original and the comparative version. The criteria for determining the level of
similarity are as follows: code similarity of 76.06-100% indicates a copyright infringement
issue, and 0—49.76% indicates no copyright infringement issue [58].
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Source Comparison
A 40%
. 20% X
40% ‘ C ——— 30% I
B . [
20% 50% Y
Source base Method Comparison base Method
Category
Formula Similarity Formula Similarity
Overall Judgement | ¢/ (A+B)}* 100 40% | {C/(X+Y)}*100 30%
Common Judgement | (¢ / By * 100 67% | (C/X)*100 60%

Figure 10. Source code similarity review method.

4. Examples of Practical Application Concepts
4.1. Example of Joint Development System

In the automotive industry, incremental and process-oriented innovation is often
preferred over radical innovation due to the latter’s complexity, low profitability, and high
risk [59,60]. This is especially true for a mature and capital-intensive industry with intense
competition, where companies strive to focus on their core competencies and prevent the
emergence of new competitors, alternative business models, or technologies [61]. However,
relying solely on internal technology and R&D capabilities has limitations, making joint
development systems crucial for survival in the industry [59]. Recently, new paradigms
such as autonomous driving, electric power, and mobility services have emerged, leading
to both destructive innovation and structural change. As environmental regulations are
strengthened, there is also a push towards electrification of power sources [62].

With the development of electric power for automobiles and autonomous driving
technology, new business models and mobility service platforms that utilize them are
emerging, and the nature of the automotive industry is changing as the supply chain
system is being transformed based on software and electric and electronic technology. An
example of this is the software integration concept where several companies collaborate to
develop integrated power control devices through open innovation. This necessitates the
disclosure of software technology assets owned by each company and the distribution of
software revenue.

The feasibility of implementing these software models is limited to the unique corpo-
rate culture of the Hyundai Motor Group. The sharing of source code poses significant
obstacles and potential hazards. While using similar software may result in cost savings and
improved performance, it may also result in the loss of promising technological domains
due to compulsory acquisition (Figure 11).

In CASE 1, there was a failure to deliver a requested product for a global automotive
OEM. This failure was due to the lack of a concept for establishing SW technology assets.

In contrast, CASE 2 is a success story involving HYUNDAI AUTOEVER'’s development
of Classic Autosar and Adaptive Autosar. These models have been provided to multiple
companies and are being used in the development of Advanced Driver Assistance System
(ADAS) components.
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Figure 11. Example of joint development concepts for open innovation (Revised) [63,64]. (a) CASE 1.
SW integrated controller; (b) CASE 2. ADAS +(Advanced Driver Assistance System).

4.2. Example of SW Joint Development

Figure 12 shows that () Each company identifies the software assets (background IP)
they own and (@) evaluates its SW value using an income approach, a market approach,
and a cost approach based on the development stage. 3) Copyright information for each
company is added to the source code, and () the code is registered in the SW Dev HUB in
the form of inner source.

(® Components are downloaded and combined like Lego blocks, a development
license is signed, and (¢) the software is used for development after paying a minimum cost.
(@ Additional technology is developed as needed, and (8) a certain level of compensation
is provided for each product after signing the mass production license. (9) During the
development process, SW verification reports are submitted at the beginning and end of the
development, and (9 open-source verification tools such as BlackDuck, FossID, and White
Source are used to detect copyright information in the source code and confirm ownership.
@ The final mass-produced SW undergoes the SW capitalization process, and the assets
are identified again and stored in the joint development hub.
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Figure 12. Example of SW Joint Development.

4.3. Example of Revenue Sharing Concept

SW Dev HUB operates in the form of open innovation, Figure 13 shows that O
allowing several companies to participate jointly. @ After assigning a weighting factor
based on the provision of source code, the percentage of SW for each company is identified
to calculate the share ratio and value.

HYUNDAI HYUNDAI HYUNDAI HYUNDAI HYUNDAI HYUNDAI
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MOBIS "“Autoever ~WIA “TRAxsys  KEAICO "Slovis
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A MOBELi -
(o
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depending on whether the source
cade is provided or not,

Lina VTR v |

MOBIS | “fAnsvs
i AUTOEVERL OEV! 10%
SWDev. Hub Linkage BIP Asset Identification Share Ratio/ Valuation Cala_'llahon of Reward
Vehicle Sales

Figure 13. Example of revenue sharing concept.

(® The purpose is to maximize the utilization of legacy codes and reduce costs by re-
cycling high-quality SW applied to mass production. (¥ Compensation is differentially paid
according to the number of vehicles sold later. 5) SW assets for each company are tiered into
Component, Stack, Module, and Unit, and the SW assets are organized and mass-produced,
followed by capitalization. To link the number of vehicles sold and compensation, a
reasonable profit distribution concept is presented, considering the positive correlation
between the number of vehicles sold and the proportion of SW assets used.
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4.4. Analyze the Strengths and Weaknesses of the Proposed Method

Utilizing group-owned software (BSW, ASW) to develop software and share validated
software in the automotive development process is an essential software development
strategy for achieving global competitiveness. However, because software assets can be
mixed, it is necessary to clarify the R&R of each business area and part development for
each group company before jointly owning the software. Accurate understanding of the
joint ownership software license and the process of continuously updating jointly owned
software are also crucial. When multiple companies jointly develop critical intangible
assets, ownership of these assets transitions from “sole ownership” to “joint ownership,”
and royalty policies that were previously operated independently by each company are
now applied differently based on the type of joint participation. Therefore, establishing
appropriate royalty calculation and ownership distribution standards for royalty income
is necessary. Additionally, tax treatment resulting from joint development may also be an
issue. Research and development (R&D) is an activity actively promoted at the national
level to enhance national competitiveness. As such, the government provides various
R&D subsidies and indirectly offers significant tax benefits. One such example is the tax
deduction for research and development expenses and personnel development. Therefore,
when receiving tax benefits and establishing a new company to conduct business using
jointly developed SW technology, it is necessary to systematically identify each company’s
SW assets and provide sufficient compensation to the existing company.

5. Conclusions

The automotive industry faces significant challenges in terms of sustainability man-
agement, including MECA, climate change mitigation, carbon emissions reduction, circular
economy in the supply chain, and digital responsibility such as information protection
and security. Therefore, it is becoming increasingly important for the automotive industry
to establish and implement ESG strategies. MECA is a movement that aims to transform
traditional automotive manufacturing companies into Smart Mobility Solution enterprises,
by focusing on mobility, electrification, connectivity, and autonomous driving. The foun-
dation of the technology that provides MECA to consumers is software, and in the future
automotive mobility industry, where software and hardware are separated and provided,
software differentiation will become an important factor in determining the competitive-
ness of device operations. Moreover, it is imperative to endeavor towards building an API
ecosystem in the automotive industry [65].

Securing software technology is critical for enhancing the core competitiveness of the
MECA era. To bolster corporate competitiveness, a software value calculation method
has been established and implemented, and a technology value calculation method has
been developed to determine the suitability of software supply prices and to separate
orders for vehicle SW-HW. Three factors are essential for automobile companies to increase
software reusability and gain a competitive edge in software development: (1) How to
identify software assets? (2) How to calculate software value? (3) How to conduct software
technology transactions? In other words, the fundamental concept is to identify tradeable
technologies and combine them to quickly develop proven technologies with minimal time
investment using existing legacy codes and incentives based on stakes. Failure to change
will make it impossible for automobile companies to prevent startups and IT firms from
taking on challenges in the automotive sector.

To expand IP-based business and collaborate with global companies, it is necessary to
manage and operate IP under classification into BIP, FIP, SIP, PIP, and OIP. The IP concept
must also be specified in the contract to prevent legal disputes due to technology asset
division in advance. A model for systematically building up BIP through the process of cap-
italization was presented, and a methodology for value calculation based on technological
perfection was discussed.

The software is divided into Component, Stack, Module, and Unit, both structurally
and functionally, and a concept for the transaction of legacy code is proposed through a
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clear classification of IP assets. The concept of billing for cost and the concept of supplying
module units were also proposed.

This study presented an open innovation case that utilized an open-source verification
tool during the SW verification process to identify each company’s copyright information,
verify ownership of the source code, and update the SW hub by converting the mass-
produced SW into an asset. When multiple companies participate in the joint development
of important intangible assets, ownership of the intangible assets is converted from indi-
vidual ownership to joint ownership, and the royalty policy that was previously managed
individually by each company is applied differently, depending on the type of joint partici-
pation. It is necessary to calculate an appropriate royalty and establish a standard for the
distribution of royalty income among owners in such cases.

The automotive industry is quite broad, and academic alliances are also important. In
fact, companies are developing core technologies through investments in universities and
research institutes, but problems arise between efforts to assign the technological assets to
the company and efforts to prevent them from being taken away.

In future research, it is necessary to think deeply about the tax/ownership problems
when switching from single ownership to joint ownership.
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