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Abstract

Producing more food without further damaging the environment (sustainable
intensification) is a pressing global need. While there is increasing knowledge of
how agriculture may be sustainably intensified through use of technology, there
is less understanding of how knowledge reaches growers, especially in a
market economy.

There remains a gap in the sustainable intensification literature regarding the
contribution of companies selling innovative systems and agronomic knowledge
for food crops grown in three dimensions (3D or vertical farming). This thesis
explores how innovative companies provide goods and services with enhanced
environmental value, drawing on the interface between the business model
theory and diffusion of innovation.

Through a seven-year case study analysis of the UK-based agricultural
technology company Saturn Bioponics the thesis shows how the company uses
technological innovation and agronomic know-how alongside effective diffusion
of innovation to contribute to sustainable intensification. This study follows how
the company has revised its business model by adapting its goods and services
to ensure they meet customers’ business objectives while minimising
environmental effects.

The time frame of the case study provides insights into how the company’s
communications strategies and its business model have evolved, including the
delivery of value for itself and customers. The CEO has morphed from an
innovator into an entrepreneur and opinion leader in the national agricultural
sector, showing how innovation can drive a move towards sustainability.

The case study provides a conceptual bridge between sustainable
intensification, diffusion of innovation and business model literatures as my
contribution to theory. In particular, | have found diffusion of innovation to be
key to value generation, thus providing a foundation stone for a business model.
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Chapter 1 Introduction

Ways of contributing to solutions for the challenges of producing sufficient food
for burgeoning populations, which are expected to increase by 34 per cent by
2050, are being sought across the world (IPCC, 2019, FAO, 2009).

Over the next fifty years the world population is widely predicted to increase
(Beddington, 2009, Godfray et al., 2010, Frediani, 2011, Godfray and Garnett,
2014, Tscharntke et al., 2012, Garnett et al., 2013, Defra, 2014). This will bring
challenges for both producing sufficient quantities of food and distributing them in
an equitable form, ensuring they are available where they are needed. Not only is
there is a challenge in growing food, any increase in crop yields will need to be
achieved with minimal damage to the environment. As a result, Governments and
NGOs are seeking ways of finding a more sustainable form of providing food
(Godfray et al., 2011, Sutherland et al., 2015, Pretty and Bharucha, 2018).

It is generally agreed that sustainability is about is making the most of
environmental goods and services while not degrading them so future
generations are unable to benefit from them and is "Development that meets the
needs of the present without compromising the ability of future generations to
meet their own needs” (Brundtland, 1987pp 8-9). In addition, work to implement
sustainable development is being done on land use and food production is being
supported by the United Nations’ Sustainable Development Solutions Network
(SDSN, 2013) and the Montpellier Panel (2013).

The challenge is, therefore, the need to increase food production at the same
time as minimising environmental impacts. This need has led to development of
the concept and guiding principle of sustainable intensification, which is defined
as a “process or system where yields are increased without adverse
environmental impacts and without the cultivation of more land” (Pretty and
Bharucha, 2014b p.3). It was first coined around the time of the Earth Summit of
Rio in 1992 by the World Business Council for Sustainable Development
(WBCSD) (Tittonell, 2014) and the term is now also widely employed in the
agribusiness world and by large international donor organisations, although its
broad definition has led to variations in interpretation (Pretty and Bharucha,
2018).

Sustainable intensification is closely associated with the concept of eco-
efficiency, or producing more value with less impact, and has been widely
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adopted by international research and policy organisations such as the
Consultative Group on International Agricultural Research (CGIAR), the Food
and Agriculture Organisation of the United Nations (FAO) and the World
Economic Forum (Davos, 2012).

These activities are complemented by national policies in some developed
countries, such as the ‘Feed the Future’ program of the US Government. Defra’s
sustainable intensification platform (siplatform.org.uk) and the Biotechnology and
Biological Sciences Research Council (BBSRC) both support research about
sustainable intensification.

There are, however, challenges to the concept of sustainable intensification, as
there are no set goals to measure economic efficiency nor environmental
sustainability (Godfray and Garnett, 2014, Godfray, 2015, Pretty et al., 2018,
Dicks et al., 2019). This is partly because providing public benefits, such as
environmental benefits, does not create a monetary value, which may make it
difficult for companies to provide optimal allocation of such goods (Maréchal et
al., 2018) and this may impact on the business model, as discussed below.

Innovation and technology arguably provide an important means for increasing
output (Godfray et al., 2011), which should be measured together with
environmental markers to preclude it leading to exploitation of the system by
commercial organisations marketing biotechnologies, pesticides and fertilisers
without the necessary green credentials.

There are also concerns that climate change will make sustainable intensification
more difficult (Beck, 2013), and there are challenges to be overcome. For
example, higher temperatures may increase the time-span when pests are active
so they may be able to have a greater number of populations in one year, which
can lead to faster development of resistance to pesticides. In addition, as the
crops will need to be protected for longer, greater use will be made of pesticides,
which can result in environmental issues. Higher rainfall will result in greater risk
of nitrogen and pesticides leaching from the soils and contaminating water
courses. These issues are all likely to impact on the environment, affecting food
security (IPCC, 2014), and on drinking water availability.

One of the proposed methods for addressing such challenges is with indoor
growing, as facilities can be designed with closed systems for nutrients and
water, allowing for with more precise use of inputs and therefore reduce some of
the environmental impacts of growing crops (Manos and Xydis, 2019), but the
key question is whether there is a market for them.
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While intensification is generally accepted to be connected to productivity
(including yield and/or food nutrient levels) per unit of land area, the definition of
the term ‘sustainable’ has been the subject of much debate from a broad
spectrum of perspectives. In the agricultural context, sustainability is made up of
three dimensions: environmental, social and economic (Struik and Kuyper, 2017).

Environmental sustainability comprises a broad spectrum of attitudes regarding
‘weak’ and ‘strong’ sustainability. In the former, natural and man-made capital are
combined, with importance being given to the total availability, whereas natural
capital is non-negotiable for strong sustainability (Neumayer, 2007). This is
particularly relevant to this study because 3D farming uses both natural and man-
made capital to provide food, and therefore arguably contributes to the social
need of the well-being of the population. Economic sustainability is also briefly
discussed in this chapter, but considered in greater detail in Chapter 7.

Combining sustainability and intensification together as one umbrella concept has
further challenges and there are concerns that productivity has been ranked
above sustainability in the context of biodiversity and social benefits (Whitfield et
al., 2015, Godfray, 2015). On the other hand, any trade-offs which result in lower
productivity per unit of land could lead to more land being brought into use for
agriculture (Godfray, 2015). Franks (2014) argues that the Foresight Report
(Godfray et al., 2011) does not mention bringing more land into production, thus it
can be deduced that food production should be optimised from the land currently
under cultivation, and higher yields achieved from the same amount of land.
Nevertheless, as pointed out by Dicks et al. (2019), feasibility remains a
challenge for sustainable intensification; which implies that not only are there
technical challenges, but also a challenge of ensuring that such businesses are
able to function competitively.

Three dimensional (3D) indoor farming technology is one of the responses to a
call for new methodologies (innovations) to support agricultural production (Le
Gal et al., 2011) and respond to environmental challenges in the food production
sector (Lin, 2011). This is because a technology which uses the vertical plane as
well as the horizontal to grow fruit and vegetables (vertical or three-dimensional
farming), could be part of the answer to the food production challenge. Often
termed vertical farming, 3D farming is a more accurate description as the crops
are grown across the horizontal and vertical planes in a greenhouse or
polytunnel. This is different from growing on a wall of a building, as is done using
the vertical plane in urban farming, hence in this study the method of growing
crops using the three planes will be called 3D farming.
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The over-arching aim of this research is to better understand the socio-economic
phenomenon of 3D indoor farming in the context of suppliers of specialist
equipment to the sector. This thesis is aimed at gaining a holistic view of a
potential contribution towards sustainable intensification from within a start-up
commercial company which has developed an innovative technical means of
growing crops indoors in a three-dimensional (3D) situation. Using a long
timeframe element, it explores how 3D farming can be aligned with sustainable
intensification, how innovation has been diffused, and the evolution of the
business model used to take the innovation to market. These three specific but
interrelated research domains have not previously brought together in this
context.

This thesis has added another dimension to current academic knowledge about
the interactions between the different literatures to bring about sustainable
outcomes.

1.1 Key questions of the study

The research question addressed in this thesis are whether a small enterprise
selling equipment and expertise facilitating 3D production methods for fruit and
vegetables can contribute towards a pathway to sustainable intensification, and
the evolution of its entrepreneurial activities towards this goal.

The main questions for this study are:

a. What is the relationship between sustainable intensification and 3D
farming in terms of companies supplying equipment for protected cropping
systems?

b. How is innovation diffused by a small agricultural technology enterprise?

c. What are the features of the business model of a small agricultural
enterprise offering innovative technology?

The contribution to literature will be focused on the interactions of the three core
concepts: sustainable intensification, diffusion of innovation and business model
literatures. This will create a holistic understanding of how a small start-up
company may have the potential to contribute towards producing food without
further damaging the environment.
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Figure 1 Combinations of concepts necessary to move towards sustainable
intensification

1.2 Thesis Structure

This thesis continues as follows: The next chapter is the Literature Review, which
critically appraises the literatures providing insights for the research questions. It
begins with a review of sustainable intensification, then looks at diffusion of
innovation and business models. This chapter identifies gaps in knowledge about
the relationship between sustainable intensification, diffusion of innovation and
business model evolution and how they fit together in the context of 3D farming.

Chapter 3 establishes the policy and context in which the study takes place,
outlines how 3D farming works, and presents the principal actors, including the
case study and other informants of the study. This is followed by Chapter 4, the
Methods chapter, which introduces the research questions, and explains how the
analytical framework was developed for the construction of the case study. It also
describes how data collection and analysis were undertaken.

Chapters 5, 6 and 7 are the data chapters which explore the empirical findings.
Chapter 5, Sustainable Intensification explains how the case study’s
technological innovation works before going on to explore the potential for an
increase in productivity and the potential impacts of growing in this way.
Highlights of this chapter include findings connected to the whole farm approach
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to sustainability, rather than just the area used for growing crops, in addition to
eco-efficiency benefits.

This is followed by the Diffusion of Innovation chapter which analyses how a
commercial 3D fruit and vegetable sector disseminates information about its
innovation. Key findings from this chapter are the evolution of the diffusion
strategy of the case study company, and the importance of the characteristics of
the innovation from the point of view of potential adopters.

Chapter 7 explores the evolution of the business model of the case, how it
creates value and reacts to the early adopter inputs for the innovation to ensure
customer’s perceive the value of the offering. Two of the key areas explored in
this chapter are the evolution of the company’s business model and its
relationship with eco-efficiency.

Chapter 8 revisits sustainability and cost efficiency, and how diffusion of
innovation informs empirical decisions concerning the business model. The main
focus is on insights and reflections about the interactions of the three literatures
and how they may contribute to a conceptual perspective with an interconnection
of value at the centre. This provides an integrated framework which can be used
for future studies.

Chapter 9 discusses the theoretical contribution of the study, and the potential for
future research. It also proposes considerations for policy makers seeking to
support and promotes promote agri-tech innovations. The chapter closes with
reflections on the interdisciplinary nature of sustainable intensification, and how
this can contribute to a wider adoption of these principles.
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Chapter 2 Literature Review

2.1 Introduction

The purpose of this chapter is to critically review the existing academic and
practitioner literatures relating to key perspectives of sustainable intensification,
diffusion of innovation and business models in the context of 3D (vertical)
farming. It seeks to inform understanding of the roles of diffusion of innovation
and business models to a pathway towards sustainable intensification in the agri-
food sector.

2.2 Sustainable Intensification

A growing world population is contributing to competing demands on a finite
agricultural land area (Godfray et al., 2011). Providing sufficient food to feed a
growing population is considered a ‘wicked problem’ because food production
needs to increase but there needs to be consideration for future generations.

Producing more food may entail expanding the amount of land dedicated to
agriculture or by increasing yields per unit of land. This could be through raising
cropping intensity (such as growing more crops per unit of land) or ensuring
crops receive inputs which help address growth limits, such as water or nutrition.
Previous periods of intensification (such as the Green Revolution) have resulted
in overall food production outpacing population increases since 1960 (Pretty,
2008). This is mainly thanks to the development of better-performing crop
varieties, chemical crop protection and synthetic fertilisers. The problem is that
these methods are generally considered to have compromised the environment
(Pretty and Bharucha, 2014b), hence a search for alternative ways which reduce
this damage and are more sustainable (Pingali, 1995). There are calls for
sustainable intensification, which is defined as “a process designated to achieve
higher agricultural yields whilst simultaneously reducing the negative impact of
farming on the environment” (Godfray, 2015 p199). The basic principles of
sustainable intensification as defined by Pretty (2008 p451) are "Using natural,
social and human capital assets, combined with the use of best available
technologies and inputs (best genotypes and best ecological management) that
minimize or eliminate harm to the environment, can be termed sustainable
intensification” and these are widely accepted. Considered by some to be a
paradigm shift (Dicks et al., 2019), the concept of sustainable intensification has
matured and divided into three categories: practical actions, approaches and
scale (Weltin et al., 2018).
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How sustainable intensification can be achieved has stimulated discussion on
how some of the challenges should be addressed. For example, while Struik and
Kuyper (2017) stress the importance of resource availability and its impact on
productivity, there are disagreements around benefits and pitfalls of land sharing
or land saving. Loos et al. (2014), argue for assessments of the long-term
impacts of intensifying food production, yet Balmford et al. (2018) contend that
the externalities from lower-input farming are often not accurately assessed.
Indeed, Balmford et al. (2018) found land-efficient farming systems to have lower
externalities per unit area in the areas of Asian paddy-fields, European wheat,
European dairy and Latin American beef sectors. This implies that high density
farming, such as 3D farming, using precision-applied pesticides, could fit in this
scenario. However, would not necessarily apply to all agri-food production
sectors, particularly those undertaken at broadacre level with high pesticide
usage.

Environmental sustainability is related to natural capital, which comprises
services that provide elements essential to life support (such as environment,
water, clean air), supply raw materials, assimilate waste, and deliver ecosystem
services (Ekins et al., 2003). Other types of capital are man-made capital, which
includes factories and machinery, and human capital, which concerns knowledge.

Sustainability may be perceived as being either strong or weak; proponents of
strong sustainability believe that the components of critical natural capital are
non-substitutable with the other forms of capital, whereas weak sustainability
permits their substitution (Dietz and Neumayer, 2007, Ekins et al., 2003, Brand,
2009). Blignaut et al. (2014) see the need for technologies capable of supplying
the means of production and investing in restoration of natural capital as
fundamental to sustainability. These concepts relate to the study because they
provide a primary understanding of sustainability and a practical understanding of
how sustainability is interpreted and implemented in the commercial sector is
important to any study in the agri-food sector. Sustainability can provide social
benefits, but given their speculative nature, the decision was taken to focus on
environmental benefits.

Adoption of technological change to improve resource use efficiency could prove
to be one of a number of practical approaches towards a pathway to sustainable
intensification. Growing indoor crops using the vertical plane (3D growing) to
achieve increased output per unit of area while taking measures to protect the
environment is one example that is gaining increasing interest and uptake in
academic and commercial sectors (Touliatos et al., 2020).
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Tilman et al. (2011) note that one of the challenges of studying the concept of
sustainable intensification is the lack of guidance on how it can be achieved, such
as indications of which technologies or organising principles should be used. This
indicates a need to revisit what sustainable intensification means to practitioners
to build on what is already known about the concept and how they use innovation
and technology to put it into practice. To drive better understanding of the holistic
concept of sustainable intensification, this review now examines these two
components and how literature guides identification or markers of sustainable
intensification.

2.3 Measuring sustainability

Sustainability indicators are tools which facilitate measurement of progress
towards environmental and social objectives (Reed et al., 2005). To provide
practical guidance, they need to be independent and robust (Perales et al., 2019)
in the context in which they will need to work. Decisions guiding which
sustainability indicators to use depend on their relevance to what is being
assessed and their context; those aimed at arable and livestock farming differ
widely. Measurement of capital stock is complex, and some, such as Dietz and
Neumayer (2007), advocate integrated environmental and economic accounting.
As yet there is no guidance for 3D farming, hence it is necessary to understand
those which are applicable to other areas of farming to provide an initial
framework which can be adapted.

Measuring sustainability can be problematical because while it can include
elements which are measurable (such as pesticide usage), there are also
subjective components, particularly those with social elements. For example,
Pretty (2008) highlights difficulties with putting a value on trust, social
connections, human capital innovation and landscapes. There are, therefore, a
range of social sustainability impacts, but given the difficulty in obtaining such
evidence, it was decided to exclude them from the scope of this research project.

Current assessment tools work at different hierarchical levels (de Olde et al.,
2017), going from the abstract to specific themes and indicators. Such complexity
brings challenges; there are concerns about the validity of conclusions that can
be obtained from such a wealth of variables. To address this, Firbank et al.
(2013) suggests using a simple method that encompasses a small number of
variables placed under group headings rather than trying to assess them all
individually. These comprise measures taken from five ecosystem services:
biodiversity, air quality, climate regulation, water quality and agricultural
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production. While all these different ways of measuring provide important
information and feedback to those working to improve sustainability, it is
important to ensure that they are also comprehensible for the providers of food
and their work in practice.

As this thesis is focused on sustainability at farm (micro) level, it is important to
use a tool that is relevant to this level. Gunton and Firbank (2016) have
categorised four alternative versions of sustainable intensification: agronomic
efficiency, agronomic sustainability, global efficiency and global sustainability. As
the former two are key to farm level, they provided a guide for the framework and
facilitated following the methodological approach indicated by Reed et al. (2005)
of establishing context, identifying indicators and collecting data.

Optimisation of resource use to achieve better efficiency at farm level (Pretty and
Bharucha, 2018), also contributes to sustainability, suggesting a need to include
context of new technologies such as hydroponics in an indoor growing system.
This way of producing crops contributes to averting use of unnecessary inputs,
minimising greenhouse gases and more effective use of clean water. However,
while some environmental benefits, such as input use, are easy to measure,
others are more difficult. For example, terms such as ‘pest avoidance’ and
whether it consists of treating pest infestations only when they have occurred or
whether a prophylactic (preventative) approach may be better can impact on the
farm’s environmental impact, but are more difficult to quantify. Such questions
can make an assessment of whether the resource use of a farming enterprise —
including nutrients, water, labour, pesticides, etc. — is optimal, and aligns with
agricultural economics literature. This connection is not explored in this thesis
due to practical difficulties of obtaining confidential agronomic records and
commercial price information.

There are some components normally connected with sustainability which are not
compatible with indoor 3D farming. Pretty (2008) draws attention to the
importance of integrating biological and ecological processes such as nutrient
cycling, nitrogen fixation, soil regeneration, allelopathy (changes in plant growth
as a result of chemical interactions among plants and other organisms) and
competition with other plants. However, much of this is not relevant when
considering protected crops because of the indoor environment. Soil quality, one
of the major challenges of field-based agriculture is not considered in this study
because the crops are grown hydroponically on a substrate. However, other
important elements specified by Pretty (2008), such as nutrient management,
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water management and integrated pest management, have been drawn on as
part of the framework for this study.

Farmer values and attitude towards sustainability may play a role; their
understanding of what sustainability means may vary including what they
consider the problem to be and the challenges in overcoming them (Garnett and
Godfray, 2012), and any costs they may have to pay themselves. As a result,
prioritisation of objectives may vary from farmer to farmer according to their
perception of viability of the practices necessary for sustainable management. In
many cases, economic appraisals underestimate or even deny the environmental
risks (Silvasti, 2003), following the ‘productionism approach. Context, in terms of
the industry sub-sector can make a difference in attitudes towards sustainability
(Coteur et al., 2016, Silvasti, 2003), and Coteur et al. (2016) found those growing
in the protected crop industry to be more sustainability focused. More recently,
Dicks (2019), in work exploring benefits to productivity and the environment in the
context of UK farming, has focused on practices advocated in the Integrated
Farm Management elements developed by Linking Environment and Food
(LEAF) (2018). Its criteria are valuable for this study because they are practical
and possible to implement at commercial level. They include the whole farm and
not just the proportion under cultivation and Dicks et al. (2019) has found them
useful for assessing whether the principles of sustainability are being met while
intensifying production. These finding have implications for the land
saving/sharing debate referred to by Loos et al. (2014) because attention is on
the whole-farm. When this study commenced there had been little published in
academic literature on the standards developed by LEAF, but they have since
become more prominent from the studies by Dicks et al. (2019) and Perales et al.
(2019). This has vindicated the choice of their use as an important focus for this
thesis.

2.3.1 Measuring food production intensification

Measuring the extent of intensification of food production can be complex and
while some prefer either yield gap analysis or land-use analysis (Dietrich et al.,
2012), the most common metric for measuring intensification remains relatively
simple: yield per unit of land (Smith et al., 2017). From a practitioner point of
view, marketable yield (which is the produce which is of sufficient quality to be
deemed to comply with customer specifications), rather than total yield or
biomass, needs to be considered as it is deemed crucial for professional growers
as otherwise produce can be rejected.
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Studies undertaken at a micro level have shown farmers in temperate zones such
as the UK are already increasing levels of productivity (Firbank et al., 2013)
through the use of precision farming. This type of production uses technology
such as modern sprayers and tractors with IT systems on board to facilitate
application of tailored inputs where they are needed, lowering the risk of over-
application, run-off and subsequent environmental damage (Firbank et al., 2013).
However, other studies have found little consistency in uptake (Rose and
Chilvers, 2018), despite increasing knowledge about specific technologies, partly
in response to the UK Government's AgriTech policy (see Chapter 3 Policy
Context) and better understanding of environmental impacts of different forms of
agriculture. This is because there remains a lack of understanding of how good
practice using innovations developed by private companies might be shared
effectively amongst commercial growers in a market economy. To address this
challenge, there is a need to understand how Diffusion of Innovation of such
technologies may be taking place (see 2.3 below).

Sustainable intensification on a macro scale can only be achieved by numerous
farms contributing towards higher production without compromising the
environment. This will entail greater efficiency within different aspects of
agronomy and growing systems; for example waste, which may be from quality
and customer specification issues, mechanical damage or over production can be
significant and in some crops can reach 30 per cent (Flood, 2010). Despite the
challenges, progress has been reported in both developed and developing
countries as shown by a study of 286 farm-level projects undertaken by Pretty
and Barucha (2018). This may be linked to eco-efficiencies which may help
growers receive higher returns, some of which are criticised as not being true
sustainability, as discussed below, but also form a link to the business model as
used in the sector, discussed in 2.4.1 below.

2.3.2 Working towards sustainable intensification in practice

To achieve substantial improvements in productivity, agricultural systems have to
be devised to optimise growing conditions and make the most efficient use of
inputs (Pretty and Bharucha, 2014b) and perhaps also make use of any
underutilised land (Weltin et al., 2018) which could be brought into production
with the use of greenhouses or polytunnels. Digitalisation is transforming
agriculture (Fielke et al., 2019) and a shift towards product innovation for farming
has been observed, using technology such as satellites, drones, weather
stations, tools to measure soil moisture deficits, amongst others. Innovative ways
of sustainably intensifying food production may lie in part with suppliers of
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agricultural equipment (Konig et al., 2012) particularly when innovations are in
areas that may lead to optimum growing conditions. This study was influential in
the choice of case study because the potential contribution of indoor 3D farming
technology is through the use of technology to provide optimum conditions for
productivity in addition to those provided by using the vertical plane.

In this context, innovation emerges as critical to developing new combinations of
technology and resources, such as those for the 3D farming sector, for
maximising outputs of already existing resources. However, because of a
potential relationship between efficiency, the environment and commercial needs,
there are criticisms that such efficiencies may merely be ‘low-hanging fruit’
(Young and Tilley, 2006) which will continue to facilitate a productivist regime
(Maye, 2018) and can lead to path dependency (Sutherland et al., 2012). Pretty
(2008) emphasises that idealistic principles should fulfil the role of increasing
production without further damaging the environment. This may be deduced to
relate to weak sustainability (Dietz and Neumayer, 2007), in which natural capital
is seen to be interchangeable with man-made capital (e.g. greenhouses) and
human capital (knowledge), and hence providing background understanding for
this study which uses natural and man-made capital together (technology and
greenhouses) as a means of producing fruit and vegetable crops. In a
commercial market economy, the companies providing such goods and services
still have to make a profit, which connects to the Business Model paradigm
discussed below in 2.4.

The concept of vertical farming (Touliatos et al., 2016), has the potential for
higher yields, and therefore may provide a means for achieving a higher degree
of intensification. This type of farming is usually undertaken indoors in
glasshouses (greenhouses) or polytunnels or it can be on buildings (retro-fitted or
specially constructed) and therefore the crops grown are less dependent on the
weather. Plants can be grown in modules which have a growing medium inserted
rather than soil (hydroponic), which allows for greater precision when applying
nutrients and plant protection products than when done outside. For example,
Despommier (2010) proposes a concept of vertical farming which is stacking
high-tech greenhouses on top of each other and claims a number of benefits,
including higher productivity as crops can be grown throughout the year,
reduction in water use, reduced use of pesticides and herbicides. A weakness in
the theory proposed by Despommier (2011) in his promotion of vertical farming is
the lack of insight on how organisations can achieve these benefits by adopting
the technology or evidence to show the farming technique fulfils the claimed
advantages. Hence there are challenges about the validity of these claims
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(Specht et al., 2013, Specht et al., 2015, Thomaier et al., 2014). This indicates
space in academic understanding of how vertical — or 3D — farming is working in
practice and how this is articulated by the companies undertaking this work. As
such, there is a need to first understand the breadth of sustainability indicators
described by academia to determine their relevance to this niche indoor sector
and then consider their compatibility with current mainstream activities (Pigford et
al., 2018) to understand whether 3D farming in practice can contribute to
sustainable intensification (See Chapter 5).

2.4 Innovation, diffusion and communication

This section examines how academic research theory is contributing to the
development of effective innovations within the agri-food industry and also how
such innovators disseminate data about such innovations. Three main strands of
literature have been critically examined, including diffusion of innovation, the
innovations systems approach, and its development into Agricultural Knowledge
Innovation Systems (AKIS). Each is important because they provide important
background knowledge to help understand the operations of the case study.

In industrialised countries, the agricultural industry has become part of the highly
competitive global supply chain (Hendrikse and Bijman, 2002, Klerkx and
Leeuwis, 2008b), which has resulted in growers having to become more
entrepreneurial in their actions (Sunding and Zilberman, 2001, Huylenbroeck and
Durand, 2003, Klerkx and Leeuwis, 2008b), and learning more about how to
market their products as well as focusing on growing them. As the agri-food
system has evolved, so has innovation in the sector and it has become highly
competitive, particularly in near-market sub-sectors such as fruit and vegetables.
The socio-political, economic and institutional climate in which innovation occurs
can help foster or discourage innovations (Klerkx et al., 2012), therefore the
context in which farming and agricultural innovation plays a key role in the
framing of this study because the actors are reacting to stimuli and challenges.
This suggests a link between innovation and entrepreneurship, and a gap has
been detected in academic literature on better understanding of other drivers of
sustainable business outcomes from diffusion of innovation strategies in the
private sector.

The task of persuading farmers to adopt innovations was, in the latter part of the
20" century, with agricultural extension services. Despite having been
documented by the likes of Vijverberg (1996) as being effective and a good
example to follow, nations such as the UK and the Netherlands no longer have
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them, having privatised them. This is broadly due to a global trend towards
privatisation and reduction of governmental costs. Sutherland et al. (2013) report
some benefits from the privatisation, noting that extensionists were often under
pressure to ensure adherence to government policies and were not perceived as
being in pro-farming, which raised issues of trust. However, growers are now
reliant on commercial advisors and peers for information, and commercial
advisors — often from large agronomy companies or agricultural chemical giants
with large marketing budgets — can be under pressure to sell their company’s
products, leading to further questions of trust. Klerkx et al. (2017) when studying
the evolution of advisory system in Norway, found three sub-systems of advisory
needs of farmers; holistic, in which there was a crossover between farming and
the whole environment; elitist, with consultants advising specialist producers; and
public good advice, such as education. This highlights the importance of the
ability of those who communicate information about innovations such as 3D
farming to have the necessary specialist knowledge and at the same time be
capable of building trust with potential adopters. The limitation of the scope of the
Norway study Klerkx et al. (2017) is that while it focuses on coordination between
actors, it does not follow commercial advisors in the private sector, possibly
because Norway still has an effective institutional advisory system. Doernberg et
al. (2012), whose research focused on agricultural innovations systems in
Germany, questioned the extensionists’ access to an extensive array of
innovations. This highlights a gap in literature as there is a need for a broad base
bringing together technology and commercially-sold advice.

There is wide availability of literature on farm characteristics which play a role in
willingness to invest in opportunities, with large scale commercial growers being
very different from those operating on a smaller scale (Stringer et al., 2020). This
may be because large companies may have more expertise and available funds
for innovations (Schumpeter, 1934, Avermaete et al., 2003), which can affect
performance (Aspara et al., 2010). There are differences between well-
established and older companies too; according to Hockerts and Wistenhagen
(2010), new companies are suggested to be more innovative when they first
enter the market. This variability can make understanding uptake of innovation
more complex, and calls for better knowledge of how decisions on adoption or
rejection may be taken.

While theories can help inform innovating companies about their customers,
there is no generally single accepted way of measuring innovation (Grunert et al.,
1997, Avermaete et al., 2003); findings from empirical work do not always fit such
theories about company age, size and regional performance or shifts in thinking.
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Such considerations helped drive the study focus and frame the analysis of the
business featured in the study, particularly as there is little information on near-
market farming enterprises such as fruit and vegetable farmers.

One of the real-world challenges for new entrants to such a sector is not so much
finding information about the desirable characteristics of their potential
customers, but where their potential customers may be found. Certain locations
may appear to hold higher numbers of acceptance of innovations in the farming
sector, but studies by Daberkow and McBride (2003) found that this to be
correlated with the concentration of vendors of farming technology and rather
than other farming-related factors. Rogers (2003) found differences in the
characteristics of early and late adopters (see Section 2.4.1). This means that
adopter farmer characteristics play a role in such decisions, but results from
studies are not unanimous about which ones are the most important drivers of
adoption. For example, Daberkow and McBride (2003) found education to be
linked to awareness but did not always lead to adoption; which could be
explained by farmers having the ability to assess and reject such an advance if
they decide it is not cost-effectively advantageous. Others, including Walton
(2008) and Michels et al. (2020) found education to be a key characteristic
influencing adoption; again this could be influenced by the evaluation of other key
characteristics of the innovation such as the usefulness of the device. A study on
the adoption of smart phones in the farming industry undertaken by Michels et al.
(2020) found age to be another important factor influencing adoption, which may
be because older people may be less willing to face a steep learning curve.
Padel (2001), writing about adoption of organic farming practices, emphasises
that an innovation also needs to be simple, understandable and low risk.

Generalising farming under one category may be insufficient to understand the
specialised nature of the supply chain and specialised growers; Doernberg et al.
(2012) indicates a need to subdivide the sectors of farming, the value chains and
innovations. A gap has been identified in the need for a more nuanced and
holistic view of how innovations and their communications undertaken by a
company can help break path dependency and move towards adoption of agri-
tech methods of growing, such as 3D farming, which may have a lower
environmental footprint than current methods. As this study takes place in the
highly specialist suppliers to the competitive indoor horticultural sector operating
in a neo-liberal economy, this study can help fill this space.
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2.4.1 Evolution of diffusion of innovation theory

Diffusion research traditions have been based around a number of different
categories, including anthropology, rural sociology, communications, political
sciences and agricultural economics, amongst others. One of the founders of
diffusion literature was 19" century sociologist Gabriel Tarde, and a review of his
work by Kinnunen (1996) emphasises his understanding that for social change to
occur, innovation needs to be able to be accepted by a particular market or social
group. Tarde’s view was that this is achieved by the process of imitation, and his
theory is mirrored in more modern diffusion literature.

The paradigm of diffusion of innovation was coined after a study by Ryan and
Goss (1943) on the adoption of hybrid corn in lowa and led to the categorisation
of the characteristics of individuals who adopted a new technology and those who
adopted it later. This study contributed to the establishment in Europe of
agricultural extension networks after the Second World War, and rural sociology
research on diffusion of innovations began because of “a need for extension
officers to understand their relative effectiveness” (Rogers, 1962 p.90). In
Europe, innovation systems were conceived as a policy concept in the 1960s,
moving from extension services and institutional R&D to the installation of
diffusion of knowledge offices and private consultancies (Klerkx and Leeuwis,
2008a, Alston et al., 1999).

Diffusion of innovation is defined by Rogers (2003 p5) as “the process in which
an innovation is communicated through certain channels over time among
members of a social system”. His work identifies a process of passing knowledge
to third parties as a means of persuading them to accept an innovation, and
provides a structure that includes the attributes of the innovation, communication
channels, time, adopter categories and the social system. Rogers classified
adopters of innovation into Early Adopters, Early Majority, Late Majority and
Laggards and this model was used for agricultural extension communications in
the 1960s. Padel (2001), talking about adoption of organic farming methods,
refers to three categories of adopters, ecosophilists, anthroposophists, and
reformists, moving from the early idealists to the pragmatic, profit-oriented
adopters. This suggests a different way of viewing adopters according to their
personal philosophy.

Diffusion of innovation theory developed and published by Rogers in 1962 and
later updated, follows the principle that when adoption of an innovation first starts,
it is slow, but when it is successful, it then accelerates, and then slows down
again as there are fewer potential adopters left in that particular social system.
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This data, when graphed accumulatively, creates an ‘S’ shaped curve. This
followed the premise that once an innovation had been adopted by some
farmers, this would stimulate other farmers to adopt as well (Stephenson, 2003).

While some elements of diffusion of innovation theory, such as the characteristics
of innovation, stages of adoption and the importance of farmer (adopter)
involvement in diffusion (Stephenson, 2003) have continued to be valid, other
sectors have been criticised. For example, 1960s agricultural extension followed
productivist targets and had a tendency to benefit wealthier farmers (Stephenson,
2003). In addition, Stephenson (2003) notes the interaction of economics theory
concerning increases in production on larger farming enterprises, which
increased supply and therefore led to a drop in prices. This caused problems for
smaller farmers, particularly in developing countries. Norton and Alwang (2020),
following the evolution of extension, noted that methods of delivery have
changed and now include marketing, risk management and environmental
advice.

The work of Rogers (1971, 1995, 2003, 2004) on the Diffusion of Innovation
paradigm has developed and been used across different sectors, including
construction and healthcare, as well as technology and agriculture. His books,
which are called “the most cited works in all diffusion literature” (Kinnunen, 1996
p437), have been updated as he has responded to reviews and criticisms. For
example, in his 2003 edition, he recognised a pro-innovation bias in diffusion
literature, noting that while an innovation may provide relative advantage to some
agents in the social system, it may not deliver the same amount to everyone.
Dearing and Cox (2018), in their review of Rogers (2003) Diffusion of Innovation
theory from the perspective of public health management, observe that not all
innovations are adopted. Understanding of complex reasoning on why certain
innovations are not adopted is not yet well understood (Hubbard and Sandmann,
2007). This suggests that if there is little interest in such innovations and they
disappear without trace, it is hard to monitor them and build empirical evidence
on the reasons why they may have failed.

Literature suggests that older models of knowledge transfer have been replaced
by interactive and systems models as proposed by scholars such as (Klerkx et
al., 2012) Nieuwenhuis (2002), McCown (2001) and Leeuwis and Aarts (2011).
More recent work has focused on the need for a pro-active approach towards the
adoption of innovations, with access to knowledge and information from third
parties being considered essential (Gielen et al., 2003, Klerkx and Leeuwis,
2008b).
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Research has challenged some of the key tenets of the work of Rogers (2003) in
that within diffusion of innovation theory, communications between innovators
and researchers were considered to be linear. It is now generally accepted that
innovation does not take place in isolation but within a transdisciplinary multi-
actor system. This enables co-creation of innovation through the inputs of
different actors (Fieldsend et al., 2021), with interactive knowledge exchange
playing a key role alongside funding, policy, legislation and market demand (Klein
Woolthuis et al., 2005, Klerkx and Leeuwis, 2008b, Klerkx et al., 2012).

An iterative view has been developed into farming systems research, with the
subsequent emergence of Agricultural Knowledge and Innovation Systems
(AKIS) (Klerkx et al., 2012). This is defined as “A set of agricultural organisations
and/or persons and the links and actions a set of agricultural organisations and/or
persons, and the links and interactions between them, engaged in such
processes as the generation, transformation, transmission, storage, retrieval,
integration, diffusion and utilization of knowledge and information, with the
purpose of working synergistically to support decision making, problem solving
and innovation in a given country’s agriculture or domain thereof”’ (Réling, 1990
p.1).

Within the AKIS framework, interactive innovation is a key tenet; with input from
actors from across different sectors, including agricultural researchers,
technologists and institutions, with a focus on understanding the governance of
activities and actors, alongside support structures (Klerkx et al., 2012).
Theoretical perspectives on these disciplines have evolved from multi-
disciplinary, to transdisciplinary (with public engagement), and in the Agricultural
Innovation Systems (AIS) literature developed since 2000, they are seen as
holistic (Klerkx et al., 2012), focusing on addressing climate-agricultural
challenges and are often aimed at institutional change.

Charting the development of innovations and communications systems, Klerkx et
al. (2012) draw attention to the Agricultural Innovation System (AIS) which
developed in parallel to AKIS. AIS, which was developed from a research
perspective in parallel to AKIS (Klerkx et al., 2012), goes beyond agricultural
research to encompass wider influencing entities such as research institutes and
also infrastructure. As such, AlS was developed to support a broader vision of
dynamic analysis and network development than AKIS (Klerkx et al., 2012).
While broadly similar in many respects, it was based more on an institutional
approach, and the use of more private: public partnerships for innovation. It has
principally been used in developing countries, but as it is based around
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interactive learning (Klerkx et al., 2010), there are criteria that have proved to be
relevant to industrialised countries, particularly where social goods, such as
environmental sustainability, need to be taken into consideration. This has
provided useful context on systems relevant to this study. There are challenges
to this approach, however, and Pigford et al. (2018) note that at times innovations
have to compete alongside those already well-established in the sector, or even
with others within the system, which can the slow progression towards
sustainability.

One of the challenges highlighted by Klerkx and Leeuwis (2008b) is the diverse
nature of the agricultural industry and its reliance on entrepreneurial ability to
introduce innovation. Talking about adoption of organic farming methods, Padel
(2001), points out that attention should also be paid to the economic, structural
and institutional environment of farming. This is because a farmer may be willing
to adopt innovations, but these external influences influence the ability to adopt,
as do certain farm traits Given that much of the innovation in the sector is
undertaken by small and medium enterprises (SME), there can be certain
skillsets which may be missing, hence there can be a need for intermediary
agents who can help progress an innovation. The role of such agents is to
articulate demand, broker networks, and may be funded by public and/or private
finance (Klerkx and Leeuwis, 2008b). There is space for more theoretical
understanding of the drivers of decisions on whether or not to use intermediary
services, particularly any improvements to return on investment which may be
gained.

Innovation and change in the agricultural sector is complex, with different
networks and stakeholders all playing a role in interactive innovation, and, as
pointed out by Klerkx et al. (2012), some of them may have conflicting
perspectives. Separating an innovation systems approach into different groups,
such as organisations and intermediaries, existing technologies, products and
services, and the competitive environment can be helpful by facilitating analysis
(Koschatzky, 2001, Malerba, 2002, Doernberg et al., 2012). Bergek (2008)
proposed a systematic approach to analysis of innovation to identify the key
practices and factors which may impact on the development itself and also how
diffusion of knowledge can influence innovation. This concept, which was
adopted by regional and national authorities, including the OECD, the European
Commission and UNIDO has been broken down into a number of components to
facilitate analysis (Bergek et al., 2008).

These are:
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1. Agents and organisations

. Interaction and intermediaries

2
3. Knowledge base and human capital
4. Institutions and politics

5

. Analysis of existing technologies, products and services
6. The environment of competition

These processes benefit from overarching understanding of context such as the
primary need for an innovation to resolve a particular problem. Doernberg et al.
(2012) criticised this systems approach because it does not offer any empirical
guidance on innovation process to facilitate understanding of the context of the
innovation process and potential links with the other elements. To address this,
Doernberg et al. (2012) developed a multi-level mixed framework which not only
separated the sub-sectors of agriculture but also the type of innovation to build a
more holistic view of how the system works. Their study was based on the
German agricultural innovation system, and the framework provided an important
means for understanding of how innovation is likely to occur in the different
agricultural sub-sectors. For example, some technologies, particularly in the
horticultural sector, are developed very close to market, so as the aim of the
innovator is to develop something offering commercial advantage, development
cannot be described as pre-competitive, thus there may be interactions between
the fifth and sixth elements. The idea of looking at constituent parts of a process
has been important because this framework shows how to provide a basis for
deciding the boundaries of the case study and the different layers of context.
There remains a need to look beyond the functions and systems, and build better
understanding of how a company interprets operationalises them.

Work by Jansen et al. (2010) and Klerkx et al. (2017) has moved on from
innovation adopter categories used by Rogers (2003), which were early adopters,
early majority, late majority and laggards. While farmers are still assigned into
different groups according to their attitude towards advisors and on-farm advice,
they are sometimes now defined by those who actively seek assistance with
innovation, those who prefer to experiment themselves, those who wait to see
what others do before adopting, and traditionalists. One of the limitations of the
newer method of segregating them is that it while it may facilitate identification of
growers willing to help refine the innovation, innovators still need to be able to
find growers who are willing and able to participate in the development of an
innovation.
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2.4.1.1 Interactive innovation

Successful innovators seek out suitable partners for their innovation (Gielen et
al., 2003, Leeuwis and Aarts, 2011) and in the agricultural sector, farmers are not
only capable of innovation, but also play an important role to ensure the
innovation offers utility and value by solving the issue or problem that is limiting
their current business situation. Lacy (2010) argued that farmers have knowledge
and experience that can contribute to improving the multiple factors critical to
improving productivity and gross margins, with peer to peer diffusion of
knowledge and benchmarking playing an important role. This implies that
diffusion of an innovation needs to start before the innovative product is
completed and reflects work by Douthwaite et al. (2001) which found
stakeholders to be an important source of innovation and led to interactive
farming systems approaches, such as AKIS.

This originally comprised interactions between research, extension, training and
support systems (Fieldsend, 2013), with the interactive innovation concept
highlighting the importance of co-creation. According to the European
Commission, the interactive innovation in this concept is based on “knowledge
co-created between practice, scientists, advisers and NGOs etc. This involves
looking at different dimensions including technical, organisational and social
aspects which helps to bridge the gap between science and practice, applying a
systems approach” (2017 p.3). The interactive approach adopted in the EU has
evolved, and now includes groups such as foresters and farmers in AKIS projects
such as EIP Agri (Fieldsend et al., 2021) and is a welcome addition because of
their non-linear nature (Klerkx et al., 2012).

Prior to developing an innovation, literature implies that the first stage is to
discover the problem that needs solving, and how important this is to the potential
adopter (Jansen et al., 2010, Lowenberg!DeBoer and Erickson, 2019, Rojo-
Gimeno et al., 2019, Caffaro et al., 2020): if the technology helps solve a
problem, it is more likely to be adopted. One of the principal advantages of
innovations being developed in a multi-actor framework which includes farmers,
as promoted as part of AKIS, is to ensure they target what they consider an
identified problem. For example, farmer motivation for change is one of the
principal findings of Jansen et al. (2010); if change was deemed by the farmer to
be effective to solving an identified problem, it would be more likely to be
adopted. Work by Rojo-Gimeno et al. (2019) on the incidence of mastitis in the
dairy sector and the importance assigned by different dairy farmers on
addressing this disease which has implications for yield as well as for animal
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welfare. There are interesting parallels as calling a veterinarian to advise them
could equate to using a paid advisor for environmental aspects of growing crops.
In addition, the importance of welfare issues from infection could resemble
attitudes towards the environment. However, while this may help increase
understanding, many challenges are multifactorial, and thus there is no one
simple panacea. While their work is focused on advice concerning animal health
and public goods such as the environment, it has provided useful background
knowledge for this study because of the case study company’s sustainability
ethos alongside its sales of hardware and hydroponic consultancy.

There may be further benefits to joint innovations because regular
communications may help to build trust between the early adopter and the
innovating enterprise (Nininen et al., 2007), thus setting the scene for long-term
business between the them. This is particularly relevant to purveyors of
equipment such as precision farming, hydroponics systems and 3D farming, if, in
addition to the hardware, there are software sales to be gained.

2.4.1.2 Limitations of interactive innovation

One of the challenges for joint innovation to work referred to by Nininen et al.
(2007) is that co-innovators need to agree to exchange and share data, some of
which may be commercially sensitive. This raises a potential issue of trust and
may influence the decisions by some commercial farming enterprises, such as
potential adopters of 3D farming, to wait rather than be in the vanguard of
adoption.

The ability to access knowledge and information from third parties is critical
because feedback plays a crucial role and it is well established that farmers play
a crucial role in innovation. Timely professional advice to help fill knowledge gaps
can play a key role, for example on financial matters or specialist technology, but
Klerkx et al. (2017) have found that such advisors may not always promote the
creation of public goods which do not have a market price, such as environmental
services.

Theoretical perspectives underpinning agricultural innovations work are important
because they reveal that adoption of an innovation by farmers is not a passive
act; farmers can provide more than just feedback and therefore should form part
of the innovation process as co-developers. However, the
innovator/entrepreneur’s choice of which farmers to involve could be biased in
favour of those who are more technically competent. Working with one set of
farmers who may not necessarily be representative of other farmers, and their
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different perspectives may affect adoption. In addition, the stereotypes of late
adopters may result in their exclusion from trials.

Factors diminishing the performance of innovations systems include path
dependence, culture differences and lack of incentives, and there may also be
technical difficulties caused by lack of infrastructure such as reliable access to
the internet (Klerkx et al., 2012). While attitudes towards innovation may be
positive, farmers able to participate in research and innovation projects need to
have the time and resources available to do so, and therefore one of the
criticisms of the AKIS is that it may favour wealthier farmers.

2.4.1.3 Contemporary understanding of farming innovations

Novel technologies and practices are aimed at ameliorating the concerns of
climate change and food security (Hardy et al., 2018). Recent events, such as the
Covid-19 virus, the war in Ukraine, and (in the UK) the effects of Brexit, alongside
large increases in prices of fertiliser and energy are likely to impact on innovation
and its uptake, but these events are outside of the scope of this research.

The global challenges are particularly relevant to the short term adoption of any
farming innovations reliant on high energy inputs because of the need for
economic profitability (Van Delden et al., 2021). Such concerns have led to calls
for an integrated approach to food policy by bringing together innovation and
agricultural support in an umbrella approach (Van Delden et al., 2021) while
others believe the key is ensuring outputs are successfully translated and reach
end users (Ingram et al., 2018). This suggests that effective diffusion of
innovation strategies remain at the heart of successful and relevant outputs and
uptake.

In response to social momentum created around food security, Klerkx and
Begemann (2020) assert that scientific research still plays an important role in
sustainable food production. They argue Agricultural Innovation Systems (AIS)
are well placed because innovation is co-produced by actors from different
sectors, and by bringing innovation and transition policies together, food security
concerns can be addressed. End users are also important players (Ingram et al.,
2018) and their acceptance of agricultural technologies is key.

Better understanding of some of the limitations of AKIS has led to other policy
instruments being used in tandem. These are aimed at further facilitating the
process and delivery of co-produced innovation and thus work to complement
AKIS and drive higher participation (Fieldsend et al., 2021). Such instruments
include LIFE+ and LIFE projects, Horizon 2020 and non-projects with or without
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funding at national or regional levels, amongst others. While for many, economic
profitability is an important driver of uptake of technologies such as vertical
farming (Van Delden et al., 2021), not all innovation is driven by techno-economic
needs. There are examples of citizen-led grass-roots innovative initiatives driven
by ideology such as conversion to organic growing (Sillig, 2022), which have
been successful. Fieldsend et al. (2021) suggest that ‘pump priming’ grants could
also be a useful way to support informal co-innovation networks.

Although there is a well-documented body of literature on the benefits of the
interactive innovation within consortia of actors at pre-competitive level, | have
not found the same evidence amongst competitive enterprises looking to develop
differentiation. This may be because of concerns from end users about their
unique selling point (USP) or confidentiality issues if actors leave a group to work
with another. Such matters would need to be addressed in contracts, but this is
outside the scope of this thesis.

2.4.2 Communications, communicators and opinion leaders

Looking beyond the initial development of an innovation can play a key role in its
driving adoption. Persuasive communications can play a key role in attracting
interest towards the innovation to convince potential adopters to trial it and move
towards adoption (Kutter et al., 2011, Klerkx et al., 2017, Klerkx, 2020). This
implies that the entrepreneur needs information on where to find the most
effective channels influencing the target market to maximise the communications
opportunities but despite its importance to new enterprises, as yet literature does
not provide much guidance.

Although research on uptake of precision farming undertaken by Kutter et al.
(2011) ranked some of the main channels open to growers in Germany, Denmark
and Greece, there are limitations in that the work does not look beyond the initial
communications with growers. The channels reviewed follow a mixture of
literature and practical demonstrations, and other media, ranking professional
literature and agricultural events as the most important, followed by workshops,
the internet, advertisements and demonstration farms. What is interesting is that
the study highlights other factors influencing uptake of new technologies, such as
age, farm size (larger farms tend to have specialist staff), and obligatory
compliance. This suggests that at empirical level, there needs to be a system of
trial and error to find the right target market.

Communicators need to be persuasive and credible (Chan and Misra, 1990) so
they are able not only to inform potential adopters, but persuade them to adopt a
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constructive attitude towards a certain good or service (Rogers and Shoemaker,
1971). As such, there is a need to align dissemination of strategic messages
according to strategic goals, taking into account context and audience for
targeted communications (Moore, 2010). For example, in a review of the diffusion
of research concepts, Wilson et al. (2010) suggests that marketing social
concepts may need a different strategy from purely commercial products. This
may depend on the aims of potential customer enterprises and what they view as
value from their investment; the promotion of certain characteristics may be more
effective than others. These findings provide important context for this study.

Advisers and opinion leaders are capable of exerting personal influence on
others, and are viewed as a different construct from those who use the opinions
of others when making decisions. The traits found to be correlated with opinion
leaders include knowledge about the product they are diffusing, a good level of
education compared with those seeking their opinion, in addition to being
confident and socially active (Chan and Misra, 1990). Trusted advisors may also
play a crucial role in influencing uptake, as found by Owen and Mitchell (2015)
who looked at their influence in the consumer uptake of new technology in energy
sector. Their work is also relevant to other sectors, including agriculture.

While innovativeness can be one of the characteristics of opinion leaders, Rogers
(2003) suggests that the innovators themselves tend not to make good opinion
leaders because they are too change-oriented, so there is a need to seek other
potential influences. Because of their potential for putting pressure on non-
adopters, early adopters are considered effective opinion leaders in some sectors
(Frattini et al., 2014). Peer opinion is also an important influence on adoption
decisions, particularly in the agricultural industry (Pathak et al., 2019) and
because of the lack of an extension service in the UK, there is greater reliance on
such opinions. However, there are reservations that early adopters may be wary
of giving away any commercial advantage from cooperative collaboration
between growers (Van Oosten, 1998), thus there is a need to consider the
context to better understand when peer-to-peer influence works and when it does
not. These academic insights emphasise the importance of influencers, and
drove the decision to include information on influencers in the framework to
explore whether they are applicable in the context of this study.

Labarthe et al. (2018) have found decision-making by farmers to be complex and
although cost: benefit analysis is important, other elements such as markets,
technology and social norms also play a role. Motivation to make changes may
depend on trigger events (Sutherland et al., 2012) and the context of the market
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in which they take place, particularly when such decisions are on whether to
adopt a disruptive new technology. Understanding this context may be critical to
a start-up innovative enterprise when developing an innovation and
communications strategy. This is because of the need to drive customer adoption
for the innovating company to achieve a successful business outcome. The
implication is that there may be a need to use professional services such as
those offered by specialised communicators and influencers.

Questions exist about who can become real opinion leaders in a new sector, and
an important area of this research was to reveal whether newcomers to the
industry can develop their skills and become respected in what is often regarded
as a traditional sector. There are other important influences, such as consumers
who have already purchased a good and are capable of inspiring others to want
to imitate them (Flynn et al., 1996). However, while in the farming industry this
might be the case when a purchase offers potential prestige, such as a new
tractor, this may not be the case with a system which offers competitive
advantage in what is already a highly competitive sector. No literature has been
found concerning this possible constraint to peer-to-peer communications, and
hence a gap in understanding within this sector has been perceived.

Perception of value may also depend on the decision-maker (Sutherland et al.,
2012), and entrepreneurial ability in the sector to exploit opportunities has been
found to be less developed than in other sectors (Pindado and Sanchez, 2017).
Empirical work undertaken by Sutherland et al. (2012) has found on-farm
adoption of innovation tends to be incremental in nature, progressing from
particular established trajectories while disruptive innovations need a trigger
event to promote adoption.

Literature suggests that embedded understanding of farmer needs can do more
than just drive innovation as it can also influence decisions on communications
about the innovation. As such, it can impact on grower decisions on whether or
not to adopt new technology such as is used in precision farming, hydroponics or
3D farming. Despite innovation networks with public-private partnerships,
analysis suggests there is as yet little consideration in agricultural literature about
the development of commercial communications strategies used by micro-
companies such as those providing novel equipment for commercial vertical
farming.
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2.4.3 Characteristics of the Innovation

The components of each of the characteristics of the innovation as depicted by
Rogers (2003), and how they highlight customer needs have provided an
important focus for this study. Attributes such as relative advantage, compatibility,
complexity and trialability play an important role on uptake of innovation within
the agricultural sector. It is generally accepted that farmers tend to adopt
innovation more easily there is an opportunity to try it out at a small scale or cost
(Rogers, 2003) or the risks of making these changes are relatively low and are
often reversible (Pyke, 2011). Consequently, there has been academic focus on
the need for a pro-active approach towards the adoption of innovations which
uses terminology understandable for potential adopters (Gielen et al., 2003,
Klerkx and Leeuwis, 2008b, Eidt et al., 2012) plus the opportunity to view
innovations in situ so that they can assess the compatibility with their own system
(Rogers, 2003). Such academic insights have provided important indicators
forming part of the framework for better understanding decision factors affecting
adoption of innovation in an empirical setting.

People working in agriculture generally have a reputation for being slow to uptake
innovation (Rogers, 2003), and this has been corroborated in a recent empirical
experiment undertaken in the UK by Rose et al. (2016) which found growing
consensus on the desirable characteristics affecting adoption of new technology.
This research validates my decision to include the characteristics of an
innovation as part of my framework.

2.4.3.1 Influences on adoption or rejection

Diffusion of innovation depends on social capital and networks, and therefore,
personal relationships between diffusor and potential adopter play a crucial role
(Makkonen and Johnston, 2014), as can social pressure (Mills et al., 2018).
Decision making can be influenced by unconscious thought processes that go
beyond the tangible, measurable benefits (Nininen et al., 2007), and there may
be occasions when decisions are made not to adopt, or even ‘un-adopt’ after
having adopted an innovation. This may become particularly relevant when there
are social benefits such as environmental sustainability, but also perhaps
hesitancy in using internet services. There are concerns around ownership of
data gathered from sensors and stored in cloud based systems, which may affect
uptake.

Economic characteristics such as income and profit are important drivers for
uptake of innovations (Toma et al., 2018, Filser et al., 2019) and Mills et al.
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(2017) note that interest in an innovation, and willingness to adopt to not always
translate into action. Thus it is important to understand these in the context of any
altruistic motives of potential contributions towards sustainable intensification.
Findings by Mills et al. (2017) suggest that at farm level attitudes differ between
sustainable practices and environmental management, and that many who adopt
environmental schemes only undertake the required minimum standards.

While many studies on drivers of adoption in the agricultural sector have been
focused on farmer characteristics, Caffaro et al. (2020) found psychological
constructs such as perceptions, intentions and goals, alongside perceived
usefulness to be key drivers. These findings are similar to those of Mills et al.
(2017) who found influence at farm, community and societal levels, with
subjective norms including personal belief, self-identity and moral obligations
important to decision-making. Such work suggests value perception as a key
component of decision making on whether or not to adopt a new system, and it
may be indicated by the reactions of potential adopters to the characteristics of
an innovation as defined by Rogers (2003), see Section 2.4.3 above. This
suggests that persuasive communications need to be able to raise the profile of a
particular element or characteristic above competing ones and is highlighted in
studies by Abson et al. (2017) which have identified the importance of leverage
systems as a conduit for change to more sustainable practices. In this work,
governance and policy, or knowledge exchange, can be conceptualised as levers
as they can create a context in which such a transformation may be more likely to
be uptaken. Effective diffusion of innovation depends on knowing which particular
communications channels are best able to leverage communications messages.

Numerous studies have explored communications between farmers and advisors,
including state-paid extensionists and independent advisors (Rogers, 2003), and
the work of Klerkx (2020) on AKIS promotes peer to peer communications, while
others have explored supply side leverage to encourage adoption of more
sustainable methods of production (Long et al., 2016, Lideke-Freund and
Dembek, 2017). A gap in empirical studies has been detected regarding
commercial communications from an entrepreneurial perspective relating to sales
of equipment in the small, highly competitive indoor horticulture sector.

2.4.4 Connections between evolving theory and practice

Balancing the complex needs of food supply with environmental protection and
minimising climate change requires use of knowledge, including that which is yet
to be produced (Ingram et al., 2018). This is reflected in the recent evolution of
agricultural policy, such as the European Union’s Common Agricultural Policy
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(CAP), as it responds to the information it receives. Policy tools, such as
incentives and regulation, are used and/or amended to ensure the sector
responds to interpretation of information and knowledge received. Until 1992 the
CAP provided price supports, which then became compensation paid to farmers
for price reductions for food produced. In 1999 the second pillar of the CAP
introduced agri-environment measures; the next stage in its evolution took place
in 2002 and decoupled production from subsidies. This move has resulted in
support for innovation and its uptake as part of a drive towards more sustainable
ways of producing food and other agricultural products.

The challenges the agricultural industry is facing are complex, and given the
different sectors that now interact with agriculture, solutions depend on the
expertise from the likes of specialists in IT, robotics, geneticists and agronomy to
respond to user needs (Ingram et al., 2018). Supply and demand, and how they
are articulated, also play an important role (Klerkx and Leeuwis, 2008a, Klerkx
and Leeuwis, 2008b). In addition, given the supply chain structure and its
complexities (Menary et al., 2019), innovations need to provide a relative
advantage to different stages in the supply chain, so the relevant information is
crucial. One such way to achieve this is through public-private partnerships,
which have become popular as a policy instrument for many governments
(Hermans et al., 2019) because of their potential for providing a framework in
which agricultural innovation can thrive. Examples of the role of such interactive
frameworks and their connections to evolving policies are related by Hermans et
al. (2019), about the design of a sustainable and animal friendly stable in
response to changes in animal welfare regulations. Stimulated by tax breaks for
the commercial partners, the research illustrates that innovations and
improvements in animal housing clarified what can be done for sustainability and
animal welfare. These advances then led to a more stringent regulatory
framework in the Netherlands. This is relevant to 3D farming, because if involved
in similar research, it could help reveal the parameters of what is possible in
terms of reduced environmental damage, setting a standard to be upheld.

In a similar way, two projects to develop knowledge of food and nutrition
innovation as an Dutch export product were found to result in focused research
between the different contributors, resulting in enhanced output. From the results
of this project, Hermans et al. (2019) highlighted that as many as 38 percent of
the projects would not have gone through without such support, and those that
did were likely to have been smaller. There examples are important to the 3D
farming industry because not only do they demonstrate the importance of
interactive innovation, but also the public funding necessary for it to be
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successful. Risk undertaken the participants is also important, and Hermans et al.
(2019) reveal that in the future private partners will have to share the risk if they
stand to gain from the innovation. This however, may limit the ability of
participants, particularly if they are SMEs to join such projects because of the
resource costs such as time and labour which will be added to risk. Such
constraints may limit the ability of innovative micro-companies — such as those in
the 3D sector — to participate.

Evolving interactive innovation theories have been brought into practice with
European and International Multi-actor Research and Innovation models, and
Horizon 2020 Innovation Projects (van Oost and Geerling-Eiff, 2019). One such
initiative, the European Innovation Partnership (EIP-AGRI), takes place at EU
member state level and offers a platform for farmers and researchers to work
together with each country having its own scheme. Based on the idea of
producing innovation with co-ownership, it aims to foster innovation and
sustainable agriculture across the EU through a coordinated approach (Barrett
and Rose, 2020) which takes end user needs into consideration (van Oost and
Geerling-Eiff, 2019) (see also Section 2.4.1 and 3.2). For example, in England,
Innovative Farmers Field Labs have been established in which farmers
collaborate with scientists and the supply chain on innovative projects. However,
while AKIS sets the context in which an innovation is developed, Labarthe et al.
(2018) detected knowledge gaps when farmers need support at certain stages,
and which actors can play a role at such moments. This finding is relevant
because it indicates that there are still gaps in empirical understanding, in
particular where specialised sectors, such as 3D farming and other horticultural
enterprises, are concerned because of their need to use expertise from other
sectors such as technology (Drottberger, 2021). The use of actors from a broader
range of sectors is now contemplated in an updated AKIS (van Oost and
Geerling-Eiff, 2019), and the aim is to foster an innovations ecosystem umbrella
concept (Drottberger, 2021). This suggests a flat structure from which the
different actors from different sectors all have input and take joint decisions. in
the context of 3D or indoor horticulture, the consortium is likely to need a
specialist who understands the growing environment and able to measure the
effects of different variables on the growing crop.

Since the UK’s withdrawal from the EU, land and agricultural policies are
evolving, and Environmental Land Management Schemes (ELMS) are being
developed as part of a move to reduce environmental damage and mitigate
climate change. British farmers are being encouraged to sign up to these
agricultural environment schemes which are different from the Stewardship
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initiatives they participated in while in the EU. As research shows such schemes
can suffer from low uptake (Hurley et al., 2022), Defra has been engaging with
the agricultural sector to promote co-design environmental land management
schemes but with limited success. A study on this strategy by Hurley et al. (2022)
detected some of the reasons behind this resistance, including ‘disengaged’
farmers and stakeholders who are harder to reach, separated by elements such
as the remoteness of location and the digital divide, social capital and previous
poor experience with bureaucracy. As these schemes will now include
horticultural enterprises on highly productive land, who have not previously been
eligible for such support mechanisms, there is also a need to recruit participation
from this sub-sector. Hurley et al. (2022) emphasise that to contribute, farmers
need to feel confident that they will see a value from their contribution; which may
also be applicable to recruitment to multi-actor innovation platforms such as
AKIS, and therefore of relevance to this study.

For the research addressed in this thesis AKIS has provided a transdisciplinary
perspective of context, but a gap was detected in understanding of the evolution
of young agri-tech company entering a 3D farming market as an outlier in which
competitive advantage is crucial. This work aims to provide further empirical
evidence of the heterogeneity of agricultural innovation.

2.4.5 Empirical studies parallel to this thesis

Different perspectives of vertical and 3D farming have recently been studied; in a
review of alternative production methods for leafy salads, including vertical
farming, Drottberger (2021), identified business opportunities for commercial
greenhouse growers in Sweden. Following a framework based on Rogers (2003),
she detected concerns about the rate of adoption of innovations amongst
commercial greenhouse growers because of concerns about competitivity and
pay-back time. However, this was the first paper and the time frame of this
particular study was short, (2016-2018), which is effectively only three growing
seasons. Analysis of adopter profiles showed more uptake of innovations
amongst start-ups backed by venture capital. Further work in this context will
drive understanding of how such innovations reflect contemporary pressure in the
leafy vegetable sector.

Similar findings on farmer characteristics and uptake of innovation were found in
a study by Michels et al. (2020) on the adoption of smart phones for digitisation of
agricultural information and also communications. Using the characteristics
identified by Rogers (2003) for the study, age, education and diversification of the
farm influenced uptake, and suggested that older farmers were less likely to want
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to face a learning curve as they move towards newer technologies. This is
important for understanding uptake of innovation, and further studies would be
useful to build understanding if there is a correlation between uptake amongst
other farmers and ease of use of the new technologies.

In another example of diffusion of innovation in vertical farming, Kalantari and
Akhyani (2021) also used the Rogers (2003) diffusion of innovation framework to
find out the extent of community acceptance of vertical farming and the fruit and
vegetables produced by such methods. Social acceptability of innovative food
production approaches such as rooftop greenhouses and urban farming was also
the focus of a qualitative study by Specht et al. (2019), using a framework based
on the Brundtland (1987) sustainability pillars. Findings revealed concerns in
terms of capital and energy demands, and the need for technical solutions for
better resources for energy, which are areas relevant to 3D farming too in terms
of both sustainability and business profitability (see also section 2.4.1.3).

2.4.6 Innovation and diffusion summary

The transition to adopt new processes does not always follow a consistent path
to its conclusion and a gap has been perceived in understanding at micro-level
about how a commercial company interprets its communications and diffusion
needs, and the activities it undertakes. One of the challenges of diffusion theory
studies is the time scale for adoption to take place, even when there are clear
advantages to adopting an innovation. This is particularly noticeable with
potential benefits from organic farming, which can be considered a long term
investment, particularly as yields are likely to decrease at the beginning, and
despite soil health benefits, they may never retain equivalence to conventionally
grown produce. There are certain parallels to this with regard to new sectors such
as 3D and urban farming, because as yet there may be some uncertainty about
benefits and the time taken to achieve them. As such, there is room for more
detailed case studies at micro-level in a commercial context, to increase
understanding of actions at company level, and the experiential learning
approach of an enterprise selling equipment into the commercial horticultural
sector. This would improve understanding of cases where, despite an innovation
being apparently beneficial for both farmers and consumers, it has been rejected.

Literature on diffusion of innovation indicates the importance of developing a
product for which the customer will perceive value (Kilelu et al., 2013, Klerkx and
Leeuwis, 2008b, Klerkx et al., 2012), hence, in communications, there is a need
to effectively portray the vision of value. This can be difficult to assess for a new
company entering a new market such as precision or digital agriculture, because
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while they may be able to provide a good which has a measurable utility (such as
eco-effectiveness), the perception of utility is subjective (Tomici¢-Pupek et al.,
2020). Therefore, understanding what customers perceive as utility and ease of
use will help devise communications which project a vision that will resonate with
potential buyers. As such, Value of Information (VOI) capable of bridging the gap
between customer intention and action (Rojo-Gimeno et al., 2019) can play a key
role in decision making on communications. The challenge to this is that the
perceived value may differ according to farmer criteria, perception of problems
which need addressing and their priorities. This suggests that communications
may need to be modified and Rojo-Gimeno et al. (2019) argue that understanding
VOI will help ensure it is correctly targeted. This is particularly relevant to new
and innovative companies in potentially disruptive technological farming sectors
such as 3D farming because the new sector needs to convince adopters that not
only does the technology work but also of its reliability.

When looking through a business to business lens, for example, of a company
supplying farmers, identifying and understanding their purchaser’s customers and
their market is central to commercialising a product. While much has been written
about diffusion of innovation and communications in agriculture, a gap has been
detected in empirical understanding about the learning experience a new start-up
may need to go through as it becomes established.

The template developed by Rogers (2003) still has widespread academic
acceptance (Sahin, 2006), and although academic understanding has developed
about how change happens, modern studies about diffusion of innovation in
agricultural settings still use his work. Criticisms of the theory include pro-
innovation bias, and there may be suggestions that the use of the word ‘laggard’
may be derogatory because there may be external reasons for non-adoption of a
technology, or even a better technology for the particular circumstances.
Research by Hubbard and Sandmann (2007) undertook at 51-item survey using
the Cervero model (Cervero and Rottet, 1984), and found that the theory
developed by Rogers (2003) explains between 39 and 81 percent of variance
between variables.

A literature review by Pathak et al. (2019) on determinants of dissemination and
adoption of innovation covering between 1992 and 2010 found that the
characteristics of an innovation were the most important influence followed by
communications and the availability of information, with the socio-economic
factors and the characteristics of the adopter behind. Recent work by scholars
such as Michels et al. (2020) and Drottberger (2021), who have researched the
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adoption of different aspects of agri-tech innovations, use the work of Rogers
(2003) as part of their framework to gain understanding of adoption. In addition,
Stephenson (2003) found that theory on characteristics of the innovation had
maintained its validity over time. This suggests that diffusion of innovation theory
developed by Rogers (2003) still provides a useful means of understanding
adopters and the characteristics of an innovation, and supports my decision to
use it as part of my framework.

One of the main benefits of using this theory is that it provides a number of
channels with their building blocks which can help understand diffusion activity
within a particular system. According to Shang et al. (2021), who has explored
diffusion of innovation in the context of uptake of digital farming techniques, the
perceived attributes offer important insights on adoption. In addition, it can help
understand non-adoption too, as they are elements farmers can relate to. From
the innovator’s point of view, it facilitates assessment of the potential of uptake of
a particular innovation because it can help perceive potential attitudes of a
potential customer. While recognising that the diffusion theory may have a pro-
innovation bias, it is possible to work round that by using trusted advisors of less-
innovative farmers, and although designed for linear structures, the key concepts
used in this study proved adaptable to other innovation structures. To address
shortfalls in some of the constructs developed by Rogers (2003), such as the
recognition of the multi-actor role in innovation, more modern findings including
the multi-actor work on innovations and the provision of an enabling socio-
economic climate as identified by Klerkx et al. (2012). Rojo-Gimeno et al. (2019)
and Caffaro et al. (2020) have also provided useful additions to the framework.

Agricultural knowledge systems theory highlights that learning pathways are
social, experiential and technical, as innovating entrepreneurs react in ways to
reduce their own risks. Even if access to resources is not an issue, there may be
a need to prioritise which of the multiple challenges, needs to be addressed first.
This is particularly important because the enterprises expected to carry out
sustainable intensification are commercial growers working in a market economy,
and therefore they have to make decisions which are commercially feasible for
them to be able to make sufficient profit for their own needs, and therefore has a
connection to their business model discussed in the next section.
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2.5 Business Model

The business model is centred around business activity and how the
entrepreneur designs content to create value (Zott and Amit, 2010). Despite
some differences of opinion around the term business model (Morris et al., 2005,
Zott et al., 2011), it is generally accepted that it includes information on how a
company creates an offering, creates utility for its customers and secures profit
(Slywotzky, 1996, Mayo and Brown, 1999, Morris et al., 2006). Identification of
the customer and the customer’s values (Drucker, 1992, Watson, 2002) also play
a key role and this should preferably be done prior to innovation and construction
of a business model. In an attempt to dissect the concept, some definitions divide
business models into components: customer value, profit formula, key reserves
and key processes (Johnson et al., 2008). Bolton and Hannon (2016), looking at
uptake of technology in energy services companies, found commercial, technical
and social components play a role and need to be brought together as part of the
business model. However, there is still weakness as theory does not suggest the
environment in which a particular model may be relevant.

The role of the business model received scant academic attention until the mid-
1990s (Morris et al., 2005) when the concept came to prominence as the fast-
expanding internet became a key place for trade. At this time, academia became
aware that previous trading procedures did not necessarily work in the dynamic
e-business market (Boons and Ludeke-Freund, 2013, Magretta, 2002). The
concept draws on a number of different sectors, such as the value chain concept
(Porter, 1985), strategic networks (Jarillo, 1988), resource theory and transaction
cost economics (Barney, 1999). Reviewing this background helped provide a
framework to drive the development of theoretical insights into the nature of the
business model used by the case study company.

The most commonly used components of a business model have been
developed into nine interrelated building blocks by Osterwalder et al., (2005,
2010). Because of its use as a place to start developing theory (Barth et al.,
2017), the building block concept has provided a means for organising data in
this empirical study, and has been fundamental to this study.

Business model theory has been further advanced by Kuratkot (2015) who has
identified a macro perspective of broad factors which determine the success or
failure of an enterprise, and the micro-view, which looks specifically at the
entrepreneur, and the ability to adapt outcomes of the variables, and undertake
complementary activities which help retain customers (Amit and Zott, 2012). This
appears to challenge the view of Timmers (1998), because it may not just be the
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features of the product that dictate the success of the enterprise but also the
ability of the entrepreneur to effectively manage the marketing mix of price,
promotion and place and calls for determination, technical knowledge and
creativity (Kuratko et al., 2015). Putting this in the context of a new and
developing market for 3D crop production, these academic discussions
stimulated the idea that a framework following company development over an
extended time frame would provide a means of monitoring the empirical evolution
of the case study company, its innovation and its entrepreneur/innovator.

Innovation can be reflected in the business through remodelling the company or
as an ongoing process to do so (Schaltegger et al., 2016), but it should not be
viewed only in isolation, as a number of scholars argue that innovation and
business models have a mutually influential relationship (Boons and Ludeke-
Freund, 2013, Chesbrough, 2010). This is fundamental because although
technological innovation is important, it might not be sufficient to guarantee the
commercial success of the company (Doganova and Eyquem-Renault, 2009, Zott
et al., 2011). This links to the importance of Diffusion of Innovation, and results
from failure detailed by Rogers (2003) which have been discussed in 2.3.3
above.

Barth has positioned a business model concept in the context of sustainability in
the agricultural sector, forming a useful base to explore the sub-sector of 3D
farming. Understanding the role of sustainability, which does not necessarily offer
the company immediate financial benefits, is challenging because it may be
closely aligned with the company’s ethos or corporate responsibility.

Sustainability may be fundamentally important to the customers (either as a result
of a regulatory environment or because of customer-facing ethical policies), and
therefore is a deliberate intention of the company. It may also incur spillover
which, while an outcome of company practices, is an unrelated impact which
occurs from commercial activities as suggested by Davies et al., (2010). While
some literature reveals the existence of trade-offs between the profit-seeking and
social aspects of the business, Haigh (2012) calls companies who seek
environmental improvements as one of the main objectives of the company
‘positive deviants’ because of their ability to bring together the environment,
communities and the business. There can be instances of eco-efficiencies which
mean that by using precision when applying an input, it both costs less money
and there is less damage to the environment, or eco-effectiveness, in which
move towards restoring and enhancing the environment (Young and Tilley,
2006), but questions remain on whether these provide a means for business as
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usual (Biloslavo et al., 2018). Any social benefits — including environmental ones
— still need to be included in the financial objectives, as there is a need to seek an
economic equilibrium when charging a premium for ‘environmentally friendly’
products. There is a need for more empirical evidence to better understand how
such refinements to the building blocks fit into the business model for a company
supplying agricultural equipment.

To gain a comprehensive picture of the business model of a company, a
framework with a multiple lens perspective is desirable as there may be a number
of interdisciplinary factors which impact on the business model, such as social
entrepreneurship, sociology, and psychology in addition to finance and
organizational aspects (Kuratko et al., 2015). This complexity becomes greater
when there is a need to integrate both social and technical components into a
business model (Bolton and Hannon, 2016), as is the case of a provider of 3D
farming equipment which is aimed at offering both a satisfactory performance for
growing fresh produce at the same time as reducing environmental impact. The
complexity of a business model is such that some scholars indicate that they may
vary between organisations working in the same competitive conditions (Hayashi
and Strategy, 2012, McGrath, 2010), suggesting the need for experimentation to
develop a successful conceptual model.

It can be argued that the way an enterprise conceptualises its business model,
decides its own value proposition and undertakes activities to promote its value
offering is fundamental to its success. Focus may be on creating value and
capturing part of it (Doganova and Eyquem-Renault, 2009) or making money as
its principal objective (Morris et al., 2006, Christiansen, 2001). To achieve either
strategy Boons (2013) suggests the business model has two roles: to position the
value proposition in such a way that it can decide on its market position and
support the strategic marketing of an innovation and also use innovation in the
same business model to reduce input costs or intermediary expenses to create
competitive advantage. This strategy was part of the business model used by the
computer company Dell and was built around the elimination of intermediaries
(Morris et al., 2006) to reduce costs and/or improve direct access to the
customer. Such strategies highlight the need for product innovation but also
considering how the value from that product could be best delivered to the
customer also implies that customers were not valuing the input from
intermediaries.

Innovation and business models appear to be connected because the business
model is used as a platform for taking a new product — such as a technological
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invention — to market (Doganova and Eyquem-Renault, 2009, Chesbrough,
2010). Despite this connection, the innovator is not necessarily the most
appropriate person to take on the diffusion of innovation necessary to take a
product to market, as the required skills are different (Chesbrough, 2012). There
is some logic to this because the entrepreneur is normally seen as one of the
persons with the greatest influence on the business: they identify potential new
business and work towards capturing value (Knudson et al., 2004), and in some
cases, attempting to balance profits with social aspects. Parnell et al. (2018)
emphasise the importance of entrepreneurial ability to recognise threats and
opportunities for the company and react by adapting the business model or the
value offering accordingly. In addition, literature reveals that understanding
customer demand is essential. As such, a connection between entrepreneurship
and innovation which may be crucial to successful performance in the agricultural
sector has been identified (Zeleny, 2012, Phillipson et al., 2004, Klerkx and
Leeuwis, 2008a). This can also be related to agricultural economics literature as
the findings of Knudson et al. (2004) take this further, building understanding of
the characteristics of innovators and entrepreneurs, providing an opportunity for
building on current academic understanding.

Despite varying points of view, it is clear that the business model represents a
strategic framework which can lead to greater theoretical understanding of a
value-based enterprise. One weakness of current understanding of the concept is
that static business models look at the different relationships at just one point in
time. However, some academic studies address the use of dynamic frameworks,
for example see Barth et al. (2017). There is still a need for greater
understanding of the drivers of a company’s business model evolution,
particularly adaptation to customer demand and the resulting uptake of its
innovation.

Technological innovation (invention) is important to driving competitive advantage
but it might not be sufficient to guarantee the commercial success of the
company, for example if the company is unable to market its invention
successfully (Doganova and Eyquem-Renault, 2009, Zott et al., 2011). The
degree of importance of innovation as a key driver of competitive advantage is
disputed (Chesbrough, 2010, Porter and Kramer, 2011, Zott et al., 2011), as it is
likely to also depend on the product's ability to fulfil a perceived need and
professionalism of the marketing mix. Thus an innovation requires the support of
strategic marketing (Boons and Ludeke-Freund, 2013, Teece, 2010, Zott et al.,
2011) and entrepreneurship (Klerkx and Leeuwis, 2008a).
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Entrepreneurship and innovation have emerged as being key to successful
performance in the agricultural sector (Zeleny, 2012, Phillipson et al., 2004,
Klerkx and Leeuwis, 2008a), and there also is a connection with the business
model (Chesbrough, 2010, Doganova and Eyquem-Renault, 2009). Innovation
and business models have a mutually influential relationship (Boons and Ludeke-
Freund, 2013, Chesbrough, 2010) which can be reflected in the business through
remodelling the company (Schaltegger et al., 2016). These concepts have been
explored in the study as part of a holistic view of the evolution of the innovation
as the value offering and how the company learns to target its communications
more effectively.

2.5.1 Business model and Sustainable Intensification

Pretty (1997) emphasises the need to clarify what is being sustained and it must
be kept in mind that economic benefit is crucial to sustainability and growers
need to be able sell their produce and make a respectable profit margin. The
findings of Struik and Kuyper (2017) have shown there may be a need to adapt
from a business-as-normal attitude to caring more for the resource base: the
environment. This may entail a sustainability perspective being added to the mix
although in the context of business models it may still only be an after-thought
(Schaltegger et al., 2012b) or even a spillover, (Davies and Doherty, 2019,
Santos et al., 2015).

According to Haigh and Hoffman (2012), it was traditionally considered that the
role of the enterprise was to maximise profit for the shareholders while the
government controlled environmental and societal issues through legislation.
However, over the past few decades the importance of societal values, including
sustainability issues, have become more prominent among both enterprise
owners and customers (Haigh and Hoffman, 2012, 2015, Davies and Doherty,
2019, Santos et al., 2015). As pointed out by Biloslavo et al. (2018) the business
model still needs to be economically viable and unpacking the different social and
organisational models can be challenging, especially as prospective customers
demand different degrees of sustainability or economic benefits.

There may be industry-specific influences, (Avermaete et al., 2003), and
therefore a need to experiment to find the business model which works best
under particular conditions (Hayashi and Strategy, 2012, McGrath, 2010). This
implies that business models may pass through different stages prior to finding a
model which will best work for a particular company. An example of this could be
division of labour (Chakrabarti and Hauschildt, 1989), and such evolution
illustrates a need to better understand the dynamics of such evolution, rather
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than understanding the business model at a static point in time. This is illustrated
in empirical work by Sosna et al. (2010) who detected a learning curve as
business models are adapted through trial and error. Adding in a time element,
(Stewart and Zhao, 2000) allows the capture some of the dynamics of business
model development, and is an important element of this study.

As this thesis explores sustainable intensification in a market economy, paying
particular attention to the UK scene in which the supermarkets have substantially
greater leverage than the grower/suppliers (Lanter et al., 2018), the mutual
dependence between the natural and socio-economic spheres (De Groot et al.,
2012) are arguably two of the most important topics for exploration in an
empirical context. One of the dilemmas faced by marketers of ‘green’ products is
how to promote criteria such as social justice and environmental protection at the
same time as remaining (or, for new enterprises, becoming) competitive with
conventional business. Fair trade company Cafedirect has sought to generate
value through its business activities and has undergone a number of iterations
(Davies et al., 2010), and changes in its business model towards more
sophisticated packaging and marketing techniques have been adopted to try to
achieve market success (Peattie and Belz, 2010). These are still ongoing (Davies
and Doherty, 2019) as they attempt to balance the different elements. Supply
chain leverage and dynamics can result in firms changing their environmental
practices when they are subjected to pressure (Hall et al., 2010), particularly as
they are complex and fragmented (Menary et al., 2019), thus companies may
need to have their policies and practices ready to respond. Much of the
sustainable business model literature is centred on business-to-consumer
scenarios and focuses on customer values (Biloslavo et al., 2018) and less has
been found about environmental values in a business to business context;
nevertheless, ultimately the value created by the business is aimed at the
consumer.

The importance of business decisions on ecological marketing may be relevant to
other start-ups, particularly those in the consumer-facing food sector, because it
highlights the importance of marketing for the final consumer (Peattie and Belz,
2010). The answer may be implied in corporate social responsibility literature;
some companies express such commitments either altruistically or to add
credibility to their value offering to maximise returns to the business (Du et al.,
2010), either of which could arguably be behind the motives in the newly-
established 3D farming sector.
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The altruistic nature of sustainable corporate behaviour has activated academic
discussions on implications of implementation and its potential to be rewarded by
competitive advantage or become common practice in the sector in which it is
adopted (loannou and Serafeim, 2019). These companies may be reacting to
dynamics within their sector, and thus a gap in academic literature has been
perceived to understand whether such companies may be working with ingrained
sustainable ecological systems which are not promoted at that point in the supply
chain.

2.6 Value theory

One of the underpinning theories of the above literatures is the theory of value,
for which there are a large number of interpretations discussed by philosophers
such as Riccardo and Marx, Pareto and Hicks (Pilling, 1972). The interpretation
from Adam Smith’s Wealth of Nations, as defined by Hollander (1904 p458),
sheds some light on the concept as being “Value, in use is utility, in exchange,
utility, associated with scarcity and necessary expenditure of labour, it confers
value in exchange with which alone economic analysis is concerned”.

In particular it is one of the basic structures of business model literature because
a company aims to create and capture value, using resources that are “valuable,
rare, and imperfectly substitutable” (Bowman and Ambrosini, 2000 p1) to create a
bundle which will offer competitive advantage. This theory is also debated by the
likes of Chesbrough et al. (2018) and Amit and Zott (2001), who, while accepting
that Schumpeter’s theory that innovation is the source of value creation through
the deployment of resources, ultimately found value to be determined by the
customer, and articulated through willingness to pay for a good or service.
Business model activities to create value have a close relationship with resource
theory, which then is unpacked into the two basic types of value: use value,
which is customer satisfaction and exchange value, which translates into the
price an actor is willing to pay (Bowman and Ambrosini, 2000) to obtain such
satisfaction.

Value creation and capture is fundamental for firms aiming for corporate
sustainability, but, rather than win: win scenarios, because of its complex nature
Hahn et al. (2010) found many trade-offs and conflicts in its establishment. To
address this challenge, Porter and Kramer (2019) advocate expanding value
creation to include environmental and social value, encouraging a move away
from the consideration that value is composed of short-term financial benefits
brought about by competitive advantage. Nonetheless, one of the challenges of
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value theory is its relevance to the environment. For example, Pretty (2008),
when viewing value through a sustainability lens, noted one of the differences
between monetary values and environmental values is that if a monetary value is
lost, allocation from another resource can compensate for the loss, but when it is
natural capital, it is not so easy to restore. As this can be related to the land
saving/land sharing debate (see Section 2.2), it provides some important
considerations for context.

From unpacking the theory of value | detected that it becomes more complex as
there are sub-sets of value discussed at academic level; these include
terminology such as value uncaptured, missed, and even destroyed (Yang et al.,
2017). Figge and Hahn (2013) identified that the opportunity cost of
environmental resources can provide a link between economic and sustainability
values, with the proviso that the value depends on its perception. All of these
sub-sets of value, if applied empirically, could have implications for reflection on
potential further development of business model theory.

Because of the subjective nature of value much has been written about this
concept with continuing debate about its different aspects and importance. These
different interpretations have provided important background for this study and
gap in understanding has been detected concerning synergies within the
conflicting demands for value which bring literatures together.

2.7 Summary

At present, there is insufficient academic understanding of how sustainable
intensification and diffusion of innovation are linked to the business model in the
agri-business sector, in particular the sub-sector which is 3D farming. This review
has identified a number of areas for further exploration to better understand and
illustrate ways in which the phenomenon of commercially undertaken 3D farming
may be contributing to sustainable intensification within the context of a neo-
liberal market economy.

A central theme has become apparent: innovation. This includes the
technological response to the need to produce more food; innovation is an
important element of the value offering of a company and also the need to spread
the word about the existence of the technology and of the supplier companies.
Technological innovation has been identified as crucial to improving performance
in sustainable intensification, and for this to be uptaken by growers, it is
necessary for such an innovation to be diffused. A gap has been detected in
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understanding of the relationship between diffusion of innovation and an
empirical business model, particularly in the context of agri-food business, and
this innovation could be evolutionary or revolutionary (Connor and Minguez,
2012), depending on external and internal pressures on uptake.

Improved perception of how such businesses are operating, their evolution and
relationship with sustainability will provide a framework that will help identify
needs and sustain other start-up companies in similar sectors during their
formative years, supporting a path towards more sustainable food production.
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Chapter 3 Policy and context

3.1 Introduction

Following the motivation for this thesis described in Chapter 1, this chapter aims
to set the context in which the study has been undertaken. This includes EU and
UK policies to support initiatives, basic information about supplying UK retailers
with fresh produce, and an introduction to the principal actors of the case study.

Policy support for companies seeking to work towards sustainable intensification,
or even a fourth agricultural revolution (Lejon and Frankelius, 2015), may be
crucial at various stages of their evolution. This is because growth may not be
consistent; for example in the early stages taking on a member of staff or
investing in equipment and capital goods can be ‘lumpy’ expenses (Goncharova
et al., 2008), so help via incentives backed by policy can help inspire innovation.
Overall, there appears to be a constructive policy context designed to nurture
innovation in agriculture across the EU, and this is particularly relevant to
innovative developments in 3D farming. This is important because support can
help to provide a niche from which innovative advances can emerge.

The UK was still a member of the European Union during the timeframe covered
in this project.

3.2 Key policy areas and approaches in Europe and the UK

As northern European countries are capitalist economies, any movement towards
the objective of sustainable intensification has to be undertaken by the private
sector, and is therefore governed by socio-economic factors (Scherer et al.,
2018). Sustainability within the fresh produce supply chain is underpinned by a
mixture of regulatory and voluntary approaches (Dicks et al., 2013) aimed at
stimulating the private sector.

Expressed in economic terms, one of the challenges of environmental
sustainability is price inelasticity of demand (Smith et al., 2010), yet any move
towards sustainability still has to provide an economic return for the company, or
those involved in these activities, to remain in business. This is important
because the agri-food industry, particularly the fresh produce sector, is part of an
oligopolistic market in which there are a small number of large retailers governing
a competitive supply chain which works to offer low food prices to consumers. As
farmers do not have the leverage of the retailers, they are unable to influence
prices, and are therefore price-takers (Hingley, 2005). At policy level, as
environmental goods need to transcend individual enterprises and commerce,
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support needs to be received through agricultural policy (Maréchal et al., 2018).
This is because within a larger economic system, one of the challenges for
companies providing public benefits, such as environmental benefits, is that they
do not have a monetary value, and thus existing markets are unlikely to be able
to provide optimal allocation of such goods (Maréchal et al., 2018). To address
this, there is a need for strong policy framework for a competitive, effective and
sustainable agriculture in Europe. Between 2014 and 2020 the Common
Agriculture Policy (CAP) support was based on two main elements: firstly,
decoupled direct payments providing income support to farmers throughout the
EU granting them enhanced possibilities to take their production decisions on the
basis of market signals. Secondly, the rural development policy which focuses
mainly on rural areas with a view to ensure a balanced territorial development
throughout the EU.

The agricultural European Innovation Partnership for agriculture productivity and
sustainability (EIP-AGRI) was founded by the EU to foster competitive and
sustainable farming making best use of resources (VanHoye, 2013). The
objective has been to provide funding sources to foster agricultural innovation
projects, working through the European Rural Development policy or the EU's
research and innovation programme Horizon 2020. It has provided a cross-
stakeholder platform for producers, industry and researchers to exchange
information on new farming techniques and to test innovative approaches. This
has been to ensure that research insights are transferred to the daily life of
agricultural production adapted to the specific peculiarities of single farm realities.

The new rural development policy supported several other measures fostering
knowledge transfer, innovation and cooperation. The new research and
innovation framework programme "Horizon 2020" has been established with the
aim of securing food security, sustainable agriculture, marine and maritime
research and the bio-economy. It has also supported research and innovation in
different farming systems (including urban agriculture) and the overall supply
chain.

While there are initiatives for best practice for sustainability around outdoor crops
which advocate better care of soil through longer rotations, these are not
necessarily relevant to the protected indoor crop environment. However, the EU
also has schemes aimed towards the fruit and vegetables sector in which the
adoption of new technology for growing could be placed; for example, the Fruit
and Vegetables Aid Scheme enables officially recognised Producer
Organisations (POs), which are formed of grower groups, to receive financial
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assistance to help increase their competitiveness in the supply chain. This PO
funding can be used for a wide variety of actions including the employment of
technical staff, large capital investments such as purchase of machinery or
improvements to pack-houses or other research or experimental projects?. At one
time this also included diffusion and marketing communications2. The Scheme is
administered at country level, which, in the UK, is done by the Rural Payments
Agency.

A government-funded Sustainable Intensification Research Platform (SIP) was
also created to research ways in which agricultural stakeholders, scientists and
farmers integrate knowledge, with the aim of encouraging best performance
(Morris et al., 2017) at farm and landscape scale. Although this was more based
around outdoor broadacre combinable crops and livestock farms, some of its
principles can be used when exploring sustainable intensification in other
agricultural sectors.

Support for agricultural technology has been organised through the UK
government’s agri-tech strategy3, which was published in 2013, and aimed at
developing sustainable intensification through agricultural research and
innovation. This timing coincides with the time the case study company was
founded. The strategy has worked to bring together private sector businesses
and research so that technical advances are targeted towards what the industry
needs to improve productivity without damaging the environment; such
technology includes soil moisture sensors, drones, precision application of
nutrients, amongst others

Given that 3D protected horticultural farming is a relatively new development, the
tools referred to above were not specifically tailored towards this sector®. That
has not, however, not prevented those undertaking such activities from applying
for CAP support provided they met the various eligibility criteria set out at EU and
national level. With regard to innovation, on the other hand, the CAP has taken
into account that refining production and processing techniques through new
technologies, transposing existing knowledge and new insights and strengthening
the skills of farmers is a pre-requisite for making the EU agriculture more
competitive, but also to introduce more resource-efficient and environmentally

1 Personal email from Romy Strachan, Scottish Government
2 personal experience of author as manager of an OP

Shttps://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/227259/9
643-BIS-UK_Agri_Tech_Strategy_Accessible.pdf

60



friendly production methods?*. The EU has an amended Common Agricultural
Policy (CAP) post 2020, which is designed to have a food chain approach for
value-added in conjunction to delivery of environmental and climate public goods
aimed at minimising environmental damage®, but due to the withdrawal of the UK
from the EU, access to such support will now be different for agri-tech companies
in the UK.

The UK supports an atomistic approach in which individual enterprises are
awarded grants and encouraged at local levels. Financial assistance is offered to
facilitate development of prototypes, and also access to knowledge exchange
entities which offer a platform for them to inform potential customers about their
developments. This support of innovations is done through the national funding
agency UK Research and Innovation (UKRI), a non-departmental public body
which brings together seven research councils, including Innovate UK (formerly
known as the Technology Strategy Board). This provides UK businesses and
research organisations access to funds which can be secured through a
competitive basis, and the case study company has received a number of grants
from Innovate UK which have provided support at crucial stages of its
development (see Section 3.4). However, although many growers may yet need
to be willing to change some of their production methods to become more
sustainable, there also needs to be a corresponding change in demand for such
produce; consumer decisions made on price makes it more difficult to produce to
better environmental standards.

3.2.1 Key players in food supply chains and sustainable agriculture
in the UK

Table 1 below details the principal entities, both public and private, which govern
or influence the food supply chain in England and Wales (of which some also
function in Scotland). The highest of these is Defra, which has jurisdiction over
agencies, and government departments, such as Natural England and the Food
Standards Agency. The Agriculture and Horticulture Development Board (AHDB),
which is a non-departmental independent public body, works with a statutory levy
imposed on different crops and their outputs, including combinables, dairy,
potatoes and horticulture, plus those who intervene in the supply chain (such as

4 Personal email from Jerzy Plewa, European Commission Directorate General for Agriculture and Rural
Development

5 EC 2017 communication from the European Commission to the European Parliament, the European
Economic and Social Committee, The Future of Food and Farming.
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packers). In exchange, the AHDB undertakes support via a number of ways;
research, Public Relations and knowledge transfer activities. The table also
includes certification bodies; Red Tractor and LEAF and GLOBAL-GAP. The
latter is an internationally-recognised farm standards audit based on Good
Agricultural Practice, which serves as a base on which retailers sometimes add
other standards (such as Tesco Nurture).

Table 1 UK agencies, societies and government departments involved in
support of agricultural sustainability

Fisheries and Aquaculture
Science

Defra

Entity Mandate Public/Private
Government Department | Formed in 2001 from the Public
for Food, Environment former Ministry of
and Rural Affairs (Defra) | Agriculture, Fisheries and
Food, Responsible for
environmental protection,
food production and
standards, agriculture,
fisheries and rural
communities.
Centre for Environment, Executive agency for Public

AHDB Agriculture and
Horticulture Development
Board,

A statutory levy body
funded by levies on
agricultural production and
the food supply chain,
supporting the industry
with practical research
and diffusion of
knowledge.

Public/private

Environment Agency (EA)

Government agency to
protect and enhance the
environment

Public
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Entity Mandate Public/Private
Food Standards Agency | A non-ministerial Public
(FSA) government department of
the Government
responsible for protecting
public health in relation to
food.
Rural Payments Agency Executive agency of Defra | Public
(RPA)
Natural England (NE) Government advisor for Public
the natural environment
Animal Health and Animal Health Public
Veterinary Laboratories
Agency (AHVLA),
Local Authorities Planning Public
The National Farmers Lobbying Private
Union (NFU)
Trade Associations Technical information and | Private
e.g. Fresh Produce lobbying
Consortium, Agricultural
Industries Confederation,
British Retail Consortium
Linking Environment and | Organisation promoting Charity

Farming (LEAF)

sustainability with food
assurance standards
certification

Red Tractor Assured
Food Standards

Food assurance scheme

Not-for-profit

Global GAP

Food assurance scheme

Not-for-profit

Source: Entity websites

In the UK, Defra (Department of the Environment, Food and Rural Affairs),
responded to an independent Regulatory Task Force established to review and
make recommendations for farming, including food and environmental



standards®. This has resulted in a move towards finding non-regulatory solutions
to problems such as pollution of environment from run-off of water with nutrients,
before moving towards legislation.

Defra encourages trade associations to participate in initiatives such as the
Voluntary Initiatives on Pesticides and the Campaign for the Farmed
Environment. It also advocates the application of peer and market pressure to
develop high standards for farming and food-processing businesses (and hence
fruit and vegetable growers), and also the use of behavioural science to promote
best practice for environmental and business performance.

Industry bodies such as the non-departmental independent public body AHDB,
which is funded by a levy on farmers and processors, encompasses horticulture,
potatoes, dairy, beef and lamb and pork, and works to raise the profile and
success of these sectors. Each of these sectors has panels (including field
vegetables, soft fruit and protected edibles) which are made up of growers who
represent their industry.

3.2.2 Supplying fresh produce for processing retail or processing

The UK is more than 74 per cent self-sufficient in total agricultural produce yet
cannot produce all its fruit and vegetables. Around 60 per cent of fruit and
vegetables are imported, mainly from within the EU, providing consumers with
produce outside the UK season as well as varieties which cannot be grown in the
UK due to the climateP. Nevertheless, UK growers have increased the production
of some crops (such as strawberries and tomatoes) under cover, prolonging the
season, and also grow others which are less suited to the climate. Growing crops
indoors (also known as protected cropping) has a number of potential benefits for
the environment (see below) and crops can be grown independently of weather
conditions. But there can be challenges too; because polytunnels or greenhouses
are structures, there can be issues with planning permission.

There is an opportunity for corporate social responsibility from the retailers, who
sometimes develop their own sustainability criteria for contracting suppliers which
are above the legal minimum. These are often audited food standards
certifications such as Red Tractor. If their aim is to ensure and demonstrate
compliance to sustainability and environmental standards, these are certified

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attach
ment_data/file/69506/pb13717-farmregulationtaskforce-response.pdf
7 Source: Personal email Fresh Produce Consortium 2013
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LEAF Marque. While certification and labelling are increasingly looked for by
socially conscious consumers’ demand for more clean label products (Asioli et
al., 2017), Maréchal et al. (2018) argue that there is still a need for intervention to
overcome the market failure from not assigning environmental goods a value.

3.2.2.1 Resource use and causes of waste

Growing indoors (also known as protected growing) has a slightly different use of
resources from outdoor horticulture; for example, as the soil and rain provide
water and some of the necessary nutrients for outdoor crops, there can be less
reliance on inputs (depending on the weather, soil type, previous crop, etc.).
However, if growing indoors, particularly if crops are produced hydroponically, all
the nutrition and water needed by the crop will be applied and the correct root
zone conditions for a healthy plant needs to be provided. Evaluating these needs
in this context is known as hydroponic science. Indoor growing facilitates much
tighter control of resources so they are not wasted or cause pollution than is
possible for conventional outdoor horticulture as it is easier to prevent run-off of
valuable nutrients.

Not all the produce reaches its intended market outlet; it can be rejected if it does
not meet the required specification, or it can receive mechanical damage, such
as bruising, when being harvested or moved. Pests and disease can also affect
crops, preventing them from achieving their genetic potential in addition to
causing internal and external damage and even rots in storage. This all leads to
waste and impacts on producer profit margins.

3.2.2.2 The use of pesticides, regulation and consumer reaction to

pesticides

In conventional crops, plant protection products are normally used to prevent or
limit damage to crops; these comprise insecticides, fungicides and herbicides. In
the European Union, pesticide regulation is rigorous and growers are encouraged
to follow integrated pest management (IPM) approaches to slow down increasing
resistance to the active substances used for plant protection (Oerke, 2006, Collier
et al., 2016, Bruce et al., 2017, Dewar, 2017, Van Emden and Harrington, 2017).
This is backed by legislation which ensures rigorous re-testing of products when
their licence period ends at European (European Chemicals Agency) and country
level (Chemicals Regulation Division, HSE). Supermarkets, particularly in
Europe, are also responding to consumer concerns by seeking to drive down
pesticide use. All the major UK retailers test fresh produce for pesticides to
ensure they do not exceed legal maximum residue limit (MRL). Even when this
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requirement is met, pesticide residues can often still be found, and salad
vegetables which are eaten raw, are of particular concern (Santarelli et al., 2018).
Some UK supermarkets are doing more than others to reduce usage by working
closely with its growers and suppliers, with Waitrose and Marks and Spencer
considered to be the best.8

Access to agricultural labour is an area of concern for many UK growers in the
face of the withdrawal of the UK from the European Union. This is because of the
end to free movement of labour which has been crucial for recruitment of both
seasonal and permanent of workers which is expected to end (depending on the
final withdrawal bill, yet to be decided). AHDB figures estimated around 22,500
EU nationals to be working in agriculture in the UK in June 2015°.

3.2.3 Supporting sustainable agriculture - knowledge exchange

The UK is one of a number of European countries which no longer have a
national advisory service for agriculture, which may compromise independent
knowledge transfer and/or exchange. Cuts in government spending in Britain led
to the government extension service ADAS, which used a linear network, being
sold to the private sector in 1996. There are a number of different providers of
advice, such as governmental and non-governmental knowledge diffusion on
environmental protection, research institutes, commercial agronomy advisors and
consultants, plus apolitical levy bodies, such as the AHDB. Multinational
agricultural-chemical companies, such as Bayer and Syngenta, who sell to large
portfolios of growers across the world, undertake their own diffusion of innovation
via their marketing teams.

Moving towards more sustainable food production, and indeed sustainable
intensification, requires more than just innovation at farm level (Morel et al.,
2020). Whilst changes seem to be necessary to support sustainable
intensification in food production, there are some suggested alternatives, such as
better efficiency in the food chain. Many of the examples in the Foresight Report
(Godfray et al., 2011) are concerned with livestock farming, animal conversion
rates and the association between increasing wealth and meat in the diet.
However, there are some suggestions for reducing waste in the fresh produce
supply chain, which could be facilitated by enabling growers to produce certain
crops such as salads so that they are ready to supply exactly according to
consumer demand (Kirwan and Maye, 2013). Nevertheless, if these are to occur,

8 pesticide action network https://www.pan-uk.org/supermarkets/
9 AHDB Horizon 2016 Report
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there will need to be support from policy makers to support such initiatives, such
as the AgriTech policies in the UK. Farmers will also need to be willing to adopt
new techniques (see Section 6.4.4), and consumers willing to purchase foods
produced by such methods (Smith, 2013). At the time of writing, GM technology
which would facilitate breeding crops which are tolerant/resistant to pests is not
permitted to the UK or the EU, but is very likely to help reduce the application of
pesticides.

Convincing farmers to adopt new techniques and technologies can be
complicated, therefore the first stage is to persuade growers to look at the
potential merits of new systems and technologies, and hence there is a
connection between policy and diffusion of innovation. A UK government-funded
Sustainable Intensification Research Platform (SIP) created to research ways in
which agricultural stakeholders, scientists and farmers integrate knowledge, is
aimed at encouraging best performance (Morris et al., 2017). Although this was
more based around outdoor broadacre combinable crops and livestock farms,
some of its principles are relevant to sustainable intensification in the context of
indoor 3D farming.

Membership cluster organisations which support start-up, innovative companies
in the agricultural sector, also play a role in diffusing innovations. An example
cluster organisation is of this is Agri-Tech East (also known as Agri-TechE),
which was founded in 2014 and is funded by the Government’s Local Growth
Deal. The organisation undertakes activities to bring together scientists, farmers
and the supply chain. Founded in 2014 in response to the Government’s national
industrial strategy, and Innovate UK, the non-departmental public body funded by
a grant-in-aid from the UK, with guidance through a local Business Board, Agri-
TechE was the first to be established, and was based in the Eastern counties of
England because of the region’s close association with agriculture. It organises
events which promotes the innovations and brokers collaborations leading to
investments and long-term relationships. Events organised by this body typically
attract a broad audience of supply chain actors, innovative growers and potential
funders of innovation and provide a platform for diffusing innovation. The
enterprise also works with the Department of International Trade to showcase
start-ups and scale-ups that are looking for investment to international investors.
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3.2.4 Challenges for building infrastructures

One of the challenges to be addressed before erecting infrastructure to house
three-dimensional indoor farming facilities such as polytunnels or greenhouses
can be local planning regulations. There can be objections from neighbours, as
they can impact on the landscape. Refusal of planning permission has affected a
number of companies in this way, including some of those included in this study,
such as Plantagon (one of the original companies considered for the study, Ref:
VFO01).

3.2.5 Linking policy context and research questions

The EU/UK policy context is relevant to the research questions because they
provide the framework within which agri-tech companies, such as the case study,
have to operate. There is a clear connection with the first key question of this
thesis which explores the relationship between 3D farming and sustainable
intensification and the policies discussed above, such as the CAP, the
Sustainable Intensification Platform and Horizon 2020. This is because they are
aimed at supporting best use of resources in agricultural and food production,
often with a focus on research and innovation to move towards sustainable
intensification. This is why the sub-text of my research question is about how
practitioners translate sustainable intensification into practice.

Policy affects the dynamics of diffusion of innovation strategies in agri-tech
companies. This is because through the use of incentives and tools, policies can
foster conditions which help innovative start-ups, and can influence the ability of
certain actors to become key players, and also motivations and barriers to
adoption, all of which are included in my research questions about diffusion of
innovation. For example tighter regulation around plant protection products can
drive growers to seek out more sustainable ways of growing such as Integrated
Pest Management in which different methods of pest control are used (see also
Sections 2.3, 3.2.2.2, 5.2). Other policies can such as those that determine
whether applications for change of land use to allow the construction of
greenhouses and/or polytunnels for growing fruit and vegetables can be granted,
are also important to enabling or constraining innovation development and
uptake.

The policy context also has indirect effects on my research questions about
business models. This is because incentives and regulations affect all aspects of
the business, including an overall business framework for upstream and
downstream supply chains and the innovative company’s contacts (see River of
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Life, Section 8.1.2, Figure 17), in addition to the businesses of adopters
(potential, actual and non-adopters). Policies designed to help innovation aimed
at addressing the production of food with a lower environmental footprint provide
a framework within which value can be created (and connect with those which
are aimed to promote sustainable intensification). As such, they can be related to
my research questions on value creation. The provision of grants at strategic
times can provide the innovative company breathing space to assess whether its
innovative offering complies with demand or to amend its business model.

This thesis seeks to build empirical understanding of how a small company builds
its business case around an innovation to produce food with a higher output per
unit of area with a lower environmental footprint, thus policy context provides an
important framework.

3.3 Outline of three-dimensional farming

The concept of vertical farming, which extends plant cultivation into the vertical
dimension (Touliatos et al., 2016), has the potential for higher yields, and
therefore may provide a means for achieving a higher degree of intensification.
However, as urban farming has hijacked the term ‘vertical farming’, for the
purpose of this study it will be referred to as three-dimensional or 3D farming.

This type of commercial 3D farming is usually undertaken indoors in glasshouses
(greenhouses), polytunnels or within other buildings (retro-fitted or specially
constructed) and therefore the crops grown are less dependent on the weather.
Plants can be grown in modules which have a growing medium inserted rather
than soil (hydroponic), which allows for greater precision when applying nutrients
than when done outside. Thus, while innovation may be assumed to be implicit in
the hardware used for growing the product, agronomic expertise in developing
best practice for delivery of plant nutrition or by diffusing the light in such a way
that the plants at the bottom of the stack receive sufficient light for photosynthesis
to grow at a similar rate and to a similar quality to those at the top, also plays an
important role. As discussed in the Literature Review, Despommier
(Despommier, 2012) proposes vertical farming to raise production but fails to
offer guidance on how to obtain the benefits (Tilman et al., 2011, Specht et al.,
2013, Thomaier et al., 2014, Specht et al., 2015).

3.4 Evolution of the case: Saturn Bioponics

This thesis comprises a case study undertaken to explore the evolution of a
provider of equipment and agronomic expertise, Saturn Bioponics. The company
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works in the conventional commercial indoor farming sector, and not urban
farming, high value production or niche markets. The first contact was made with
the company’s CEO, Alex Fisher, early in 2014, who first perceived an
opportunity for increasing productivity in the indoor fresh produce sector in 2010.

The company was founded in 2011 by Alex Fisher, the Chief Executive Officer
(CEOQO), and the firm won a DEFRA Innovate UK For Growth competition in 2012
which enabled it to develop an initial prototype of its innovation the Saturn
Grower. In the early days, the CEO worked together with a biologist to establish a
smart system of multiple layer growing for leafy green vegetables and soft fruit,
called the Saturn Grower. Further funding was secured 2013, provided by
Innovate UK. The plan at that time was to be become commercially viable by the
end of 2014, and the company aimed to sell its technology to various subsectors
of the horticultural industry, such as strawberry and leafy green producers. By
2014 trials on brassicas and strawberries were being undertaken in a greenhouse
in Birmingham; this work helped to draw interest in the firm, and it was the winner
of Farm Business Awards and AgriTech Catalyst Awards.

In 2015 the company received an Innovate UK grant of £127,400, which was
used to fund a collaborative project with Valefresco, a large-scale salad supplier
to many major British supermarkets. Valefresco has played a key role in the
venture as it enabled Saturn Bioponics to showcase its product in a commercial
environment and was also able to provide technical feedback from a commercial
point of view. Valefresco director Nick Mauro is also an AHDB Protected Edibles
Panel Member. That same year, Arnoud Witteveen, a specialist in hydroponics,
joined the company as Chief Technical Officer (CTO), and Saturn Bioponics
established relationships with early adopters who helped refine the innovation
with improvement of fruit/vegetable results in terms of yield and supermarket
specification using the Saturn Grower. Other employees have gradually built up
as the company has expanded, and by 2020 numbered nine (including some
part-time workers). The company was a finalist in UK Grower Awards in 2015.

The company continued working on building its networks, especially in other EU
countries such as ltaly and Portugal, after the 2016 Brexit vote stymied grower
investment in the UK. By 2017, the company had increased its ability to respond
to market indicators and nuances of customer demand. This was shown in three
major areas: there was a perception of different opportunities from hydroponic
consultancy which works with the Saturn Grower but also with other hydroponic
equipment; a change in target customers at this time, which changed to a new
business model with just a few big customers and the influence of the business
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model of each potential adopter on uptake of innovation. The growing reputation
of the company in the sector secured it a mention in Defra’s 2018 25-year
Environment Plan (2018 p36).

The company has continued to grow and expand its networks, to date it has
received a total of seven Innovate UK grants. The CEO has contributed to
discussions such as a Prosperity UK panel on How Technology is Transforming
Farming (Ref: AS30).

There was also a strategic move to considering the use of business agreements
with others further back in the supply chain, such as well-established greenhouse
specialist company ldromeccanica Lucchini, which was founded about 75 years
ago. There is a mutual agreement in which both companies acting to act as
distributors. Since the end of 2019, Scottish investor company Shockingly Fresh
is developing a number of farms across the UK using Saturn Bioponics’
technology and hydroponic science consultancy.

3.5 Other players informing the research

While not forming part of the case, other vertical farming companies have been
interviewed. One of note is Aponic, which has devised an aeroponic vertical
farming system (in which crops are grown without soil and receive water and
nutrients in a spray) and devised specialised software to help monitor crops and
synchronise nutrients with light levels has also informed the research. It was
named as a top 100 UK small business in the Small Business Saturday Top 100
in the Guardian in 2016. Other vertical farming companies interviewed are listed
in Appendix I.

3.6 Conclusion

This chapter sets out the market and institutional context in which the case study
used in this thesis is operating and some of the policies which have helped it
during its evolution. Establishing this context has been important because this
thesis follows a case study format, which is a study of a particular phenomenon in
its context. The next chapter is the Methodology which details the research
questions and the framework used for this study.
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Chapter 4 Methods

4.1 Research Strategy

The overall research question addressed in this thesis is whether and how, within
the context of a market economy, a small enterprise selling technology and
expertise for the production of fruit and vegetables grown by indoor 3D methods
can contribute towards a pathway to sustainable intensification, and the roles
played by diffusion of innovation and the business model.

The research questions in this study were drawn around three concepts, and the
results explored to understand their interfaces. The first research question was
aimed at understanding the relationship between 3D indoor farming and
sustainable intensification. Once this had been established, the second question
addressed was how the company diffused its innovation through its evolutionary
course to discover some of the factors that have influenced its progression. The
third question was to understand how the company used its business model to
create value, and the different elements of value within this context. The research
questions are covered in more detail in section 4.2 below.

As 3D farming is a “contemporary phenomenon in a real-life context” (Yin, 2003
p13), it was decided to follow a case study approach as advocated by Yin (2003)
because of its potential to better understand its context and complexity. The
approach followed has generally been qualitative, using a framework to explore
the relation between the case and ‘sustainable intensification’, ‘diffusion of
innovation’ and ‘business models’ to identify interactions between these different
elements.

Following the single case study format outlined by Yin (2003), the study follows a
producer of 3D farming equipment, Saturn Bioponics, a provider of vertical
farming equipment, in its early years of business between 2014 and 2020. The
boundaries of the case study were set to include companies using Saturn
Bioponics’ innovation and, where possible, downstream members of the supply
chain, such as early adopters and other specialists, to provide multiple sources of
evidence. This case study boundary extension was not only to collect more data
but also to understand complex interactions between the three concepts.

Data have been recorded from expert interviews with the CEO of Saturn
Bioponics. Contact was first made in 2014 and followed up with visits (made once
a year or more), emails and telephone calls until February 2020. This has been
supplemented with information obtained from interviews with early adopters,
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potential adopters and other experts in the sector, emails, reports, trade press
articles and trade conferences (see Appendix for further details of these sources).
Together they have created a narrative on the evidence-based practices and
farm realities of how sustainable intensification may work in practice, and the
evolution of diffusion of innovation and the business model.

Potential ethical concerns addressed in the study of this nature included informed
consent and also any issues around commercial confidentiality, and are
discussed in more detail 4.1.2 below.

4.1.1 Pragmatist philosophy

The research is empirical and applied, although informed by theory, and draws
on constructivism in that the observed reality and analysis has been based on the
themes that emerged and the constructs that they illustrate (Creswell and Miller,
2000). It was decided to take a pragmatic theoretical approach to the thesis
because the phenomenon being studied is in constant flux, resulting in a need for
change and adaptation. This is supported by critical examination of the
theoretical framework and empirical data collected as part of this research study.

4.1.2 Ethical considerations

The University of Leeds Faculty Research Ethics Committee reviewed and
approved the research application. It found the main ethical risks to be related to
commercial confidentiality. This included concerns that in some cases, it may not
be possible to make data anonymous/ aggregated or if, given the small size of
the sector, someone could work out from the data which company is doing what.
Therefore, no changes to the research design were made after the Ethical
Review, and any confidential data collected was evaluated for its importance to
answering the research questions, and discussed with supervisors whether the
material could be omitted without harming analysis.

Prior to interview participants were for their consent in participating in the
research; and the data collected was not personal, but about the enterprise,
although their points of view on issues such as sustainability were asked for.
Following advice from Miles and Huberman (1994), to address any changes of
circumstance, this was checked again. Interviewees were be given the option of
being named as the information source or being kept anonymous, if desired. For
example, those who requested not to be named have been anonymised
according to their profession, for example as a ‘Grower’ or ‘Processor’..
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Companies were offered the opportunity of getting sight of the information and
analysis and allowed to clarify facts without any right to veto, influence or change
any analysis. This would allowed them to highlight any areas that may be under
embargo as commercially sensitive, if appropriate.

Other data that is in the public domain, such as conference speeches, marketing
materials and website information has also been used to triangulate information.
This strategy, which is advocated by Yin (2003) is useful for helping to maintain
objectivity and is discussed in more detail in 4.3.3 below.

Building good relationships with the CEO of Saturn Bioponics and other people in
the related companies offered advantages such as information not available to
the general public. However, this also meant that there were times when the
author became aware of some facts about which the interviewees requested
confidentiality, which then needed to be balanced against the need to maintain
objectivity. To address this, the principal case study actors have been given the
option of reviewing the data chapters, clarifying facts and vetoing any potentially
commercially sensitive information, but not any of the analysis.

As the Data Protection Act 2018 came into force during the time of this study,
care has been taken to ensure the management of personal data is compliant.
Part of this is the need to have a lawful basis for processing the data, which in
this case is research as a task in the public interest. When collecting personal
information, | applied data minimisation, only collecting the data that | needed.
Electronic data is held in password protected files, and data on paper is securely
stored. These criteria were already within the procedures in place, so no changes
were made in these areas. In accordance with the Data Protection Act 2018, the
time limit for data storage will be adhered to.

4.2 Research questions

The focus of this research is a multi-disciplinary evaluation of the relationships
between the three concepts outlined in Chapter 1, Figure 1 and detailed in Tables
2, 3 and 4 below. Exploration has been made through three different lenses to
get more holistic understanding looking through layers of context.

The research questions addressed in this study include an evaluation of the
relationship between sustainable intensification and the case study, the diffusion
of innovation structures that enable interaction with potential adopters, and how
the business model of such a company may evolve over time, plus an exploration
of the links between them. These are set out in Tables 2, 3 and 4, mapped to the
different data sources that were used to address questions. Information on how
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relevant data was selected, including choice of interviewees, is detailed below in
4.3.3, and, where relevant, is explained in more detail in the data chapters.

Table 2: Exploring the case’s relationship with Sustainable Intensification

Research question

Data sources

a. What is the relationship between
sustainable intensification and 3D
farming in companies supplying
equipment for protected cropping
systems?

b. What is their perception of the
benefits of their technology in terms
of sustainable intensification?

c. To what extent do they promote
their products with the principles of
sustainable intensification?

d. How do they put sustainable
intensification into practice?

e. To whom do they communicate the
sustainability benefits of their
technology? (this is an interface with
Diffusion of Innovation)

f. Do the actors perceive sustainable
intensification to be part of their
business model? (This is an interface
with BM)

Interviews, email exchanges with the
company, technical articles and
observations

Expert interviews with case study
entrepreneurs, employees early
adopters and industry experts
Observation notes and photographs
Agronomic methods used for putting
sustainable intensification into
practice

Website and marketing materials
Attendance/speeches at
conferences/trade shows

Contact with quango and government
sources for data and information
(AHDB, European Commission,
Eurostat, Defra, ADAS, Scottish
Government etc.).

Technical press articles

Table 3 Building understanding the case’s Diffusion of Innovation strategy

Diffusion of Innovation

Data Sources

a. What are the characteristics of the
innovation and what is their
importance to potential adopters?

b. Who are the key players in the
case’s social system networks and
how they have developed over time

c. Which communication channels
are used and how have their use
evolved over time?

Expert interviews with:

Managers in the case study company
Other agri-tech entrepreneurs,

Early adopters,

Potential and non-adopters,
Professional agronomists

Supply chain specialists,
Professional knowledge exchange
intermediaries

Agricultural communications experts
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d. What roles do opinion leadership
and peer-to-peer communications

play?

e. How do communications flow?

f. What are the motivations and
barriers to adoption?

Emails with the case study company
Technical articles

Observations from attendance at agri-
trade shows and specialist
conferences

Radio and TV programmes
Blogs and social media

Observation of other novel
technology launches

Press briefings for other novel
technology launches
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Table 4 Driving understanding of evolution of the case’s Business Model

Business Model

Data sources

a. How does the case create value?

b. For whom is the value created?

c. What is the firm’s economic model
and key resources?

d. How does the business model
express the purpose of the company
in the context of sustainable
intensification?

e. How does the business model
influence diffusion of the vertical
farming innovations?

f. How does the business model
evolve over time?

g. What is the link between this
evolution and Diffusion of Innovation?

Expert interviews, emails and
telephone calls with:

The case study company CEO and
CTO

Early adopters

Other agri-tech entrepreneurs,
Supply chain specialists,

Technical articles and observations,

Attendance at agri-trade shows and
specialist conferences

Blogs, vertical farming company
websites

Observation of other novel agri-
technology companies

Press briefings of other novel agri-
technology launches

4.3 Framework for the study

The research has been organised around three core concepts which have been
brought together into a comprehensive framework; Sustainable Intensification,
Diffusion of Innovation and the Business Model in the context of suppliers of
equipment for 3D indoor farming. For each one, a working definition has been
identified from an existing body of knowledge for a priori themes to explore to
build a rich understanding of that concept within its context. These have

subsequently been used to guide and structure the analysis. The findings from
the complex interrelationships between the three concepts has provided a more
complete framework for better empirical understanding of this new sector. The
Discussion in Chapter 8 reflects at greater length on the contributions to
theoretical insights provided by this framework.
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4.3.1 Research strategy

The research strategy was guided by Creswell (2009) and Miles and Huberman
(1994). As the 3D farming sector is relatively young, there is not yet much data in
the public domain or even recorded in a systematic way, therefore, a strategy of
primary empirical research was needed. The sector is still very small and there
are not a large number of people involved in it, so the idea of following a survey-
based research was dismissed as it would not give the richness of data needed
to address the research objectives. Given the exploratory nature of the research
questions and qualitative nature of the data consideration was given to Grounded
Theory developed by Glaser and Strauss (1967), which follows a continuous
appraisal from data to build theory (Eisenhardt, 1989). However, it was decided
that given the empirical nature of the study and literature already published which
could help to provide an initial framework, that the case study method would be
the most appropriate study method.

The research design is centred around one main case study, and comprises
different layers that form the boundaries of the case (See Figure 2). The
strengths of using a case study research design as proposed by Yin (2003)
include the potential of obtaining data with more depth and detail than when
methods such as surveys are followed. The collected data has been used to
provide descriptions which, by drawing on the three concepts described above,
can help to derive explanations. Collecting data from interviews with the
entrepreneur and others within the case boundary provided rich information
which helped to explore for answers to the research questions and achieve better
understanding of how a small supplier of three-dimensional indoor farming
equipment could be contributing to a move towards sustainable intensification
within a market economy.

4.3.2 Selection criteria

An initial exploration of the three-dimensional, multi-layer, indoor cropping sector
identified a number of enterprises based in the UK, Sweden and the Netherlands
were working towards this objective, as shown in Table 5. Different
circumstances, including a denial of access from a desire to protect commercial
confidentiality, to changes in strategies, finalisation of projects, or the business
closing down, led to most of them being rejected for the purpose of this study.

The choice of the principal case study was partly driven by accessibility and that
it is already functioning and playing an active part in the 3D farming sector

78



supplying high-tech 3D growing equipment and corresponding technical expertise
in hydroponic growing methods. Partial access was given by Aponic.

Table 5 Companies considered for selection as part of the case study

Company Business aim | Funding Reason
rejected/accepted
Part social, Enterprise did not build
Plantagon
part Crowd funded any technology and went
(Sweden) . . o
commercial into liquidation
Saturn Private
. . . . Access granted, and
Bioponics Commercial investment/Defra
used as case study
(UK) grants
Zero Carbon
Food Commercial Crowd funded Challenges with access
(UK)
PlantLab , Research ,
Commercial agreement with | No access granted
(Netherlands)
Syngenta
Cornerways Owned by British Cha.nged this par.t of ts
. business to growing non-
Nursery Commercial Sugar, part of food crop and access
(UK) AB Foods P
not allowed
Paignton Zoo | Demonstration N/A Project and
(UK) exhibition demonstration ended
Private
Aponic Commercial investment/Defra | Limited access
grants

4.3.3 Construction of case study

The study was constructed by firstly by selection of a core company working in
the relevant industry. The chosen case study consists of an innovative company,
Saturn Bioponics, which has developed a tower method for growing fresh fruit
and vegetables (called the Saturn Grower) and has developed corresponding
scientific hydroponic expertise. It stood out from the other companies considered
for this study because from the beginning it was using consultants to ensure the
horticultural product was the right fit for the market.

Once the main case study company to follow had been determined, the decision
was taken to focus initially on the case’s potential to contribute towards
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sustainable intensification, then build up information about how the innovation
was being diffused (which included collecting data at industry events) and
business model used to take the innovation to market.

Selection of interviewees within the operating landscape in which the case works
followed a progressive strategy and evolved over time, as outlined in more detail
below. Choice of whom to address was guided by their ability to provide different
perceptions about the processes and issues related to at least one of the main
concepts of the study: sustainable intensification, diffusion of the related
technologies or the business model. This helped to build more information and
understanding of context as well as adding further detail. When specialists were
approached, the data was examined to see whether the same patterns were
observed as those derived from the data collected from other interviewees, as
suggested by Miles and Huberman (1994). For example, insights from the data
collected from knowledge transfer specialists was compared with those collected
from industry practitioners in the context of opinion leaders to explore similarities
and convergences. Further information with a summary table with total number of
interviews and types of interviewees is shown in Table 6 below, with further
details in Appendix I.

Interviewees were selected because they had certain characteristics, such as
knowledge of a particular sector to be explored. Each empirical chapter had a
slightly different set of interviewees; for the Diffusion of Innovation chapter,
understanding of communications and diffusion of innovation within the agri-tech
sector were key selection criteria, whereas for the Sustainable Intensification
chapter, interviewees with technical understanding of how sustainable
intensification in a practical situation were chosen. The individuals to be
interviewed were selected on the basis of their roles in the organisation (for
example they established the companies, or they played a key role in the
development of the company and its technology. Some of the contacts were
selected from the author’s industry contacts as an agricultural journalist, which
involves participation in press events leading to insights on developments and
introductions to key individuals in the sector. In addition the ‘snowballing’
technique was used to generate personal introductions, identify relevant industry
events and technical articles which then led to the identification of further
opportunities to interview people connected with 3D indoor farming or who work
to foster competitive and sustainable farming.

The initial approach to the prospective interviewees was through email, with an
introduction and informing them about the planned research. Acquaintances
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known through having worked in the industry were approached informally and
asked if they were willing to provide information for the PhD. Following the
protocols in the Ethical Review, they were then given a written sheet about the
study, and asked for permission to interview them. Participation was voluntary
and no financial or other type of inducements were offered at any time.

4.3.3.1 Case study boundaries

Within the boundaries of the case study there are various layers of context (see
Figure 2 below) and at the centre is Saturn Bioponics, the company that has
created the innovation. The next layer is growers, which includes early adopters,
and then moves out to feature others in the supply chain, such as fresh produce
packers and processors plus specialist advisors to the industry such as
agronomists, agricultural knowledge exchange and PR specialists, and the UK
levy body Agriculture and Horticulture Development Board. The outer level is
composed of government policy makers and regulators. In addition, other
sources, such as interviews with CEOs of other vertical farming equipment
companies and trade articles were used to provide supplementary information.
These were not limited to the UK, but included the US, Finland and Sweden (See
Appendix ). This was complemented by conversations with others in the industry
such as the CEO of Linking Environment and Food (LEAF) and the CEO of
AgriTechE to gain more detail and context. Delegates attending an urban farming
conference held at Harper Adams University that attracted enthusiasts and
professionals were also approached for their insights and views to gain a wider
appreciation of the context in which the vertical farming equipment sector is
functioning (see Appendix I, Refs: HA0O1, HA02, HA03, HAO04)!!

Government policies on the agri-tech industry provided some important context
which may have influenced financial and non-financial decisions made by the
company, and its long and short term objectives. This has been important as it
helped provide understanding of the factors that may shape the industry’s
development.
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Governmentand policy
decision makers

Agricultural knowledge
and technology
spedialists and supply
chain,

Growers & early aopters

Saturn Bioponics

Figure 2 Layers of case study context for Saturn Bioponics

Because the case study approach can attract criticisms such as lack of rigour or
insufficient evidence for generalisation (Yin, 2003), it is necessary to address
these within the research design. This included ensuring close reference to the
research objectives to keep on-course, working to ensure consistency in coding
and internal validity and coherence by triangulating data where possible. In
addition, key informants were invited to review the information.

A potential weakness of this method can be the failure to understand context
(Hsieh and Shannon, 2005), so to address this, contact with the case study was
made over a longer time period to show changes in temporal context. The spatial
context of where the case can function is driven by the political policy context,
which is currently undergoing sweeping changes as the UK prepares to leave the
European Union, making this a highly complicated area to address as it is
constantly in flux, creating uncertainty in the market (see Chapter 3, Policy and
Context). To help ensure integrity of the data collected data from a variety of
informants with different perspectives and the interviews were triangulated with
written materials including trade magazines and other identifiable material such
as independent academic trials on three-dimensional growing and the
Government’s 25-year plan. These worked as datasets in their own right.
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4.3.4 Data collection

The qualitative material under analysis was collected from a series of interviews,
emails and telephone calls, observations from visits to the site owned by the
innovator, including an experimental station and also the farms of the early
adopters (see Appendix |). Where possible, direct observation and exploratory
face-to-face interviews took place with stakeholders, with field notes being taken.
When this was not possible, interviews were held by Skype or over the
telephone.

The aims of these interviews were:

¥ To obtain an expert/practitioner view of sustainable intensification and its
importance to the business, the processes of knowledge exchange and
the business model being used

¥ To observe and discuss the agronomic methods used for putting
sustainable intensification into practice

The advantages of this method have been to obtain the views and reflections of
the actors but the disadvantage is that the some of the information, such as crop
yield data, was collected by the case. To overcome this, other players in the outer
layers of the case study parameters have been interviewed, such as early
adopters of the system, and other reports in the public domain scrutinised. These
data have also been triangulated by drawing on independently collected data on
yields using a similar system undertaken by Touliatos et al. (2016).

The information gathered from direct sources has been complemented by
analysis of presentations at conferences by Saturn Bioponics and other technical
specialists in horticulture/three-dimensional farming. Content analysis of technical
magazine articles, press releases and marketing materials to help reveal further
information on the practicalities of environmental sustainability in an agricultural
context. Printed information from LEAF Marque on requirements for certification
to triangulate the data concerning the sustainability aspect of the crop were also
used (see Appendix, Ref: LME 01).

Agri-TechE was approached because it is an independent cluster organisation
established to work as an incubator for innovations in agriculture and horticulture
to improve international competitiveness (Chapter 3 Policy and Context). The
organisation has supported agri-tech companies including some vertical farming
enterprises. Further data were obtained from discussions with other growers and
agricultural scientists attending agricultural industry conferences such as
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CropTec, Agronomists’ Conference and Agri-TechE at which innovations and
their diffusion are featured.

In addition content analysis was undertaken of publicly available information from
webpages, public communications such as speeches at conferences and articles
in the trade press. This data has been complemented with material from
conferences where the company has made presentations, such as GrowQuip,
plus presentations made available from other agricultural events and conferences
such as Agri-TechE and CropTec (see Appendix). Technical articles about the
company and details submitted by Saturn Bioponics for entry for innovation
prizes and commercial launches of other technical products in the agricultural
sector has also been explored for further information. To widen the scope,
interviews were also conducted with other industry players, such as other
growers in the protected and unprotected crop sectors, agronomists, knowledge
transfer professionals, supply chain specialists, agricultural public relations
professionals and representatives from LEAF.

By broadening the boundaries of the case study the data attempts to fulfil the four
elements of validity (Yin 2003). These include construct validity, which has been
met by obtaining data from multiple sources of evidence, external validity by
using pre-established theoretical frameworks as a basis for the study and for
internal validity it has been checked for factual accuracy by the case. To help
ensure reliability of analysis, a common database for coding through use of
NVivo software has been used (see Section 4.3.5 Coding and Data below).

A summary of data collection is shown in Table 6 below, for further details see
Appendix I.
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Table 6 Summary of sources of data collected for the study

Meetings Faceto | Telephone | Emails Trade
face magazines,
media
platforms,
reports,
conference
presentations
Other
CEO Saturn 9 7 20 28
Bioponics/early
adopters
Others in VF 2 6 4 16
industry
D of | experts 3 2 3
Other 5 2
growers/processors
Other agricultural 5 3 18
industry experts
Other information
Websites Saturn Bioponics, GRDC, Sustainable
Intensification Platform, Agrilinks,
European Innovation Partnership-Agri
(EIP-Agri), Peer to Pear Learning
Accessing Innovation through
Demonstration (PLAID), Knowledge
Transfer Network
Trade Horticulture Weekly, Vegetable Farmer, | 54

Magazines/Media

Commercial Greenhouse Grower, Farm
Business, Agriculture Technology, BBC
Radio 4 Farming Today

Trade and
academic
conferences/trade
shows/industry
meetings

3x Agri-Tech East

4 x CropTec

2 x Vertical Farming conferences

3 x Agronomists’ Conferences

3 x Cambridge University Farm
conferences

x GrowQuip Commercial Conference
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4.3.4.1 Interview technique

Following Yin (2003), who advocates interviews as an important means of case
study information, this study combines semi- structured interviews with the key
case study, a corporate practitioner manufacturing vertical farming equipment,
early adopters who are stakeholders who are buying vertical farming equipment,
and other specialists who work in the supply chain and/or in knowledge
exchange. The choice in using this approach was based on the ability establish
rapport, helping to target questions towards relevant information, facilitating the
analysis of causal inferences and explanations (Gray, 2013). Holding regular
interviews with the CEO of Saturn Bioponics facilitated exploration of the changes
in the company’s opportunities and challenges and how it changed its strategies
as it reacted to them.

There are, however, a number of weaknesses in this method which needed
addressing, as interviewees may not reveal information as they are subject to
time constraints, or due to memory lapse, or confidentiality issues at the time of
interview. To minimise this effect, data from multiple elements have been used,
including content analysis of articles in ‘grey’ technical journals, conferences and
media interviews, interviews with a range of other specialists associated with the
three-dimensional farming sector (see Figure 2 Case Study layers of context)
plus information and notes made by agricultural journalists from interviews they
have done on the topic. This has helped to shed light on strengths and limitations
of vertical farming equipment as the value offering for an example of sustainable
intensification in practice from an empirical, pragmatic, point of view.

Mode of interview varied according to availability of interviewee; face-to-face was
the preferred method but when this was not possible, email and telephone
interviews were undertaken. Other information, such as speeches at conferences
and online information was already available in the public domain.

4.3.5 Coding and data analysis

Because of the large body of data collected from interview transcripts, trade
magazine articles and conference presentations, a qualitative analysis software
package was used. NVivo was chosen because of its capacity for storing and
organisation of data and ease of coding and re-coding, facilitating the use of
‘trees’ for analysis of empirical data. Other advantages of this system included
ease with which it is possible to locate text and/or passages when revisiting the
data.
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Prior to the coding process, data was critically evaluated on whether it was critical
to the concept being studied. Data which met these criteria were digitised and
uploaded to NVivo. An initial coding frame was set up using the criteria from the
framework and scrutinised for patterns which offer insights across the different
data (Miles and Huberman, 1994, Glaser and Strauss, 2009, Bazeley, 2009).
Initial document analysis using the pre-defined codes provided both information
on the development of the core case study and context from the other players. It
was then re-read to become familiar with any emerging themes at an early stage,
as recommended by Gray (2011). Key words used for coding were initially
determined and used thematically with reference to the research framework, and
content analysis of the documents was used to identify these categories in the
text.

For the subsequent phases other categories of coding were added from their
individual frameworks, with some data being cross coded across different
categories to show different dimensions of the information as different lenses
were used for analysis — for example yield and sustainability data from the
Sustainable Intensification chapter were re-coded as part of the value offering of
the business model.

Figure 3 below represents a snapshot of the early coding structure employed for
the case study on diffusion of innovation. The screenshot illustrates how the initial
framework helped structure the coding categories.
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Figure 3 Initial coding in NVivo

To understand more detail about the case, a decision was made to use
conceptualisations from within accepted academic literatures of sustainable
intensification, diffusion of innovation and business models as a basis for building
the frameworks for this study. This was helpful as it provided initial pre-defined
categories for coding the data. For example, for the business model terms such
as ‘value proposition’ and ‘value capture’ made a good point from which to start.
The key stages comprised initial coding of information as a concept, which was
then broken down into sub-headings (tree nodes with branches); for example
value capture was assigned a further seven categories. Insights from the initial
analysis, alongside annotations were then used and compared with other
academic literature indicate similarities and differences and were used iteratively
to suggest questions in later interviews. Re-coding according to the umbrella
themes was then undertaken to help explore any connections. As the project
developed, some of the a priori codes were amended and in vivo codes added
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during re-reading of documents and interview transcripts. For example, some of
the a priori codes in Figure 4 below are Value Intentions; as analysis of the data
progressed, it became evident that this broad coding needed amending to allow
inductive emerging themes to be better understood. This included themes such
as ‘Attitude to change’ and ‘Efficiency vs Value’ collection to be added, and the
data was then revised to detect where these might have occurred previously.
Some of the texts were coded more than once because they were relevant to
more than one chapter of the thesis. One of the challenges of such analysis was
to ensure context is not lost, particularly as different lenses were used to view the
case. Mitigation strategies included coding whole phrases and, where possible,
pictures, diagrams, matrices and tables were used to give a more holistic view
when comparing data.
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Figure 4 Developing themes in NVivo

Data were initially descriptively coded and the frequency of codes noted.
Deductions were then made and the data was then further coded to facilitate
interpretation to explore underlying information reflected and using both NVivo
and revision of memos and texts, searched for patterns connecting the empirical
data with the frameworks detailed above. The methodology follows the
suggestions of Yin (2003) to ensure consistency and credibility of coding.
Narrative was then used in the data chapters to convey these findings, which was

89



important in itself, as it often raised more questions and discussion of themes,
leading to further analysis.

To better understand sustainable intensification, coding categories were arranged
to reflect the dynamics between the subjective building blocks of sustainability
and other, more quantitative data such as yield differences. For the
environmental theme, first level coding was summarised segments of data,
dividing the information into ‘intensification’ and ‘environmental’ factors. This
facilitated the focus of further data collection and subdivisions were made, for
example, for intensification coding included terms such as water use, pesticides,
recycling and their synonyms, while for intensification ‘yield’, ‘saleable crop’ and
‘productivity’ were sought. To identify the underlying factors influencing yields and
environmental impact, data on both physical methods such as agronomy and
user attitudes were collected over a number of interviews, observations and data
in the public domain. The information was then re-read, tables and diagrams
constructed and memos written as a means of scrutinising for patterns (Miles and
Huberman, 1994) to identify factors identifying potential areas where the 3D
Growing technology could contribute to sustainable intensification at farm scale
and thereby be aligned with this concept at farm level.

To better understand Diffusion of Innovation the synthesised information was
used to reflect on communication flows, exploring changes in the company’s
target market, thereby following the company’s evolution of how it diffuses its
innovation and its impacts on the uptake of vertical agriculture technologies and
practices across the UK. This led to preliminary conclusions which were noted in
memos and then related back to explore where they confirm or add further
empirical evidence to current theory and where they differ from academic
thinking. Strategies to validate findings included revisiting the results and
considering the underlying meaning, comparing what had been expected and
what had been surprising. These finding were then re-assessed, and considered
again within its context to explore whether the same conclusions were reached.
At times interpretation led to new questions.

Using an inductive process, patterns and relations between the nodes were
sought to explore links between the business model used by the case study and
environmentally sustainable practice. The aim was to advance theoretical
concepts in business model theory within the concept of sustainable
intensification by looking for associations between the different concepts, to take
the study beyond each concept in isolation. Patterns revealed through analysis of
the case study were cross referenced with information on other vertical farming
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enterprises or other agricultural industry specialists (see Appendix), thereby
expanding the initial conclusions of a case study to try and ensure robustness of
the developing theories in the different theories of diffusion of innovation and
business model. Once these had been classified, a more focused reading of the
text facilitated scrutiny for patterns (Miles and Huberman, 1994) to identify
potential areas of their relation with current theoretical models of sustainable
intensification, and hypotheses were developed on whether they conformed to
current theoretical models. These were complemented by visualisations and
tables to inform analysis, particularly turning points, and some were also used as
a focus for discussion discussed with key informants.

Translating data into the data chapters commenced by building a series of notes
of observations seen from analysis of the data. These were then developed into
text and tables, with diagrams and drawings help build the story of the case. The
process of writing also played an important role in analysis, as it recalled data,
and the way it could be viewed, throwing up further questions, hence revisiting
the data or resulting in itinerant expansion of the data sources as specialists were
asked for more information, or new potential interviewees approached.

4.4 Positionality of the author

The author is an agricultural journalist with agronomic qualifications and an MSc
in Agricultural Economics who has worked regularly for a number of specialist
agri-food trade publications such as Vegetable Farmer, Farmers’ Guide, Farmers
Guardian, Potato Review, amongst others, for over fifteen years. Previous work
in the sector includes the post of Manager of a large agricultural cooperative
producing fruit and vegetables for export, coordinating investment projects
financed as part of the EU’s Producer Organisation scheme (see Policy and
Context chapter) and advising the Board on strategic matters such as mergers
with other agricultural cooperatives. She also worked for the Vegetable Growers
Association (now British Growers) overseeing collection of primary data on
supermarket prices and quality and its subsequent analysis for the growers. She
also has experience in public relations, and has worked with levy bodies,
commercial seed houses, agronomy firms and agricultural chemical companies.

The benefits of this include prior understanding about the sector and a broad
number of acquaintances across agronomy, communications and business
sectors, and therefore context. Knowledge of the industry has also facilitated
understanding of some of the technical benefits and pitfalls of the new sector
explored in this thesis. In many cases levels of confidence had already been built
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with interviewees, or, were easier to build because of mutual acquaintances and
prior understanding of many of their challenges. Being a journalist already known
in the industry facilitated access being granted for some interviews where other
researchers may not have been allowed. It was originally thought that due to
work as a journalist in the sector, there might be some refusals to interview, but
this was not found to be the case. This may be because of trust built up over
years and the promise of anonymity if desired.

Interviews were undertaken as purposeful data collection exercises, but, given
the author’s background in the sector, there has been a need to examine any
prior conceptions to ensure data rigour. There are opposing views on whether
preconceptions should be examined, acknowledged and side-lined, or whether
we all have ‘inherited knowledge’ from being in the world, as discussed by Lowes
and Prowse (2001). Reflection was found to be fundamental in attempting to
ensure objectivity as a researcher, and, following the advice of Lien et al. (2014),
and this has been attempted throughout analysis of the theme plus when seeking
meaning from the data. This has helped ensure rationality of thinking and
repeatability of the conclusions if another researcher were to analyse the
findings.

Disadvantages of this background included the need to step back and re-
examine any pre-conceived notions about the sector, setting them apart, as
advocated by (Husserl and Kersten, 1985) and ensuring that analysis reflected
the data and maintained objectivity. The ability to question what are often
accepted industry practices was learned as part of the development as a
researcher. Triangulating data and broadening its information base also proved to
be a useful strategy as it gave more information for reflection. Ensuring objectivity
was particularly important when reflecting on findings in Chapter 6, Diffusion of
Innovation, where, as an agricultural journalist, the author is a player, particularly
as some of the findings were not what had been expected as an industry norm.

4.5 Summary

This chapter has illustrated how the research, data collection and analysis have
been carried out, and the Thesis now moves on to present and discuss the
findings. The first data chapter (Chapter 5, Sustainable Intensification) assesses
how the case understands sustainability in practice, and exploring its alignment to
sustainable intensification. The next data chapter shows how this methodology
has been put into empirical context, providing a detailed overview of the
relationship between the case and sustainable intensification practice, is linked to
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the company as an innovator and how it spreads practice through diffusion of its
innovation, and the third data chapter helps consider what drives its operations
as a company and how it evolves over the time frame of the study.
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Chapter 5 Sustainable Intensification

5.1 Introduction

The objective of this chapter is to explore the practices of three-dimensional
indoor farming, and consider the potential of this method for farm-scale
contributions to sustainable intensification, thus increasing production without
further damaging the environment. Sustainable intensification relates to the
relationship between on-farm crop yields and eco system services and forms part
of the land sharing or land sparing debate, where there can be a trade-off
between agricultural production and an ecological benefit such as species
conservation or biodiversity (Gunton et al., 2016).

3D farming may provide one of the potential pathways towards sustainable
intensification of fruit and vegetable production at a commercial scale. There is a
need for empirical exploration of how a multi-layer growing system operates in
real-life farming operations to better understand how sustainable intensification
may function in practice at farm-level, a gap that this thesis attempts to close.

To explore behind the rhetoric, a case study method of a practical application of
3D technology in a commercial context has been used. This is important because
in many cases agricultural innovation has resulted in systems only suitable for
research stations (Pretty, 1997, Carter, 1995). Sustainable intensification can
only be achieved by numerous farms contributing towards higher production
without compromising the environment. Contributions towards this can entail
greater efficiency within different aspects of agronomy and growing systems, in
addition to reducing waste not only of inputs but also product rejections due to
mechanical damage, pest and disease, and failure to meet customer
specification.

The case study chosen was a company that has developed a 3D farming system
for protected crops (grown indoors) which is suitable for commercial growers (see
Section 4.3.3). Using data collected over a seven year period, this chapter
explores whether potentially higher yields (intensification) are achieved while
minimising environmental impacts when this system is used. The framework
discussed in Section 5.2 below is then related back to the academic literature on
sustainable intensification in agriculture of for critical assessment of how
practitioners interpret the concept within the context of indoor horticulture in the
UK.
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There is a challenge as not all advantages from activity towards sustainability are
easy to see (Carolan, 2006). Guidance on choice of sustainability indicators
shows there is a need to establish the environment and context where work is
taking place, and then consider the goals, identify indicators and collect data
(Reed et al., 2006). Decisions guiding which sustainability indicators to use
depend on their relevance to what is being assessed; those aimed at arable and
livestock farming differ quite widely, and as yet there is no guidance for three-
dimensional farming in a protected crop (grown in a greenhouse or polytunnel).
As this chapter is focused on sustainability at farm (micro) level, it was decided to
use a tool that is focused at this level and is not over-complicated to use.
Agronomic efficiency and agronomic sustainability, two of the indicators identified
by Gunton and Firbank (2016) can be focused at farm level, thus they have
provided a guide for this framework discussed below in Section 5.2.

Best use of resources to achieve better efficiency at farm level calls for attention
to detail at each level of production, and Pretty (2018) advocates the adoption of
new technologies to achieve intensification because, due to their precision, they
can also help minimise environmental damage. This is because the avoidance of
unnecessary inputs helps minimise greenhouse gases and optimises the
effective use of clean water. Such characteristics are also considered indicators
of a farming enterprise moving towards sustainability, and are included as criteria
used as part of the audits for sustainability by Linking Environment and Food (see
Section 3.2.1).

The aim of this chapter is to understand the relationship between sustainable
intensification and 3D farming, perception of the benefits of the technology in
terms of sustainable intensification, and to observe how the case study company
Saturn Bioponics and early adopter Valefresco interpret sustainable
intensification and put it into practice. This has been done by categorising the
data into the technical characteristics of the innovation and potential for yield
increases and environmental impact as a means for contributing towards
sustainable intensification.

5.2 Framework

Given the complexity of sustainable intensification discussed above, the
evaluation framework for assessing alignment between sustainable intensification
and vertical farming has looked to advice and elements from both academia and
the agricultural industry. It draws on the overarching theme of agronomic
efficiency and sustainability coined by Gunton (2016) and attempts to remain
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simple by keeping to just a small number of variables clustering related factors
together, as advocated by Firbank (2013). When considering practices to take
into consideration when looking at sustainable agriculture as defined by Pretty
(2008) it was observed that while integrated pest management, nutrient use, and
water harvesting are relevant to the hydroponic growing methods used with the
three-dimensional farming equipment in this study, the others are not. As a result,
in addition to the case study companies’ data, this study has also included some
of the sustainable practice criteria used in the Linking Environment And Food
(LEAF) Marque certification scheme, since this takes account of the whole farm
and not the cropped area. This, therefore, includes habitats such as hedges and
grass margins which are not used for farming but which have potential for
providing enhanced environments for vertebrates and invertebrates. Dicks
(2019), in work exploring benefits to productivity and the environment in the
context of UK farming, has also based academic work around practices
advocated in the Integrated Farm Management elements developed by LEAF
(2018). The Integrated Farm Management concept was also adopted by the
European Initiative for Sustainable Development in Agriculture'® of which LEAF
was a founding member.

In this project, the criteria have been amalgamated into a framework to form a
basis for reviewing the environmental criteria relevant to a system such as the 3D
Growing technology, The study looks for potential improvement of sustainability,
following Pretty and Bharucha (2014b) who, as noted above, assert that it is not
important to have accurate measurements, as any improvement is a step in the
right direction. To assess intensification, a simple increase in yield per unit of land
as one unit of measurement considered to be a contribution (Smith et al., 2017).
This is because it is arguably the main driver of intensification from the grower’s
point of view, but also take into account reasons behind the increase. It is
important to emphasise here that farmers are focused on increasing the saleable
yields they produce so they can earn sustainable profit margins and this is
reflected in the data as each interviewee refers to this.

Table 7 below collates the criteria for sustainable intensification from the findings
of Pretty (2008) and the LEAF certification scheme, noting the criteria that are
relevant to vertical farming and those that are less so, such as soil health
because the crops are not planted in soil but grown hydroponically on a medium
such as clay balls.

10 http://www.sustainable-agriculture.org/eisa-publications/eisa_framework_english/
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Table 7 Framework of building blocks for potential alignment between 3D

farming and sustainability

Alignment to

Alignment to

o Alignment . .
Criteria otential agronomic agronomic
P efficiency sustainability
Increase in ! | #$"%&"&'()$*&+
yield
(intensification)
Decrease in ! | " |
crop waste
Decrease in ! | " |
pesticide use
Nutrients/Water |1 | " "
efficiency
Land suitability |1 | v |
Soil health N/A N/A N/A
Biodiversity X N/A N/A
Lighting/UV for |1 " - "
photosynthesis
Carbon footprint | Variable N/A Variable
Agro-ecological | N/A N/A N/A
system
Relationship When whole | | [
with the whole | farm-scale is
landscape taken into
consideration
Livestock N/A N/A N/A
Integration
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Criteria

Alignment
potential

Alignment to
agronomic
efficiency

Alignment to
agronomic
sustainability

Aquaculture

There is
potential
integration
for this to
work with
three-
dimensional
farming

N/A

N/A

Technology and

Potential for

growing this to work

substrate with three-
dimensional
farming

Source: compiled by author, based on Pretty (2008), Gunton et al. (2016) and
LEAF Marque Standard audit criteria (2018)

LEAF inspections evaluate the sustainability of its members’ production methods
and because its criteria are more stringent than government regulations they
make a useful proxy for measuring the extent of the environmental impact of the
three-dimensional farming system. Proof of concept can be determined by
assessing whether the method of using the 3D Growing technology is acceptable
for certification by examining their criteria against those used for standard LEAF
Marque certification (LEAF, 2018). There are a number of organisations providing
certification, including the British Retail Consortium (BRC), Sedex and
GlobalGAP which also cover supermarket schemes (see Policy and context
chapter) who audit food producers and the supply chain for compliance in areas
such as health and safety, labour rights and traceability. LEAF Marque was
chosen because it is more centred on environmental sustainability than the
others and takes a whole-farm focus in addition to providing a platform for
knowledge exchange between innovative farmers. The criteria from the published
standard of its published standard audit papers make a useful base for helping to
understand on-farm sustainability (LEAF, 2018).

Table 8 (below) details the certification criteria applied by LEAF Marque and
explores whether they could be considered applicable to three-dimensional
farming methods applied by Saturn Bioponics. Valefresco, as a supplier to fresh
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produce and packers, is LEAF Marque certified, thus it provides proof of concept
that it can achieve these standards.

Table 8 LEAF Marque certification criteria for Integrated Farm Management

Criteria Benefits Applicable to 3D farming

Organisation and Planning | Identification of what Yes
needs improvement, drive
forward improvement and
chart progress

Soil management and Optimise soil health for No
fertility yield and

maintain/improve

biodiversity
Crop Health and Clear documented policy |Yes
Protection (Pesticides) showing strategies to IPM

and conventional, cultural
and biological means of
controlling pests and

disease
Pollution Control and By- | Reduce, reuse and Yes
Product Management recycle; use of carbon

footprint tool to
understand environmental
impacts

Animal Husbandry Animal Welfare and No
Health, protection of
resources and
optimisation of grass
production

Energy Efficiency Optimisation of yields Yes
rather than maximisation
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Criteria Benefits Applicable to 3D farming

Water Management Optimisation of water use |Yes
for crop while reducing
leakage and
environmental impact from
Its discharge.

Landscape and Nature Aims to enhance the farm | Yes
and encourage greater
biodiversity and enhance
landscapes on the farm,
and the protection and
maintenance of
archaeological or historical
sites.

Community Engagement | Regular communication Yes
and participation with local
community initiatives to
communicate a balanced
and positive approach to
farming.

Source: LEAF Marque Standard Audit (LEAF, 2018)

To complete the assessment and include intensification, the above factors have
been added to those assessing commercial yield (including crop quality aspects)
by looking at agronomic efficiency (Gunton et al., 2016). Input efficiency and
reduction of waste through yield variability also form part of the framework for
assessing intensification.

5.3 Material and Methods

To explore the potential of three-dimensional farming to contribute to sustainable
intensification, a case study approach has been used for this research with the
aim of using a case study to gain insights into commercial firm perspectives on
sustainable intensification and to learn about implementation of 3D farming in
practice. Sources include semi-structured interviews, observations, presentations
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at conferences and other data in the public domain, including trade publications
and websites. More details are in Appendix |. The methods used for analysis of
the data are described in Chapter 4, section 4.3.5.

5.4 Findings

This section presents the details of the key elements of three-dimensional
farming system and assess their potential for alignment with markers that imply
sustainable intensification.

5.4.1 Characteristics of the innovation

To facilitate understanding, it has been important to first understand the
technology used for growing in three dimensions. The innovation is called the 3D
Growing technology and it comprises modular towers with holes for plugs for the
crop. It uses a hydroponic (soilless) growing system in which water and nutrients
are circulated through a closed system. This is complemented with tailored
nutrition and agronomy based on hydroponic science also provided by the
company. This method of growing is suitable for a number of crops, including
leafy salads, pak choi and strawberries. Saturn Bioponics has continued
developing its innovation by creating a management system which is run
remotely from the company’s headquarters.

Picture 1: The Saturn Bioponics innovation, the Saturn Grower

_— S \\ i '

Credit: Alex Fisher
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5.4.2 Attitude towards sustainable intensification

Data collected from discussions, observations, trade articles and conferences
were used to assess the potential of the 3D system for sustainability (see
Appendix |). Discussions with Saturn Bioponics and early adopter Valefresco
between 2013 and 2020 (see Appendix I) explored their attitudes and
interpretation of sustainable intensification and identified key responses showing
sustainability to be of high priority. Saturn Bioponics CEO emphasised that
“sustainability points have great value to us” (Ref: SB28). The aim of the
company has consistently been to provide a “safe food supply with lower
chemical inputs” (See Appendix 1 Ref: SB05) and this attitude has been
maintained throughout the time of contact. The confidence held by Saturn
Bioponics’ CEO in the ability to provide a product which facilitates sustainable
growing practices was evident in the comment: “All waste needs to be properly
recycled, and if the 3D Growing technology were not a clean and recyclable
system | would not promote it” (Interview April 2016, Ref: SB05 and reiterated in
December 2018 Ref: SB21).

When taking both sustainability and intensification together, Saturn Bioponics’
CEO said it was about “producing more with less” and thus drew attention to the
importance of using “more space which becomes available in the three
dimensions” when using systems such as the Saturn Bioponics’ towers (Ref:
SBO05). Discussions also stressed that to achieve sustainable intensification
factors to consider include financial sustainability, as the grower needs to make
sufficient profit to remain in business, and this may affect investment decisions
(and is discussed in more detail in the Business Model, Chapter 7). If grower or
supply chain profitability comes under threat, “ethics do not enter into it as
commercial pressures are enormous” (CEO Saturn Bioponics Ref: SB05), hence
care for the environment could be considered to be at risk if growers do not make
enough margin for their own survival. There is a clear view that “for sustainability
there needs to be profit through productivity” (CEO Saturn Bioponics 24th June
2014, Ref: SB01), and this has been corroborated in more recent interviews with
the company (Ref: SB21, SB28).

The need to create a system capable of providing benefits for the environment
and grower needs became apparent because of the time Saturn Bioponics took
to develop its hardware and software systems: “Work has been slow at the
beginning to get things right for the farmer and the environment” (Ref: SB05). The
company took five years in creating a system which it deemed capable of
providing a return on investment for the grower as well as minimising impacts on
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the environment. To achieve this, the company emphasised the importance of its
work “collecting data on resource use and associated costs”, which included
chemical inputs for nutrients. The latter proved challenging because
“intensification can mean higher rates of pest and disease, so good solutions are
needed to control diseases” (Ref: SB05). This concurs with the view of
horticultural agronomists because pests and diseases can move quickly through
mono-cropped areas (BCPC Pest and Diseases conference 12 October 2018,
Ref: MI20) and also work published by Roberts et al. (2020). Such factors
emphasise some of the challenges of 3D growing and the importance of the work
being done in Saturn Bioponics with reference to plant health and the agronomy
of hydroponic growing methods to ensure that plants are grown in the best
possible conditions to reduce stress. Lower levels of stress in a crop means that
the plants are less susceptible to pathogens and is therefore important to yield
and quality.

5.4.3 Exploring the potential for sustainable yield increases

Detailed information from trials undertaken by Saturn Bioponics and presented at
the GrowQuip Conference 2017 (Ref: SBC01) showed single-cut yields doubled
in size, (reaching 3.25 kg/sq. m compared with 1.6 kg/sq. m using a gutter
system), thus showing an increase in production per unit of land. Data from
Valefresco, who installed a system for pak choi production, also shows an
increase in yields from 3kg per square metre to 11.5kg per square metre per crop
cycle (see Appendix II).

Attention to detail in a number of areas has played a key role for the system
developed by Saturn Bioponics. These include:

¥ Knowledge of which varieties are more suited to the growing medium;

¥ A tailored nutrient strategy which provides the right nutrient at the right
time to maximise growth and crop quality;

¥ Areduction in time between crops as improved plant health means less
time is needed for sterilisation, and faster turnaround of crops

Shortening the growing cycle (See Appendix Il) allows more crop cycles per
annum, which can make a significant difference to the total annual crop yield. Mr
Fisher said: “If you shorten the growing cycle from 45 days to 35 days, you gain
ten days, and over the length of the year this builds up to three more crop cycles,
which can make a significant difference to the bottom line” (Ref: SBP11). Speed
and ease of harvesting can also reduce damage to plants at harvest and facilitate
a fast turnaround to plant another crop and; which can impact on productivity.
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“Using Saturn Bioponics’ Grower system, placing the plant plugs in the apparatus
takes between one and a half and three seconds/plug, with harvesting taking
between four and eight seconds/plug, as it consists of simply pulling out the plant
and then placing it in a harvesting cart, while trimming the plant will add up to
three seconds” (Ref: SBP11).

Crop yield and quality need to work in tandem to achieve higher saleable yields
and the emphasis on ‘saleable crop’ is apparent throughout the documents and
interviews. In the commercial arena, crops which do not conform to the
parameters specified by customers are rejected and wasted. This can be due to a
number of factors, such as not being the right shape/size, contamination (e.g. soil
or insects), mechanical damage and bruising.

Valefresco sells to some of the UK’s biggest processors and retailers and
ultimately, if the crop does not meet customer specifications, there is no market
for it, so product quality and consistency are crucial to the business. If criteria are
not met the commercial grower then either sells at a lower price than agreed in
the contract with the buyer, with subsequent lower profits, or may even have to
destroy the crop. However, issues with specification do not arise with the crops
being grown using the 3D Growing technology, as Valefresco reports customer
enthusiasm for the reliable quality of crops grown by this method (Ref: SB13).
This reliability has led to the negotiation of a new contract, and the company has
extended the system to cover all their pak choi production and have trialled it for
premium lettuce too, suggesting the acceptability of return on investment and the
speed at which it can be achieved. “We sell to some of the UK'’s biggest
processors and retailers and they absolutely love it — in fact we’re negotiating a
new contract off the back of it” (Ref: SB13).

It is also significant that Valefresco has increased the area using the 3D Growing
technology as it has found the system to be a success for the company’s
business strategy as it helps to increase profits: “We are looking at rolling it out
for all our pak choi production and are trialling it for our premium lettuce too. We
are really happy with the payback figures; it makes the investment much more
attractive” (Director, Valefresco, interview Ref: SB13). This underlines the
business needs of growers as an important element when working towards
sustainable intensification, and is discussed in more detail in Chapter 7, Business
Model.
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5.4.3.1 Waste reduction

Saturn Bioponics CEO Alex Fisher claims that in lettuce crops, tightly controlled
growing conditions led to growers participating in company trials achieving very
high levels of saleable crop (Interview Ref: SB0O1). This was confirmed by the
director of early adopter Valefresco: “Waste on the field is typically 10-15 per
cent, but this is very much reduced when we are using the 3D Growing
technology” and “The company is producing nearly ‘100 per cent clean’, saleable
crop year-round” (Interview, Ref: SB13). The 3D system has been shown to
contribute to achieving lower levels of waste, which, due to the effect on yields of
pathogens, weeds and invertebrates, can be as high as 30 per cent in some
crops (Pretty and Bharucha, 2014b, Flood, 2010). In hydroponic systems a
growing medium is used rather than soil, so there is less likelihood of soil-borne
pests contaminating the system and subsequent waste. Reduction in waste may
also be achieved by targeting harvesting times according to consumer demand,
which could also help reduce the need for storage (Interview Ref: SB05). In
addition, adjustments in efficiency such as looking at how to reduce staffing-
hours for the various tasks including planting and harvesting help facilitate a rapid
turnaround and therefore contribute to the production of an extra crop per
season: “In our design, we have kept in mind not only the agronomic conditions
the plant needs, but also how to keep labour costs down by making planting and
harvesting easy and quick for the workforce” (Ref: SB05). When the work is
easier to perform, there is less likelihood of damaging the crop while picking,
which also reflects on waste. These details are connected with sustainable
intensification, because the less the waste, the higher the commercial yield.
There is of course, an environmental benefit to lower waste levels too.

5.4.3.2 Agronomy

The important role played by agronomy should not be underestimated; the right
blend of nutrients needs to be provided at the right time for plants to achieve their
optimum yield potential in optimal time, thereby enhancing crop efficiency. Whilst
Pretty (1997) makes reference to nutrients and crop protection, successful
agronomic practices include monitoring growth rates and calculating when apply
nutrients to get the optimum results. This is an area of focus for Saturn Bioponics,
and CEO Alex Fisher said: “We have also been fine-tuning efficiency throughout
the system; for example, water and nutrients are delivered automatically and
recirculated, ensuring maximum efficiency and no waste or threats of nutrient
run-off” (Ref: SBP11) and feeds in to the subject of eco-efficiency discussed in
section 5.4.4.1 below. A similar view is taken by vertical farming company
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Aponic, who emphasised that the importance of applying “the right nutrients, at
the right doses and delivered at the right time” (Interview Ref: AP01).

In a confined space, it is easier to use biological crop protection (See Glossary)
because by being a regulated atmosphere it can provide the correct environment
for activity of predators of the pests threatening the crop (Conference discussion,
Ref: AG03). These methods are not yet as consistent as conventional pest
control, so their use would add another variable to trials of the Saturn Grower,
hence, although adopted in other areas of the farm, Valefresco has not yet used
them with the Saturn Grower (Telephone interview, Ref: SB20). There is,
however, potential for the system to work using biologicals.

Saturn Bioponics has worked to provide the necessary phytosanitary conditions
to prevent losses from disease such as root rot, and by using internal sterilisation
of the root zone with a substance which is biodegradable and not a contaminant
(Saturn Bioponics, 2 February 2018, Ref: SB18) and this also contributes to the
environmental profile. Other vertical farming companies have devised different
ways of dealing with challenges such as the higher humidity from high density
planting. For example, USA-based company Urban Produce has developed a
dehumidifier for use in the greenhouse, which helps reduce the risk of rots
developing (Press interview, Ref: VFC1), and illustrates different ways of
approaching challenges of high density indoor growing.

Healthy, unstressed plants are also more inclined achieve their genetic potential
for yields. “The increase in saleable yields is partly because by using Saturn
Bioponics’ system has effectively reduced root zone fungal disease from the
system, meaning that phytophthora is not a problem” (Email: Ref: SB10).
Attention to detail in nutrition and plant protection is a driver of yield and therefore
enhances crop productivity per unit area, hence this is an important element of
the company’s strategy.

5.4.3.3 Comparisons with outdoor growing systems

Using data collected by Saturn Bioponics and early adopters Valefresco, Table 9
explores some of the practices which help achieve greater productivity by the use
of a system such as the 3D Growing technology compared with broadacre
farming (Interview and trade press, Refs: SB05, SBP07). Measurements are not
showing a direct comparison as conventional broadacre farming is done in soil,
whereas the Saturn Bioponics 3D farming system uses clay balls as a growing
medium, however, other quantitative studies on vertical and horizontal
hydroponic systems using lettuces also show increases (Touliatos et al., 2016).
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+&'6! 231+&',/12:310/'6,('(  '&*('H"3I2H(/5")!1+2!IH"* IK';!I'-'6'3+!1)/,5,3!
5*-.'10'/1'0+,238! %&'1,3+'/5,""(14"*+./')!,31%*H-"" #I*H25'TJO/ (()+&"

602/++31 12414/ *-*H - +:A124+'31- 3K, 311 +1:, +&I2H(/5*H, -, +:1*(IH", 311K 1+2!
)'1,(,23(819%&,(! ,(1.3)/(+22)IH;17*+./31@,2023,1('RSTIE-JIU,(&/>!  VW&'3!
112:1(1("15'+,1*-14%/6,31162) (!, 371+, 23A16%3;10'20-TH'1 26", 3+'/'(+)!

*3)1:2 )1 KI421("L +112142/%  )XI<='4>12@CHGBI%E&, (1:*(10%/+,1.-*/-;1, 602/+*3+!
A201+(111'3+101,((1:&, 1&I&*E FIH2*  [)1241) /'1+2/(1+211235,31':8216*:132+!
HI5/:1K32:-) *H-"T*H2. +1#1/2326,1(81Y, 1&-,1&+,311+&, (Al 23"l 4¥/6'/1<="4>]
E2$"GI(*:(>! Wbl *-*H,- +:1,(15'/;1 602/+*3+1(21:2.11%31'5*. *+'1 41 +1)2'(132+1:2/K!
0/20'/-12/1:,-1:2/K1, 310+, 1.-*/1(,+.*+,23X  BUJ+&' [1123(,)'/*+,2312414/ *-*H - +]
[B*( L 4(1,602/4*3LIHL* (1 0243+ *1%)20+/1 1%31+&'3IH ++/1'5*. *+']
1&**1+,(+,1(1 241+&'1,3325%+ 2321)+1/6,3' | +(5*-.' 142/1+&'68!

W&BI*3%o:(,3I%++ + ) (142:%)(11260-J,+:A 19142 3)1,3+7/5,:"(1&*)!] 32+
[*3K") L +#('H',31*31,602/+*3+!)'+'/6,3*3+124!/'7'1+,238!%&, (16*;!H'TH'1*.("!
3IB2/+&/31S./20'1+& 5 [*):18 18I (+*3)*/) (1241H.(,3'(IK32:-)I'
*3)1,31/%(,311. (1241+'1&32-21: *1/2((1+&1*1/, 1.+ /*1(1+2/A1,31-.),311(2,-!
62,(+./1(3(2/(AN/23(AI(2,-  1+:0'%3)11/"31%/'*1, 3)' 16*00, 3IAI*623(+!
2+8'/(8!

[ "#$



" $%&" () S+ B8, () B

S5'31:&'315%-'1,(10/1',5')Al*31%)20+/16*:132-+1H1, 31%102(, +, 231+ 21+*K |
$5*3+*['1241 +81T3' 1241+&11&*--'31'(1241.0+*K'1241(.1&!*3!,3325*+,231&*(IH"3!
(82:31+21H1+&'1,3+'3('11260  "+,+,23IH+:"31/+* ~/(1)/,5,311)2:310/, 1
<='4(>IF@C"AIF@CDAI?RC"GAI*3)1+&'I-+1KI241123+/*1+ *-1(1./,+:Al:&,1&!,60*1+!
231,35'(+6'3+1)'1,(,23(8!N, (L.((,23(//'5"*-")1+&*+1+&['1, (124+'31*:*/'3 (124!
3'1,3325%+ 5'1+'1&32-21;Al(.1&!*(1&:;)/2023, L (AIH.+AIH '1*.(12414,3*31 *-1
3('L, A& 65132+ A" 1+& 14T 31KI02(,+,2314+21%)20+] +1%3)1:%(!
&,18-,1&+)IH;1Z*-'4/'(121),/'1+2/1B, 1KI[*./21<="4>1?@IDLG:&2!(* )>! W&/, (I*!
[ +1)*-1241%1+ 5 +;1 31+&'1&:)/2023, 11 (0*1'AlIH. +1422)1 (1+2211&+01(2!32 P23
* 34+(14+21,35'(+1623"; X 8%8&,,(1.3)-, 3 (1+&'13")142/1+& 1 1&** 1+ (+,1(1241 (. 1&!
*I(;(+'61+21244'/1%1), (+,31+1%)5*3+*['14+21+&'1%) 20+ AIZ2+13'1'((*/,-:1, 31, Al
H.+1,310/24,+16%/1,38

T1241+&HH//,/(1+21%)20+, 231, (1+&*+1,31(26" L*((11/2:1(1*/132+1-22K 311421
35'(+1,31&,1&/10/2). 1+,231*(1+&";16%:1&*5'12+&'/10/,2/,+,'(Al(.1&*(1/").1, 3!

/- *¥31'1231-*H2 /8ITS1+&'1+,6'0',2)1.()42/1+&11*(1(+.);1+&'[1&*5']
H"31(,13,4,1*3+102- +,1*-11&*31'(A123'1241+&'162(+!,602/+*3+1241:& 1&!,(1@/'J, +A!
&, 1&I&*(I* 441+ +&'I¥5* *H - +:1241-H2. 14214/, +1*3)I5'+*H-"1'3+'/0/,(‘(8!
%&, (1:*(I/'411N)1+21H:1+& IRSTAI?*+./3!@,2023, L(AL:&2!(*)>IVU/6'/(1,3!+&!
\#/'123182-)Al+& /1&*(132+1H"316.1&112,311231(,31'1+& 1@/ ], +152+'X1<="4>
2@"\GEI3;! 121 &*5IH"3 I P&,3K,3I+&/11/2:, 31 (#1441, (Al +&16*3;]
-22K, 311421, 35'(+], 31/2H2+(1+21/'0-*1'1-*H2./1:&'/102((,H-'A12/10'//&*0(!

' ,06'3+1:&,1&1:,--1:2/K!: +&I/2H2+(8 !

T+&(! &*5' 1*1+,5'-: IH"'3 1-22K,311+21 35'(+!,312002/+.3,+,'(*/,(,3114/26!+&"!
02+'3+,*-142/11/' *+'/1)'6*3)142/10/2).1'11/2:3!,3]" @!<="4>1ZUCDG8IW, +&!+&'!
2.4+126'12414+ 802 (+ FB\l:; +&)/*:*-14+/+)' 1) *-132+1K32:31%+1+&'1+,6'1241:/ + 3] Al
+&,(1),(/.0+,5''5'3+1&*(1*44'1+")1,35'(+6'3+10/,2/,+,(1*3)1)'1,(,23!6*K, 3IAI*3)!
&*(1,60*1+)12314+& 1(*-'(1241+&'17*+.  [31/2:/1<="4>12@"aG8!b*H2./ 1,((.(!
6% 1&*5' 1,60*1+") 1231.0+*K'1241+&1&*):HTH'1*.(1+&'1421.(1&*(1625")!
*%:141261,31/(,3110/2).1+,5,+;1*¥3)1: A+ 21("K, 311+ (1,31:&, 1&!
1260*3,(11*31:2/K!:,+&!*I5'/:16. 1&1(6*--'/1:2/K42/1'1<='4>1?@"aAl YFCA!
E?'LG8

U/261%11266'/1,*-102,3+12415 " Al:&'31'5'3+(12.+(,) 1+&'],34-.'31'1241+&']
13325*+,3111260%3;10/25, ) I*IH*//,'[14+21%)20+,23A1+&'11260*3;]  6*1/'(023)IH; !
H/2%)'3 31 1+&1(1+2/14/261:&,1&) +)/*:(1  +(+*/I'+1%)20+/( Al42/"J*60-"1+2!
323R122)11/20( 8IW&,-'1+&! 6%;132+1H"1 *31,)*-1(,+.*+ 2314/261+&10'/(0'1+,5'124!
6251424/ (1. (+*,3*H-1,3+'3(,4,1*+,23  1,31422)11/2:,31 Al+&')'1,(,231&*(1+2!

"#M



!
!

HIG*) 1421 (14,6 3 (211 (&1, +1, (16 2(+1- K'=:1+21&*5'11 26 6'/1 *-!
(11'((1+&/2.18&!%)20+,231241 +(1,3325*+,238 !

"#'0$1(223*(,/$/)+4,5* $

06211% 31%1123+' J+.*-15 ":1241:&'110'/(23(!,352-5)!,31("--, 311$N!4*/6,3I!

' 063 I(+ FH)AIZB A& A [(+ 3] * (144K 31, 3+21123(,) 4+, 231+ (148
(21,%-1(;(+'61241:&,1&!+&'(10-*'/(1*/'16'6H'/ (8193, + *-13'+:2/K (142/6")IH;!

2%+, /31@,2023,1(1,3IDC"L!,31-.))"/-:1%)20+/(1:&2" +&/1(.00-,)!
0/21'((2/(12/10* LK /(AI*3)1:&, 1&1*(1+&'31('3+142/1/+* -8]  T3'(.1& 1260*3;!
* RNV (+4H- (&)I6HK +(142/1(*- (1241, +(14/'(810/2).1'10/,2/1+ 214/ *-- 3!
+&17%+ 3112 AFI)AHAIKIO  -%)Ix1/2-1 318'-0,3117++./31@,2023,1(14,3° P
+.3'14&'1,3325*+,231<="4>12@CHAI?@CLG+2!'3(/'1+&'_*- +:1241+&'14/'(&10/2).1"
+(14+&*+1)'6*3)")IH;1+&'1(.00-;11&*,31,31-.),3110/21'((2/(1*3)/'+*,-/(81%&
J(),(L.(()!,3162/'1)'+* -1 3IR&*0+/178! !

I"#'0"6$7,80(/&  +(,/*$,2&+,*$3%)-$(/$-(223*(,/$)+4,5*  $

TH(/5*+,23(1&,1&-,1&+)1+&*+1+&,(1(21,*-1(;(+'6!,31:&, 1&I+& 1*('120'/++'(1, (!
1266'/1,*-1¥3)1&,1&-:11260"+,+,5'Al*3)1"/- 1) 20+/(1*/11266'/1,*-11/2:'/(!
[&21%/'162+ 5+ IH:1+&13") 1+ 216*K'1(.44,1,3+10/24,+1+  21(+*:1 31H.(,3'((!
+&'6(-5'(81%8&,(1.3)'/-,3'(1(26'1241+&'1),44,1.-+,'(1,31),44.(,31!,3325*+,23(!, 31!
32 R,H'/*-1'12326:1:&,1&!1)2'(132+1&*5'1*31,3)'0'3)'3+1"J+'3(,23!(/5,1'8!
S¥/-:1%)20+/(10/25,)')1*1.('4.-16*3(12411/%+,3113'+:2/K(14./+& IH*1K!, 31+&!
(.00-;11&* 3A1,3+/2).1,311+&'11260*3:1+21+&',/12:31(.00-,/(12412+&'!"_.,06'3+!
(L&*(N1/"3&2.( (AL //,1*+,2310.60(Al'+1819%8&, (1/'625)1+&1,3,+,*-I'6'3+124!
3+/2).1,31 14+&' /11260 +,+2/(1+21%1(;(+'61:&,1&!1,5'(11260'+,+,5'1%)5*3+*1'g! !

S5)3UICIEH( +&'11260-,1%+1);3%6, 1(1241 (+/*+'1, 113" +:2/K(1:'/"
H7.(+)1*112/),3114+21+&10%/+,1.-*/11,/1.6(+*31'(8!1U2/1'J*60-'Al*3!

3+/2). 14,2314+ 2151 P(+*H- (&)1(0'1,*-,(+11266'/1,*-11/"3&2.(1)'(,I3"!
H*(')!,319+%-:1<="4>12@"$GIH' 1%6'1*31 602/+*3+10%/+1241+&'1 3+:2/KI<='4>12@"aG!
*3)I&*(IH'126'1¥1), (+/,H.+2/142/1+&''3+'/0/, ("1, 319+*-:8106&, (1&*(1*31)))!
H23.(1,31+&*+1+&1'38*31')1123),+,23(10/25,))IH:L.-+/*  F52)/3A1&, & P-1&!
1/"382.(11*31*-(21H')/'4,3)1+21'3&*31'11/201;,-)1*3)12.+0.+Al+&. (!

0/25,),311162/"  11260-'+'1(/5,1'Al *)),3114+21+&'1+2+*-15%_ '8 |

93+'/5,": (I +&+&'IRSTI2417*+ /31@,2023, 1 (AIE-'JIU, (& /AI<EO/,-DC"LA!
B25'6H'/IDC"aAIN'1'6H'/IDC"cG!*-(210/25,))I'5,)'31'1241*IH/2*)'3, 31124
+&'13+:2/K(125'/1+,6'1+21, 31- ) 1+&'11.(+26/(1241+&" /11.(+26 /(! <,8'8!
0/21'((2/(AIO* LK (AF3)/'+* (GI1/*+ 311+&102+'3+,*-142/11266.3,1*+,23(!
| +&IH2+&1'3)(1241+&'1(.00-:11&* 3AI+&''H;11/*+ 311*1:'H1241 342/6*+,23!
*5k KH- 14210243+, *-1)20+/(819%68&, (1*-(21- 3K (H*1KI+21+&'1,602/+*31'1241+ &

! "t



|

!

1&*[*1+',(+,1(124%&'1,3325*+,2381U2/1'J*60-'Al0/21'((2/(16%;10'/1' 5'l/'-*+,5']
534418 B1+&" /1:2/K!, (14*1 - +*+)1<*3)112(+(1-((G1:&'311'/+* 3!
(0'1,4,1%+,23(1/1%)), 311 (,d'Al_*- +:1%3)1-2:'/16'1&*3, 1*-1)*6*|'I*/'
*1&,'5")I<="4>1?2FC"G8I%&. (1:&'3*1(;(+'61244'/(1+&,(  102+'3+,*-Al +16%1H'1+2!
1/2:'/(012:31%)5*3+*|'1421/'1266'3)!, +1+21+&' /14/'(&10/2).1'(.00-,'/( 8!

E!(,60-,4,)15,":1241+&"02(,+,23124!7*+./3!@,2023,1(!:,+&,3!+&,(11260-'J!(.00-;!
1&*,311*3IH'1("3!H'-2:1,3IU, 1./ L8

-
"H$%0&
Y6($%Z

12%/3&
24(."$%&
%()$%*

+%0$3,#(-*$&
*-../0$%*

62"-%,&
:0(.(,09*&
:29<$%
60"$& h
4$7%/(.8%,"& ;%0 (98 (%*
2,4& ~
9(,*"%-9"0(,& (/2S5
* $902/0*"* ($721%
5$"20/$%

$

(<3)% 14) =)>,.(/<$?&+3'1$%(,.,/(:*@$/)+4,'5*$3.%+") &8 &/-$
-, 4%+ 88%&>,/<$+A)$*3..>B$/)+4,'5 !

UL LI*H25'1(&2:(1+&*+17%+./31@,2023,1(1:,+&,3!,+(1123+'J+12413'+:2/K(Q!, +!
&*(1), /' L+1/'*+ 23(&,0(L:, +&H/2: /(AIH2+&!™*/-;1%) 20+ (1*3) 1 2+&'/11/2:'/ (!
<+&'11&*33'-(1,4.('(142/'1266.3,1*+,23("*/'1)'+*,-)1,31?'1+,23IL8M8NH'-2: G8!9+!
*-(21&*('H.,-+!/'-*+,23(&,0(!:,+&!12+&'/'(.00-,"/(! (. 1&!*(1+&2('!:&,1&!0/25,)'!
1260-'6'3+%/;1122)(12/1(/5,1'(1(.1&!*(11/"3&2.('(*3)!1123(+/.1+,23!
(/5,1'(8! %&,(1--.(+/*+'(1+&1,( M+ B(1*00/2*1&1+21+&'13'+:2/K! 314+ &*+1+&']
1260*3;0(1++/1'+1.(+26'/(Al+&1/2:'/(1<,31-.),31I'/-;1%)20+/(G | 3+/%141: +&!
+&' 12:311.(+26'/(14./+&'1)2:31+&'1(.00-;11&* 3A!(. 1&*(10*1K'/(A!
0/21'((2/(*3)1/'+*-/(8!  2*+./3!@,2023,1(1&*(1)'5'-20)!1266.3,1*+,  23(1+2!
H.,-)l/'-*+,23(&,0(132+123-;1,+(1) /'1+11.(+ 26 [(AIH . +1*-(214+&'11.(+26'/(1241+ &
1.(+26'(8 !

"#L!



|

!

%6&,(1(;(+'6(1*00/2*1&!1  1/*+) *3IM5*3+514/26  +1)'I/"1241&'+/20&,-;!
+&/2.1811/2(( P3+'/0/,('120,3,231-"%)'/(&,0A142/1' J*60-"1(&2:,31!,3325*+,23(1+2!

*31% - YH A1) A4 3+ 1+ [*1(1+2/1<="4>IE?"DGS! * /2:/(1241323  R122)11/20(!
P14RK312.3) 1481, 3(+H--*+ 23(F+1/-:1%)20+'/(010/'6, ((I<='4>?@DaGA!:, +&!
+&'1* 612411'3'1*+ 311),(1.((,231*3) 14" H*LK8IN'623(+/*+,311*3!, 3325*+,231+2!
*1),44'3+1(1+2/1, 31(1&H:*:1%52,)(1(26'1241+&), (. (1241/'5'*- 31!
1260'+,+,5'1%)5*3+*'(14/261 +(1.(1+21),/1+11260+,+2/(8 !

I"#1 $C,4$5/,4>)-<)$(*$.',-3:)- $

F*/+1241H' 311%1(.11'((4.-11266.3, 1*+2/1*3)I'3+/'0/'3" /1, (1+&'T*H, -, +; 1421~ (+'3!
+212+&'1(1*3)*11'0+14" H*LKAF3)! 4 13'1'((*/;A+*K'1*1+,23819%&, (1,(1(&2:3!  +2
&*5'TH 3K I''6'3+1241+ & I (+/*+|;1+*K'3IH;17*+./31@, 2023, 1( 1:82!
'3-,(+) 1126671,%1/2: (1 +21&'-01/'4,31+&'1(;(+'61<="4>17@CH#G8!%&, (I-, 3K (!
| +&I+&'1)'5'-206'3+1241+&'15%- 1244 3II(10%/+1241+&1@.(,3'(( '[2)-!
),(L.(()!,3IR&*0+/11812,6,-*/15,":(1231+&'1,602/+*31'1241("K, 311+&, (I"/-:!

A"V H*LKIH'1& ) IH: 1+ & TRSTI241Z'/+,1*-1U*/6,311D!1260*3; Al:&21/'4-'1+)>!
VTO'/5+,23(13")1+21H'1421. () 1*3)1:2/K):, +&14*/6'(1:&21) 21+ &' 12:3]
)(13(XI<="4>IE?"aG8!!

06&'11266'/1,*-13*+ [12414& (14, 1%) 20+ /(14* 1 - +*+")I6*/K'+*H-"1; '-)!

A0SO N HE+H I +&1+&*31-FH2I*+2/:14,1./'(81%8&., (1, (12410%/+,1.-*/!

3+ (+1:8'311266.3,1%+,311: +&12+&/102+'3+ *-1%)20+/(1*(), +1&'-0(1+&'6! ("
&FHHEIGRIHH- 142 185 3IM1266'/1,*-1(,+. %+ 23A1*3)1- 3K(14+2!/'-*+,5']
M5*3+*['1< ("I ?'1+,231L8M8$S@AR!4,1./(10/25,)). (‘4. 123R1*/6 |
342/6*+23U2/4&'1,3325%+21:&,1&!12.-) H11260*/)!:,+&!(,6,-*/!  &;)/2023,1!
GEB+21%((((1 +&'102+'3+,*-11260'+,+,5'%)5*3+*]'1  24+&13":1(;(+'68!
\3)"/(+*3),311&2:1+216*K'120+,6.61.(1241+&'11/2:'/(OIK32:-)I'1*3)!

{30+, +&10%+,1.-*/11/20(Al+*K, 311, 3+21¥112 . 3+12+ &' /14*1+2/(1:&, 1&!:,~-1H"
(602/+*3+142102+'3+ *-11/2:/(Al *(12H(/5)1+2IH'  1¥31,602/+*3+16™*3(124!
'38*31,311*3)1/  '4,3,311*31,3325*+,238!

00&[1H12+& N4*1+2/(1,34-.'31,3111/2:+&):&'311/20(1*/11/2:311266'/1,*--:Al
(L&M*(1-*H2.112(+(1241+,6'142/13./+./,311+&'11/20A!:&,1&!1*3!,34-'31'":,"-)!
*¥3) % AI&SLIH&NT 1+3IHT X13")142/1%14/%)  PRA4IH'+:"314,3*31 *-1/' +./3(!
23IH!(+1_*- +:1+3)1: ') 11260%/):, +&12.+12,31(8IN,(L.((,23(!,3), 1*+) 1+ &*+!
112:1(10/4'1+21(",3325%+,23(1:2/K, 311, 3111266//1,*-1123+' J+AI'5'3] 41+ &
*132+1(1,'3+,4, 1% 1¥11'0+*H-"1, 31416 (1241 0" +*H - +:1<="4IE?"$GIH'1*.('124!
+&'15% *H - +:1%1/2((1), 44 3+1(,+ (819%&'(1),44'/'31'(1,3120,3,231(II'(+!
H'3'4,+(14/261&*5,311+:21+;0'(1241+'1&3,1*-1,342/6*+ 23AIH2+&!(1,'3+,4,11*3)!
1266'/1,*-Al5* *H-'1:8'31),44.(,311*31,3325%+ 231241+& (I +0'1+211/*+']
60*1+4.-1*3)10(.*(,5'1266.3,1*+,23 (8!

! "#/\
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!

06&'I/'-*+,23(&,01:, +&!"/-;1¥)20+'/(112//'(023)(!:,+&!+&102(+  PccC(!

. H7'1+,5' @231'0+10.+142/*)IH:! b".:,(*3)IE*+(1<DC™'G |, 31+&*+!(.11'((4.-!
13325%+,23(1&*5',30.+(14/261.(/(1*3)!,3+/6"),*/,'(1,31%)),+,231+21+&'1, 35'3+2/!
:&211/*+'(1+&'1,3325*+,238196&, (1&*(IH"310%/+, 1.-*/-;1(.11'((4.-!, 31+&'11*('124]
Z+-'41' (12A13)1+&172,3+1:2/K!,(1123+,3., 31QU*1+/,*-11/"3&2. (1&*("H"31 ('+ PO!
*(14172,3+15'3+ [IH+:"314&'1+:2A1: +&IH2+&18&*5, 311+'1&3,1*-1,30.+I<='4>1 2@ D#A!
2@DLG8!%& & (IH"3M14 [+& IH'3'4,+14+22Q1+&,(15'3+./10/25,)'(1+&'1,3325*+2/!
CH&IH&16*3 (1421(--14&'10/2).114/261+&'1+/ *1&'-0)1244  R'+1(26'1241+&!
12(+(124182-),311+&1'J0'/,6'3+(1<='4>17@D"G8!

%6&, (1(II'(+(+&*+AL41(.11'((4.--1,60-'6'3+)Al+&I/-*+ 23(&,0! 1*31H'126'1*!
-231 P/61*(1+&'1,3325*+,231*3)1(/5,1'('52-5'A10/25,),315*- *H-  'l,342/6%+,23!
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1,00, 8-1= 16+)(4833>165.(/1-/4.)9+,-/! ,5+12.,(/,-+31+0.2,()":.830!&(!
3-E(3>!,1&(((E-/=1"'865!+,5(1-92.),+/,165+)+6,()-',-6'1.41, 5(1-//.*+,- g
3. LALSC()(40),.1,5(1-92.),+/,165+)+6,()-,-6'.41 5(1-/].*+,- 1@'((14.)!
(1+923(12.99()6-+3!G)((/5.8'(1G).:()!+),-63(I'K (4L J"A#C:19%/! 5(I'+Q(10+>!
5+, 1+/14),-63(1:+'128&3-'5(0IIF+,8)/IM-.2./-6'14)(78(/,3>1)(6(-*(0'4.33..  [32!
(178-)-(1.2(-=18  212()".J+316./%()'+,- I@K(4LIFMNB"C:10.:(*Ol!+"1/. 1+33!
H3(1078-)-(1 0 +E(L50(,5(>!  5+0I5(+)01+&.8,1,5(1">" (9l!-,15+1&((/!

25.-6(1.41(*(/,'11'8651+16./140) (/6 (1:5() (1, 5(16+ (19+E(12)((/, +,-./"

B1(*.3%(01-/1' +=(:IP/1,5(14-)' 125+'(1.41,5(16.92+/>18/,-3IAB"QI!,5(!
6.92+/>1466(2,(01-/*-,+,-. /', I"2(+El+,1+1/89&()1.416./4() (/6(1+1+19(+/"
410-448'{1.41-/] *+ - '+]0'=+-/16)(0-&-3-,>11&8,14.8/01,5."(1+,, (/0-/=1:()("
4).91+/1+6+0(9-61)+,5()!,5+/16.99()6-+31&+6E=).8/0'l!,58":()(!/.,!) (+65-/=!
5(1,4)=(,(019)E(,;IR.)I(1+923(14.)1./(1.41,5(1+=)-  [X65'6./4()(/6(+,,(/O(0!
&>1F+,8)/IM-.2./-6'l5(1+,,(/0  +/6(13-',12).*-0(01&>!,5(!.)=+/-'()'!'5.:(O!
50(1:0(1+15-=51/89&()!.41%(),-6+314+)9-/=16.92+/-('11&8,1*()>14(:14+)9()";!
<5(12).2.),-./'.41/89&()'14).91(+65!'(6, )11 ((/'-!,5(12-(165+),! IR-=8)(' S
&(3.:L!

|

"H#!



Conference attendees

o

= Agri-Tech practitioners = Farmers/growers Downstream supply chain
Upstreatm supply chain = Academic researchers = Miscellaneous

= Agronomist = Ag-chem companies = Agrijournalists

= Investors

"#$%&(')*+,-.&1  0'+11&23&&'-%/0&44"[24'+1'+#%"5$.1$%+.'5/20&%&25&
!

<5-13-',15-=53-=5 ' 5(I'9+33!/89&()!.412.,(/,-+3168',.9()'1+,,(/0-/=""865!
6./14()(/6(1+/01H8' -4-(1,5(10(B-"-./1, +E(/'&>1,5(16+(!,.!1+,,(/019.) (1(*(/,"
B0 5(0EE=(1+)(19.) (L +)=(,(0; !

T(6--./1, .1+,,(/01.9(1.41,5(16./40)(/6(":()(19+0(1&(6+8'(1.41,5(!
)+,-/+3(1,5+,1, 5(1&+6E=).8/01.41, 5(16+'(1", 80>16.92+/>U'1 2NU!:+'1+6+0(9-6l!

6)(0-&-3-,>1.41 5(1-/-,-+31)('(+)65!:.)E:10 .:(*O1'&>IAB"SII6./40)(/6('!: ()(!
65.'(/19.)(16+)(4833>1&>! +E-/=1,5(1+80-(/6(19.)(I-/,.1+66.8/,1-/!,()9'.4!+!
9+)E(,I1+/0!,5-1:+'1'2(6-4-(01&>1,5(1?N%! . 41F+,8)/IM-.2./-6'LIX<5(!
-92.),+16(1.416./140)(/6(1-'1,5(-)10(3(=+,( Y441=).:()' 1) (1., L5015 (! K
1.,1:.),54,,(/0-I=ZI@K(4LIFM"SC:1['1,5(16.92+/>1(*.3*(0l!-,1-0(/,-4-(01:5()(" .y
+)=(,19+)E(,:+'13.6+,(01'3(+0-/=!,.10(6-"-./1./1:5-65:()(1,5(19.",!

(44(6,-*(1(*(/,"1, .1+, (/011-338" ) +,-/=1 5(1(12()-(/,-+3!/+,8) (1. 41-,"
6.998/-6+,-./1' )+ (=>;1 |

<)+0(14+-)'15+*(123+>(01+18'(483!).3(1-/10-448'-/=1,5(16.92+/>  U-//.*+ - @K(4L!
FM"SIIFMA"CI12+),-683+)3>!,5.'(1:5-65!6+,()!4.)1+12+),-683+)!,+)=(,1+80-(/6(;!
<5-1-18(6+8'(1,5(>1+)(18'(48314.)16./,+6,-/=":- BI/(:12.,(/,-+31+0.2,()'.41 5(!
'>'(QY! 401 ()(14.8/01,.1&(! 2+),-683+)3856("483! :5(/IF+,8)/\M-.2./-6']
+ON+3(4)('6.! ,..E 1+IH.-/,1" +/0V'5+)(0!:- 51+/1(", +&3-'5(01'8223-()!. 4!

22.),8/-,>1,.10(9./')+,(1,5(/(78-29(/,!:-, 51+ 16).21+3)(+0>!=).:-/ =I!:5-65!
6./1(6,1,.1,5(1.&()*+&-3-,>1(3(9(/,.41,5(165+)+6,()-',-6'. 4!, 5(I-// . *+,-./; !
<B-1410./(1+,13+)=(1,)+0(14+-)'1-/14).O1]+/8+) > AB "N @K (4LI<RB$C: [10(6-'-./!
1431 HE(/], 1 (15-&-, 1+, IR)8- W= -6+, 5(1&-==(',14)(512).  086(!,)+0(14+-)!

! #Q



|
|

-/IN8).2(!-I'AB"_!@K(4LI"KB"C;!<+3E-/=!+&.8,!,5(10(6-'-./I!F+,8)/'M-.2./-6"!
(925+'-'(01,5+,!-,1:+'1&+'(0!+).8/0!,5(1'5.:U"+&-3-,>! .1+, ))+6,!+!,+)=(,(O!
+80-(/6(14).91+6)."1,5(1:.)30L!XR)8-,'W.=-",-6+!:-33!=(,!8'..8,!+).8/0!,5(!:.) 30!
+&.8, 1:5+,1:(12-,65!+/01:5+,!:(1+) (1.44()-/=Z! @K (4L'FMAS$C;! <5-'1-338',)+,("!,5(!
+-91.415(16.92+/>1,.1&).+0(/'-,'l,.+)=(,'9+) E(,! +/0!:5(/ !'+,,(/0(0!'&>!".9(!.4!
S5(1(+)3>1+0.2,(0'1" 2).*-0(0 '+!19(+/".41(/6.8)+=-/=16.998/-6+,-./"1&(,:((/!
,5(9!+/0!'-9-3+)1&8"-/("("!, 5+,1+)(1/.] 3.92(,-,.)'".41,5(-)1&8-/("("@"((!
F(6,-./'#;Q;ACI+/011,5(0)(4.)(I' 0)-*-/=12()6(2,-./".41*+38(!,.12.,(/,-+3!

68',.9(); !

M>1-/% 3%-/=1(+)3>1+0.2,()'1:5.14)(1:-33-/=1,.18'(1, 5(-)14+)9'1+10(9./", ) +,-./!
8/-,11, 5(16+'(12.,(/,-+33>I5+1+/.,501-9  2.),+/,16.92./(/,1.416.998/-6+,-./L!
+1./ B+)910(9./,)+,-/11:5-6516+/15(321,)+/'3+,(10+,+1-/,.1+38+&3(!
A)9+ -] NG+, =) BA+)914-=8)('15(32(012.,(/,-+31+0.2,() I=+-/1&(,,()!
8/0()',+/0-/=1.41:5+,1 5(>19+>1&(1+&3(!, .1+65-(*(1./1,5(-)!.:/14+)9"+/0 !
5(32(010)-*(12()6(2,-./1.41*+38(14.)12.,(/,-+31+0.2,()")!  <5-1 6+/1&(!)(4()(O!
&+BE!,.15(12()6(2,-./1.41,5(165+)+6,()-',-6'1.41, 5(I-//. *+ - /1+/0! 5(!
-92.),+16(1.41.8'()*+&-3-,>1@"((#:$;al+& *(C !

0/ Bh+)91*-'- 19+>15+%(1&((/1./().8"4.)!".9(1.41,5(1(+)3 >140.2,()'11+'1,5(>!
6+/1&(!,-9(16./'89-/=11+/01.&'()*+,-./"1+/010-'68"-./'1-923-(0!,5() (19+>1&(!
3-9-,'1,.1,5(149.8/,1.41-/4.)9+ - /1+&.8,! 5(-)1.:/14+)9! 5+ 1 5(>1:+/,1,1-92+) ;!
P/5(14)+&3("(6,)1'2()  D. 2(()!6.998/-6+,-./1-,"1+3./="-0(!,5(!).3(!.4! 5(!
2+-01.2-/- '3(+0()'1'865!+'1+=)./.9-' 1+'1& (-/=1+IE(>1-/438(/6(! @K.'(1(,1+3;1!
AB"#CI<5-1-"12+),3>1&(6+8'(1=).:()'1+)(1+0(2,1+,16.998/-6+,-/=!:-,51,5(-)!
2(()"1+&.8,1,5(1&(/(4-,"1.41,5(I">" (91, .12(()'1+,1, 5("+9(!, (65/-6+3!3(*(311+/0!
6+/1-/0-6+,(12.,(/,-+31+*-/="1-/1+) (+''865!+13+&.8)1+/0!)(".8)6(! 6.
<5()(19+>1&(16./43-6,1.41-/,()(',)-41+12. (/,-+31+0.2,()!-1+16.92(,-, )II".}, 5()(!

Q+>1/ 1&(I+14)((!  43.:1.41-/4.)9+ - /:1<5-1-1&(6+8'(1-/0..)!5.),-683,8)(I!:5-65!
-/6380('1aT!4+)9-/=11-163.'(!,.I- [(/019+)E(, 1'+/0!-'15-=53>16.92(,-,-*(;]
[3,5.8=5!,5(1%()>1(+)3>1+0.2,()'1.4!, 5(IF+,8)/1G).:()!'5.:(012.,(/,-+31&8>()"!
).8/01,5(-)1./  BAHIIS (QUF+8)IM  -.2./-61:+1+:+)(1.412. (/,-+31,(/'-/"
4).910.-/=""114+/0V".1 5-"1:+'1/. 14+19+H.)16.998/-6+,-./'1" )+,(=>14.)1 5(!
6.92+/>I@K(ALIFM"_G;

V/'-/=1+1/89&()!.410-44()(/,165+//(3'14+6-3-,+,(1) (+65-/=1+1:-0()16.*()+=(1. 4!
5(1,4)=(19H)E(I-1400-,- /1, )(2(+,-/  =!,5(/89&()N.4!,-9(1+12. (/,-+3!
+0.2,07((",5(19+-/19("+=(10-448'(0'&>!,5(16.92+/>11-/6380-/=1-4!- '

'3-=5,3>1+0+2,(01+66.)0-/=!,.1 5(19(0-+ 1+80-(/6(;!<5()(1+)(!1+!/89&()!.4!
23+,4.)9'1-/1 5(1Vb!:5-65!",-983+,(1-/,()65+/=(1&(,:('-1].*+,-*(14+)9() I
+0!1-/].*+,.)'11:5-65!,5(16.92+/>15+'18'(014).91,-9(!,.1,-9(;!<5-"1-/6380("!
'2((65(1+,16./4()(/6('1'8651+1,5.'(1.)=+/-'(01&>![=)- B(65N!@K(AL![GB"I!

"Hit!



!
I

CCBAC!:5-6515+*(1&((/"2(6-+33>10(-=/(01+"1+66(3()+,.)! (*(/,@'((! 25+2,()!
aCl1238"1+1./( D441&3.=1./1,5(IP/.*+,(IVDL:(&'-, (1<) +0(12)("1+3".L.4, (/!

+80-(/6(;! !

%,5()165+//(3'1-/6380(!(/=+=-/=!:-,5!,5-)012+),-('1+'198,8+310-')-&8,.);IR.)!
(1+923(I'IF+,8)/IM-.2./-6'-1: )E-/=163.(3>  !:-,5IP,+3-+/16.92+/>!
P0).9(66+/-6+\W8665-/-1+'16.33+&.)+,-/=1+=(/,14.)|(+65!.,5():1<5(16.92+/>!-"
0(0-6+,(0!,.1'+3(1.415-=5 [X65!=)((/5.8'(!@4.)19.)(1-/4.)9+,-/I'(1?5+2,()!
all’.3-6>1+/012./,(1,CI+/01+1+1:(33  [F',+&3-'5(016.92+/>1-/1-"1'(B,.)I!-,15+" 1)1
2I(,:)E;IF865!+/1+=)((9(/,16+/1&(18' (483112+),-683+)3>!1-/1&8-30-/=!./ Bi+)9!
0(9./',)+,-./':5-651-/6380(!,5(1=)((/5.8'(+/0!,5(1=).:-/=I'>" (914!
:()10(*'(0'&>IF+,8)/IM-.2./-6"1<5()(1+)(13-9-, +,-./" . 1,5(16.92+/>U"
+&-3-,>1, 1+/1:()!15-=53>!,( 65/-6+3178(',-./12.,(/,-+31+0.2,()"19+>12.'(!
&(6+8'(1+'1+1=)((/5.8'(16.92+/>19.) (1=(+)(0!,.1"(33-/=!".9(,5-/=15-=53>!

JLF (-1 44419451 15+%(1 5('+9(1 0(2,5!.418/0(),+/0-/=!  +15.( !
4).91,5(1.)-=-/+31(/,02)-'( N
<5(165+//(3'18'(0'&>IF+,8)/IM-.  2./-8'15+*(1&((/".&'()*(O!,. 12).9.,(1,5(!

589+/1(3(9(/,1.4!6.998/-6+,-./1,.1 5(1,+)=(,(01'(=9(/,1.4!,5(-)12+),-683+)!
9+)E(,;1<5(1)-=5,165.-6(1.416.998/-6+,.) 11:5(,5()!-, -1, 5(1-//.*+,.)1.) 1 +/!
(+)3>140.2,0)1 1:5.1-16+2+8&3(1.412).9. -/=1 5(1*+38(LAIH1-/]  *+ - [l123+>"1+]
E(>1).3(GI<5((L,1,+=(1-11,5(">" (911, 5(IE(>19("+=("16+2+&3(1.4!
-1438(/6-/=12.,(/,-+3168',.90"; !

678797:;"4"12'0/%'5$41/,&%4' 1<%/$#<'=&>" &44+#8&4 '

<5(10.9-/+/,19(+/-/=1.41, 5(19("+=(14.)1=).:()':5.14) (12.,(/,-+3!+0.2,()"!
14.68'(01./1-6)  (+'(012).086,-*-,>1@'((I[22(/0-1!  PH.)148),5()!1-/4.)9+,-./1./!
>-(30120)!'78+)(19(,)(  C;!<5-1-16./-0()(0!&>1,5(16.92+/>!, 1&(1:5+,1,5(!
2.,(/,-+3168",.9()':-331-/,()2) (,1+'1*+38(1+/0!,5()(4.)(I-,1-18(0!,.13(*()!

+0.2,-. /141 51/ *+ - I+]0V()*-6(; IN/*-)./O(/, +31'8" +-[+&-3-,>1-1+3".]
-92.),+/,1,.1,5(16.92+/>1+/01(*(/!,5.8=5!-10.('!/.,1+3:+>"14(+,8)(15-=53>1-/!
NORVE( /=L )+, (=310-,1-1-923-6-, 11 1. 2-/- 13(+0()12-(6 (1 @'((1?75+2,()!"C:! !

b(>!19("+=(15-=53-=5,1 5(165+)+6,()-',-6'1.41, 5(1-//.* +,- J1H010)+:1+ (/-
12, (/,-+318(/(4-,@'865!+'1-/6)(+'(012).4-,'C14).91 5(1,(65/-6+31-// *+,-./'l!
58'1(925+'"-/=1+/>12.. (/,-+31)(3+,-*(1+0*+/,+=(;1<5-15+1&((/'(*-0(/,'4).9!
A(+,8)("1-/!,(65/-6+31,)+0(19+=+d-/(1+),-63('1+&.8,!,5(16.92+/>1+/0!-, !
(78-29(/,) @K(4'LI[FA#&I[FAN[FASI[FA_C!:5-65!5+*(1+3".1)+-'(0!,5(!
6.92+/>12).4-3(1:-, 5-/!-1'8&  [(6,.).41-/08')>;l !



<.2-6'18'(01-/1".9(1.41,5(1+),-63("1+)(1(123.)(0!-/'<+&3(" SI1+/0'5.:1>-(3011.)!
>-(301+/0178+3-,>1,.1&(!,5(!19."18'(011-923>-/=1,5+,1  5((1+)(,,5.'(',.1:5-65!
5(>14)(19.'13-E(3>1,.146, 1+'1+16+,+3>" 1+/01-/'2-) (16./,+6,'14.)1/(:1,)+0-/=!
)(3+,-/'5-2"  1<5('(1,)+0(19+=+d-/(1+)(:5()(!,5(!6.92+/>15+1&((/!2).4-3(0!
+01'5.:16./-',(16>1.%0)1,5(1,-9(3-/(14.)19("+=("1+&.8,1>-(301+/0178+3-,>

"#S!



?2+@.&( '?%+3&',+#+A"2&'+%1"5.84'0&+1$%"2#'B+1$%2'C"/-/2!'54

"#$%E&™ () *+& | -%#).*/0( 1"#/( -[*Y#2*&3) ( 4% V&*'(
5&)6("7™) (
"HEW& O)*!+,-#.$-- ! /012! 3(4)).! 85.% !
+#565.47-
95)4#7,%4,)$! /012! 3(4)).! 85.%!
:$3$;%<! +#565.4#1-
95) 44 & (#%< /01=! 3(4)).! 85.% !
+#565.47-
>S5**E)7#(%0! /012! 3(4)).! 85.% !
2)$3.@5,-$! +#565.47-
?)5A9%)!
1$-@!B)5&,7$! /01D! 3(4)).! 85.% !
C5).(% +#565.47-
"#3%&!(.&! 95)4#7,%4,)$! /01=! 3(4)).! ?)5Al,#6 !
E,(%0o#i< :$$;%< +#565.47-!
FG54@$)-H
95)4#&(#%<! /01D! 3(4)).! N, #AVISK#-A#T
+#565.%-!
'0*#.KIL5.4@%<! | /01D! 3(4)).! N #AVISK#-A#T
8(4#5.(% +#565.47-
95)4#&(#%<! /0/0 ! 3(4)).! 85.% !
+#565.#7-1G!
M&)5*$77(#7(!
J,77T@#H#
?)5A#.K! 1$-@!'B%(0O( /0/0 ! 3(4)).! 85.% !
-4)(ANS))# 8- +#565.#7-1G!
M&)5*$77(#7(!
J,77T@#H#
'(745)-1%#*#A4#, 95)4#7,%4,)$! /01D! 3(4)).! QK#R$7@S
754)5%%%$&! | :$$;%<! +#565.47-!
$.P#)5.%$.4(%! FG54@9%)-H
K)5A#.K
8%A! O*!+,-#.$-- ! /0/0 ! 3(4)).! 85.% !
#.-4(%%(4#5.- +#565.#7-1G!
3@57:#.K%<!
N$-@
QK)5.5*#-41(.&! /0/0 ! 3(4)).! 85.% !
Q)(N%3$!'()*3) +#565.#7-1G!
3@57:#.K%<!
NS @&
L.&# Kl ,#418%4 /O1T! 3(4)).! 8UQ
+#565.47-
Q9V+!?)5A%)! /O1T! 3(4)).! 85.% !
L(K(O#.9 +#565.47-
QK#R)(&$!83A- | /O1T! 3(4)).! 85.% !
+#565.47-

35,)7$W!IQ,4@5)X-1&(4(!




i

R-=8)(!_!&(3.:10(2-6,",5(12.283+)!:.)0'18'(0!&>!,5(16.92+/>1:5(/!-,1-'
QRVE(-/=1- 1) x4 -1, 12, (/,-+3140.2,()' H/015+*(1&((/! +E(/14).91+),-63("!
1,5(12)("+/012)((/,+,-./19+0(1+,16./4()(/6(''865!+1G).:e8-2!

@K(4'LFM B"I!lFM BAIIFM ™II'KB"IlFM?B"C; !

PROFITABILITY
NHTEH YIELL

VIELD
QUALITY

=YIELD

8829/"(;(<H/=")&'2(0"33#2"3(5*/$(,%*9$(./*0(5*/$3(93"$(>?(@#)9/A&*+*'&,3(&'(
+"33(#/)&, %" 3HS(*F."" "(3+™ 6"3 (

!

<5(1(925+'-'1./1,(65/-6+31'2(6-4-6+,-./\3(+0-/=!, .14-/+/6-+312()4.)9+/6(!-'
L9-3+)1,.1,5+,1.41. 50)1=).:()1-/1,5(1+=)-  D4..01-/08',)>I1+!:-0(1/89&()!.4!

&) +,-.1'4).91,)+0(19+=+d-/('1!,)+0(!'5.:1+/0 1-/08',)>12)+6,-,-./()!
0-'68"-./15+*(1'5.:/:1<5-"1'8==("'14-/+/6-+31=+-/1, 1&(1+/1-92.),+/,10)-*()!
4.)140.2,- /I1+/01(925+-'(1,5(16.92(,-,-*(!/+,8)(1.4!,5-1'8& 0(6,.)!.4!

+2)-683,8)(1+/0!,5(1/((014.)1+1)(3+,-*(1+0%+/,+=(1,.10)-*(1&(,,()!2). 4-, +&-3->  4.)I+!
6).2L1X).4- +&-3-,>I-154)014.)1=).: ()Y 19+ E-/=14+)9-/=1&(,,()!-1+33!+&.8,!
2).4-,+&-3- >Z)@K(4LIFMBQC;!<5-"1-923-('1,5+,1, 5(16.92+/>15+"10(,()9-/(0!,5+,!,5(!
9.'1(44(6,-*(19("+=(!,.1)(43(6,1-'-,16.998/-6+-./15+'1&((/12) .4-, +&-3-,>I1.)!
)(@+#(1+0*+ +=( . J&(1206(-*(01+'1*+38(; I

<5(14+&-3-,>1,.16.998/-6+,(1+,1,5(1)-=5,13(*(3!5+1&((/!0(,(6,(0!+"1&(-/=1E(>!, .
(44(6,-(16.998/-6+,-./1+/0! 5(1+&-3-,>1,.19. . -*+,(1+12. (/,-+3168',.9()!,.!

+0.2,:1 %/(1(+)3>140.2,() 1)(2.),(0',5+,1,5('F+,8)/IM-.2.]-6  '1?2N%!:+1+&3(’,..
X'2(+E19>13+/=8+=(Z/@K(ALFMA#C:I[1+1)('83, I15(1: +'1+&3(!,.16./*-/6(15-"]
4(33.:10-)(6,.)'1, 14=)((1,.140.2,1 5(1-//.*+,- /I+/01&(6+9(1./(1.41,5(14-)',!
+0.2,()'1,.10.1";1<5-"1)(3+,-./'5-215+10(*(3.2(0!.*()!,5(!,-9( DR-+/1.41,5(!
' 80>114+/ 015+'123+>(01+/1-92.),+/,1).3(1-/16.998/-6+,-./1+1/. (01&(3.:1-/!
F(6,-/1:; Q;Al-/14+00-,-./1,.14+00-/=1=).:0/(12(),-'(!,.1) (4-1(, 5 (-] *+,-./1
@'((F(6,-./1#:$C; |

"AB!



|

|

%/(1.41, 5(1+)(+'1:5-6515+'1/. 1&((/!4.8/0!, 1&(1-/18'(1&>IF+,8)/\M-.2./-6'U!
0-448'-./ )+, (=>15+1&((/!'.6-+312)("8)(!,.1(/6.8)+=(1+19.)('8" +-/+&3(!
4.681+9./=1-140.2,();13-3311(,;+3!  @ABQ4.8/0,5+,!,5(!:-33-/=/("L.4IVb!
4+)90)1,.18/00),+E(12).  D/*).JO(/,+319+/+=(9(/,}:+1',) .[=3>1+44(6,(01&>!
' 6-+31/.)9'1+/0!".6-(,+312)("8)(I+/0!,5-'16.830!&(1+!6./-0()+,-./14.)10)-*-/=!
+0.2,-/1=-*(/1 5(I'8' +-/+&-3-,>14.68'.41, 5(IF+,8)/'G).:()!@ ((165+2,()!./!
F8' +-/+&3('P/,(/'-4-6+,-.1C;10.:(*O1'+3,5.8=5! 5-1:+16./-0() (0!, 5(!
6.92+/>10(6-0(0!,5+,1:5-3(1-, I-1.41-/,()(, 1, 9(16./'89()'1+/0'8223>!
B65+-19(9&()'II-,1:+'1/.,14/1-92.),+/,10)-*()14.)19+/>1.41 5(-)1, +)=(, (0!
2.,(/,-+31+0.2,051?N  %![3(1!R-'5()1(925+'-'(OLIXF.)9+314+)9()'1+)(/.,!
1,0, (011, 5("'8' +-/+&-3-,>14(+,8)('1.4!, 5(IF+,8)/1G).:()11.8,"-0()'1+/0!
1(:6.90",.1,5(1&8"/("1+)(19.) (1,0 (,(0Z! @K (4LIFMASCII+/0!, 5-'1*-(:15+'1
&((/'9+-/,+-1(01.*()1,5(1:5.3(1,-9(1.4!,5(!", 80>:! <5-'1-'1+3'.1)(43(6,(0'&>!
\(),-6+3!R+)9-/=IAIPNULIXFS' +-/+&-3-,>1-'1/. 1+1&-=I"(33-/=12.-/,1+'1- /(0.
&(19.)(N(12(/-*(Z! @K(ALI[F"SC:1<5((12.-/,1.41%-(:1-/0-6+,(1,5+,16."
(44-6-(/6-("1+/016.92(,-,-*(/("+)(1206(-*(0!,.1&(1.41=) (+,()*+38(1&>!

2., (/,-+3168,.9(); 1<5-18==(,',5+1-41'8' +-/+&-3->1-1+3" 1+/1+-91 41 5(!
6.92+/>12).*-0-/=1,(65/.3.=>1-,1:-3315+*(1, .1=.1-/1 +/0(9!:-,51+12) 086, !, 5(!
68',.9()'10(9+/01!+/0!-10-'68"(0!-/19.)(10(,+-31-/!,5(1?75+2,()!"; !

678797[E/,,$2"5+1"/2'0./F4

2.998/-6+,-/  '9+0(1&>!,5(16.92+/>16.92)-'(1./( D+>1@'865!+'19+=+d-/(!
+),-63('1.)1983,-9(0-+!-/,()*-(:'CI!,:.10-)(6,-.[+3!@-/1:5-65!+12.,(/,-+31+0.2,()!
2(+E'1,.1+19(9&()!. 4!, 5(IF+,8)/\M-.2./-6' (+9C 14/01983,-0-)(6,-./+3!@-/!

5-651.,5()19(9&()'.4!,5(I'8223>165+-/1+/0  1(+)3>1+0.2,()'IH.-/1,5(12.,(/,-+3!
+0.2,()1+/016.92+/>!' +44C;125+//(3'1'822.),-/=10-448'- /143.:1-/6380("".6-+3!
9(0-+I(*(/, 11(9-/+)'11,)+0(12) ("119+65-/()>!'+3('2(.23(I!,)+0('5. 1@ (;=;!

R)8-,IW.=-' -6+CII+/01+66(3()+,.)(*(/,1@[=)-<(65NCII+9./=" 1. ,5():IP/,()*-(:"
+0L.&' )+, [15+*(I'5. /1 5(1-/-,-+316.998/-6+,-./1, 1&(1.4,('&>1./( D+>!
'8651+'1+/1+),-63(1-/1+1,(65/-6+31H.8)/+31:5-6514(+,8) (1, 5(19+-/1-//.*+, )I1.)!
5(165-(4!,(65/-6+31.44-6()!1+/0!-'14.33.:(01&(6+8'(-,15(32'10-448'(1-0(+'1+&.8, !
511X+, 1, 1H1:-0(1+80-(/6 (<5 (14+-91-"1, 1-/'2-) (-], ()(',1:5-65!9+>1 5 (/!
&(14.33.:(0!1821&>16./,+6,-/=1,5(16.92+/>1+/01(', +&3-'5-/=1, . D+>!
6./%()'+,-./"8'-/=1,5(10-44()(/,165+//(3"; !

<516+ (I(,+&3-5(0!,;.  D+>16.998/-6+,-./1:-,51(+)3>1+0.2,()'! D,(65/-6+33>!
+0(2,15).:0"1  D5.1:(0(L,5(/1+&3(),.123+>1+1E(>1). 3(18&>1.44()-/=!,(65/-6+3!
A((0&+BELN 5(I>' (9:1<5((143.:1&(,: (1!, 5(-/1.*+,.)1+/01, 5(1(+)3>18'()'!
5(32(0)(4-/(1,5(1-//.*+,-/1&8,1:(/,148), 501+, 5()(1:+'1+3".1(/=+=(9(/,!

- 515(10.:  / D)(+9!'8223>165+-/11,.1(/'8)(1,5(12).086,!=).:/1-/1,5)(( D

| nan



|

!

0-9(/'-./+319(,5.0'1+3".19(,"2(6-4-(0'6)-,()-+1'8651+'1'5+2(I"'-d(1+/0!

78+3- >1@P/,()*-(IK(4LIFM"aC;1<5(1-92.),+/6(1.41,:. D+>16.998/-6+,-./"
08)-/=10(*(3.29(/,1.4!,5(1-/1.*+,-./1-'1(65.(0'&>12 )+6,-,-/()*-('LIXPO(+33>!-,!
96.998/-6+,-./h1-1&- [-)(6,-./+3114).91-//.*+ )1, 18'()1+/01&+BE!+=+-/1, 15(32!
-1438(/6(!,5("'5+2(1+/010-)(6,-./1.41 5(1-/] *+ - /11 5+, (U*()>19865!.8)!
9+/,)+1,1=(,),5+,1& -)(6,-./+310-+3.=8(I)+,50!,5+/1./(  D+>13-/(+ )143.:1.4!
-14.)9+ - [:1<5(1)('(+)65!6.998/-,>1" -33!" )8==3(1:-,5!,5+,1+13-, 3(1!&8, - I-'

-92) *-/=Z\@K(ALI[F"#C:P/! 5(16+'(1.4IF+,8)/IM-.2./-6'II". 9(1.4! 5((+)3>!

1.,5() 16. 998/-6+,-./1<5-1)(-/4.)6(1,5(1-92.),+/6(1.4165.-6(1.41(+)3>!
+0.2,)1:5.064/1 i 1+/014+)(1-33-/=1,. i 16.33+&.)+,(1+6)."10-44()(/,12+), - 5-/!
5(1-1].*+,- /1> (91+/01-,'10-448"- /: I

M>13-',(/-/=!,.14((0&+BE!,.18/0()',+/0!8/0()3>-/=10(9+/01,5(16.92+/ SEH]
+&3(1,.10(,()9-/(12.,(/,-+319+)E(, 1&(>./0I"+3('1.4!-,15+)0: +)(IF+,8)/!
G).:0);1<5((1+)(10-'68"(01-/175+2, ()!": I

67G H"45%$44"/2 "

<5-10-'68"-./1)(43(6,./!,5(14-/0-/="14).9! 5(1)('(+)65!-/,.10-448'-./1.4!

I 2+ ,- /1= 5(1aT!(6,.)1+/0128,1,5(91-/1 5 (16./,(1,1.41:-00)!3-,0+,8)(,.!
-338")+,(1,5(-)12.,(/,-+316.1,)-&8,-/1,.1 5()>10(*(  3.29(/,;IP,I'5.:15.:1 5(1
6+'(1,80>1(/,()2)-'(1'+'12+),1.41+16.33(6,-*(12).6("L:-,51(+)3>1+0.2,()'I!
YA/ 4 - 14[01.2()+,-./+3-(0!-,'16.998/-6+,-./1" )+, (=>1,5).8=5!
5(10(*(3.29(/,1.410-44()(/,10-448'-./'/(,:.)E"; 1<5('(14-/0-/="1+)(1&+'(0!./!
5(163.'(1,.194)E(,I15-=51*+38(laT!4+)9-/=!"(6,.)11+3,5.8=5!, 5() (1+)(1".9("
.9-3+)-,-(1:-,512)(6-'-./1,(65/.3.=>1-/1+=)-683,8) (I'5(/6 (!, 5(14-/0-/="16+/1&(!
g'(01,.1+"  ("1.,5()1+=)-683,8)+31'(6,.):! !

P/1+00)("-/=!,5(IE(>178(,-./1.410-448'- /. 4\-/] *+ - /. AlaT!4+)9-/=!
(78-29(/,1",80-(01-/1,5-"1, 5("-11+)(+'1.41=(/()+316./'(/'8"1+6)."1+6+0(9-6!
+=)-683,8)+3!3-,()+,8)(1:-,5!)(=+)0!,.10-448'- LA/ *+ - \4)12)(6-'  -./14+)9-/=!
(78-29(/,1+/01aT14+)9-/=I5+*(1&((/'4.8/0:IM.,5!'(6,.)14)(1)(3+,-*(3>!>.8/=I!
0>/+9-611-/1.%+,-*(1+/0! 5() (1-'14-()6(16.92(,-,- N&(,:((/'(78-29(/,!
'8223-()'1+/01,5()(1+)(1"-9-3+)-,-(1-/1,5+,1&.,5!,>2("1.41(78-29(/,5(321) (4-/(!
=).:('U12).086, -./1,(65/-78(11:5-65.44()1&.,5'6.  &(/(4-,;!M8,,50)(1+)(!
-92.),+1,12.-/,1.410-*0=(/6(  '&(6+8'(!,5(14)('512).086((6,.)!-19.)(!
6.92(,-,-*(1,5+/!,5+,1.416()(+314+)9-/=1! 5816.92+)-"./1+)(13-9-,(0!-/1'6.2( |

"MAl



67G7:)I/.$1"/2'/0'3"00$4"/2'+23'5/, $2"5+1"/24"

<5(12+,5 +E(/'&>IF+,8)/\M-.2./-61'5.: 1+/)(12()-(/,~+312+,5:4+>1+'1- '1+6,.)'
+OH8',!,5(-)16.998/-6+,-./'1" )+, (=>1+/01&(5+*-.8)!1+66.)0-/=!,.1(12()-(/6(I!
3(+)/-/=1:5-651+)(1,5(19.", 1(44(6,-*(19("+=("14.))+--I=12()6(2,-./1 41*+38(!
415(16.92+/>U',(65 /.3.=>1+/0I'0*-6(;]  <5(1:+>'1-/1:5-65!F+,8)/IM-.2./-6']
6.998/-6+,(1+/01'6)8,-/-'(1-/4.)9+,-./14).912. (/,-+31+0.2,()' L. 41-/] *+ -/
6+/1&(16./6(2,8+3-'(01+ ,5(1+223-6+,-./1.418/0()',+/0-/=.4168",.9()!
2006(-*(0™+38(1 ,.10(,09-/(!  3(*0+=(2.-/,1 :5-65 1-/438(/6(1+0.2,()!
(- <BEET (G +&3-5(0 1IG(E(S!, . 1&)-0=-/=!,5(1=+21&(,: (/!

1 (/- J1+101+0.2, - /\&(6+8'(1-,1-0(/,-4-(0!,5(! *+38(1206(2,-./16)-,0-+ !
)(3(*+/,1,.1,5(16+'(U"68",.9()" g

P/5-1-/+6(11, 5(13(*()+=(12.)E",.12).*-0(1+!/89&( ). AI9("+=("10)+:-/=!
N168',.90)*+38(12()6(2,- /I1+/016+2-+3-"  (* 1./1,5((1,.10)-*(148),5()!+0.2,-./!

A1 5(1>' (9:1<5-1)(43(6,14-/0-/="1&>!  K.H.DB-9(/.!(,!+3;@AB"_Q+&.8,1&8-30/=!

-14.)9+,-/1-/,.1+1*+38(12+,5!,5+,1:-33N) ("./+,(1:-,51+12.,(/,-+3!+0.2,();!<5(!

-92.),+/,165+)+6,()-',-6'1-0(/,-4-(01+)(-9-3+)!,.1,5.'(14.8/01&>" 0.659+/1+/0!
20)&()>!@AB"B/0! K.'(I(,]+3:| @AB"#Q!+/012).*-0(1=).:-/=16./'(/'8" 1+&.8,!

5(-)1-92.),+/6(1-/1+0.2,-./1+=)-  [X65!-/1,5(1&).+0()1+=)-683,8)+3!'25()(1+6)."!
0-44()(/,6.8/,)-(:1P/1,5(16./,(1,1.41,5-16+'("", 80>1I'865!3(*()+=(!2.-/,16.830!

9( ,5.01-'1,5(1&)(+0,5!.416).2':5-65!6+/1&(1=)../I-/1,5-1'>" (9! @-,I-'/.!
68))(/,3>1'8-,+&3(14.)1+)+&3(16).2'C!+/0!,58'::.830!/((0'-/28,14).916).2!
&)((00" :N[+1(1+923(141 51150 9+>1&(1 2.,(/,-+3 14.)148) 5()1(12+/"-./!
. +)0''((016).2'11'865!+"19-/ 08&()!@8'(0!+'1+1'((012.,+,.C;! !

<5(1+0.2,()U"2()6(2,-./1.415.:165+)+6,()-',-6'1.41 5(1-/] *+ - N6+/16) (+,(!

&(/(4-,15+1&((/'5.:/1, 123 +>1+1E(>1).3(1-/10(6-"-./ [D+E-/=;1<5(13-9-,+,-./1.4!
5(1-/4.)9+,-./16.33(6,(01-923-("1+1)(9+-/-/=1+1=8341&(,: ((/'-/ 4)9+,-/1+&.8,]

+/1-1] *+,-./16.33(6,(01&>1,5(12.,(/,-+368",.9()!+/0!, 5(10(6-"-./1,.1-923(9(/,!

+165-+/=(1:5-651-923-("1+13(+21.414+- 5:1<.1+00)("!,5-'11+331,5(10-44()(/,165+//(3"!

416.998/-6+,-./18'(0!&>F+,8)/IM-.2./-6'15+*(1&((/!.&'()*(0!, .1&(!&+'(O!
+). 8/015(IE(>19("+=(10(*(3.2(0!4).9!,5(165+)+6,()-',-6'1.41, 5(1-// *+,-.!
*(:(014+'1,5(19.",1-92.),+/,1,.10(9./", )+, (1, 5("*+38 (.41, 5(1-/].*+,-./ gl

2.998/-6+,-./19("+=("15+*(1&((/".&'()*(0 1,. 14((0M/,.1+1/89&()1. 4!

48/6,-./':5-65!83,-9+,(3>12).*-0(1*+38(  14.)1,5(1+0.2,() :IF-9-3+)-,-(15+*(1&((/!
4.8/01,.1 5(16+*(+,1.&(0*(01&>!  W.:(/&(0)= !T(M.()!+/0IN)-6E".//@AB"_C !:5.!

(123.)(0!82,+E(1.410-=-,+3!,(65/.3.=>1-/14+)9-/=11-/1, 5+,1 5+,! (65/.3.=>I5+"],
' 3%(1412).&3(9;1<5(1.&' ()*+,-./14).91 5(16+'(!", 80>11:5-3(1+=)((-/=!:-,5!,5-"1
-12)-16-23(1!,+E(!,5-'1,5(.)>!+13-,,3(148),5()1&(6+8'(1+0.2,(  ))('2./'(15+1&((/!

ll/\a



|

|

'5.:/1,.10(2(/01./1:5+,1-12()6(-*(0!,.1&(,5(19.",18)=(/,12).&3(9!,.!". 3*(!

- 5-/1,5(14+)91&80=(,12+)+9(,()';!<5(.)0()! 412)(6(0(/6(15+1&((((/1,.!
65+/=(1.*()",5(1,-9(12()-.01!:-,51,)-==() (*(/," @F8,5()3+/(),!+3;I'AB"AC'S65!
+1:- 50)+:+314).91 5(INVII-92+6,-/=1./1=).:()!0(6-"-./ IR.)!(1+923(1!
2.(/,-+3168',.90"  WR(6(2,-/1,5+,1.,50!2).&3(9" i '865!+13+&.8)! i I+)(!
9.)(12)("-/=19+>1'3.:1,5(! (12+/-/ 1.41,5(aT!'(6,.)1+/01+'8&'(78(/,
9.%(1,.:+)0"9.)(! '8' +-/+&3(12)+6,-6(; !

N*-0(/6(15+'1'5.:/10-44()(/,1*-'-./') (43(6,(0!-/16.998/-6+,-./19("+=("
A)=(,-/=10-44()(/,1+80-(/6(;]  F8' +-/+&-3-,>16.998/-6+,-./'1&>],5(16.92+/>!

0( 1.0 8/0(),+E(/1.1123+,4.)9'14)(78(/,(0'&>!,5(!,+)=(,19+)E(,14.)I"+3(1.4!

S -*+- /&8, 1/ 15/(1 3-E(3>1,.1&(14)(78(/,(01&>12()"./14).91.,5()!+)(+' !
41,5(1'8223>165+-/11'865!+'1 2.,(/,-+31-/*(',.)1.)14+6-3-,+,.)1.41=)+/,1<5-"]
+00'1,.1,5(10(*(3.29(/,).41+1&).+0()!8/0()',+/0-/=!.416)." [(6,.)!-9-3+)-,-("!
/1:5-65!,5(1'8223 >165+-/16.33+&.)+,-./15+'1&((/'4.8/0!,.1&(1-92.),+/,14.)!
0)-*-/=1'+3('YI'865!+'1 5./ (1-/1,5(12-=  (+,1'(6,.)1+'14.8/01&>1  *+/10()!O(-HO(/!
+/012)+9()!@AB"C;Ib3()E1!(,1+3;! @ AB"BE=(',1,5(!/((0!,.'822.),'865!

-y, (111 5(12)-*+, (16, )I1+/01:5-3(1, 5(16+'(!", 80>16.92+/>12)('(/,(0L./
23+,4.)918651+'1[=)- DX(65NI:5-65L+1  0(-=/(0'4.)!,5-128)2. (Il 1+3"!
(123.)(01+/01+/+3>'(0.,5()123+,4.)9'1:-, 5119 ) (1-/,()/+,-./+3! 6.99()6-+3!
+22(+3!,.1&).+0(/!, 5(10-448'- /1. 41-"1-/] *+ - J; I

<5(1(92-)-6+310+,+16.33(6,(0!'5.:'1,5+,1,5(16.92+/>U"3(+)/-/=1(*.38,-./ 1+&.8, !
5.:1,18/00,+E  (1,+)=(,(0!10-"(9-/+,-./1+66.)0-/=!,.1 5(12+),-683+)1+80-(/6(!
S+1&((/1./(1.41,5(14.8/0+ - /14.)1- "1 [=.-/=16.998/-6+ -/ )+ (=>;]
2.998/-6+,-./':()(!/.,13-9-,(0!,.12. ,(/,-+31+0.2,()'1'&8,1+3'.12.,(/,-+3!

AL )IHOIE)H,  BH)0-/=148,5.)-,-(YI0(9.) ')+ /=1 )+, (=>1:5-651+3"]
5+'1-923-6+,-./'14.)! 5(1&8'-/("19.0(31+/010-'68"(0!-/175+2, ()] !

67G703+%1"&4™21/.1&3"2'5/,,$2"5+1"/24'+23'3"00$4"/2'2&1F/%=4

F+E(5.300)'15+*(! &((/1.&'()*(0,.]  0)-*(!,5(12()4.)9+/6(1.4!,5(16+'(!",80>!
6.92+/>11:- 519+/>1.41, 591 +E-/=1.119.)(1,5+/1).3(;)  <.I.9(/(1,(/,1!,5-"
)(43(6,'1,5(14-/0-/=".4! b/-()-9!(,!+3;!@AB"QI5.'(16.)(!-/,()(,.41)('(+)65!

+'1-/ () +6,- S 1HI013-[E+=(1&(,:((/'+6,.) ) (/=+=-1=1-/16.998/-6+,-./'1+/0!
'54+)-1=1.41)8' (01-/4.)9+,-/1  K(43(6,-./15+*()(*(+3(0!  2.,(/,-+3!3-9-+,-/1 .|
+6,)1(/=+=(9(/,]  &(6+8'(1.41,5(16.92(,-,-*((3(9(/, I1:5-65! +00'/8+/6(! ,.!
68))(/,18/0()',+/0-/= NI

NO2-)-6+31(*-0(/6(1'5.:'1,5+,I-/1.%+,.) 1+/01(/,)(2)(/(8) 16+/1&(!
6.998/-6+,.)'Il:5-651-"1  /.18/8'8+3!-/1,5(16+'(1.419-6).16.92+/-('168))(/,3>!
2)(*+3(/,1-1,5(1,5)( M-9(/-./+314+)9-/=1'(6,.) | @F(('K(4'LIFMB"II[ B"I!
\R?B"INR?BAINR?BaC;!<5-1'8==(","1 5+,1(44(6,-*(/("19+>10(2(/0!9.)(1./!
g



5(165+)+6,()-',-6'.41(+651-/438(/6()11+/010(2+),14).9 1 5(1*-(:1.41  K.=()!

@ABB®S.I'8==("1, 5+, 5(I-//.*+,.)'1,5(9'(3*(1,(/OV/.,!, 19+E(!=..0!
2-1-"3(+0()1&(6+8'(1,5(>!+)(!,..165+/=( D)-(/,(0:'R.)!,5(16+(!",80>!
(1,02)-(11,5(1-//.*+, )1+/01?N%! . 41F+,8)/IM-. 2./-6'10(*(3.2(0!/, 1+/!
(44(6,-%(16.998/-6+,.) - BI+/1*()3+21.41).3(;!  M(6+8'(1.4!,5(1-92.),+/6(1.41
20/ D. 2()"./16.998/-6+,-./'1+/012()"./+3!-/4.)9+,-./!".8)6 ('] @?2+44+).1(,!
+3;IABABS-'1. 2(/', 5(10(&+,(1./,5(1+6,.)19.",I'8-,(O!, 18/0(),+E-/=!
6.998/-6+,-./'1-/1,5(16./,(1,!.41aT14+)9-/=1+/0! 5(1:-0() 1 +=)- 65!'(6,.);! !

<(65/-6+31(12(),-(1:+'16./'-0()(0!,.1&(19.)(1-92.),+/,,5+/16.998/-6+,-./'

(120),-' ({@K(4LIFM"_C14.)10)-*-/=140.2,-./;1<5-"1-"10-44()(/,14).91.&'()*+,- /'
9+0(1&>! W+&+),5(1(,1+3:! @AB"S04.8/016.998/-6+,-./1(12(),",.123+>1+!
).3(1-10)-*-/=!,.:49)0"1+0.2,-/  :I[ 3,5.8=5!,5(1,(65/-6+31+'2(6,19+>1&(!
6./-00)(01+/(6("+)>I1&+6E=).8  [01/4)9+,-./! @N+:..0(,+3:IAB" CI!,5(>!
00 6./-00)(01.412)-9(1-92.),+/6(1&>!,5(1?N%!.4!F+,8)/IM-.2./-6";1<5-"1-"
&(6+8'(1-/1+16.92(,-,-*(I'-, 8+,-/1+668)+6>1.41-/4.)9+ - 123+>1+1E(>1).3(1-/!
68',.90)!10(6--./19+E-/=  11+/0!6.923-(1:-,51.&  ()*+-/1 &> K.H.O5-9(/.I(,!
+3;|@AB"I[3(92-)-6+313(*(311,5-1:+'1/(1.4165+33(/=(! 5! :.)E-/=!:- 5!
)R)((,+ (T 4).91.,5016.92+/-(!  :5.(12)-9+)>18/0()',+/0-/=!:+'!
+.,5() 14-(30)+,5()!,5+/1,5(!F+,8)/1">" (911+/01'8==(',1,5-6.830!&(!08(,.
5(16.92(,(/6>1=+21)(4())(0!,.18&>!  W+&+),5(1(,!+3:!@AB"BQ6+/1&(1+)=8(0!!
50(4.)(11,5+,16.998/  -6+,-/1((0!,.1&(10./(1&>1+=(/,"!:-,51=..0!,(65/-6+3!
E/.:3(0=(1.4),5(1-//.*+ - /I1+/0Y/.,19()(3>!=..0!6.998/-6+,.) 1:5(/!
2).*-0-/=1'822.),1,.14+)9()'1-/!,5(!0(6-"-./ ®+E-/=12).6("l!,58'1+00-/=!,..
+6+0(9-6!0(&+,(1./,5(19.",(44(6,-*(16.998/-6+,.)";! !

[/+ 3>'-14.8/014+0*+/,+=(14).91,5(1+&-3-,>1.4! 5(1?N%!.41F+ 8)/IM-.2./-6']!:5.!
5H1&((/1,5(19+-11(/) (2)(/(8)j-1].*+,)11,19(,+9.)25. (1], 1+/1(44(8,-*(!

6.998/-6+,.):IF865!+12()./15+'19.)(I-/ m(2,5'E/.:3(0=(1.41, 511 *+,-/I!
+016+/1)('2./0,.1  (65/-6+3178(',-./1+22).2)-+,(3>11)+,5()!, 5+/1+]
6.998/-6+,-./1"2(6-+3-" /((0-/=1,.1)(3+>! '865! 78(',-./'1&+6E!4.)I5(32!:-,5!

(65/-6+31(12(),-'(;!P,I5+'1(44(6,-*(3>14+6-3-,+,(0!, 5(1&>2+"-/=1.412) 4("- ./ +3!
6.998/-6+,-./" 1(/,02)-'( 1+/01+33.:(01,5(16+(I,80>16.9  2+/>1.16./).3!-,"
9("+=-/=!-,(34;1<5(1-923-6+,-./1.41 5-1-1 5+,1 5(16.))(6,123+,4.)9!:-,5!,5(!)-=5,!
+80-(/6(14.)'8651(165+/=("1/((0"!,.1&(1-0(/,-4-(01+/01(123.-,(0l!+/0!8'(0!-/!
6./H8/6,-./1:- 519("+=("1:5-65!6./%(>1-/4.)9+,-./1+).8/0!,5(12()6 (-*(O! +)(+!
A1-/,0(,1.41,5(168',.9()"; I

<5(1).3(123+>(01&>1(+)3>1+0.2,()'I-'14)=8+&3>1-92.) +/,Y1+/0!,5-'1" 80>!5+'
5.1/, 54,1 5(>16+/1+3".16+/1+6,1+'1.2-/- 13(+0()"1-/12(() D. I2(()!
6./5()'+,- S 11+/019+>14+6-3- +,(1,5(10-448'-./12).6(";1<5-'1&).+03>!+3-=/ I:- 5!
5(1)EL4 J-33'(,1+3: | @AB"BE!: (331+'1&(-/=1)(6.99(/0(01+'1-/08" )>1&(',!

! o)



|
|

2)+6,-6(1&>P?+44+).1(,!+3;@ABABC-3>"-" I15+'I'5.:/l  2(()! :-33-/=/("19+>1&(!
-/08')>1'"8& [(6,.)'0(2(/0(/,I'+"1,50)("6+/1&(!-/"',+/6('1:5()(!-,!-"/.!
+22).2)-+,(1"865!+'1:5(/'E/.:3(0=(1(9()=(!+"+!6)-,-6+31)(".8)6(!4.)!
0-440)(/,-+,-.1&>1.44()-/=16.92(,-,-*(\+0*+/,+=(;IN+)3>!+0.2,()"19+>!&(!:+)>!
A13.'-/=14/>16.99()6-+3!+0%+/,+=(1*-+12(() D. 2(()'6.998/-6+,-./  'I'3(+0-/=!
L4 ) 8==3("1&(6+8'(1.416./43-6,!.4!-/,()(',1'+'14.8/01 &>! <8)/()!(,'+3;!
@ABABON\+/1%.",(/" @"___3&(6+8'(12(()"19+>1&(16./'-0()(01+ !
6.33(+=8(".)!6.92(,-,.)"!-/',5(!5.),-683,8)+3!'(6,.)1:5(/10-44()(/,-+,-./'4.)!
6.92(,-,-*(128)2.'('14.)9"12+),1.41+/1-/] *+,- [ !

<515 1400'/8+/6(1,.  1.,5()1+6+0(9-6!:.)E!:5-6510.(1/.,10-44()(/,-+(!
&(:((,5(10-44()(/,1+=)-683,8)+3'(6,.)'1+/01-/08' ) >1&(',12)+6,-6(1=8-0('!,5+,!
2).9.,(-, 118651+  K.(I(,!+3;|@AB"_C+/0! )(,,>!+/0!M5+)865+ @AB"$&(R)8-,!
+HO*(=(,+&3(1=).:()"+)(163.'0!,.1,5(-) IJ0I9+)E(,"  |,5+/1+)+&3(14+)9()" Y!,58'!
PI'8==(',!,5+,1,5-18/:-33-/=/("1,.I'5+)(1-/4.)9+,-./19+>1&(19.)(2)./.8/6/(0!
5+/1-1,5(14)+&3(1'(6,.)1:5()(1=)+-/"'8651+1:5(+, 11&+)3(>1+/0!.-3'((0)+2(!
+)(16.99.0-,-'(01+/012).6("(0;!<5-'15-=53-=5 "1 5(1-92.),+/6 (1.41'(6,.)1+/0!
6).2 [R(6-4-6"",80-(1+',50)(1+)(1-92.),+/,10-44() (/6 ('&(,: ((/', 5(19+)E(,!
6./,(1,1-/:5-65! 5(>148/6,-./; I

<50)(14+)(1.,5(014+6,.)10)-*-/=1+0.2,012.,(/,-+31:-33-/=/("1,.I'5+)(Y!4.)!
(1+923(1(92-)-6+3!(*-0(/6(!'5.:"1,5+,\+3(4)('6.!683, - *4 (1410-%()'(1/89&()!
416).2'1./1 5(144)91-/1+00-,-./1,.1,5.'(1-/1+1=)((/5.8'(1'+/01,58'I!+,1, 5(1,-9(!
A4140.2,-./1158',5(16).2'1=).:/1:- 5IF+,8)/1G).: () : +'1+1'(6./0+)>!

1R, - 15+0 1&8'-("('15+,1:0(13("10-+()-4-(0;1<5() (10 (1+3".1(92-)-6+3!
-0-6+,-./',5+,1(+)3>1+0.2,0"1:0(19.) (1:-33-/=1, .I'5+) (1(120)- (/6 (1-/1+!
'9+3311/-65(19+)E(, ;- 5!&8>()'14).91+10-44()(/,16.8/,)>1:5.1+)(!/.,10-)(6,!
6.92(,-,.)"!(-,50;!<5((!3(". [14)(1-9-34)1,.1,5.'(10-'6.%() (01&>" R)+,,-/-1(,!
+3;|@AB"$6)."16.92(,-,-*(1-/08')-+31-// *+ - ['1+]01.44()1-92.) +1,!

O-6+,-f" 14.)10-848"- [1-]] %+ - JU>" (9'1-1+=)-683,8) ;I T(2-,(1,5(1)(3+,-./!
&(,:(('2).4-6-(16>1.410-44 8"-./1,(65/-78('1+/019+)E(,'866("I!'((E-/=!"865!

6./,4+6,19+>1/. 1&(1,5(19+-/14.68'.41" +), [321.8,3-()!',+), [3216.92+/-(1:5.!
5+*(1/+)).:1(,:.)E'1+/014-/01-,10-44-683, 1, .14-/0)(+)3>1+0.2,()':-,5!,5()-=5,!
)(78--,('1,.15(321,5(914. ()11 *+ - [19+/+= o(,;

ll/\#!



Outside influences e.g.
finance , planning
permission

Demonstrations / trials

Innovator/entrepreneur
Communications re:
characteristics

Perception of
benefits/
disadvantages

Other supply chain
influencers

Advisors

"#$%& K 'H"00&%"2#'-+1<4'/0"20/%,+1"/2'4/$%5&4'+23'+3/-1"/2"20.$&25&4 '

F)+,(=-618'(1.41/(,:.)E'15+'123+>(01+16(/,)+31).3(1&>16.9&-/-/=1+6,.)!).3('I-/!

,5(10-448"./1).3(1,.10)-*(120)6(2,-./1.41*+38(;IM(/(4-,1.41 5(1=

).:('E/.:3(0=("

+/018/0()',+/0-/=":()(18,-3-'(014.)1-92.),+/,!-/,).086,-./"!821+/010.:/1,5(!
'8223>165+-/11:-0(/-/=1,5(!/(,:.)E1.416./,+6,:1<5('(1+6,.) 15+*(1&((/!

&'()*(01,.1&(

14).910-44()(/,1.0("1.4!1,5(1"'8223>165+-/'@'(('R-=8) (I"B!+&.*(Cl!

+01(-,50!5+* (1/(,:.)E".41=).:()",.1:5.91,5(>1"(3311.)11-4"- 8+,(0148),5()!82!
5(1'8223>165+-/11, 5(>1+)(1+&3(!,.1+0*.6+,(1,.14+12+),-683+)!,(65/.3.=>!,.1,5(-)!

'8223-()'115(/6(1-/438(/6-/=!,5(12.,(/,-+31=).:()'14).910-44()(/,!
1,.15(3210)-*(1+0.2,-./1:5(/1, 5((1+6,.)12()6(-*( Ol+!
-IPI6+/1&(10(086(014).9!,5(10+,+16.33(6,(0!.*()!
5(1,-9(14)+9(1.41,5-1" 80> 5+ I- 1:+'1/. L 5(I-d(1.41,5(/(,:.)E12..31!
12).%-0(1)(3(*+/,16./,+6,’

)+ (E>! +H1L.&()*(0
&(/(4-1,.1,5(-)!.:\&8"-I("

-92.),+/,1.8,6.9(  +1,5(1+&-3-,>1.415(12..3!,
*.(:(014).98:-,5-/1 5(I'>'(9'1+22).+65!+'1)(6.)0(0!&>!

+=3(;1<5-" |

5(19.",!
1P4!
b3()E1!(,1+3;!@ABAC

5-15+1: YE(0!&(6+8'(IF+,8)/IM-.2./-6'1:+1.&'()*(0!, .15+*(10(*(3.2(0!+!
'54+) (01"~ /1= 5IN+3(4)('6.14+/01, 5() (1:+'1=..016..)0-/+,-1&(,: (/1,5 (

+6,.)1 |
|
|

AN



é?G?LE/, $2"5+1"/2'5<+22&.'&1/.$1"/2'+23"20/%,+1"/2'1/'1+.$&'

_+1<||

<5-1'80>14.8/0'& (,,()!'8/0()" ,+/0-/=1.41:5()('68'",.9()"'+)(!3-E(3>!,.1&(!-/!,5-"!
2+),-683+)!'(6,.) I-'1E(>!,.14-/0-/=",5(1+22).2)-+,(16.998/-6+,-./! 65+//(3";IM>!
2).*-0-/=1+19(+/"  1.418/0()',+/0-/=!  ,5(19.',1(44(6,-*(165+//(3'!,.! 0-448'(!
-14.)9+,-./'4.)1+=)- [X65!2).086,!+:+)(/("1',5('(9 2-)-6+310+,+!12).*-0("!
-/4.)9+,-.' 6./))-&8,-/=! 9.)(!&)(+0,5!,.1,5(!:.)E!0./(1&>! b3(E1!(,!+3;!@AB"AC
J14-10 -/=15(1&(','4-,14)+9(:.)E!4.)10-448"-./1:- 5-/1+1'>" (9'1+22).+65!,.!
+=)-683,8)+3!-//.*+,-./;! |

%0&' ()*+,-./1+/01-/,()*-(:1'8==(",1+13-/EI&(,:((/!,-9(1+/019("+=(16./08-,Y!
5./(18'(014.)19(0-+1@)+0-.11<\I1+),-63(1-/12)("CI1,)+0(1'5. 1+/0!

6.40(/6("+)  (10(-=/(01,.1",-983+,(1-/,() (1!, 5(-)1.44()-/=:1%/6(1,5+,15+'
&((/1+65-(*(0!.,5()165+//(31'865!+'. & ()*+ -/ 41 5(1-/] *+ - /1+,1 5(!
6.92+/>15(+078+),()'1.)1-/1+16.99()6-+3!'(,,-/=1+,1, 5(I"-, (1.41(+)3>1+0.2,()"
@(1<+&3(! " _1&(3.: Cl+)(18'(0! ,.1&8-30!,5(120)6(2,-./1.4 1*+38(;I<58'I- 16+/1&(!
0(086(0!,5+,1,5(16.92+/>19.%('14).91+/! K&H(B,-*(U1-/-,~+3H/'4()!. 4!
E/.:3(0=(1+/01-/4.)9+,-/I1, 1+19.)(K'8&H(6,-*(U'@)(6(-*()  DH)-(/03>Cl')+,(=>I1+"
0(4-/(01&>1W((8:-1+/01[+),'@AB"™'C 1-/1:5-65! 5(>1 5(/!I(',+&3-'5!,;.  D+>!
6.998/-6+,-./':-,512.,(/,-+31+0.2,()"1".1,5(> 16+/1&(,,()!8/0()",+/0!,5(-)!
4)+9('LAN) (40 (/6(1+/01,()9'.418/0()',+/0-/= 1<5((,:. D+>II2()/ D.D
2()'./6.998/-6+,-./'5(32(0!F+,8)/IM-.2./-6'16)(+,(&(,,()1+0.2,()!
E/.:3(0=(1+&.8,1,5(!-//.*+,-./11".10(6-'-./'6.8301&(19+0("./1:5(,5()!9.)(!

2)(6-'(! i 1+/014+)91'2(6-4-6!1 1-/4.)9+,-./:+1)(78-)(0!,.15(32!,5(10(6-'-./!
2).6(";1<5-"1(65.('1,5(14-/0-/=".41 K.H.O5-9(/.!(,'+3:!@AB"_Q./1,5(13(*(3!.4!
A)9+ - JU(B("H)>14)144)9()  10(6-'-./1.1+0.2,-/=1))(H(6,-/=1+1,)(+,9(/,!
)IB5+/=(1-/1,5(l:+>1 41 )E-/=; NI

<+&3(I'_1&(3.: 1-338')+,("10-44()(/,)', +=("1.416.998/-6+,-./'1+'12).=)("]-'
9+0(!,..+)0'"1+0.2,-/Il:5-6515+"1&((/128,1,.=(,5()!+4,()!'6)8,/-'-/=!
14.)9+,-[1+&.8,1,5(165+//(318  '(01,.10-448'(1+/1-/] *+ - [ T+ +1:+'
+H].,+,(01&>165+//(31./1:5(0)(1,5(14-)' 1/4.)9+ - /1+&.8, 1+/1-/] *+ - /1]
5(+)01))(+01&>1+12. (/,-+31+0.2,()11+/0!, 5('(1:()(14.8/0!,.1&(10-448"- /(*(/,!
-5-651'(/0'1,5(19("+=(!,.1+1:-0()! @+3,5.8=5!,+)=(,(0CI!+80~( 16(:1%416.8) (1!

+HOL50(4)(! &)(+EH/>12+,510(2(/0(/6>;! !
!

"SI



"#$%&( &"*+,-&./010-/234&+3%&05&2066+-/2"*/0-3&27"--%$3&*0&3*/6+$"*%&608%&*09",:3&":01*/0- !

410681 )5+, 1-.9%6/%, .0#110%22*,.0(). %, #103(, $4#1)%1%6& &S +!.,&%+2(). %, 1%6&!5(4*$1) Yo SAOBIFH(E71) 3$16.88$+$, ) ) (7$#1%6&1)3$16$0.#

[+%0%$##
9+$##1(+).04$
&0 18 ( ! ".2*4()$! @%,)(0)! |

3;,2;)‘?0!, /0.1 &+ ;:ﬁgi?é).%’! :ﬁiﬂ f;!(ﬁ! AHOH#.%,< ;=HS+5(0.9#1%&1 | 1, _E'fl‘(’“z gﬁ:{;@gﬁ;a/
2352, | <%=>$0).5$?| 32(,10%,)(0) ! 632%.#)+().%#

4.56(+. 17(6(%

@+%().,7'D,%E4$67$!&%+!14$5$+(7$!

F+.(4#1
7$,$+().,7!
60(!

F+(,#40).%,1%8&16()(!.,)
,8%+2().9%,1%&.,)$4S

G(4*$1%&!
8%+2().%,!
2/(0)!%,!
1%)$,).(41
(6%/)$+!
()).)63!

8,,9%5(),710%2/(,HI(#0$+)(.,#!
E3().,&%+2().%,. #15(4*$6!=F
19)$,).(410%#)%2$+1(,6!

+$#/%,6#1(00%+6., 14H!

=#$+5(=.4.)H1%&1)39
)+.(4#14$7.).2.4.,7!

. &Y%6+2().%,1%,!
1$+0%$/).%,1%8&!
HE&*A, S (61 (HS!
%&IHS

19%+$!.,)$,#.5$!
,8%+2().%,
&(0.4.)0).,7!
1$+0%$/).%,1%&!

+$4().552/%+)(,0$!
0&103(+(0)$+.4).0#

C0).%,:!
(6%/).%,!
%+!1+$>$0),

'%*+0$:1C*)3%+1#16()("

"#$



06&'()*+,&'-&.1 [01L/213(%*,.(*1)(14()5(-6(178!+1(14/+(&+-,9!,'/4+()!5,&!7(!
7(++()! *(*(121(&11:3,&15/&+,5+!1 M7((&! (*+,79-*1(17(5,*(OI+1(!
-33(-,581/010(('7,5:  <E)/3H1()(1+1(1-&+(&*-+81/01+1(1-&0/)3,+-/&!5,8!7(1-8&5)(,*("
+19(6(),.(13(**,.-&.1,55/)'-&.1+/1+1(14()5(-6 (1) (,5+-/1&1/01+1(1) (5-4-(&+<!>1-*!
)(,5+-1&12, 5 T+()B('1":)-&.15/&0() (&5(*1,&1+), (1(6(&+*?1,&1+1()(13,8!7(!
J4A])+:&-+-(19(,)&(10)/3), [4+-/&10  14)(5-*-/&1,.)-5:9+)(1+(51&/9/.-(*121-511,)(!
9%/1,-3('1,+1-34)/6-&.18-(9",&1(00-5-(&5812-+11(&6-)/&3(&+,9!7(&(0-+*<! |

@34-)-5,91/7*()6, +-/&*/01+1(1:*(/019(6(), . (4/-&+*1+/\(&5/:),.(, 14+-1&12()(!
0/:&'1+/15/349812-+11+1(151,),5+()-*+-5*1/01+1(1-&&/6,+ /&' (&/3-& +('1-34/)+,&+178]
)20*21%:511 *1/00()-&.15/34(+-+-6(1,'6,&+,.(121-511-&!+:)&!1-&'-5, +(*1+1(10,)3()A*!
1281 7B (5+-6(*<ICI&*-'(),+-/&OI1+1(!, ++-+ ' (O1+1(!, J4+()H1 1,1 (&+-0-("1+1,+!
*/3(12()(159(,)98!,37-+-/:*?1*:511, 1D, 9(0) (*5/?121-9(!/+1( )*2121/2V (*4-+(!
IA+-&.211&[HL B(1+1(1*,3(14)-)-+81+/1  '(6(9/4 -&.I1+1(17*-&(*<IE&I+1(19/&.()!
+()3214+ 14121151/ (1&J++1 A+1+1(IF, +1)&1G)/2()?!3,8!1,6(1(9(5+('!,*-3-9,)!

)/2-&. 1%+ (32U (5-'(1&/+14/13,: (151, &. (H1-&1+1(-)1.)/2-&.13(+1/*?17: Sy
2 ¥1&/+1,6,-9,79(1+/1,&,98*(/&I&I&  HIA+(*<I(60+1(9(*?1  J,7,)+1(1(+!,9<IKLS"#M
0/:&'1+1(1-80/)3, +-/&!/&)-&&/6, +-6(1*8*+(3*1-19-:(981+/17(1)(+,-&('1,&'13,87(! (']

“&IH1(10:4+:)(1-014+1(10,)31-41%: 7B (5+(14/1,14)-.. O} (6(&+?121-511%:. . (*+*1+1,+1*:511 &!
(6(&+!5/:9'1+)-..() 1+ 1(14/+(&+-, 9!, /4+()A*I4()5(4+-/&1/016,9: (<I>L-*I*:  (*+*1+1 +]
4/9-5813,;()*1&((1+/1+,;(1,19/&..() H-()316-(21/01*:44/)+1/00() ('1+/1-&&/6,+-6(!,  .)-H
+(511/00()-&.*1*:511 *INO!0,)3-&.< ! !

"H#$ !



Rejection Adoption

Financial Perceived
constraints usefulness

Contextual Perceived
constraints ease of use

I"H%Q( )& H+" #'$- +&'1&,&0".1'2,3-".02441'50'235-."5,'50'2',&6'. &7 +,545#8'1$7+21"
9:'02%;" #'

|
>1(19(,)&-&.15:)6(1:& )+, (& 78ILS"PIF, +)&!Q-/4/&-5*1/&+1(1+84(1/0!, 4+()!
“&B(*+-&I-&I+1(1-8&/6, +-/&IO(1-+1+/151, & (1-+*10/5:*1+/1+,).(+-&.10(2()?19,).(!
51&+),5+41) +1()1+1,&1.)(,+()1&:37()*/01*3,99()/&(*<IR9+1/:. 11*:5115/34, &-(*!
3,810-&'1-+13/)(1'-00-5:9+1+/151,&.(1+1(-)!4),5+-5(*17(5, *(1/0!)-.-'12/);-&.1*+):5+1) (*!
+1,&1%3,99()!5/ 34,&-(*IKS(OT!IFQL"M?1+1(81,)(19-;(98!+/11,6(!,13/)(""-6()*-0-("!
41)+0/9-/1/01,.)-5:9+:),914)/:5+*121-5113(,&*1+1,+1+1(1)-*:1:&'()+,;(&! 78!, /4+-&.1 |
&(21-8&/6,+-1&I-H19(**1+1 &I1-01-+1-*1+1(121/9(17:*-&(**<I>1-*I(U4()-(&5(1)(09(5+*1+1,+1/0!
-&&/6,+-1&!,55(9(),+)*IR.)- F(51@7?121/11,6(10/:&'1+1,+1-+1-+1&/+1¥/13:511+1 (1*-\/(1/0!
+1(1(&+()4)-*(1-+1-*1+1(1,6,-9,7-9-+81/010:&*10/)1-&6 (*+3(&+), &'1+1(12-99-&. &(*I+/1+, (!
J&1)-*:<1>1(151,&. (1-&1+,).(+(13,):(+1-34,5+(' Y &I+1(151/-5(1/0151,&&(9*1+/1-00:*(!
+1(1-8&&/6,+/&?13/6-&.14+/2,)*19,).(1-&+()&, +-/&,O1+), (I¥1/2*1 ++(&'(178!7-.!
5/34,&-(*<I>1(*(10-&'-&. ) (09(5++1/*(1/0!  S/.OMIKLSSNMRI21/1*:. (*+*1+1 +17-..()!
(&+()A)*(*1, J4+10-)*+21), +1()1+1,&/+1()10-&'-&.*?1%:511 * IW/5:()+*1,&']
XY*+(&1,.(&IKLS"SM 2121 /1% (+1+1,  +1-&1+1(1,.)-5:9+:),01-&'"*+)8?1*3 9815 9(!
(&+()4)-*(*1,'/A+1-8&[6,+-1&*?1,&'1-01+1(8,)(I*:55(**0:9?19,).()V/&(*!+1(&!(37),5(!
+1(14(51&-Z:(*<!!



IHS Y& ()*+,-.+*1%(0//-10/%-*2%)/ .- +*-3+4+.5% %

>1(13,-&!5/33:&-5,+-1&*I13(**,.(*1:*(1781+1(15/34,&81,) (17, *(1,)/: &'18-(9'!
&'14)[:5+-6-+82121-511)(09(5+!4()5(-6('14)-6,+(*(5+/)1&((*<!R*I5/&0-'(&5(!, 7/:+!
)(+1)&U&I-&B(*+3(&+ IKS[EMH/0-+(&I5--+('1, */&(1O1+1(13/*+10)(Z: (&+!)(,/&*10/)1&/+!
JA+-8.18(21+(518/9/.81  KC,00,)//(+!,9<?ILSLEML(I5 *(1*+:'8 11-.19-. 1+*1-+*
(6,9:,+-/&*10/)11/219/&..1,15:%+/3()15, &I (UA(S+-+1+/1+,:(<IR*I*:51 21+ 1 *(H+ 1 (1+1/) +]
+-3(14/1,51-(6(IS[E 1,119(6(),.(1  +14)/3/+( 1-+*1+(518/9/.~(*1,&'1*()6-5(*?!
4,)+-5:9,)98121(&!,99/2(1+/1: (1" +,1.(&(),+('1781(,) 98!, /4+()*?! 1 +1-*I5 &11 (94!
9(-+-3-*(1*:5110-.2)(*<! [7*()6,+-/&*11,6(1-'(&+-0-(1+1,+ 121(&!+1(1-&0/)3,+-/&!-*!
4)(*(&+(1-&!*:511,12,81+1 +1-+10,5-9+ +(*1+1(14()5(4+-/81/0 1:+(0:9&(**1/01+1 (!

-&& /6, +-I&I+\A]+(&+-, 915 *+/3()* 2L:4+,:(1-*13/)(19-:(98<! !

X1-9(1(5/&/3-510,5+/)*N-6(1)  ,+-/1&,9V'(5-*-1&*?1+1(8!5,&15/34)/3-*(1(&6-)/&3(&+,9)!
*okg & 7-9-+8211(&5(1+1()(1&((H+17(159(6(0:+(/ON(S/  HOO0-5-(&5-(*<i/)!(U,349(?!
8)/3/+-&1+1(1*:*+ -& 7-9-+8! *4(5+! *113(,&*1/0!,51-(6-&.15/349-,&5(! 2-+1!
(&6-)/&3(&+,91,&'1,&-3,912(90,)(!  )(.:9,+-/ &*15,&1-8&09:(&5(V'(5-*-/&*<! F+:'-(*I78!
S/B/ HB-3(&/1(+!,9<IKLS"\M-&I+1(',-)81*(5+/)10/:&1,2,)(&(**!,&'14()5(4+-/&/0!
)(*4/8*-7-9-+81 &'1+1(1-34/)+,&5(!, ¥ &(1H+1(14)/TIE ¥ 5(&+),3+/1+1(1'(5-*-/&!
3,:-&.14)/5(**<I>1-*12/):1/00()*!,&!(34-)-5,916-(210)/3!1+1 (1/+1()*- (/01 +1(!
Z:(*+-1&]IF,+:)&IQ-/4/&-5*11, *I(*+,79-*1(1,1.)/2-&.13(+1/'121-5113-&-3-*(*
(&6-)/&3(&+,9"",3,.(1,&15)(,+(*!(5/ HOO0-5-(&5-(*17:+1+1(13(**,.(*1:*(1781+1(!
5/34,881,)(17,*(1/&!(5/&/3-510,5+/)*<1>1-*13,817(15/&&(5+(12-+11+1(-)!
~&+()4)(+,+-1&Y011/213(%, .(*1,)(1:&' () *+//"-&I+ 1 (15/&+(U+1/014/+(&+-,9!5/8&09-5+*1/0!
“&+()(*+ & MA2()14):..9(*],)/:&'14)-5(?1Z:,9-+81, &'1+1(1(&6-)/&3(&+7!,&'1-*]
AG(1E  ICLA+() ¥ L&' IPARO+1/:.1H1(I5,*(! *+:'81 (&+()4)-*(12,410/:&'(12-+1!
+1(1%/5-,91,-3/01*:*+ -&, 79(1-&+(&*-0-5,+-/& 1+ 1-*1-+1&/+1(6-'(&+1-&!,991-+*1
5/33:&-5,+-/&*<! @,*+2/["(+],9<IKLS"PM*:. (+*  +1 +1%*+ -& 7-9-+81-*1/0+(&!
51&*'()(  17810,)30)* *I7(9/&.-&.1+N+1(14:79-5!"/3,-&?11(&5(1+1(15/33:&-5, +-/&*!
*+),+(.813,8!1,6(1(6/96(1,)/:&'1+1-*14)(3-%( 17(5, *(1/01+1(14()5(4+-/&1+1,+!

*k4 & 7-9-+81-&6/96(*1(U+),!5/*+¢!

@6-'(&5(11,*1%1/2&-00()(&+!3(**,.(*I+).(+-&.I-00()(&+!,:-(&5(*<! =/)}(U,349(?!
*k4 & 7-9-+815/33:8-5,+-/&*1781+1(15/34,8812() (1:&'()+,:(&!/&49,+0/)3*1&/+!
0)(Z:(&+(178I+1(1+,).(+13,):(+10N)*, 9(H/0+1(1-8&/6,+-/&<!  >1-*11-.19-.1+*17)(,:1-&!
+A P4 &, T-9-+813(%, . (17(5,:*(13,&81.)/2()*1*+-991)(.,)'1,") (**-&.
(&6-)/&3(&+,915/&5()&*17(8/&1+1/*(1'(3,&8'(1781) (.9, +-/&I)1+1(-)15:*+/3()*21+/!
7(,15/%41),+1(0)1+1,81,17(&(0-+<1(6()+L1(9(*?1+1(1.)/2-&.1*8*+(31,&'15/)) (*4/&'-&.!
18')/4/&-5!,.)/&/38I3(+1/*11,6(1(37("('1*:*+,-&, 7-9-+8121-5113,817(13/)(!

"HL!



6,9:(1781)/20*-&  +1(10:+:)(1-0!5/&*:3()*!/)19(.-*9,+-/&V'(3,&1-+  <I=1)+1()!
O/&.~+:'-&,91+-(*1 Y(1&(( (1+/1-*5/6()1 1/21+1-*1'(6(9/4*1/6()1+-3(< I

"4 Y227 0//+*1%+**8- +9/5/.0(%9-+4) 70/ %

E&0),*+):5+:),91,&'1-&*+-+:+-/&,910,-9:)(*1,) (/:+*-'(1+1(15/8&+)/9V/0!3-5)/ H5/34,&-(* !
2/1);-&.1-&1,18-51(?1*:511 *1+1 (15 *(1*+:'815/34,&8<![+1()!5/34,&-(*12/):-&.1-&!
+1(INOI*(5+/)?1*:511,*1°0,&+,./& IKS(OTID=$21" IRS"MP12()(/7*()6('1+/17(1:&,79(!
+H1/T+,-8&49,88&-&.14()3-**-/&1,&"10,5('17,8;):4+58<!  R/A+()* 11,6(1 ,9%/! 1,'1+/!
YHA)TI3H- &) (5114149, 8&-&.14()3-F*-/&IO/) I+ L(1*+):5+1) (H+11/(!
+1(IF,+:)&IG)/2()'1,)'2,)(<IE&Y&(I5,*(?1+1(1, 14+()12,¥19:5;81(&/:. 11+/11,6(!
S5(H/+1() 1+, 79(10,5-9-+-(*1,+1,1&(,) 781+ (1594 (1+/1/+1()1.) (&L/:*(*2121()(!
49,88-&14()3-**-/1&12,%1.-6  (&!,&"1+1(14)/B(5+!12(&+!,1(,'<!F:5114)/79(3*15/:9'!

' * &5 (&+-B-*(1/+1() 14/ +(&+-,01, [ A+() 101+ 1 (1*8*+(321+1:4,00(5+-&.1: 4+, (1, & 1+1(!
)(*:9+-&.1-34)/6(3(&+*10/)1+1(1(&6-)/&3(8&+I0)/ 1+ 1(1*:*+ -&, 7-9-+81++)-7:+(*/01+1(!
*@r4(3<IST-H* (44 I&((10N)14]  9-5813,;()*1+/14/2,)*1 13/)(11/9-*+-5149, &I+/!
~&50:'(1%:440)+10/)!,'/4+()*,+1,1&:37()1/019(6(9*?1-&59:'-&.10-&,&5-,91, &'
_&*+-+:+-/&,919(6(9® 1,9%/!,+19/5,915/:&5-919(6(9!5/85()&-&.149,8&-&.1)(Z:-)(3(&+* <!
a :9HB(6(91%:44/)+1+/10,5-9-+ +(1,14), &*-A&1+/2,)*  **+ & 79(1 |)-5:9+:),914),5+-5(*!
5/:9'11(941:-5:%+ ) +12-(O)1 /4+-/& 4

[&(1/01+1(!: (8!14/9-5-(*/01O(0),1-*10 ,5-0-+,+-&-B&/6,+-/&+/11(941+1(1-&"*+)813/6(!
+/2,)*13/)(1*:*+,-&,79(12,8*1/01.)/2-&.10// 20 41(U4) ((1-&1-+41L_ HB(,)149,& !
KLS$"#Mb1-*14/9-58[U4(-+(1+1(I'(6(9/43(&+!/01+1(IF,+)&IG)2()  1.&' 0:&-&. 2,*
3,'(1,6,-9,79(1+/1F +:)&1Q-/4/&-5*1 *14.)+1/01+1 (| E&&/6, +(%0!4/9-58<!=:)+1()10:&™!
1,6(149,8("1,&!1-34/)+,&+1)/9(1-&!1(94-&.1+1(15/34,88!"(6(9/4!,&")(0-&(1-+*!

-&&/16,+-1&! &+1(15/))(*4&'-&.11  8')/4/&-51*5-(&5(<IX-+1-&1+1(15/&+(U+1/0!+1(IRbEF
&' 1,8,98%-#1/01.)/2()1&((*10/)!1-&6(*+3(&+!-&!, &1-&&/6, +-/&N+L()(1-*],1&(("1+/!
)(6-(214/9-5-(*121-5112/:9'15)(,+(1,13/) (1(&,79-&.!,+3/*41() (!, +1.)/2()!'9(6(9712-+1!
O(.-*9,+-1&)):&'15/&+,5+*12-+11)(+,-9() *I*/1+1(8!1,6(13/)(15/&0-"(&5(1+/!  -&B(*4<!>/!
301 )((+LO (LM T((&M3(1*:440)+12-+11+1(1G)/5()-(R'B:"-5,+/)IC/'(!

9(.-*9, +-/&217:+21 ¥1&/+('1-&IC1,4+()IN?L)/2()*11,6(19-++9(19(6(),.(!,.,-&*+19,).(!
*:4()3,);(+151,-&*<I>1-*1-*1-34/) +, & +1&/+1/&98!-&1+ 1(15/34(+-+-6(15/&+(U+1/0!,13-5)/ H
5/34,&81%(99-8&.INO!(Z:-43(&+217:+1,9%1,+13,5)/  HB(6(9<!=/)NQ.)/2-&.13(+1/*1+/!
7(5/3(13,-8&*+)(,3?21,&'/(&, 79(!, 1+), &*-+-1&1+/2,)*1*:*+ & T9(1-&+(&*-0-5,+-/&?!
+10)(1-41,1&((1 0/)14/9-58*:44/)+ 10/)!,/4+()*< |

|

"#N!



" o&™,4)+  *%

E&*-.1+0)/31+1-415 ¥(1*+:'81  1,6(! -&-5,+( 1+1(1&((10/)!,&!-&+(.),+('1'-00:*-/&!+1,+!
~&50:'(*1,'/4+()1-&A4:+*2151/-5(1/013(**, .(10/5:*!, &1+ 1 (1&((10/)1+(51&-5,9!, 7-9-+81+/!
7:-9'14()5(-6('16,9:(<!>1-*1,"%1(34-)-5,01" +1+/10-&'-& 1+ 1(17(*+10-+-00:*-/ &I
0),3(2/):1-&!-+*14,)+-5:9 )15/&+(U+?17:-9-& Y&I+1(12/)://0!  b9();UN(+!,9<IKLS"LINH1(-)
(6/9:+-/&1/01%8 *+(3*1,44)/ 51(*<! |

F/3(1 /01+1(;(810-&-&.*1/01+1-*151 4+()11, 6(17((&!+1(15/349(U-+8Y/0!+1(1)(9,+-/&*!
7(+2((&!(,)98!,/4+()*!, & 1+1(1-&&/6,+/)!, &'1+1(1(6/96-&./(9(3(&+*1/016,9:(121-51!
(30.(10)/31+1(,*/5- +-/&<)  S1(I+1,9%1  4)/6-'(H-&*-. 1+*1-&+/11/21-& 0/)3,+-/&!
T1+141(151,),5+()-*+-5*1/01, &1-&&/6,+-/1&!15,&17 (1-&+()4) (+('1+/1'(3/&*+),+(16,9:(10/)!
+1(15:*+/30)?! &' 1+1(&H*( 10/)15/33:8-5,+-/&*14:) A/ (*<I>1-*1-*1 1&/6(9!,"-+-/&!
+1'-00:*-1&19-+(),+:)(1-&1+1, +1+1-*12/):1 )+-5:9, +(*I'-00()(&+!2,8*1-&121-51!(,)98!
IA+()"15,&I5/8+)-T:+(1&/+!/&981+/1+1(1+(51&-5,91-&&/6,+-/1&17:+1, 9*/1+1(1'(6(9/43(&+'
1019(6(),.(14/-&+*1:+('1-&15/33:8-5,+-/&*< Il

>1(1+-3( H4,&1/0 +,15/99(5+-/&! 1, *1*1/2&1+1(19(,)&-&.1(U4()-(&5(1/0!1+1(15/34,&87!
-&59:-& 1+1(1+),8*9,+-/&!/01+1(151),5+()-*+-5*/00() (178!+1(1-8.&/6, +-I&!-&+]!
A05(-6(1*(0:9&(H++1(I5:++/3()  21&+1(-)1)(9, +-/&!+/1*/5-,9 H*851/9/.-5,9!
5/&*+):5+*<I>1-*11 *11(94(1+1(1-8&&/6,+-6(15/34,&8!  9(6(),.(1,13/6(1+/2,)*INO!
)/2-8.1,&N+1(14,+114+/2,) 1% %+ & T9(1-&+(&*-0-5,+  -/&!-&!,13,):(+!(5/&/38< Il
S1(1*+:'81-99:%+) +(* +1(1,7-9-+81/0!, &(&+)(4)(&()N-&&/6,+/)1+/13/)411-&+/1,&!
(00(5+-6(15/33:8-5,+/)!,&1/4-&-1&19(,')!  , &15)(,+( !,13:9+-0,5+/)-,9
5/33:&-5,+-/1&*1*+),+(.8< 1>1(1B/:)&(8Y/019(,)&-&.121-511%:511, &!(&+()4)-*(!

&)+ (K159 (1* (L L (10/)+1()!-8&16,+-6(1(&+()4)-*(*1-&+1(!,.)- H(51!
*(5+/)<!

"#c!



&:-;.07%< %>;4'7+*1%.:0%3)/+*0//%(' 204%-*2%+./%4+*2/%@+.:%
I)].~+*-3+4+.5%+%%.:0%,*.0>.%'99B00 R+(0*/+*-4 B-7(+*1 %

<"BAC*.7'2),.+* %

>1)/:.113813-+(),+:)(1S(6-(2!E1L,6(10/:&1+1,+  15:))(&+19-+(),+:) (& *+,-& 79(!
~&+(&*-0-5,+-1&!,&''-00:*-1&/01-&&/6,+-1&L] (* 18&/+13,;(1+1(17:*-&(**15,*(10/)!

*okg & 7-9-+8<I> 1 (+(5+(')., 4-H1-34/) +,&+17(5,:*(10//14)/:5+-1&1+ o (!
49,5(1-&1,13,);(+1(5/&/3821L(&5(1+1() (!-*1,1&((1+/1'(+()3- &(11/216,9:(1-*!
'(+()3-&('1-&1+1-415/&+(U+<IE&I4 ) +-5:9,) 1+ 1()(1-*], 1&((10/)1 7 (++():&' () *+,&'-&.1/0!
+1(1*-.&-0-5,&5(1/016,9: (1-&! +1-4(34-)-5,915/&+(U+7(8/&1+1(/) (+-5,9!,449-5, +-/&*<

>1-#151,4+()/(U49,-&*11/216,9:(1-*1.(&(),+(),&'15/33:&-5,+('1+/15: *+/3()*16-,!
+1(IF,+:)&1Q-/4/&-5*17:+-&(*13/(9?1,&'11/21-+1-(&+-0  -(*1 ,&1d*(9F Al+1(17:*-&(**
5,%(10/)! +1(**+,-&, 7-9-+8!'-3(&*-/&?), &1+ 1({(U-+(&++/121-511+1-*1-H)1-*1&/+13 (!
(U49-5-+1-&1+1(16,9:(/00()-&EeH"), 2*1/&1+1(15/&5(4+/0+1(17:+-&(*13/  (9121-517! *!
*(+1/:41-&1+1(IC1,4+()IL ?1-*1.(&(),998!5/&*-'()('1+/17(15/&5()&('12-+115)(,+-&.16,9:(!
0/)1-+*15:%+/3()*?1,&'16,9:(10/)!-+*(90?1-&!+()3*1/01) (6(&: (IKa/))-*I(+!,9<?IL$$_M?17:+!
5,&1,9%/15/&*-'()1*/5-(+,91/)|(&6-)/&3(&+,916,9:(<!  >1-*1*+:'8l 7:-9'* 1:&'()*+,&-&.! /0!
+1(17:%-&(H13/(9!  2-+1-&!+1(1*4(5-0-515/33()5-,915/&+(U+1/01+1(15/34,&-(*1-&!+1(!
NOB,9:(I151,-&?1+/10-991+1(1.,410)/3121, +1-*13-*%-& 10)/31+1(19-+(), +)(/&!*:*+,-&,79(!
-&+(8&*-0-5,+-1&!,81,9*/1/&"'-00:*-/1&!/0!-&&/6, +-/1&<!

S1(TB(5+-6(12 * 1+/1(+()3-&(1+1(17:*-&(**I3/(91 7 (-&.1:*('1781+1-*15/34,&8!

160)! +L1(*(6(&!8(,)*I5/6()('1781+1(1*+'81-+*1(6/9:+-/&), &'1+1(1)(9, +-/&*1-412-+11
*ikt & 7-0-+8! /& (1/O1-+415/)(I5/&5(4+ 1417 (++(): &' ()*+,& 1+ 1 (17:*-&(*10:&5+-/&!
&I+1(NO-&1/)10,)3-&]  *(BH)<I>1(1,-3! 2,41,9% 1+/17:-9':&'()*+,&'-&./01/&!
0,5+/)*1-809:(&5-&.I-+*1*:55(*+1 &' **(+*121(+1()13/)(15/:9'17 (1/&(I+/!

(&5/2),.(1, 1 A+-1&1+1)/:. 11+1(17:*-&(**13//(9< I

E&09:(&5('17817:*-&(*13/'(Q1+1-8:-&. 2+1(1Z:(*+-1&*!, ") (**(1-&1+1-1151 4+()1,) (T!

<l W/2I'/(*1+1(10-)315)(,+(16,9:(e !

74 =/)121/31-41+1(16,9:(5)(,+(e !

54 X1,+1-*1+1(10-)3A*!(5/&/3-5!3/'(9),&'121,+1 ) (I-+*17:*-&(**1 -3*e !

‘<L WV I(H41(17:%-&(**13/'(91(U4) (*H1+1(14:)4/*(1/01+1(15/34,&81-&!+1(!
5/&+(U+/01**+ -& 79(1-&+(&*-0-5,+-/&e

(<! X1,+15,&12(19 (,)&!,7/:+1+1(12,81-&!21-511**+ -& 79(16,9:(1-*!.(&(),+(1-&!
+1-*15/&+(Ue
|



>),'-+-/&,99821-+12 *15/&*'()(1+1, +1+1(1)/9(1/0!, &I (&+()4)-*(12,1+/13,U-3-*(14)/0-+!
ON)1+1(1*1,)(1/9'()*121-9(1+1(1./6 () &3(&+15/8+)/99("|(&6-)/&3(&+,9!,&'1*/5-(+,9!

ek (141)): . 119(.%9,+-/&1 KW, -.11,&'IW/003,&2IL$"LNKIW/2(6()21/6()!1+1(14,*+10(2!
(5, (*21+1(1-34/)+,&5(/01*/5-(+,916,9: (*?1-&59:"-&.1*:*+,-& 7-9-+81-**:(*2 11 6(!
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&510'5+*8,1(31*205'&(3&!",+,3/,175'1&6,1)520(3417'521-(1,-1571&6,1:(&/'3!
B'5@,'I5+,'&6*-10,*589! |

C6,12(*3!A/-*3,--157186,)520(34!" 2(*3-1&6,!:(&/'3'B'5@, .| @6*)6!
)520"*-,-1U:10,),3&157186,1()&*+*& 41(38!A,3,7*&-IDL, 7ML:K"VEIIW5 @, +,'.1&6,-!
(2,382,38-1*38%)(&,1&6,|@*11*323,--1571&6,IX$Y&5!(8(0&!(381*335+(&,!&5!",()6!
21 (12('F,&-1¥718,2(381%-10,),*+,89 |

I"#"1 &234.(556*+&6+&78(&)*+7(37&*9&5:57-6+-;1(&6+7(+5696)-&6*+

C6,1058,3&*(1157186,1)520(34>-1*335+(8318510'5+*8,1(1-/-&(*3(A1,12,&658!57!
25@*371%-18%-)/-- 8I*3IX6(0&, H.1:/-&(*3(A1,1Z3&,3-*7*)(&*539!$%0,--+53157!
-&(*3(A1,1*3&,3-*7%)(&*53!*-1,2A 88,81*31*&-1258, 1.135&!5314!A,)(/-,|571&6,!

X$Y >10,-53(1IA,1* 7-IDH,,&*3?1"I0, A/('41":<U.IL, 7MI:K<UEIA /&!(1-51A,)(/-!
*&12(F,-1?75581A/-*3,--1-, 3-,I(-10',)*-*531(001*)(&*53!57'*30/&-1-))6!(- @ (&, .!
3,'241(3813/&'* 3&-!' -/1&1*3115@,"V/-(?,/(381&6/-!,)5352%)!-(+*37-1D,)5 G
774)*,3)%,-EON-1-/)6.1& 6,-,1)5 GT7*)*3)*-1 (,1-,31(-!  577,%371)520,&*&*+)!
(8+(3&( ?,'DL, 7MI:K<<EQICH/-./(1&65/?76!*&185 -1358101(4!(3!5+,'&!'51, %318, 7*3*37!
&6,1+(1/,10'505-+&*53.1*&1+-1(31)53-*-&,3&1/38,'14*3?17 (&/',1&6(&!6(-135&1)6(3?,8!
&6'5/765/8186,18/'(&*53157186,1-&/84€6,',1*-1(315005'&/3*&41&5!*3) (-,!  &6,!

llll# !



!

!

-[-&(*3(A*1*&AI5773P1*71*&!*-1(AL,1&50H 1%+, @*&6!*&-1)/-&52,'-.1(-18*-)/--,81*3!
VI=9#9"(A5+)@6*1*-1(1-5!8*-)/--,8!*3IX6(0&,"#!(38!X6(0&,'U9 !

W5@,+,.1-/-&(*3(A*1*&4!+-1¥205'&(BI&5&6,'1(/8*,3),-.I1-/)B(-1*3+,-&5'-.1(38!
X$YIN1,%!0%-6,',206(-*-,81&6(&MI[/-&(*3(A *1*&41*-15716/?,1*205'&(3),!175'!
7*3(3)*,-[IL, 7::K:#E9QICB,1)520(3416(-!,77,)&*+,1418,+,150,8/*3&5!&@5!8*77,',3&!
2,--(2,-175'&6,18*77,' 3&1(/8*,3),-PI@6*1,1)522/3*)(&*53-1&('?,&*37105&,3&*(1!
25@,-(',175)/-,8!531&6,105&,3&*(11(8+(3&(?,-17'521&6,1)6(()&  "*-&*)-1571&6,!
*335+(&*53.1&65-,1,%0',--,8!(&1&65/?6&!1,(8, -6*018*-)/--*53-.I531A157-1(38!
(*2,81(&!5&6,1(/8%,3),-.16(+,125' 1571(175)/-1531&6,1)520(34>-1,2A,88,8!
3+*532,3&(11-/-&(*3(A*1*&4175)/-9

I"$ &<8(&(=*1:76*+&*0&78(&'-7:.+&>6*4*+6)5& :56+(5580%,(1 &

NI3,@!A/-*3,--1-&'(&,?41)522,3),81*3!": <= |@6*)61*3+51+,8!/-*3?1&6,|
%0,'&*-,15718%77 " 3&!()&5'-1*3!" 7*3*371(381A'5(8,3*3?1&6,1+(1/,1577,*371*-1-, 3!
*3IC(AL;!"V GUI@6%)6!)6('&!&6,IA/-*3,--1258,11571:(&/'3IK*5053%)-.12(F*3?](!
8*-&*3)&*53IA,&@,,3!&6,!-&(?10', (38105-&G';<=91Z&!*-135&(A1,!&6(&!&6,!
-&(*3(A*1*&41*3&,3&*53-1A,)(2,15/8)52,- 1(?/(A14IA,)(-,|(1&65/76!&6,!
05&,3&*(11)/-&52,"-1(',135&! 155F*3?175'l-/-&(*3(A*1*&4.1&6,'1*-1(1)533,)&*53! @*&6!
)5 G77,)&*+,3,--1(-1(1)/-&52,"1A,3,7*&9IN-I(",-/1&!&6  ,1*335+(&*53!(8508&, !
)(31-&*11N\A,3,7*&17*3(3)*(114!(38!,&6*)(114[!DL, 7M!:K;<E!,+,31*71&6,11(&&. 1*-135&/!
&6,¥15A,)&*+,1(381*-186, 75" 1(1-0*115+,'AWE@ +,".186,-I-&(*3(A*1*&412,--(?,]
*10,),%+,81A4)/-&52,-1(-1  A,*3?15711,--1*205'&(3),1&6(3!,77*)*,3) 41(38!
05&,3&*(1)520,&*&*+,1(8+(3&(?,D:K"UE.16,3),1*&!*-135&!,206(-*-,81*3]
2(F,&*3?12(&,"(1-9 !

$3&',0',3,/*(115005'€/3*-216(-1(1-51A,,3!8,&,)&,8!(-1&6,1)520(3416(-!
(2,38,8*&-IA/-*3,--1258,1.]  *3)1/8*37&6,!,%015'(&*531571J5*3&1+,3&/",-1&51&('?,&!
-0,)*79)12('F,&-|@*&6!(105&,3&*(1175'1?'5@&6!(3816+26!+3)52, 1D-/)6! (-1 A5&(3*)(1!
6,'A-1/- 81&5171(+5/'/(38]5'/(88!3/&'*&*531&51755810'58/)&-E9IC6*-1)5/1816(+,!
A,,31*31' -053-,1&5!752,38*371)53&()&-1*31&6*-1-)&5".| @6*)6!*-1,%60,)&,8!&5! 75 @!
A41(31(33/(11)5205/381?'  5@!"(&,!57!,*?6&10,),3&A,&@,,3!";<R!(38!";""
DL,7M!HN_C;:<E9!CB,-,!,%015'(&*53-1&(F,101(),)53)/",3& 14 @*&65,15&6, !
)52053,3&-1571&6,IA/-*3,--1258,1  |@6*)8)538*3/,1&5!7/3)&*53.1(88*37!
)5201,%*&4 @6*)6!&6,!,3&',0',3,/16(-1&512(3(?,9:(&/'3IK*5053%)-'  ,05'&,8!
(00'5%*2(&,141"#10,),3&!571&6,1J5*3&1+,3&/',-1,%015',8!25!(6,(8!75115@*37?!
)53-+8,"(&*5315+,1)/1&/'(11(38!&,)63*)(11)520(&*A*1+&491:(&/'3IK*5053%)-IX$Y'!
-0,)*7* 8MN\Z&IB(-1&5!A,1&6,"?6&I0('&3,"-6*0[!DL, 7MLK"VEI! +,'&6,1,--.1&6,!
@*11*373,--1&B(0&!&6,1+(1/,1577,*321(38!,%015',10('&3, -6*0-16(-1-65@3!
843(2%)(A*1*&4157186,!,3&',0',3,/1&5(8J/-&1&6,|A/-*3,--1258,11())5'8*3?1&5!
5005'&/3*&*,-!(-1&6,415))/'9 |



"l 8265):556*+ &

C6,IA(-*)10',2*- 157186, 1:(&/'3IK*5053*)-IA/-*3,--1258,116(-1A,,3!8,+,150,8!

(5 /38!@6(&!*-13,,8,8!&5!-/00141(17558! @6*)6!@*11!-51+,1(10'5A1,2!D(38!
&6,,75'1),(&1+(1/,E175'&6,)/-8&52,'.1 (38! -65@-1(!@*11*3?3,--1&5!(8(0&!&6,!
AJ-+3,--1258 191 Z&I-&™*+ -1&/88,-&(38 !,+51+*37)/-&52,10,"),0&*53-1571+(1/,!
(381,3-/' , 1&6,1+(1/,10'505-*&*5317*&-1())5'8*32149!C5!()6* +,1&6%153?-*8, 1*&!
3+532,3&(11)*&,"*( .1&6,)520(34! /--1 )5 GT7*)*3)*-1&510'5+*8,IA,3,7*&-175'
&6,1)/-&52,'(381&6,!,3+*532,3&!(3810'5+*8,!(I" +,3/,1-&', (29! C6*-!

' 1(&*53-6*01A,&@,,31+(1/,1751)/-&52,".1,3+*532 3&!(  38!*335+(&*+,1)520(34!
*.186,IF,4-853,1&5!86*-1A/-*3,--1258, 19!

78,3&*7%)(&*531571&6,'51,1571&6,1,)50',3,/T*335+(&5'16(-5,10,81/38,-&(38  165@!
&6,)520(341(88',--,-N6(11,32,-  IA41/38,'&(F*321()&*+*&*,&58™+ 1+(1/,!
0,,0&*53!571&6,*12558-1(38!-,'+*),-9  IN3!5+,'&])5+,'&!",1(&*53-6*0! @*&6!
/-&(*3(A*1*&4E)(-18,&,)&,8 9!105',9%6(201,.I",7+3,2,3& 1571&6,16('8@(,!(38!
57&@(',|D&6,1+(1/,I577,*32E.1)',(&*531571J5*3&1+,3&/',-1(3812/&/(1141A,3, 7%)*(1!
' 1(&*53-6*0-1@*&6!-/001*,-1571)5201,2,3&('4!, T/*02,3&!(,/(11)5 2053,3&-157!
&6,1843(2%)IA/-*3,--1258,1P!  4,&10('&!57!&6,*335+(&*53!+-1(--*?3,81&5!
0',-,+*3?1 3+*532,3&(1IA,3,7*& 9IG*-I5AJ,)&*+,1&6'5/761&6,18,1++,'41571)5 G
TT4*,3)%- 16(- IA,,31-,31&5 I',2(*31)53-&(3&9!C6*-1¥201* -1&6,1*205'&(3), 157!
)B1)5  GT7%)*3)*-! &51&AA/-*3,- 12581 P@6*1&6,!1()F!5710,),08*5357!
+(1/,] 7'52186,-,,77%)%3)* -IA4 }/-&52,-]  6(-I'-/1&,8 1*31&6,2!",2(*3*3?!(-!
-0¥115+,D

"1"06 &@+7(.-) 76*+5&;(TA((+&::56+(55B&78(&(+=6.*+0(+ 7&+,&
5:57-6+-:6167/&8A8-7&-.(&78(&4*7(+76-18&4-T8A-I5&;(/*+,&
54611%=(.0%

C6,1:(&/'31K*5053%)-1A/-*3,--1258, 116(-18,+,150,8!7'521*3&,'()&*53-1A,&@, 3!
&6,!,3+*532,3&.1&6,1*335+(&*53!(381&6,!,3&',0',3,/ . |@6*)6!", 71, &-I-+2*1 (*&* -
&5"-,()6!853,!A4! _3/8-53!,&!(19!D";;QE9!0*38*3?-1-65@!&6(&!*20'5+*37!
)53524)10'58/)&*+*&41*-IF 4175')/-&52,'1+(1/,10,),0&*53.1&6,', 75'1&6, 1+(1/,
0'505-+&*531*-1(&1&6,16,('&!571&6,IA/-*3,--1258, 1B -*3?1,)5 G77*)*,3)4!(-10(&!57!
&6,1+(1/,10'505-*&*53)" (&, 'A/-*3,-1 A,3,7*&-9T6*-1(88-1,20%+)(1!8(&(!@6*)6!
/38,'0%3-1&6,17+38*37-157K*15-1(+51,&1(19!D"; <UB 65!+*, @!&6,1+(1/,10'505-*&*5 3!
(-1A,*371(&186,16,('&I57I(IA/-*3,--1258,11(381&6,!5+,  (8*3?1*205'&(3),!57!
)5352%)-1(-1(12,(3-1&5!8"%+,1+(  1/,10,'),08*539! !
O*?/'!| <#A,15@ @6*)6!6(-1A,,318,+,150,8!7'521&6,!  *8,(I571(1 +(1/,! &*(3?1,!
8,+,150,8!A4! K*15-1(+5!,81(19!D":<IHE0*)&-!:(&/'3IK*5053%)->IA/-*3 --1258, 1!
@6*)6B(-IA, 3!5A- '+ 81&5!6(+,!,+51+,8!('5/38!&6,1A(-*))53),0&-157!

VA



i

*335+(&*531(38!)5-&!,77,)&*+,3,--. | @*&6!-/-&(*3(A*1+&4! 2A,88,8B1&6,1+(1/,!
577,%32.1(-1- &I5/&IALIK('&6D": <VBICB,',*-(1-5!(11*3F! @*&6!-/-& (*3(A* 1 *& AR
3,%8&!358,1571&6,1+(1/,1)6(*3.186,1'5@, .1(-1&6,",1(',, 3+*532,3& (1A, 3, 7*&-!
(775'8,81A410' )*-*5317('2*321 @*&61648'5053*)-9

Eco-
efficiency
*Core Value*

Saturn
Bloponics

E6F:.(896#851-)6+F&()* H996)6(+)/ &+8&78(&=-1:(&*99(.6-€F

“5&1,+,'453,1(7',,-|(A5/&1&6,IA,3,7*&-1571)  5GT7*)*,3)4API*&!*-1+* @ 8!(-1 158
6(37*3?17'/*&IA45/3?1(38!IC*11,41D";:=E!(381(31,96)/-,1 75" AJ-*3,--1(-1/-/(1.!
AJ&I*&I*-1("?/(AL4)(1@(41&5!,38*),1)/-&52,-1*3&5! @5'F*3712,&658-1&6(&!@*11IA,!
A.&&,'75'1&6,!,3+*532,3&.1(38!A5&6! @*11!A,3,7*&9IC6*-1*-IA )(/-,1&6,1)/-&52,'!
2(*3-17'521)5  GT7*)*,3)*,-1*31&,'2 -I571)5-&-.1&6,' 1*-11,--18(2(?,1&5!&6,!
,3+*'532,3&.1(381&6,1*335+(&57,3&',0',3,/'",),*+,-1(1-5/),1571*3)52, 9! !

C6,1)6(11,3?,1*-1&5125+ 1A 4538186*-1&517,3,'(&,!(38!-/-&(*317/'&6,1)6(37,!(-!
&6, 1*-1(11+2*&1&5), )53, 774)*,3)*,-1&6(&!)(3!A,1()6*,+,8! @*&6 *31&6, 12('F,&P!(!
),'&(*31(25/3& 157*30/&-!-/)6!(-!@(&,"(38!3/&*&*53 |@*11!(1@(4-'A,!3,),-(‘4!
75'1)'5010'58/)&*539!C6,17/3)&*531571&6,1*335+(&*53!*-1(1-5!8,0,38,3&!531&6,!
2,3,8%)-157186,1)'501A,*3?217'5@3!(38!(1&65/26!&6,!)'50IA", 8*32165/- -1,
@5'F*37&5!%20'5+,1)'50!@(&,'(38!3/&*&*531/-,!, 77*)*,3)4.1&6*-1*-1(11537!
0'5),--.16,3),1&6," (", )/",3&14!11*2*&-1531&6,!  -0,)*- 1571)'50-1?'5@39!

Y3,1-65'&)52*3?1*-1&6(&!,)5 G77*)*,3)4!",7,-153141&51-52 1(-0,)&-157!
--&(*3(A*1*&491CB,'I' 2(*315&6,'11*2*&(&'F1&5!&6,1-/-&(*3(A*1*&41571/-*3?1-/)6!
-4-&,2-P175',9%(201,./(1&65/?6!&6,15/&0/&10,1/3*&!(",(| @*11!A,!6*?6,".1 6*726,'!
0'58/)&*+*&417'543&,3-*7%)(&*5312,(3-1&6, ,|@*11IA,!,3+*532,3&(1!)5-&-17'52!
0/&&*3?1/010514&/33,1-15'1?", 365/-,-.1(38125',10",--/", 153 1@(&,"-/00141(38!
8*-05-(1IA,)(/-,125',101(3&-!(',!A, *3?212'5@31*31&6,1-(2,1(, (.|1&6/-1&6,',1(',!

IIIIU !
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1%2+8&-1851&6,1A, 3, 7+&-186,1*335+(&*53!)(3!0'5+*8,| @*&6*31(12('F,&!)53&,%&9! Y &6, !
(-0,)&-1571-/-&(*3(A*1*&4.1%3)1/8*321&6,!", 1(&*53-6*0! @*&6!&6,11(38!-(++37!

0(( 8*?2!(,! 8*)/--8I*3IX6(0&, - 1#!(381U9! |

X538*&*53-175'17" (&,)6(3?,18,0,38!531&6,(1*?32,3&!57IA5&6!&6,! Al-*3,--1&5!
A/+3,--ID K'K B)/-852,'1(38!  &6,10/'+,45"->1-/-&(*3(A*1*&41(-0,)&!57186,*'
Al-+3,--1258 1~ 91Z812(38,8.1& 6,-,1)"*&, *(12(4A,1*3"" -053-, 185!(35&86,"!
358,1%31&6,1-/00141)6(*3.186,!" &(*1,'9! X511 (A5'(&*53(38!8*(157/,'A,&@,,3!&6,!
+('*5/-1358,-1571&6,1-/00141)6(*317()*1*&(&,| @ (-&,12*3*2*-(&*53!(38150&*2(1!

' -51),1- 1&512(%*2*-,186,1058,3&*(1!,3+*532,3&(1IA,3,7*&-  IN34I-/A-&(3&*+)
)6(32,-1@* 11!, T/* 1(125',1651*-&*)1)(20(*?3!&5!-6*7&10,),*+,8!,3+*532,3&(1!
+(1/,-91 Z1-/72,-&&6(&IB25+,IA,4538186,115@,-&!)5225318,352*3(&5'157!
3+*532,3&(11-&(38(8-1@*11!,3&(*11051*&*) (L@ B 1&('2,&,8! ', ?/1(&*53!
(381)53-/2,'1,8/)(&*531&5!  '(*-, 12(" F,&!8,2(38! 75',&6*)(11?5589!

Z771/38,'0*33,8!A41A5&6!", 2/1(&*53!(38!75+,'32,3& G\()F,81*3),38&*+,-.1*3*&*(&*+,-!
1*F1&6,1:(&/'3IK*5053%)-1-4-&,21(381586,1(?*  @&,)6!*335+(&*53-!@5/18!6(+,!
&6,1058,3&*(1!1&510'5+*8,1-52,I' (110'5&,)&*53!&5!&6,!,3+*532,3&5'&6,!", 1, +(3&!
*3855')'50- 9105'1,9%(201,.1051%)41%3-&'/2,3&-1)/",3&14/- 8IA41&6,1$al&(*?,&!
877, 3&!(,(-1571-/005'&.1-, F*3?21&51%20'5+,1" &/'3-17'521-/-&(*3(A*1*&49!C6, !
*3)1/8,! ,3)5/(?*3? 1)53-/2,'(@(',3,--1&6'5/?76!1(A,11*3?(3812('F,&*3?.!
@6%)612(4!6,1018"+,)511(A5'(&*53!(153?-*8,11,7(114!A*38*321&('?,&-175'1 @(-&., .
(38!,)5352*)!-/005'&175'T' -, (')6!(38!*335+(&*5317'521&6, 'W5'*c53!$/'50, !
1)6,2,IDL, 7MIIYd:<.11Yd;"EQINI1*2*&(&*53I571/-*321*3),3&*+,-1&518"*+,/0&(F,!
2(41A,1)53524)1(38!,3+*532,3&(11)5-  &:175'1*3-&(3),!,3)5/(?*371&86,!

' &* 238157 11,--1,3+¥532,38(11417'*,381412'5@*3?17()*1*&&H!*3+ -&1*313,@!
“4-8,2 -12(4V -11&1*31@(-&,!571)(0*&(11?558-1@6%)6!(,135&14,&! @5'3!5/&!(381&6,!
' -11&*37?1,3+*'532,3&(11*20()&9N!!

"R



I"# $&E&""%(""%)
*+1 %R-./0
"#(1%21

3%4.-5-6','170-(50
2"7",-6',"170#&0

)1.8"18.9%)0-(50
‘ 1##))

E6F:.(8%%>:61,6+F&5:57-6+-:6167/&-).*55&::56+(55&0%, (15&*9&4: =(/*.&+,&
):57*0(. &

0'52!(3(14-*-1571&6,,+51/&*531571&6,|A/-*3,--1258, 11571&6,1)(-,1-&/84.1*&!

(00, (-1&6(&!-/-&(*3(A*1*&41*-135&1(18"*+ '1571/0&(F,9105'1,9%6(201,.!(--65@3!*3!
X6(0&,'1=.186,125-&! 050/1('!@5'8-1/-,81*312('F,&*3?12(&,"*(1-1(',le4*,18>1(38!
eT/(1*&4>IA,)(I-,186,-,1(',1&6,IF, 41 @5'8-1&6(&1&6,*12('F,&-!',-05381&5!53),1&6,!

' 211(&5'417558!-&(38('8-16(+,!A,,31(86,',81&559!Z731&6,1a_.!0558!N--/'(3),!
16,2,-1-)6!(-IL,8!C'()&5' JKLXI5'TBISA(IBNI 1-&*0/1(&,VA(-*)!-/-&(*3(A*1*&4!
)*&,*(.1(381&6,!,%0,)&(&*53!578/,1 8+1*? 3),P53),1&6,-,(',1-(&*-7*,8.!
8,0,38*3?1531&6,1)/-&52,'.16%76,')520,3-(&*531*-135&! (1@ (4-)(+(*1(A1,9 I

C(1F*3?!(A5/&!e?",,3>1+(1/,-1571)520(3*,-1/38,'25*3?1(/8*&*3?!75'1d$NO!

H( T/, )JdSNOIX$Y!-(*8MNO'52!S(*&'5-,1&6'5/761&51a3*1,+,'.I', (1141*205'&(3&!
@5'F1*-IA,*3?1853,P1&6,18"+,16(-IA, ,3!7',-610'58/),.1A/&!5*1-,,81'(0, (38!

), (1-1(,1(1-5175115@*379!IN850&*53!57!,3+*532,3&(112,(-/',-1*-10/-6  @®/11.1A/&!
&6,1 (118*+,1%18&6,12( F,&101(),[!DL,7MIYK;<EQICE*-1*201* -1&6(&!-/0014!)6(*3!
1,+,'(2,1(381843(2%)-1)(3"",-/1&!*317+2-1)6(37*321&6,*1,3+*532,3& (1!
0'()&*),-|@6,3!&6,41(,1-/AJ,)&,81&510',-/", DW(11!,&!(19.1":<1E,3),/&6,"!
2(414,&IA,105&,38&*(1175'1&6,1A/-*3,--1258 11/- 8IA4l:  (&/'3IK*5053%)-1&5!
3)5/'(?,1)/-&52,'-1&5!(850&*&!*335+(&*53IA, )(/-, 1--&(*3(AL,10' () &*),-16(+,!
(1,(84A,,31,2A,88,89! |

[-&(*3(A*1*&AIA/-+3,--1258 111*&'(&/',)-/?7?,-&-1(1-/00141-*8 1, 38, (+5/'1&5!
3)5/'(?,1)/-852,-1&5!()&125",1-/-&(*3(A14! DA537?!,&!1(19.1";<UR/&Z!("?/,!
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!

&6(8,-0,)%(1141*31&6,1)53&,%8&!57!-/)&1-2(11.1-0,)*(1*- 8I12(F,&.I(-&('& QO!*-!
J31*F,141851&'41(381*371/,3),1(1)/-&52,1&51)6(3?,.1(-1*&12(4!" -/1&1*31&6,13,@!
0'58/)&IA,*3?71¥235' 89IWE @, +,.|A4I*375'2¥37186,1)/-&52,'>-1)/-&52, 157186,
-&(*3(A*1*&41(-0,)&.1&6*-IA,)52,-10('&!571&6,1*38/-&'4C, +,118,A(&, | (381A4!
(&&,208&+3?1&5!*375'21&6+3F*321*3186, I )&5'.1¥11/-&'(&*3?1)',8,3&*(1-1571&6,IX$Y!(-!
(31,)50',3,/'91731(88*&*53.1%375'2*321(?,3&-1*31&6,1-/00141)6(*3!571&6,1,)5 G
TTH)*,3)%,-1(&1&6,18*77,, 381358, -.1(381&6,1058,3&*(LIA/-*3,--IA, 3, 7*&-1B'1&6,*'
)520(34.11,+,'(?,12(41A,IA'5/26&I&51A, (1531&6,12'5@,-91:/)61()&*++&*,-1(1-5!
(2/(A14!A/*181&6,1)520(34>-!",0/&(&*53!(38!&6,IXSY>-1)', 8*A*1*&41(-(3!
*371/,3),'9!!

N3(14-*-1571&6,14+*8,3),! 6(-11,8 12,1&5! -/7?,-&1&6(&!&6,)520(34!6(-1*3&,7'(&, 8!
&6,!, 3+*532 3&(11-0%115+,'17'521&6,1,)5 GT7*)*,3)*,-18, *+*3217'521+&-1*335+(&*5 3!
*38F1651*-&*)1+(1/,1577,*39f(&(1)511,)&,8!('5/381-/-&(*3(A*1*&41(-10('&!571&6*-!
-&/841-65@!8&6(&1&6,',1*-1(1@(4-1(10'5@)&*+,1(00'5()6!1&5@('8-1+(1/,175'1&6,!
3+*532,3&!(38!& 6,1)520(34!(00,(-1-5!7(135&!&5!6(+,18,)', (-, 81*&-!

3+532, 3&(114+(1/,1577,*321(-1(10'(?2(&*)!1&(8, ~G7TTN5@,+,.!(-1*&!85,-135&!
)537,')520,8*&*+1(8+(3&(?,175':(&/'3IK*5053%)-1(381&6,', 75', 1*&!*-135&/!
0'525&,81*312('F,&*3?12(&,*(1-P! &6/-1(88-125',!,+* 8,3),I&51&6,le-0%115+,'>!
&6,5'49C6*-1*-I' & '(& 8IAMXSYIN,%!0*-6, 1 @65!-(*8MN\:/-&(*3(A*1*&4105*3&-!
B(+,12' (&!+(1/,1&5Y/-.1A/&1&6,412,3,'(114!-,,215712*35'1¥205'&(3),|&5!&6, !
2'5@,IDL,7M!:K"RE!(38!&6*-105*3&!571+* @!6(-",2(*3,8!)53-&(3&!&6'5/765/&!
&,1&*2,157186,-8/849!S6*1,1&6,1-,'+*),1577," 81A41&6,1)(-, 1-&/841)520(34!
2,3,(1141)53)/-1 @*&6!&6,17+38*37-I50g8,F, ®',/38!(38!f,2A,FID";:<VE !
)53),'3*371&6,10'5+*-*531571+(1/,|@*&6!,3+*532,3&(11A,3, 7+&-1&51(1)/-&52,".!
&6, 1*-1(14/72,-&*53186(81&6,12(4IA,18,3-*53-1A, 8@, ,31&6,1)52A*3(&*53-157!
&6,18*77,,3&1,1,2,3&-1571+(1/,91C65-,1)537," 3?21)5 @\ 3,7*&-|@6*)6!8*,)&14!
A,3,7*8186,1)/-&52,".1(381&6,', 75", 1)(3IA, 1+* @,8!(-10,"),*+,81+(1/,.12(4!

)('4125' 1@, *?6&1&6(31586,1,3+*532,3&(11A,3,7*&-1@6%)6!(,11,--1&(37*A1,1&5!
&6,1)/-&52,"A,)(/-,1571&6,10,"),0&*531&6(&IA/-*3,--13,,8-1&512(F,!,)535 2%)!
-,3-,91 X',(&*37(31*335+(&*53!@6%)6!)537, -I-/)6A,3,7*&-1)(3"",-/1&!*3] GAA™S!
&,3-*53-1(-1 5A-,'+,81A4 If(+*, -1(381f56,&4!D":<RE (38! &6,!,+*8,3),17'52!
{(&'3IK*5053%)-1 1,(8-12,1&5! )53)/!@*&6!&6,*16405&6,-*-1&6(&!2(F*37!
)/-&52,-1*3&51A 3, 7%)*(* -1)(316,10!8"+,1-5)*(1ID5', 3+*'532,3&(1E!A, 3, 7*&-9!
S6,',186*-1-8/84175 -17/'&6,'16(-1A,,31*3186,18,&,)&*53!57!(3!  (/8*,3),!
)520"*-*32105&,3&*(11*3+,-&5'-1(3817'(3&-1(/&65"*&*,-1&6(&!(',1*3&,',-&,8!*31&6,!
-0*¥115+,1,3+*532,3&(11A,3,7*&-.1(381&6,', 75' 1&6,1-/-&(*3(A*1*&412,--(?,! O(&!
571&6,164A™81)(31A*3?1A/-*3 1A 3,7*&-1&5!86,1*335+(&*+,!,3&,'0"*-, 01l

Y+,'(11!&6,17*38*3?263!12,--(?*3? I'71,)&!&65-,!57f(+*,-1(38!f56,'&4!D";<RE .
1,(8*3?12,1&5!-/??,-&1&6(&!)522/3*)(&*53-1-65 /18!A,!&(*15',8!())5'8*37!&5!&6,!
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!

(18*,3), 9C6*-|@5'F!6+?261*?76&-1-52,I586,-*23*7%)(3&1)6(11,37,-1*3+51+,81*3!
2,88&+321-/-&(*3(A11&,)63515241&(F,31/0125', |@*8,141A,)(/-,|571&6,11+2+&-157!

' 14*3215310™*+(&,1)520(3*,-1&5!*335+(&, |(3818*--,2*3(&,1-/-&(*3(A1, !
&,)63515249!1K,)(/-,|571&6*-18*77%)/1&4.1-/-&(*3(A*1*&412(41A,)52,1)/-&!53,1-&'(38!
571(IA/-*3,-151(1-*8,  @*3,.1(1A,*&!53,1&6(&!,2A58* -1*&-1+(1/,~|@6%)61,71,)&-!
&6,17*38*32-15](+*,-1(38!f56,'&4!D":<RE  91/)6!7()&5'-!8'(@!(&&,3&*53!&5!&6,!
3,,8175'1051%)412(F, -1&5!-/005'&135&8153141&6,1*335+(&5'-1*31&6,*IT/,-&175'125",|
T7T4)*,3&1@(4-15717'5@*3?!@*&6!,3+*53Z,ALIA, 3, 7+&-IA/&!(1-5!&5!-/005'&1&6,!
(850&,'-91C6*-1*-IA,)(/-,1571&6,1852*3(&*5315710'%), 1*31&6,1(?"*  G55812('F,&!(38!
*3- )/*&41571-/00141)53&'()&-1D:,,)6(0&, 'QEIIN&I&E, 1&*2, I571@"*&*37.1*&1*-I(-14,&!
I3F35@3!@6(&!@*11!A,!-/005'&,8!/38,1&6,13,@!-4-&,2!"31&6,la_1&6(&16(-IA,,3!
8,-*23,81&5!" 01(),1&6,1$a>-1X52253IN?"*)/1&/ (11151*)49 !

""l &J*+,676*+5&9*.&,(16=(./&*9&0*.(&5:57-6+-;1(&*:7)*0(5& &

_ AI7()&5'-1*8,38*7* 81*3186*-11537+&/8*3(1!-&/841(-18,1*+,*3?125' 1-/-&(*3(AL,!
5/&8)52,-1*3)1/8,1&6,1(-0%(&*53!(38!8,8,"  2*3(&*53!57!F,41-&(F,6518,'-.1-/))6!(-!
&6,IX$Y1571&6,1*335+(&*3B&,'0"*-, .1(38!&6,!/-,1571*335+(&*53!&517,3,(&,!
)520,8*&*+,1(8+(3&(?,1(1537-*8,10'5&,)&*53!571&6,13(&/(1!,3+*532,3 &H)5G
TTH%,3)%- 1(,1),3&'(11&510'5++8*3?1)/-&52, -1 @*&6!(12,(3-15717'5  @*3?!)'50-!
@*86!(115@,",3+*'532,3&(1!755&0™*3&! @*&65/&1)520'52*-*3715310'57*&12('?*3-.!
(38! Z{1-51-/127,-&! &6(&&6,Y/-157! &6,1-(2, (,(157'1(38!75'! (16*?6,! +51/2,!57!
0'58/)&*53!D-,,IX6(0&, HE!(',IT/*3&,--,3&*(1! 1)538*&*53-175'18,1%+,'4157125",!
-&(*3(A 1,IA/I-*3,--15/&)52,-91 Il

"M"% &K(-,(.5864&-+,&5:57-6+-,6167/&-546.-76*+5 &

C6,18"*+,'1571&6,1-/-&(*3(A*1*&41(-0,)&!57!&6,1)520(34!*-186,175/38*37!
3&',0',3,/1@65!0,),*+,8!(3!,)5352*)|A/-*3,--15005'&/3*&41(1537-*8, (3!
3+¥532,3&(1!3,,8.1(38!6(-!@5'F,81&5!)",(& 1+  (1/,)A4!*335+(&*37!(38!
2A,88*371-/-&(*3(A*1*&41&6'5/765/&!,()6!,1,2,3&1571&6,|A/-+3,--1258, 1!
)(3+(-917312(34! @ (4-1&6*-1)5201* -1 @*&6!&6,1&6,5'41571)' (&*+,18,-&'/)&*53!
8,+,150,81A4! )6/20,&,'D<RAQE 1A,)(/-,1571&6,105&,3&*(1I571M17('2¥3?1&5!
8,- &(A*1*- )" 3&I@(4-15710'58/)*3?17'/*&)(38+,?,&(A1,-1*3855'-.1(1&65/76!
A)(I-157186,1-*C,1571&6,1- )&5' . *&I12(4IA,1)53-*8,", 81(-13%)6,9! !

C6,IT/(1+&*-157186,1,3&',0',3,/1?517/'&6,1&6(31*8,3&*74*371*-F-1(38!
5005'&/3*&*,-(38!,%015*&*3?1&6,21&517, BI&-0*(&*53-1571&6,1)520(349!C6,!
' 1(&*53-6*0-1A/*1&IAAI&E,IXSYI57!:(&/'3IK*5053*)-1(381&6,1)522,)*(1!-1)),--!
7'5216*-I(A*1*&41&51/38,'&(F,15'2(3*-(&*53(117()&5"-1(38!0'5),--,-1&5125',1 )5 G
7'*,381415/&)52,-.16(+,|A/*1&!(",0/&(&*53!(-/(3150*3*5311,(8,1  *31&6,!-,)&5'0105'!
9%(201,.1:(&/'3IK*5053*%)->IX$Y16(-1-65@3!05  §)&*+,!1,(8,'-6*0!@6*)6!6(-"
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!
1,81&6,!)520(34!A/&!(1-5!",-/1&,8!*3!"',)5?3*&*53!(-1(3!*38/-&'4!,%0,'&.! @6*)6!
2(416,10!18™*+,16*-1+*-*53175'17/&/',18,+,1502,3&-157!&6,!A/-*3,--1258,19 |

N-1(10"*+(&,14G@3,812%)'5 G520(34.!@*&6!(1-*3?1,15@3, | @65!)655-,-1(38!
*3+*&,-10,501,1&5!A,1-6(',6518, - I5A-, +(&*53-1571:(&/'3IK*5053%)-16(+,11,81&5!
&6,*8,3&*7%)(&*531571&6,!,3&',0",3,/'>-1(A*1*&41&5!- *C,15005'&/3*&* - () /)*(1!
1,2,3&175'1 Al-*3,--91 CB*-I*-1-*2+1('1&51&6,17*38*32-158L3(1,&!(19!D":<;E |@65!
6*261*26&,8!&681(12*) '5G520(341&6,10,),0&*5315715005'&/3*&*,-(381*-F-I*-!
)N*(L1@6,312(F*3718,)*-*53-  91731&6,1)53&,%&!57!-/-&(*3(A*1*&4.1&6,1,3&',0',3,/'
*1('2/(AL141&6,1F, 4101(4,1*3!,3-/*321-/-&(*3(A*1*&41*31(1)522,)*(1!,3&,'0"*-|
@6*)6!*-135&10/A1%)1417/38,89!

C6,125 '(11)520(--1571&6,IX$YI571:(&/'3IK*5053%)-1("?/(A141)5201* - | @*&6!&6,!
8,7*3*&*531571)83&',0',3,/'1*8,3&*7* 8IA4! :)6(1&,27,1(38!S(?3,D";<<E 9!
CE*-1+-1A )(/-1)*&*)(1)(3(14-*-1571&6,)(8&&*&/8,-1(38!,+51/&*53!571&6,1)520(34!
-65@"",)573*&*53186(&!,)5352%)IA,3,7+&-!" 2(*31(&1&6,!175', 7'53&1571&6, | A/-*3,--.!
-0,)%(1141751)/-852,"-.1(381&6/(&!*315'8,'175'1&6,21&51A, le?',,3>1&6,)520(3*,-!
3,,81&51A,1*3186,leAL()F>1*9,01&6/(&1&6,IA/-*3,--16(-1&5!A,1,)5352*)(11410'57*&(AL,9!
C6,',1*-1351)53-,3-/-.165@, +,".|(&()(8,2)'1,+,1./(A5/&I&6,!@,*?6&*3?12*+ 3!
&510'57+&(A*IDEMHL- "1 &1(19.1";<RBV/&I&6*-1-&/841-65@-1,20*+)(1!,+*8,3),1&6(&!
@*&65/&),)5352%)A, 3, 7+&-.1*71:(&/'31K*5053%)-1577 ' 815314!,3+*532,3& (114!
-&(*3(A1,'A,3,74&- *&I@5/18!A,I31*F, 141&51()6*, +,1-/)),-1*312(*3*37!
(850&+*53.1(381&6,!A/-*3,--|@5/18!6(+,)511(0-,89!C6*-1-/27,-&-186,1%205'&(3),!
5716(+*3?1(1+(1/,1577,*3?21@6*)6! @*11!577 2J5&*&*+,|(8+(3&(?, P! @6*1,1&6*-12(4!
AI&6'5/261,)5 G77*)*,3)* -1(-1-0%115+, 1*&I*-1&6,1+(1/,IA,3,7+&1&51&6,1)/-&52,
@6*)6!*-1(18"*+,'1571(850&8*539!

C6,IA/-*3,--1-&'(&,?41571&6,1)520(3416(-IA,, 3IA/*1&I531+(1/,1)',(&*53175']
)/-&52,-IAM0'5+*8*3212558-1(38  I-,'+*),-185! 577,')520,&*&*+,1(8+(3&(?,!(&!
K"K!1,+,19!1Z&!85,-135&.165@,+,".!/-,1&6,!-/-&(*3(A*1*&4! 1,2, 3&1&518*77,' 3&*(&, 1*&-!
-,'4+%),-91C6*-1)5/18IA, 1A ) (/- 1&6,-,!,1,2,3&-1(',135&!18*7 7+)/1&1&5!*2*&(&, |A4!
)520,8*&5"-.1(381&6,',75',.1(-17/'&6,185@3!&6,] -/00141)6(*31&6,',1*-1(18"*+,1&5!
AF18125' 1-/-&(*3(A1,10'()&¥),-1*317('2*32.1*&1*-11*F, 141&51A,)52,1()),0&, 8!

0'()&*), (&, &(*1,11,+,191C6*-1-/272,-&-1&6(&.1-)6!(18,+,1502,3&.1@6*1,|A,*3?!
A,3,7%)*(11&5!&6,!,3+*532,3&.|@5/18135&1)',(&,1)520,&*&*+,1(8+(3&2,1&5!:(&/'3!
K*5053*)-!

Z3&,'-&*3?1)520(*-53-1)(31A,12(8,|@*&6!586,1-&('& @0!+,'&*)(117(2*37!
)520(3*,-9105",9%(201,.:@,8*-6  G\(-,8!11(3&(?5316(8!(1+*-*531571/-*3712/1&* G
-&5', 41)*&AIA/¥18*32-1&512'5@!7',-610'58/),.I' 8/)*3?1&6,1)('A53!755&0*3&!57!
&'(3-05'&!571755L, 7MIhO; @Y 3,1571&6,!' (-53-1&6*-1)520(34!-&'/271,8! @(-!
&6(81&6,12(*31)53-*8,'(&*53!@(-135&!&6,! T/(1+&41571&6,10'58/),!(38!&6,",-/1&*37!
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!

+(1/,175'1*&-1)/-&52,'-ID" &(*1,-1(381)53-/2, -E.1*38*)(&*3?17 (*1/ 15 71*&-!
AJ-*3,--1258,11&5!,77,)& *+,1418,-*231+(1/,1)(0&/',(38!8,1*+,41-&'(&,?49!N-!(!

' -11&.1*&1@(-16('8I&517*38!(12('F,&! 75'1&6,10'58/),1%31&6,16*26141)520,&*&*+,1(38!
2(&/'12('F,&1*3!:@,8,391C6*-12(416(+,1A,,310(&14IA,) (-, I5717(*1/'1&5!
/38,'-&(381&6,)5201,%!)533,)&*53-1 @*&6*3!&6-/00141)6(*3.| @6*)6!*-!
6*261*26&,8!A4?,ID"<"E I(-A,*3?153,157 186,IF,41*--/,-175')533,)&*37!
-&(*3(A1,1?'5@*3?12,&658-1@*&6!)53-/2,-91C6,17(*1/',I571&6 (&A/-*3,--]
258,118,-+231(00,(-1&5!6(+,1*20()&,8!531&6,!",)'/*&2,3&!(38"",&,3&*53!57!
7*3(3)*,-.|@6%)6.17%+,31&6,16*76/*3+ -&2,3&1)5-&-1571&6*-1-5'&15717('2*3R0,)6&!
&I(19.1";<AEI*-1T+F, 141&516(+,1)53&*A/&, 81&51&6,1)520(34175*321*3& 511 *T/*8(&*53!
DL, 7-MIdN;:<.IAN;"EQL/)6I7(*1/,-/(1-51)53&*A/&, 1*375'2(&*53!&51&6,!
((8,2%)!8,A(&,",7," 8I&51A4  X5335'(38!Hi3?/,c!D":<"E !53!@6,&6,"

' +51/&*5315' +51/&*531)(3A,-&!)53&*A/&, 1&5!-/-&(*3(A1,|7558!0'58/)&*5B Y 3,
571&6,11,--53-11,('3,817'521&6*- 1-&/841*-1&6(&@6,31)520(3*,-1&'41(381)',(&,!
+(1/,175'&6,!,3+*532,3&1@*&6*3!(12('F,&!,)53524.1&6,',13, 8-1&5!A,10™*2('4!
)53-*8,"(&*53!571@6(&!&6,1)/-&52,' 10,),*+, -I(-! +(1/, 9C6*-1-/005'&-1&6,!
(2/2,3&175' A*18*321(I'5A/-&IA/-*3,--1)(-1&6'5/261)(', 7/11)53-*8,'(& +53157!
877, 3&I-/AG,)&5'-1571&6,|A/*18*3?IA15)F-1&5!A |(AL,1&5!8,1%+,125" |
-&(*3(A1,15/&)52,-91Z&!(1-51*38*)(&,- | @64!-52,1)520(3*,-12(410',7,'1&5!
F,,01&6,!,3+*532 3&(1IA,3,7*&-1571&6 *1+(1/,1577,*3?)(-le-0*115+,'>1 @6, 31*&lI*-
3580,),*+,81(-1A*3?  1(18™+,'1571(850&*539!

I &GY16)/&+,&6+)(+76=(R:

C5!,3)5/'(?,1(17(-&,1'(&,'57/(8508*531(38!(125',1-/-&(*3,8!&'(3-*&*531&5@('8-!
-&(*3(A1,1*3&,3-*7%)(&*53.1051%)412(F, -1-65/181)53-*8,1)6(37,-1&5"", 2/1(&,!
(381*20'5+,1)53&'()&-1A,&@,,317'5@,-1(38!" &(*1,-]  &517()*1*&(&,!&6,12(F,&!
3+*532,3&.1(38!(1-51-52,105-*&*+,1*3) 3&*+,-1&5!*3+ -&ID*9,9!-/A-*8* -EQICH*-!
2(41¥3+51+,1' 2/1(&*3?12*3*2/21&,'2-175'11,3?&6!571)53&'()&!-5!&6(&!?'5@, -!
6(+,186,)537*8,3),1&6,4!@*1B(+,! &6,!3,),-(41&*2,1&5!",),*+ 10(4A0FI53 |
&6,%1%3+,-&2, 3&IY&6,1051%)* -1, 3)5/'(?*3?!(38!", @('8*3?125',1-/-&(*3(AL,!
@(4-1571?7'5@*3?!@6%)6!)5/18!6,10!A",(FI(@(417'521&6,!,3+*532,3&(1!A,3,7*&-!
A*321' 1,2(&,81&51A,*371-0*115+,".1¥3)1/8,10/A1%)10(42,3&! 75'10/A1*)1?558-9! C6*-!
@5/181)520,3-(&,!?7'5@ ,-@65!85!35&!",),*+,10(42,3&!75',775'&-1&5@('8!25',!
-&(*3(A1,1?'5@*3?9!

"L &M-1:(&-+,&6758&)8-+F6+F&4(.54()76=(&A6786+&78(&L2&0-&(7

C6,!+(1/, 1',7,",8!&5!*31&6*-1-&/841*-1 @*&6¥&86,!-0,)*7*)1)522,")*(1)53&,%&!57!
-, (1)6!(38!*335+(&*53!*31&6,la_!(38! *&-1*?3*7*)(3),!*-! &6,!3,,8!&5!e-,11>1&6,!
Al-*3,--1)(-,175"-/-&(*3(A*1*&49! Z!('?/,'&6(&!&6,!(A*1*&4!571&6,!X$YI&5!

"ol



!

!

/ 38,'-&(381&6*-13,,8! *-1)*&*)(1(38 16*?761*?6&!&6,!*205'&(3),!57!,3&",0',3,/*(1!
(A*1*&AB1&65-,18+*3?1&6,!A/-*3,--1258,19! |

L,+**53157186,B*77,',3&10,"),0&*53-1571+(1/,!A,&@,,3'&6,!,)50',3,/(38!
)/-&52,'-16(-11,812,1&51)53-*8,'105&,3&*(1!A,3,7*&-1*71&6 -, 1+(1/,-'@, !
0,),*+,81&6,1-(2,/@(49'05',%(201,.12/&/(1!8,+,1502,3&!571-6(',81+(1/,!
@5/1810(+,1&6,!@(41&5!A/*18*371)55'8*3(&*531A,&@,,3&5'-9!C6*-|@5/18!&6,3!
70*1*&(&,175'2(&*531571(10(&6!&5@('8-!',-51+*371-52,1571&6,1,%8&, '3(1*&*,-1)(/-,8!
&51&6,13(&/(1!,3+*532,3&!@6,31?'5@*3?!7558!)'50-9IW5@, +,.1(-1-/7?,-&,8!A4!
f(+*,-1(381f56,'&4!D":<RE  17'52!1,--53-11,('3,8A41X(7,8* )&.1&6,1+(1/,!
577,%3?1-&*1113, 8-1&510™*5'+&*- 1&6,1/&*1*&418,2(38,81A4!&6,1)/-&58’

Y3,1571&6,IF,417+38*32-16(-IA,,31&6,!())  *&41-65@3!A41&6,IX$Y!571:(&/'3!
K*5053%)-1A4!, ()& *37*31A5&6!(31*335+(&*+,1(38!,3&',0',3,/*(1!)(0()*&4!(-!

25 1@(-'1,('3,8!(A5/&!1)/-&52,"1+(1/,10,"),0&*53!571+(1/,9!C6*-1¥3)1/8,8!
*335+(&*371&5!,3-/',1,)5352%)!, 77%)* 3)417'5218*77,' 3&!1-&'(38-1571+(1/,I577 ,*3?.]
4,812(*3&(*3*371&6,!,3+*532,3&(11(-0,)&-9! Z1-/2?,-&! & 6(8&6*{A*1*&41&5!(8(0&!
&6,/A/-*3,--1258, 11*-153,1571&6,IF, 417 ()&5'-175'1-/)),--1*31(1-2(11.1(?*1,1-&(& G
/01)520(349! !

(&I571&6,1+(1/,157186,1*335+(&*531@(-1*&-|(A*1*&41&510'5+*8(E]B*)*, I* -!
(1537-*8,1)/-&52,"1A,3,7*&-| @*&6!35!(88*&*53(11)5-&-175'1&6,!,3+*532,3&(1!
A3, 7*&-T-/27,-&1&6*-B(-IA,,31(31*205'&(3&!17()&5'IA, )(/-,1&6,1)/-&52, -1

@, -, F*3?1&51()6*,+,1&6, *15@3!(*2-1*31)520,&*&*5 31 @*&6!5&6, - 1*31&6,12('F, &.!
(38!35&!155F*371&80'5+,1&6,*'1,3+*532,3&(110,'75'2(3),|@6%)6!(1',(84!2,&!

' 211(&5'41-&(38('8-1(38!)/-&52,",%0,)&(&*53-9IC6*-!  *201*-1&6(&!-/)6!(3!
(00'5()6!@*&6!&6,1/-1571)5 G77*)*,3)* -1*-16,107/11*31&6,10(&6'&5@('8-!
[-&(*3(A*1*&49

""O &J*+76+:*:5&-,-476*+&*9&;:56+(55&0* ,(1&-+,&6+7(.-)76*+5&A678&
5:57-6+-:6167/&

S6,3!' +*, @*3?1&6,IA/-*3,--1258, 11 +51/&*53.1(!),3&'(11&6,2,!  6(-,2,'?,8M!
&6,1%205'&(3),1571&6,,38',0',3,/'  >/(@(',3,-1571&6,!3,,81&5!(8(0&!&6,!
AJ-+3,--1258,11())5'8*371&51)/-&52,'18,2(38! (38!+(1/,10,),0&*53!&5!, %015*&!
2,'7+3215005'&/3*&*,-91C6*-16*761*76&-1&6,!3,,8175'(3!,3&',0',3,/1&5!
/38,'-&(381+(1/,*31&6,1-0,)*7%)1)53&,%&1571&6,1)522,"*(1)53&,%& @*&6*3! @6*)6!
*&I* 1 @5'F*3P9
N1&65/76!1*&, (&', +*,@,8!A4K('&6!,&!(19!D": <MH??,-&-1&6," (', |&@5!2(*3!
-&(?,-157! (! Al-*3,--1258,1.1,%015'(&*53175115@,8!A4!, %015*&(&*53.1&6,!,20%+)(1!
+*8,3),17'52186%-1)(-,1-&/841  *11/-&'(&,-1&6(&6,!&@5!)(3"/31*310('(11,1!(38!
*375'21,()615&6,'9IC(F,31&57,&6,".1A,*3?1(A1,1&5!(8(0&!())5'8*3?1&5!)/-&52,
"N |



|

!
8,2(38!@6%1,1&6,1)520(341*-17/3)&*53*3?12(41A,1*205'&(3&!&51&6,1153 8., 2!
7*3(3)*(11-))),--1571(1)520(34  9IC6*-IA/-+3,--1258 1171/*8*&41-/??,-&-(!
)533,)&*53!@*&61&6,1*36,',3&!/3),'&(*3&4!571*335+(&*531(38!&'(3-()&*53!)5-&!
)5352%)-.1-%2%1 ('1&51&6(&!8,-)'*A,8IA4!  N2*&!(38!j58&D";:<E75'l, BV/-*3,--.I(-!
&6,)520(34!-&"*+,-1&510'5+*8, | @6(&105&,3&*(11)/-&52,-1(',18,2(38*3?  1A4!
8,253-&'(& *37A5&6!7,(-*A*1*&41(38! @5'&6!571*&-1+(1/,1577,#37-9

Z3186%-1)(,.186,1,3&,'0*-,16(-(171/*81A/-*3,-1258, 11 @6*)6!(115@-1*&!&5!&(F, 153!
*335+(&*+,1(3815005'&/3*-&*)1+,3&/',-(38175'2-I571A/-*3,--1*31' -053-,1&51&6, !
)6(3?2*3212('F,&!(-1*&1(&&,20&-185!7,3,(&,!+(1/,/(3810'57*&-135&1J/-&!75'1&6,!
0',-,3&IA/&!(1-5!86,17/&/" ,9IC6,1-+%) -l  577,.8!,3-/1)5  GI7**3)*-1(,
()6*,+,8!@*&6!&6,1)5" -0538*3?1A,3,7+&-175'1&6,1)/-&52,'/(38!,3+*532,3&.1+3!
(88*&*531&5!)',(&*3?1(1)53&*3/5/-1' +,3/,1-&',(2175'1&6,1)(-,!-&/841)520(349! !

N3(14-*-15717*38*3?-1*38%)(81&6,1*205'&(3),157 I-&(F,6518, 1*3) 1/-*531*31&6,!
*335+(&*531&5!,3-/',1&6,1+(1/,10'505-*&*5312, &-13, 8-1571&6,!,38!/-,'9!CB,!
8,)*-*53-1&5!(2,38!(38!(8(0&!&6,|A/-*3,--1258, 11", |(1-5!-+2*1('1&65-,175/38!
A4t5-3(1,&1(19!D";<;E |@65!75/38!,+*8,3),I571A/-*3,--1258 11*335+(&*531A,*37?!
-&*2/1(&,8!&6'5/761&*(11(38!,"5'1*3", ()&*531&5!2('F,&!8,2(38-91C6,!  )520(34!
B(-1&5!,+(1/(&,1&6,1201*)(&*53-1571*3&,'3(1*-*371,)835-&-.!(-1*71+&I*-1/3(AL, 1&5!
577,'1(1)520,&*&*+,1(8+(3&(?,1&5!+&-18* )&!)/-&52, - 1&6*-12*2681&6'(&,31&6,!
%+*-&,3),15718&6,1)520(349!Z3!(1-*&/(&*531571351,)53524)' &/'3.1&6,', 1*-1351+(1/,!
75'86,1,3+*532,3&.1,*&6,' 9IC6*-1&,3-*5316+261+?6&-1&6,1*3&,'()&*53!A,&@,,3!&6,!
*335+(&*+,1(381,3&',0',3,/*(11)6(' ()&, *-&*)-1571&6,IX$Y PI*31&6*-1)(-, 1*&1*-186,!
3&',0',3,/'1@65!*-18*+*37  1861*335+(&5'.|@6*)6!-/7?,-&-1&6*-!' 1(&*53-6*01&5IA,!
F,41&51-/-&(*3( AL,!5/&)52,-91C6*-1*-IA )(/-,*335+(&*531*-1/- 8I&5IA(1(3),!&6,!
70&5'-11,(8*371&51+(1/,1577, %321 @6*)616(-16+?61)5-&-175'1&6,1,3+*532,3&IA/&!
577,-17' (&, 1)/-&52,'(8+(3&(?,/(38!53,!@6*)6!7*+,-125',|0'57*&- 1 @*&6!1,--!
3+¥532,3&(118(2(?,/(38!15@,"",&/"  3-91C6*-1¥201* -1&™*(11(38!,"5"!(-1&6,!
)520(3418"*+,"-15-)*11(&,!A,&@,,3!,)50',3,/*-21(38!*335+(&*53.1(38!)(3'A,!
1*3F,81&5!+3)',2,3&(1*-21(-IA, *3?1%205'&(3&!?7*+,31)53&, %&!571&6,12('F,&!
)538*&*53-1*31@6*)61)520(3*,-1-/)6!(-!:(&/'3IK*5053*)-150,(&,9! !

C6, I',()&*53-1571&6,1)520(341&5!&6,!3,,8-1571&6,1)/-&52,1-65@-!",)573*&*53!
571&6,1*205'&(3),157!,)5352*)-175'1*&-1&'(3-()&*53-91C6*-1*-IA, ) (-, 1*&!3,,8-1&5!
-65@!86(&!8,-0*&,1A,*371,)5G"+,3814.1(A5+,1(11.1&6,10™),1571*&-1+(1/,1577,*37?!
3,,8-1&51A,1)520,&*&* +,01B*+,31&6,1)522*&2,3&!-65@3!A41&6, IXSY!571:(&/3!
K*5053*)-1&51&6,1,3+*532,3&.7('?/,|&6(&I*&!*-1 06015+ &*321*335+(&*+, |(A*1*&4I&5)/-,!
Al-+3,--1%3&, -&)(-1(12,(3-1&5!(125",I-/-&(*3(A1,15/&)52,9 I

I"I"¢ &KB067-76*+587*&5)-16+F&HE7 (.+-1&9-)7*.5&160676+F&, (OF, &

UA— |



|

!

a38,'-&(38*3?186,A/-*3,--1258,11571&6,105&,3&*(1!)/-&52,'1(381&6,17+3(3),!
(+(*1(A1,1&5!*3+,-&1*31(13,@!-4-&,2!,2,'2,-1(-1A,*3?1*205'&(3&!&5!-/)),--.1(38!
2(4101(41(1)/)*(11'51,1¥31)/-&52,18,2(38!75'1(10'58/)&! @6*)6!0'5+*8,-1,)5 G
TT* 3)41A, 3, 7+&-175,3+*'532, 3&(1!-/-&(*3(A*1*&AC6'5/761&6,1/-,1571,)5 G
TTH)*,3)%, (0 &ISTI*&-1AI-*3,--1258, 1.1:(&/'3IK*5053%)-1%-1("2/ (A1 412 (F*37?!

(12%)5 G53&*A/&*531&5@('8-1-/-&(*3(AL,1*3&,3-*7*)(&*53.1(38!A41-)(1*371/0.1&6*-!
@5/1812(F,\(125',1*205'&(3&!-&,09! !

Y3,! 571&6,1)6(11,3?,-1*-165@!&5!-)(1,//01&6*-1@(4!5712'5@*3?!7'/*&!(38!
+,2,&(A1,-9IN1&65/26!86*-1-&/8416(-IA,,3175)/-, 8! @*&6*31&6,1*3855'1 7'/+&1(38!
+,2,&(A1,1)53&,%&.186,' 12(41A,1-52,10((11,1- | @*&6!5&6,' /A G,)&5-I57IA'5(8 G
(', 1((AL,1)'50-9!1' )*-+5317("2 *321&,)63515741)(31(1-5!0'5+*8,1)5 G
774)*,3)%,-1531(1@*8,'-)(1,P!4,&"",71,)&*53153!@5'F!/38,'&(F,31A4! L5-, 1(38!
X6*1+,'-ID":<UB6(-1*38*)(&,81&6/(&!&6,!'(&,'571)6(37?,1*-135&1)53-*-&,3&!I5'I-/", 9!
C6,1¥201%)(&*531*-1&6(&!-)(1*3?1/0!,*&6, 1M1 7('22*3215'10", ) *-*531(2*)/1&/' 1*-!
1*F,141&5!A, (3!, +51/&*531(-IA/-*3 - -I-, FI&5*20'5+,1&6,*1)520,8*&*+,3,--!
@*&65/&R(371531&5512/)6!'*-F.(38!@5/18!&6,',75',18,0,38!531&6,!,%6*-&,3), 157!
('5A/-&IA/-*3,--1258,11(381&6,1)53+,'2,3),I57IA,3,7*&-1(&!8*77,,3&!1,+,1-157!
&6,1-/00141)6(*39!

W5@,+,".1&6,",!(",!11*2*&(&*53-1&5!&6,!,)5G77*)*,3)*,-.1(38!&6,",!| @*11!)52, (!
05*3&!@6,85!7/'&6,"?(*3-1@*11!A,!1(A1,!&5!A,12(8,.|@6*)6!*-11*F,14!&5!A,!8"*+,3!
A41()6*,+*3?12(%*2/21?,3,&*)!,77*)*,3)4!7'521&6,'15@,-&!05--*A1,!*30/&-9!!

C6,I(, 1(1-511*2*&H31&6,*20()&!57186*-1&,)6351524)(/-,1&6,!- ) &5'1*-!
' 1(&*+,141-2(111D,-617'/*&)(38 1+,2,&(A1,- B(38 135&)),",(11-&(01,-I-/)6!(-!
@6,(&IN1&65/76%6,!-,)&5'1-*C,12(411*2*& 1(1&'(3-75'2(&*53.1&6,", (', 11,--53-!
@6%)612(4!A,11,('3,81A411("2,17('2*371)520(3*%,-1(381&6,*12/1&*  GB(&*53(1!
-/001*,-.175' *3-&(3),IA41A*37*32185?,86,'1()&*+*&*5T- 2(111(38!1('?,!
38,01 &BD'525&,1(1&'(3-75'2(&*531&5@ ('8-!-/-&(*3(A*1*&41(38! ', 7,",81&5!
A4IWE)F,'&-1(38!Sg-&,36(?,3!ID";<;E9! !

I"P &J*+)1:56*+ &

C6*-17'(2, @5'FI571&6*-1)6(0&,"16(- 16,10,8!12,1&51*8,3&*74*205'&(3&!*201*)(&*53-!
(A5/&I65@!&6,!,+51/&*53!571&6,1&/'3IK*5053%)-1A/-+3,--1258 116(-1)',(&,8!
A,3,7*&-175'1&6,!,3+*532,3&.175'1&6,1)/-&52, - 1(38!(1-5!(!",+,3/,1-&', (2!
&6'5/261&6,1¥3&,2'(&*531571,)8577*)*,3)* -91Z31&6*-1)(-,1-&/84.] @6(&!*-1*205'&(3&!
(A5/&I&6,1+(1/,1577,*321*-165@!*&!*-10,),*+,81A4I&6, 1877, 3&10('&*,-./(38165@!
&6,1)50',3,/1/3*&,1&6,-!  0,),08*53-I57! +(1/,|@*&6*31&6,!A/-+3,--1258 11&5!
8"+ 1(!" 1(&*53-6*0! @*&6!-/-&(*3(A*1*&49

"WV



|

!

C6,1¥201%)(&*537'521/38,'-&(38*3?!57! 258*7*)(&*53-1*31)/-&52,'0,),0&*53!57!
+(1/,! *31&6*-1)53&,%4886,13,, 8175'(1 71/*81A/-*3,--1258, 1. 1@*&61)522,")*(1!
-)),--1A,*321/38, @'*&&,31A4!(31*&,'(&++,1(&&*&/8,1571&6,!,3&',0',3,/ @65!
(8(0&- IF, 41" -5/'),-.1()&*+*&* -1(381&6,]  +(1/,/577,*3?1*3!' -053-,1&5!8,2(38!
(3810,"),*+,8!5005'&/3*&* -91C6,IF, 41" 1(&*53-6*0! @*&6!8,!,3+*532,3&!*-] 7'52!
)5 GT7*)* 3)* 1), (& 8IA41&6,1+(1/,1577,*321(-1(12,(3-175'|(&&' ()&*37?!
)/-852,'-910*2+&(&*53-1571&6,1-&'(&,?416(+,IA,,318,&,'2*3,81&5!A,1,96&,'3(1!
70&85'-IA,45381&6,1)53&'51157186,1*335+(&*3?1)520(34! @6*)6! @5'F!(?(*3-&!
(850&+*53.1-/) 6!(-1&6,10'%),1)520,8*&*53!571&6,17',-610'58/),12('F,&!(38!&6,!
-65'&1&,'21)53&'()&-1*31&6,1*38/-&'491CB6, - 18*-)5/'(?,1*3+,-&2,3&!*31&,)63515724!
(38!3,@!-4-&,2-1A41(8508&, - 1A, )(/- 15 7TI1OFI571-)/*&49 I

N3(14-*-1571&6*-1)(-,!5+,'1&6,!&*2,10,"*58!6(--65@3!&6 (&!&6,!X$Y!6(- 1&6,!
(A*1*&41&5!25+,!A,&@,,3!&6,!)(&,?5'*,1571*335+(&5".1,3&',0',3,/'(38!

,)50.3,/"  .1(38!&6*-1-/??,-&-1(F,41)538*&*53!75'IA,&&,'"1*3&,"'()&*53-1A,&@,,3!
&6,!A/-*3,--1*31&6*-13,@!(?"*)/1&/'(1!-,)&5'1(38!&6,!,3+*'532,3&9IN!3/2A,"157!
(,(-'@6%)6 !1*3F!\@*&6!f*77/-*53157!2335+(&*53.!-/)6!(-!&6,!)15-,!",1(&*53-6*0! @*&6!
,('141(850&,'-.16(+,!(1-5!A,,3!*8,3&*7*,8!(38!(",!',.+*,@,8!*3!X6(0&,''U9 !

!

"“nUI



J8-47(.&P &.6,F6+F&78(&)8-508C4 ? &-.06+F&-584-.78&*9&-&
7.-+5676*+&T*A-.,5&5:57-6+-;1(&6+7(+5696)-76*+&6+&-&0-.N(7&
O*+* 0/ &

P"0&@+7.*,:)76*+&

N)6*,+*3721-/-&(*3(AL,1*3&,3-*7*)(&*53!1*31(12('F, &!,)535241*-1(1)5201, %!
)6(11,37,1A,)(/-, &' T/ -1-5)*(11(381)522,)*(11*30/&!7'521)520(3*,-9!
C6*-186,-*-16(-)*&*)(114!,%(2*3,8165@!&6,!-5)*5G)5352*)106,352,353!57!
)522,)%(1141/38,&(F,  3IMI7('2*3721%-1)53& *A/&*3?1&5!-/-&(*3(AL,!
*38,3-¥7%)(&*53041 B)/-1*-1531&,6,1*335+(&*+,1&,)63515741(381&6,IF35@65@!57!(!
)520(34!@6*)6!6(-18,-*?3,81(1-4-&,21&5!@5'F!(&1)522,)*(11-)(1,1*31*3855'!
25@*3?!(,(-'D-)6!(-1?",,365/-,-(38!0514&/33,1-E.165@!&6  ,!18*77/-*53!57!
*335+(&*531&(F,-101(),!(38!&6,!,+51/&*53!571&6,|A/-*3,--1258,11*31(88*&*531851&6, !
2/&1(11*371/,3),-IA.&@,,3'&6,-,10('(8*?2-9! !

C6,10™*3)*0(11)6(11,3?,-175'1()6*,+*321(1-/-&(*3(A1,1A/-*3,--15/&)52,17'5 211!
7(2*3?1(\M !

<9 C5!,3-/',1&6(&1&6,1*335+ (&*531)',(&-1+(1/,] AMO'5+*8*31-51/&*531&5!(!
0,),*+,8!0'5A1,29! |
"9l C51*335+(&,1&512*3*2%-,1 3+*532,3&(118(2(?,17'521?'5@*3?!7'/*&)(38!
+,2,&(AL,-1@6,',105--*A1,1D+(1/,75'&6,!,3+*532,3&E9 !
Ad C51)(&,! (I-5/'),I57" +,3/,175'1&6,1*335+(&*371)520(34!D+(1/,!  7'52!
AJ-+3,--1()&*+*&* -EQ
!
C6*-1-&/841%-101(),8! @*&6*31&6,1)53&,%&!1571&6,1a_12('F,&!,)535241&6(&B4+,3!
A4(3151*?5051415717558!" &(*1,DI0*37,'1&1(19.1";<UBICB, |- &&*3?1*-1¥205'&(38&!
A)(I-1&6,1-/00141)6(*31*-/3A(1(3),8.1@*&6", &(*1,'-1852*3(&*37?!(38!
8,2(38*371,77%)*,3)* -17'521&6,*1-/001*,-1  DW*3?1,4!(38!d*387",,3.I":<;E 9!
C6,'!(',15&6,10",--/' -175'12'5@, -.1&55.1(-1&6,4! (1,90,)&,81&512*3+2*- |
(341,3+%532,3&(1!,77,)&P1&6,-, A, 3, 7*&-1(',|35&!+*-*A1,1&51&6,1)53-/2, I
DX('51(3.";:=E .|@6%)6!12(F,-1*&!8*77%)/1&!75')53-/2, -1&51+(1/,1&6,29!N-!
-0, 2(F,&I(,16%26141)520,&*&*+,1*31&6,*15AJ )&*+,1&51()6*,+,1)538&*3/(1!
0'57*&D0*37,'1,&!(19.!": <UER6,*1-/001*,'-I5717' -617'/*&1(38!+,2,&(AL,-I( 1-5!
' -05381&51)(11-175")6,(0,17558-.| @6*)6!57&,312,(3-1&6,41(',125',!
*38,3-*+ 1@'5@39M17('2*3?12,&658-10'5+*8,!  )1,(3.1-/-&(*3(A14!?'5@3!7558.!
AJ&I(-14,8186*-1%-1358D (3-15718*77,' 3&*(&*53P1(-175/381*317'/*&)(38!+,2,&(A1,-!
@*86'e5'2(3*)>!)1(-J&*53./@6%)6!,('3-1(10',2/29!  C6,!a_! ?5+,'32,3&!
-/005'&-1-/-&(*3(AL,1*3&,3-*7*)(&*53! @*&6!*3*&*(&*+,-1()),--,81&6'5/76!
)520,8*&*+,17/38*3217'521,3&*&* -I-/)61(-12335+(&,'a_ID-,,!X6(0&,'QE .IA/&B5!
"R
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!

35&1)/",3&14-/005'&1*&1(&!)53-/2,11,+,11(-1@,11 .175',%4201,|@*&61)53-12, G
70*3?1)(20(*?3-9! Z20'5+,81()(8,2*)1/38,'-&(38*37!571&6,1A/-*3,--1258 1!
)(3+(-1571(1)520(34! @*&6*3186*-1)522,)*(11)53&,%8&.1*&-!, +51/&*531(381&6,

' 1(&*53-6*0! @*&6!-/-&(*3(A*L18H/-1*20'5+,81-/005'&!(&! ?'5@,'(38!)53-/2,'!
1,+,11@5/183)',(-,1*&-)53&*A/&*531 &5 @ ('8-1-/-&(*3(AL,1*3&,3-*7*)(&*53!571&6,!
a 175581-4-&,29! !

NI?(0!6(-IA,,31*8,3&*7* 81*31, 20%*)(111*&,'(&/",))53),'3*3?1&6,12/1&*01,!
)52053,3&-1(38!()&*53-13,),--('41*31&6,1*3855' 1l Br,'&*)(1B7('2*3?1*38/-&'4!
&51&(F,1&6,1)53), 0&!571-/-&(*3(A1,1¥38,3-*7*)(&*531&6'5/761&5!8, 1*+,'415716+76,'|
)'5014* 18-1@*&6*31(1)522,)*(1!,3+*532,3&9 105',9%(201,.! f-0522*'ID";<;E |
(8+5)(&,-1(8+(3&(?,-1571+,'&*)(117('2*3?1A/&!85,-135&1+38%)(&,! (IA/-*3,--!
0(&6@(4'&5@('8-1&6,291Y&6,-16(+,18&40%)(114!8'(@3153!-+371,.1&,)63*)(11*-/,-!
)BI(-1,3,241,77%)*3)41  Df(3*1.I";<QEIS/A3!I(?™*) /1&/',! D:0,)6&!,&!(19.!

" <AE 1(-10(&6@ (4-185!-/-&(*3(A1,1¥3&,3-*7*)(&*539!Z31)53&/(-&.1&6*-1-&/8416(-!
/38,'&(F,31(12/1&* @*-)*01*3('4!,+(1/(&*53!57!&6,!",1(&*53-6*0-1A,&@,,31&6,!
AJ-+3,--1258 1.18%77/-*531571¥335+(&*531(38!-/-&(*3( AL,*3&,3-*7*)(&*5310'()&*),-!
&518™+ 1(125',1651*-&*)1/38,'-&(38*3?157165@!(31*335+(&*+,1(?"*@&,,)6!)520(34!
)(31)53&*A/&,1&5@ ('8-1-/-&(*3(A1,1*3&,3-*7*)(&*539)!

C6*-)6(08&,1*3&,7'(&,-1&6,17*38*372-1@*&6*31&6,1)53),0&-!157!-/-&(*3(AL,!
*38,3-*7%)(&*531*31(YHL&/',.18*77/-+531571*335+(&*531(38!A/-*3,--1258,1-1(38!
&6,31-43&6,-*-,-186,21&5!,%015',1&6,1*3&, - )&*53-IA, &@,,3! &6,5™*,-91Z!
8,+,150,81&6*-1*3&,7'(&,87'(2, @5'F&5!6,101/38,-&(38!65@!?'5@*3?!7',-6!7'/*&!
(381+,2,&(AL,-1¥31M1)(31)53&*A/&, I&51-/-&(*3(AL ,1*3&,3-*7*)(&*531*3!(!
)520,&8*&*+,12('F, &9

C6,IF,41T/,-&*53-1(88',--,8!+3)1/8,165@!&6,!,3&,'0"*-, |:(&/'31K*5053*)-16(-!
A,,31/-*321&6,105&,3&*(1157!3, @'F35@1,8?,1*31&6, 1M1 7('2*371-,)&5'I (-1 (A(-,!
75'1%&-1 3&',0',3,/*(L1)&*+*&*,- 1*&-1" 1(&*53-6*0! @*&BE(*3(AL,1*3&,3-*7%)(&*53.!
65@!*&!8*77/-,81*&-1*335+(&*53(381+&-1A/-*3,--1258, 1!, +51/&*539105115@*3?!(!
- +,3 @,(1&%2,1*3,17()*1*&(&,8!0,"),08*53157! @6(&! @(-!(&!&6,'e6,('&>157186,)(-,!
-&/841)520(34>-1,&65-.1(381&6,1*3&,'()&*53- 1A, &@,,3!&6,1&6',,10('(8*?  2-!
8'++*37+818 +,1502,3&! @*&6*3!&6,/A'5(8, 1a_17558!-4-&,29!!

P"%"85*5676*+6+F&*9&78(&AEN&

N-1(?"*A/-*3,--1()'5--1&6,! @5'18!(8(0&-1&5!2,,&1?'5@*3?1?15A(1!8,2(38!75'!
7558.186,',1(,18*77,",3&!-5/"),-1571*335+(&*53!()'5--1&,)6351574.1(?'5352*)-!
(38172,352%)-91C6 *-1-&/8416(-175115@,8!&6,10(&6!57!(3!1*335+(&*+,!-&HR
)520(34.1(381&6,',75',1*&1-*&-1/38,1&6,12,3,'(11/2A", 11(1571*335+(&*53!&6,5'4.!
(-1,%05/38,81A41))6/20,&,"1  D<RAGECS,!'-,()6!7'(2, @5'F!1*3&,'()&-| @*&6!
86,11*&,' (&' -1571-1-&(*3(AL,1*3&,3-*7*)(&*B.18*77/-*531571*335+(&*531(38!&6,!
Q!
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!

)52053,3&-!57!&6,!A/-*3,--1258,1.1" +,(1*3?1*205'&(3&! *3&,'7(),- |@6*)6!(’,!
8*-)/--,8!A,15@9! !

K41/-*32186,186',,18*77,' 3&!1,3- -1571-/-&(*3(A1,1*3&,3-*7*)(&*53.18*77/-*53157!
*335+(&*531(381A/-*3,--1258,1.] &6*-1-&/8416(-1- 5/76&1&5!%8,3&*T4IF, 41*3-*26&.!
7'52186,1)(-,1-&/841(381&6,3!,06015',|-*2*1 (*&* -1(3818*+,'2,3),- | @*&6!)/", 3&!
1*&,'(&/'(381(88*3?!3, @'F35@1,87,17(*3,8!7'52!(3(14-*-157186,1*3&,'()&*53!
A&@,,3'86,11%&,' (& ,-9IK*37*321&6,-,1)53),08-1&57?,86,16(-16,10,81& 5!)',(&,!
(1651*-&*)1+* @!57165@!&6,!8*77,',3&10'5),--,-I571&6*-13, @!-,)&5'1 7*&1&57,&6,'1&5!
8"+ 1-/-&(*3(A*1*&41(3816(-1)',(&,8!(135+,11)53&*A/&*531&5!()(8,2*)!1*&,(&/",9 !
C6,17*38*32-17'52186,1-&/8416(+,1(1-5!8'(@3!53!&6,5'41*315&6,'!(',(-.1*3) 1/8*37!
(?' *)/1&/'(1(38!,)5152*)(1! ,)5352%)-.1-/)6!(-!',-,()6!853,1A4! _3/8-531,&!1(19!
D"::QE!(38! 0*??,1(38!W/(63!D":<"E.!*3!(88*&*53!&5\B+51/&*5311*&,'(&/',1),3&, 8!
('5/381&'(3-*&*53-1&5@('8-1-/-&(*3(A*1*&4.1-/)6(-1&65-,!,%015', 81 A4!: 2+&6!
D";<:EQIZ&!(1-5IA*32- (3K -&*)!,1,2,3&-1571)5'05'(&,",-053-*A*1*&411*&,(&/",!
@6*)6!6(+,1)53+,'2,81()'5--1¥38/-&'41-))&5'"-15+,'1&*2, | DZ5(335//(38!

(7, *2.1"<REO!

O5'1&6*-1&6,-*-.1216(+,18,+,150,8!(10')&*)(1!7'(2, @5'F @6*)6!6(-))53-*8,", 8!
&6,10'()&*&*53,'1(38!&6,1()(8,2*)105*3&-1571+* @1&5!?(*31(1651*-&*)1+*-*53157186,!
74-814,(-1571(1-&(&G0(?* @&.,)6!,3&,'0"*-,91f +,1502,3&!571&6*-17'(2, @5'F!

6,10,8 1(88',--1&6,10*2('4" -, ()6!T/,-&*53.1(381+31&6,1)5/"-, 1571, 20**)(1!

' -, ()6!1*3F-1&5!586,11*&,'(&/,-1@,',|,%015',8  1(38!1,8!&5R58*7*)(&*53!57!86*-!
7'(2,@5'F9!!

P"%"82=*1:76*+&*0&-&)*04-+/&-+,&9-) T+ 5&6+91:(+)6+F&78(&5:))(55&*9&
78(8&4.%)(55 &

Y005'&/3*&*,-1(381)53-&'(*3&-101(4!(31*205'&(3&"51,1*31&6,!,+51/&*531571(!
)520(341*31&6,1(?'* @&,)6!-,)&5'ID-/)6!(-1-/001*,-I57MI2'5@*3?1, T/*02,3&E..

(381", 71,)&*53-12(8,18/*3?1&6*-1-&/8416(+,16*?261+76&,81*&1*-186,18,)*-*53-12(8 |
*31' -053-,1&5186,-,17()&5'-1&6(&17()*1&(&,15'1%20,8, 1-/-&(*3(A1,15/&)52,-9!C6*-!
*.1%11/-&'(&,81*310*2/" 14/ @6*)6!-65@-18,)*-*53-1(38! () &*+*&*,-|A/*18*3?1*3&5 (!
)53),0&/(1le™*+,15711%7, BIH5/--(.I";;RE  1571(1)522,)*(1!,3&,'0"*-,91C6,!
0'*3)*0(1101(4,'1*31&6,)520(341*-1& 6,IXSY .| @65!/-,-12(3(?, *(LI(A*1*&*,-| @6*)6!
2(41A,1,3&,0",3,/*(11(38]5'1*335+(&*+,.15171/)&/(&,'A.8&@,,3!&6,1&@5D - ,,!
X6(0&,'IVE.1&512(3*0/1(&,1&6,18*77,',3&!-),3(*5-1&51A, 3, 7+&1&6',,)5',1,1,2,3&- M
0,'),*+,8!+(1/,175')/-&52,'-.1(1-5/"), 157" +,3/,1(38 1,3+*532,3&(1A,3,7+&-9!

CB,1(*21571&6,1"+, I5711*7 18%(?'(21*-1&512/*8,1/38,'-&(38*3?!57!@86,",I-/005'&!
2(41A,13,,8,815'1A, -&1&('?,&,8.1,*&6,17'521-&(F,6518,-15'175+,'32,3&/!
051%)* -.1&5!-/005'&!-/-&(*3(A1,1*3&,3-*7*)(&*539!C6,!(3(15?416(-A,,31)65-,3!

"Qu!
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A)(/-,1-52,1571&6,!8,+,1502,3&-12(4! 6(00,3 !+,'41T/*)F14!14,&!15&6,"-12(4!A,!
+,'41-15@.1?7*+*3?1&6,!*20',--*53!157!A,*3?1A,)(12,8.15',+,3!-&(?3(3&.!(38!*3!
3,,8157!(31*3],)&*53!5'13,@!5/&1,&!&5!25+,!1539
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E6F:.(8%!806=(.8*9&169(&)*+)[B-18&(=*1:76*+&*0&-&)*04-+] |
J.(,67R&2+=6.*M65:-15
C6,",!(',10*3)6105*3&-!@6*)6!(00, ('/(-10('&!57!(1-, T/,3),1571()&*+*&*,-175115@,8!
&51)',(&,10,),*+,81+(1/,175'1&6,1)/-&52, | @*&6!&6,105&,3&*(115712+3*2*-+37
3+%532,3&(118(2(?,.|@6*1-&10'5+*8*321(12,(3-15  7!' +,3/,175'1&6,1)520(349!
C40%)(11)53-&'(*3&-1*8,3&*7* BE2!-&/84*3210%7/' 1< \1*3)1/8,11()FI571-&(77!
D6,3),186,13,,81&5!",)'/*&1(381&'(*3!3,@!-&(77E.!)(-6!715@!8/*3?1&6,1&*2,1&(F, 3!
&51)',(&,!(38",7+3,1&6,1*335+(&*53.1D6,3),1&6,13, 81751 7*3(3)*(1l-,+ *),-1(38]5"
2'(3&-E9!C6,-,1(,175115@,8!A4186,1)6(11,3?,-15718*77/-*371*375'2(&*53!(A5/&!&6,!
*335+(&*531(38!-,+*),-IDO('&!571&6,!-51/&*531)(3!A,1&6'5/?61&6,1/-,1571)520(34!
*3)/A(&5'-1(38]5(), 1,'(&5-E9! !

B5+,'32,3&!051%)4.|@6*)6!*-1(1)53-&(3&!*371/,3),. 1*-105'8'(4,8!(-1&6,1-/3 9
52,125+ ,'32,3&1051%)* -12(4IA, 1/-,81(-1*3),3&*+ -1 *&6,'1(-1-/005'&!75'!
@5'F1531&6,1*335+(&*531D-/)6!(-1?'(3&-!",), *+,817'5217335+(&,a_E.|5'1&6,!
)',(&*53!571(3!,3+*532,3&1*31@6*)6!)/-&52,-1(',1*3),3&*+*- 81&5/0&(F,!-/)6!
*3354&*5391Y3,1571&6,)6(11,3?,-1*31&6*-I(', (*-1)520(&*A*1+&415713(&*53(1!(38!
15)(11051%)* -P175',96(201,.1*71&6,105&,3&*(1!)/-8&52, 1 @*-6,-1&5!*3-&(11!3,@!
2',,365/-,-15'10514&/33,1-1&5!/-, | @*&6!&6, !, T/*02,3&.101(33*3210, 2*--*53
*13),-('41D?'(3&,8!(&15 )(1!1,+,1EQICE*-12(4IA,!8,3* 81713 *?26A5/-I5AJ,)&!&5!
-y



|

!

3,@"*3-&(11(&*53-.',71,)&*3?1&6,18*77,*3?150*3*53-1571&6,18, 7*3*&*53157!

-&(*3(A*1*&4.1(38!@6,86,1&6,1)53-&)&*53157IA/¥18*32-1)(3IA,!)53-+8," 81(-!
0(&!571(125+,185@ (‘8- I-/-&(*3(A*1*&4! +,31*71&B10'5+*8,1,)5 G77*)*,3)*,-1(38!
15@,1@(-&,9':/)610'5A1,2-16*261*26&1(!3,,8175'1)53-*-&,3)41*31051%)412(F*37!
()'5--13(&*53(11(38!15)(11?5+,'32,3&9 !

N3(14-*-157105--*A*1*&* -175'1-)(1*3?1/01&6,!&,)635152416(-18,&,'2*3,8!1*2*&(&*53-!
*3186(&1&6,1840,1571)'50@6*)6!)(3'A,1?'5@3!*3!186*- 1@ (41)53-&'(*3-1&6,12(F,&!
-*¢,91C6,1258,1!85,-135&1&(F, 1*3&5!())5/3&!1(34!@*8,1)53-,T/,3),-1571(125+,!
&5@('8-125'1-/-&(*3(AL,12'5@*37?.1-/)6!(-' 2*53(1!,77,)&-!53!,201542,3&9! !

P"%"&":00-./&*9&,-7-&)8-47(.5&96+,6+F5& &

C6*-1-)&*53!' + * @-1&6,1-/22('415717*38*37-1(381)53)1/-*53-17'521,()61571&6,!
8(&(1)6(0&,"-9! !

P %" "L "&657-6+-:1(&6+7(+5696)-76*+8&6+&4.-)76)(S&; (+(9675&-+,8 1606 7-7&*+5

73186,1)53&,%&!571M17('2%32.1*335+(&*5316(-IA,,31*8,3&*7* 8!(-I(IF,4!,1,2,3&1 75!
)',(&*3?186,12,(3-175' AG&6!&6 1A/-*3,--1)(-,|(381&6,!,3+*'532,3&(1!)(-,!
@6,310'()&*)(11-/-&(*3(A1,1*3&,3-*7*)(&*53!*-1)53-*8," 817'521(10'()&*&*53,'>-!
05*3&I571+* @9!CB,)(-,!-&/84!(3(14-*-16(-1-65@3!&6(&!*31&6*-1)53&,%&.
-&(*3(A*1*&AI*-12(*3141A(-,81531,)5 GT7*)*,3)4IA,3,7*&-17'52186,16*2618,3-*84]
25@*371-4-&,2-.1@6%)6!6(-1)', (&, 8! (|A/~*3,--1)(-, 1&6(&1*-1&6, |A(-+-157186*-!

-&/849!

'58/)*3?16%26,'8,3-*&41)'50-|@*&6!0',)*-*531/-,1571*30/&-1*-.1("?/(A14.!
)53&*AI&*32185@ ('8-1-/-&(*3(A1,1¥3&,3-*7*)(&*531(&!2%)'5!1,+,11A,)(/-,1571&6,!
0'58/)&*+*&412(*3-.1*31(88*&*531&5!)',(&*37?1)5-&!, 77*)*,3)*,-91CB,!) (-, !6(-1-65@3!
&6(&IAAI¥3)' (-*3712'5@*328,3-*&45T-*&(AL,17'/*&1(381+,2,&(AL,1)'50-.1A,&&, !
I-)(3'A,12(8,I5711(38!A41*3)' (-*3?1&6,15/8&0/&10,/3*&I57I(", (}(-1*11/-&'(&,8!
ALI&B,)(-,! *31¥3&,'+* @-!(3810,-,3&(&*53-1/38,'&(F,3'A41&6,1)520(34!D - ,,!
N0O,38*061ZZE9QIH5', 5+, .1*&1)5201* -l @*&6!&6,1+* @-&EU!D";; UE&6(&!&6,!75)/-!
-65/18!A,!531()6*,+*3?IA,&&,'10'58/)&*+*&A49ICE*-1(1-5!-/772,-&-)520(&*A*1*&41(-!
(31%205'&(3&!1)533,)&*531A,&@,,3!0'58/)&*+*&41(381&6, |A/-*3,--1258, 19!
W5@,+,.186,,1(, 1&6,5',-1&6(&!-))61)5-&!,77%)* 3)*,-12(4135&!",(114!0'5++8,!
A,3,7*&-1&5186,!,3+*532,3&.1-/77,-8&*3?1&6(&!&6,10'58/)&*5315716+26,'14* 18-12(4!
A)53-*8, 81  &6))53&*3/(&*53I571",2*2,!-, F*3?1)53&*3/5/-10'58/)&*+*&4!
*20'5+,2,3&-1(381?'5@&6! DH(4,.!";<UE (38! 0'5+*8*371(3!,(-4!'5/&,1&51*&!
)53&*3/(&*53Db5/3?1(38!C*11,4.1":;=E9

C6,"!(',11*2*&(&*53-1&5!&6,105&,3&*(1! 75'1*335+(& &I 5+*8, I(I-/-&(*3(A*1*&4!

1,2,3&! &6'5/?6!A/*18*371,)5G77*)*,3)*,-1(-1(1A/+3,--)(-,IA,) (/-1*30/&- |

D3/&*&*53.1@(&,", &)@E11!-&*111A,13,,8,8!75'12'5@*3?!7'/*&!(38!+,2,&(A1,-9!
IIQ/\!



|

!

N35&6,1)53& 5+, -*(11*--/175'-52,1, 3+*¥532 3&(1*-&-1*-1&6(&!16*?76 15/&0/&!
7('2*371-4-&,2-1(',135&135'2(1141)53-*8," 81(-1A,*3?1-/-&(*3(AL,.10('&*)/1('14!
(-1-1-&(*3(  A*1*&41&,38-1&5!A,!&65/76&!57!(-IA,*3?1)533,)&, 8!1&5!1(38!-6(*37!
'(&6,1&6(311(38 G(+*3?! DC-)B('3&F,!,&!(19.1";<"EQICE*-10',2*- 16(-125'!
'),3&141A,,31)6(11,3?,8! DK(1275'8!,&!(19.!I":<UE38I&E,!,++8,3),17'521&6*-!
)(-,1-&/841-172,-&-18*77," 3&I(',(-'571-/-&(*3(A*1*&41)(3  A,1()6*,+,817'5211!
&,)63515?4.1%3)1/8*321A5&6!,)677*)*,3)41(38!1(38!-(+*3?!05&, 3&*(1./A5&6!57!
@6%)616(+,1",1,+(3),175'1&6,IA/-*3,--1)(-, 9ICE*-1*-1A, )(/-,1&6,1&,)6351524!
2(F,-1*&105--+A1,1&515A&(*316*76,14*,18-17'521(1/3*&!(',(15711(38!D1,(8*3?1&5!
0'57*&B38! /-17,@,"V',-5/"),- 1-51&6, 151 1,--1@(-&,1*3!(88*&*531&5!6(+*37!(3!
77,)&1531%30/&1)5-&-1&6/-1(77,)&*3210'57*&12(*2*3-9IC6,", 1*-1(1-5!(105--*A*1 * &M
-,&11(38!(-*8,175',3+*532,3&(1IA,3,7*&- |@6%)6!7/'&6,1*3)",(-,- 1&6,105&,3&*(1!
75'A,&8&,', 34532, 3&(1!-/-&(*3(A*1*&49)!

P"%"L"8>.6+F6+F&:+,(. H76165(,&54-)(&6+7*&4.*,))76*+8&&

X520'52*-,-1*310'58/)&*+*&41&51A, 3, 7+&1&6,!, 3+*532,3&16(+,1&6,105&, 3&*(11&5!
1,(81&51(31*3)',(-,1*31&6,1&5&(1!(,(18,8%)(&,8!&5!(?'*)/1&/", 9W5 @, +,'.1*3855'!
&, 1-/)BI(-1&65- /-,  8I751MI)5012'5@*37.1)(3!A,1)53-&/)&,815310",+*5/-14!
(A(3853,8!-*&,-.!-/)B!(-18*-/-,81/38,'?'5/381-&(&*53-1*31)*&*,-91C6,12(*3!
)(-,1-&/8416(-135&!75115@,8!&6*-I'5/&., | A/&I5&6, -.1-/)6!(-IB'5@*37?!
a38,'2'5/38!DL,7M'h0OQ.|Ba;<E.!@65!@,',1*3&,+* @,8!(-10('& 57!(1-)50*3?!
-&/8416(+,,-&(A1*-6,81A/-*3,-- -1*31-/)61-*&,-. | @6%)6!)(3!)', (&, !5&6,
)6(11,3?,-9IN-1?",,365/-,-175'1*3855'1)'50-1)(31A,101(),81*3!(, (-/3-/*&(AL,!
75'15/&855'1)'500*37.186*-17+&-| @*&6!&6,1-/77?,-&*5312(8,| A4S, 1&FBI<UES3!
*3)' (-*371' &/'3-17'521/38,"  @&*1*-,8!1(38-9IC6*-!/-,15711(38!)5/18!(1-5!7,,8!+3!
&51&6,18,A(&)(A5/&12(*3&(*3*371&6,1¥3&, 2" *&4I571586,I(',(-15713(&/'(1!)(0*&(1!75'!
3+%532,3&(11-,+*),-ID-,,1;,)&*531U9  "9".IS, (FI-/-&(*3(A*1*&4!A, 15@ED!

P"%"L'&?699:56*+&*9&6++*=-76&&

Y3,1571&6,IF,417+38*32-1571(3(14-*-1571&6,1)(-,|-&/84>-18*77/-+531571*335+(&*53!
O&*++&3@(-1&6,13/2A,"1571(', (- @6*)6!*3&,")533,)&! @*&6!+(1/,1(38!8*77/-*53!
571*335+(&*5MRA,88,81/38,-&(38*3715717('2,'13,,8-1@(-| 75/381&5!A, IF,41&5!
(1)), TI1IA/*3,--1-&'(&,?4.18+*32135&153141)522/3%)(&*53-1-&'(&, ?*,-IA/&!
(1-5!86,"1&,)635157*-91Z38.6,1)(-,157!:(&/'3IK*5053%)-.1, 20**)(1!,++8,3),!
-65@-1-/)6!-&'(&,?*,-1,+51+,81&6'5/761(3!,%0,*,3&*(110'5),--1571&*(11(38!,"5'9 !
X/-&52,'0,"),08*53-.1*3&,3&*53-1(38125(1-!@,',1*8,3&*7* 8(-18"*+,-157!
(850&+*53!15'",J,)&*53.1(38&6,!-&/84175/381&6(&)-/)) ,--18,0,38,81531&6, |(A*1+&4!
&510*305*3&!@6*)6!@,',1&6,125-&1*205'&(3&! (&!(10('&*)/1(1252,3&!*31&*+2,175'I(!
-0,)¥7%) 1(/8*,3),1(381(8(0&!)522/3*)(&*53-1())5'8*37149!a38,'-&(38*3?!+(1/,.!

"QQ



|

!

(381+(1/,10,),0&*53!@,',!8,&,)&,81&5!A,!  7/38(2,3&(1 1)53),0&-175"1&6,1)( -,!
-&/841)520(349!CH*-1*-1¥11/-&'(&,81A4I&6, *1()&*+*&* - 1 PB1&(3),. 153),1&6,1*3*&*(1!
0'585840,1&,)635157416(8!A,,318,-*23,8.1+(1/,|@(-!,%&,38,8!&6(3F-1&5!&6,!
77,)&*+,3,--1571&6,I'51,157),('141(850&,-| @65!0'5+*8,817, BA()F!(A5/&!&6,!
*335+(&*53.@6*)@(-1&6,31-/A-, T/,3&141(8J/-&,81&5!A &&, ' T*&I @*&6!)/-&52, !
3,,8-9 1C6,1*201*)(&*53!571&6*-16(-1A,,31&6,!",(1*-(&*53!5/R:6,1*205'&(3),157!

') 1%&*371,('141()&5'-1)(0(AL,157101(4*3?(IF,41'51,1*31A5& 6!, 7+3*371&6,!
*335+(&*531(38!)',(&*3?",1,+(3&!1*375'2(&*5375'18*77/-*531-&' (&, ?*,-9T6, 4!
01(4,8!(31%205'&(3&!'51,1*31&/(3-75'2*3?1&6,1&,)63*)(11*335+(&*53!(38!&6,!
7/3)&*5315712('F,&*371-&'(&, ?*,-IA4IA/*18+321&,)63*)(11+(1/,1(38!(1-5!&6,!
05&,3&*(11)/-&52,'10,"),0&+*53!57!+(1/,91C6,1)(-,1-&/841)520(34"", ) /*&,8!,( 14!
(850&,'-.1¥3)1/8*3?1n(1,7',-)5.1(-1&6,IX$Y!@(-!(AL, 1&5!('&*)/1(&,16*-1+*-+53!
77,)&*+ 14B8IA/*1813 &@5'F-1 @*&6!-*2*@*38,81)520(34!",0',-,3&(&*+,-9! |

Y&6,'1-&('&E0!)520(3*,-!',05'&,81)6(11,3?,-1*3!" )'/*&2,3&!571)(0O(AL,!, (14!
(850&,'-IA)(I-,I571&6 ,1)520,8*&*+,13(&/,157186,17'*&1(38!+,?,&(AL,1A/-*3,--O
C6*-105*3&-185!&6,105&,3&*(1175')53&*A/&*53157!,('14!(850&, - 1&5!&6,IA/-*3,--!
258,11-8'(&,?41571(17%2.1)533,)&*3?1&6,1&@5!1*&,'(&/',-1D-,,!:,)&*53! U9, 15@E9!

C6,11*&, (&), +*,@",+,(1,81&6(& !&,)63%)(11*30/&!(38!0,,1&510,,1*371/,3),!
6(-'A,,3!@,11!85)/2,3&,8.IA/&1&6,1*30/&!571&.,)63*)(11*375'2(&*53!75'12('F,&*37!
0/'05-,-16(-1A,,311,--1@,11!85)/2,3&,81*31&,'2-1571, ('141(850&, ->1*20()&-153!
8'*+*321)520(34!-(1,-*31&6,1)53&,%8&!5718*77/-*531578%B(&*539!C6*-1-&/84!
)53&'*A/&,-1&51)15-*3?1&6,12(01A410'5++8*321(1)522,)*(110,'-0,)&*+,15718*77/-*53!
571%335+(&*531*31&6,16¥26141)520,&*&*+,17'/*&1(381+,?,&(AL,1*38/-&'491K41*11/-&' (&*37!
65@!8*77/-*531571*335+(&*53!)(31*20'5+,1/0&(F,1525',1,3+*532,3&(  11417'*,3814
&,)63515241&6'5/761/-+3?1,('141(850&, -1&5!, 7+3,1&6,1&,)63515741(38!)',(&,!
F35@1,8?,175'10,-/(-*+,1(381&('?,&,8!)522/3*)(&*53-1Z]  6(+,I-65@3 !165@!
8*77/-*531571*335+(&*531(00'5()6,-1)(3!6,101()6*,+,125' 1-/-&(*3(AL,!

5/8)52,-9 !

P"%"L'€&:56+(55&0*,(1& &

C6*-1)(-,!-&/8418,&(*1-1&6,!71/*8*&4157!&6,!)520(34>-1A/-*3,--1258,11*3!(!13,@!
-,)&5".IMI7('2*3?.1(38!65@!&6,!,3&',0',3,/'(850&-!(31*&," (&*+,! (&&*&/8,!(38!
(8(0&-1&6,1258,11())5'8*3?7149105115@*3?!(!A/-*3,--1258,115+,'1&*2,1577,",8!
A,&&,"*3-*?6&-157!165@E%'F-1*3!(3!,20**) (1!-*&/(&*53.!'(&6,1&6(3!(!-3(0-65&!
(&!53,1252,3&!1*31&*2,.1@6*)6!)5/18!A,10('&*)/1('14!*205'&(3&! ?*+,3!&6(&!&6*-13, @!
)'50!0'58/)&*53!-,)&5"*-1-&*111*31*&-1,('141-&(?,-157!8,+,1502,3&9!d*&,'(&/',!
L+*,@,8!A4! K('&6!,&!(19!ID";,<MH??,-&-1&6,"!I(",!&@5!2(*3!-&(?,-157!&6,!
A/-*3,--1258,1.1,%015'(&*53!75115@,8!A4!,%0158&5%3.!1A/&!&6,!,20**)(1!,+*8,3),!
7'521&6*-1)(-,!-&/84!-65@-1&6,!&@5!)(3!'/3!*3!0('(11,19!Z2&!(1-5!-/?7?,-&-1 &6,!
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|

!

*205'&(3),157! ,3&',0',3,/"*(1/(@(,3,--)(-135&,8!A4! 1('3,11!,&!(19!D":<UE38!
65@!&5!(8(0&!())5'8*371&5!)/-&52,'18,2(38!*-1*205'&(3&1&5!86,1153? &, 2!
7*3(3)*(11-))),--1571(1)520(349!  Y+,)52*3?186%-105&,3&*(1!)573*&*+,12(0'57! @6(&!
05&,3&*(11)/-&52,"-! (,11*F,141&5@ (3&!5'13,,81&6'5/?76!)511,)&*37!(38!(3(14-*37!
7,,8A0F!7'52!,('141(850&,-1  *-1("?/(Al4 153,157186,IF,417()&5'-1*31&6,1-/)),--!
571&6,1)520(34>-IA/-*3,--1258,19! |

C6,1)(-,1-&/841)520(341-/0014*3?! T/*02,3&16(-1,('3,8!&5!-/)),--7/114!
2(F,1()1,(N)(-175'*&-1*3  35+(&*531&5!A,1&(F,3!/0IA41586,-1(381&6*-16(-1A, 3!
(31%205'&(3&!12,)6(3*-2175'1  *&-IA/-*3 --| 2?5@&B9ICE*-16(-IA,,3IA(-,8!531&86,!
)520(34>-1/38,'-&(38*3?1571&6,13,,8!175'  10,),*+,81+(1/,1*31(13/2A,1571((-.!
)',(&*3?!5+,'1(0-1A,&@,,3!&6,1&6',,12(*3!)53),0&-15  71&6,!-&/849!:&/84!571&6!
)520(34!",+,(1,810,"),08*53157!-/-&(*3(A*1*&4!(-(!)5',1+(1/,1571&6,!
*335+(&57,3&',0',3,/".JA/&!*&18*8135& ! (1@ (4-10'525&, 1*&-1-/-&(*3(A*1+&41+(1/, .
&('2,8*371%&-1)522/3%)(&*53-12,--(2,-1())5'8*3?1&5!*&-1(/8*,3),9!C6,",I(’

*Q*] (*&* -1&51&6,1,+51/&*531571&6,10(*&'(8,12(F]1(A,11*371(00'5()@f(+*,-,&!
(19.1";<;E!(-1*&1&'*,81&5!,3&,"1&6,12(*3-&'(212('F,&9IN!8,)*-*531531&6,!
206(-*-15712('F,&*3?1)522/3*)(&*53-1(A5/&)-/-&(*3(A*1+&41)522*&2 3&-1)(3!
A,18*77%)/1&1&512(F,.1(3812(4!8,0,3853186,1)/-&52,'  >I@*11*3?3,--1&5!0(4!("
0',2%/2.1@6*)6!)5/18!A,17*3(3)*(1!5'1353 G*3(3)*(1DZ5(335/1(38!:,'(7,*2.!
"<REQICE,1)(-,1*11/-&'(&,8!&6(&!1&6,',1)(3!A,!0' -/, 17’521 A58 -10'5+*8*37!
7*3(3)*(L1(--*-&(3),1&51-&('&@01)520(3*,-1(-1&6,  41)(3!(1-5!*3-*-&153(!
-&(*3(A*1*&4!75)/-9!

H41-&/8418,253-&'(&,-1&6(&! @6*1,1&6,',1*-105&,3&*(1!75'1/-&(*3(AL,!
*38,3-*7%)(&*531&5!75'21(IF, 410('&!571&BH$%& ()*+! |57!,3&,'0'*-,-1-/0014*37!
+,'&%)(117(2*3?1, T/*02,3&.1(38!(-!1-/)6101(4!(31*205'&(3&!10(  &!57!&6,!)65-,3!
AJ-+3,--1258 1 1&6*-1*-135&13),--(*141&6,12,--(?,1&6(&1)520(3*,-1-,11*3?!
@*&6'86,(?%)/1&/'(11-,)&5' @*-61&5!6+?261*76&9!238, 8.1,20**)(1!,+*8,3),!
)511,)&,815+,'I- +,314,(-17'521&6,1)(-,|(38!3("(&*+,!,2,'7*3217'521&'(8,!
)537,,3),-ID - ,,IN0O,38*%IZE*38%)(&,-1&6(&!1&6,1)533,)&*531A,&@,,3!&6,!
AJ-+3,--1258 11(381&6,!-/-&(*3(A*1*&41(-0,)&!571&6,)520(34!*-135& (1@ (4-15+,'&!
(38!18,0,38-1531&6,10('&*)/1('1(/8*,3),91L,),3&1*&, (&' ,1-/??,-&-1&6(&!
-&(*3(A*1*&AI*--/ -16(+,1A,)52,125' 10'52+3, 3&!(253?!A586!,3&,'0"*-,!
5@3,-1(381)/-&52,-!  DW/(*?6!(38IW5772(3.1"<" 1" <#.1:(3&5-1,&!(19.!"; <#.!
f(+*,-1(381f56,'&4.1"<RE  9ICB,!)(-, -&/8416(-1*11/-&'(&,8!&6(&!-/)6!*375'2(&*53!
2(41A1/-,815314175'10(&*)/L(1(/8  *,3),-.|@6*)6!(1*?3-1@*&6!&6,/50*3*53-157!
D651(-1-N6I(-!  1,(&&*(38!K,1c!D":<;E.IH55',ID":<:E (38 IK5-&'52!,8!(19!

D" < B*31(88*&*531&5!",71,)&*3?10,-53(1!,06*,3),1*310/A1*)!" 1(&*53-| @5'F! @*&6!
7(2,-9 !

"Q=!



|

!

C6,)(-,!6(-(1-5!8,253-&'(&,8!  ( 3!(&&,20&!&51A'5(8,3!+&-1*20()&IA4!

¥+, ¥74*321%&-1+(1/,1577,*3217'5211/-&!53,1(',(1&5!-,,F1(00,(11*3!(!@*8,

2(F,& 9IC646(-10('(11,1-|@*&6!&6,17*38*32-157IW5)F, &t <:E!@6,31155F*371(&!
&6,18*77,',3),-1A,.&@,,31*3)',2,3&(1!(38!8*-/0&*+,1*3  35+(&*531(38!&6,!
)(&,?5™*-(&*531571-/-&(*3(A1,!,3&',0",3,/*-291C6,1)/",3&1252,3&/21571&'(+,1!
B(-1A,,31&5!8,+,150!,%0,'&*-,1*3! 648'5053%)1-)*,3),1&6(&!16(-1&6,)(0(A*1*&4!57!
)6(11,37*3?186,1*3)/2A,3&-1*31&6,1-,)&5'I(-10('&!571*&-1A/381,1571-,+*),-I(-(!

2, (3-1571),(&*3?1+(1/,9 !

P"|&L?&9-.06+F&& 61,6+F&-8&4-T8&T*A-.,5&5:57-6+-;1(&
6+7(+5696)-76*+&6+&-80-.N(7&()*+*0&

C6*-1-,)&*53!)*&*)(114!(--,--,-1&6,!8*77,',3&!,1,2,3&-1571&6*-1-&/84.1(38!&6,*"!
*201*)(&*53-175'1&6,M!7('2*3?1*38/-&'49!C6,-,!(--,--2,3&-!6(+,!&6 ,3IA,,3!
/-,81&5!-, F1&6,!11*3F(?,-1A,&@,,3!&6,!18*77,",3&!1*&,"(&/',-18*-)/--,81*3!:,) &*53!
UYIA,15@9

P"I"0@@++*=-76*+&).(-76+F&=-1:(8&9*.&5:57-6+-;1(&6+7(+5696)-768*+&

-2('&17('2%371&,)635157*,-16(+,1&6,105&,3&*(11&5!1-51+,1(10'5A1,2! DX(77('’5!,&!(19.!
"oE 1(381(1-51&516(+,! (105-*&*+,1,77,)&1531&86,!,3+*532,3&9!C5!2(F, |(!
&'(3-*&*53!5385!&6,10(&61&5@('8-!-/-&(*3(A1,1*3&,3-*7*)(&*53!88,:8-1&51A,!
*335+(&*531(381&6*-1¥3++&,-186,1)533,)&*53!A,&@,,31&@5!)53),08&-P1-/-&(*3(A1,!
*38,3-*7%)(&*53!(38!*335+@39

C6,1&,)63%)(11*335+(&*53!+Y,3&'(11&5!&6,IA/*3,-1 )(-,] (-1*&I0'5+*8 -1, 77%)* 3)4!
@6*)6!*-135&15314!1*3F,81&51&6,1+(1/,1(88,8!75'1,)5352*)!" &/'31A/&!(1-5!&6,!
3 +¥532,389!CB,!)(-,1-&/8416(-1*11/-&'(&,8! &6(&!(3*335+(&*58(3 1*3&,'3(1*-)!
&6,1,77,)&-1531&6,!,3+*532,3&.175',9%(201,1&6'5/261&6,!/-,1571,)5  GT7*)*,3)*,- .!
(381)',(&, )520,&*&*+,1(8+(3&(?,10,"),*+ 8!A4105&,3&*(11)/-&52,"-I(-le+(1/,>9! |

NI7/38(2,3&(1!T/,-&*531-)61)520(3*,-16(+,1&5!5+,)52, | @*&6!&6, *1*335+(&*53!
*.1&5!1 3-/' 1&6,1-(+*37-17'521))  5G77*)*,3)41J/-&*741&6,1*3+ -&2,38&9!C6*-I', 71,)&-!
7*38*32-157g8,F, 10',/38ID";":E 1531)/-&52,'|@*11*3?3,--1&5!0(4!75'"
-/-&(*3(A1,17558-.1(381&6,1*205'&(3),I571A/381,-I571+(1/,  G,(&*3?1()&*+*&4!(-!
0(&!571&6,1A/-+3,--1258,1 1(-1&6,41)(3! A'5(8,31&6,1+(1/,1577,*321&5!,3)5/(?,!
)-&52,1@*11*323,--1&510(49L!-/2?,-&&6(&)6!( 1-&'(&,241)(316(+, (3!
*205'&(3&1*20()&!5318*+*371)520(341?'5@&6.!(38!01(4!(31*205'&(3&!'51, 1*3!
8,1*+,*321-/-&(*3(A1,5/&)52,-9! |

QM



!
!
P"I"l &T()8-+65-76*+B&@<&-+,&1-;*..&)*+56,(.-76*+5 &

X520(3*,-1/-+3?1&6,1:(&/'3!B'5@, 1-4-&,2!-&*11!/- |11(A5/175'01(3&*3?!(38 !
6(+,-&*37P18,-0%&,1(8+(3),-*31(?* @&,)6!'5A5&-.1&6,' 1*-135&14,&1-/77*)*,3&!
)53++3)*3218(&(157186,'A,3,7*&-I571&52(&,8! 6('+,-&*329IC6*-1*-1A)(/-,135&!
53141(,1-57&17'/*&)(381+,2,&(A1,--))BI(-11,&&1),1+,'41-/-) 0&*A1,1&518(2(?, .
AJ&I(1-5!&6,10%)F,"16(-1&5!(~-,--1"*0,3,--1A, 75',10*)F*329IN-1-/)6.1&6*-1*-135&](!
&50%)10'525&.,81A41&6,1)520(34!(&!&6,1252,3&9! W5@,+,".|A41/-*3?2105@,' 7/1!
578@(,(@6*)6!*-150,'(&,8!", 258,141 &5!(/&52(&,150,'(&*53-1-/)6!(-1*"*?(&*53!
(3813/&+&*531(001*)(&*5&B,',1*-105&,3&*(175'5&6,'!1,+,1-15712*881
2(3(?,2,3&1(A5/'12(41A,1',01(),8 91C6*-1)5/1805&,3&*(114#,1&6,17'5@, !
-52,1571&6,125' 1,060,3-*+,11(A5/'1)5-&-91CB,', (', |(1-5!-5)*(11*201*)(&*53-157!
&6*-1@6%)6!(,15/&-*8,1&6,1-)50,1571&6*-10'5],)&9M!

P"I"L&U(-N&5:57-6+-,6167/&

Af 17(2%371 &,)6351574%-1(1%23,81&5!@, (FI-/-&(*3(A*1+*&4 @*&6*31&6,!,)5157%)(1!
)5352%)-1)53),0&!(-18*-)/--,81*31X6(0&, 1#9f(&(!)511,)&,8!(-10(&!57!&6,!
-&/8418,&(*1-165@17('2*371-4-&,2-1)52014! @*&6!-/-&(*3(A*1*&412('F,'-17'52)!
7(21(--/'(3),1*3*&*(&*+,-1-  N)BI(-IASNOIH('T/,1:&(38(8!X,'&*7*)(&*53.!@6*)6!
&(F,/(!@651,17(2!0,-0,)&*+,1&5@('8-!-/-&(*3(A*1*&4!DI,'(1,-!,&!(19.1";<RE 9!
B*+,31&6,1)5201,%*&4!571&6, &J!(38!8*77*)/1&*,-1*312 (-/*3?21@, 1 13\ *37!(38!
1&*1*&417'5213(&/'(1!)(0*&(1.1(3818,-0*&,1) 1 (*2-1&6(&!-52,1571&6,1)52053,3&-!57!
3(&/(1N)(0*&(1!(',))*&*)(1!5'1353 B,?5&*(A1,DK'(38.1";:RE .1&6,",!(,1('?/2,3&!
751(1&'(8, G77!A,&@,,31&6,1&@5!,%&',2,-157!@, (F!(38!-&'53?1-/-&(*3(A*1*&41&5!
8,+,150! (10'(?72(&*).10)6*,+(AL,1-/-&(*3(A*1*&49 !!

N-13(&/'(11)(0*&(1!*-1)53-*8," 81*" & +(AL,153),1253,.1,)5157%)(1!,)5352*)!
&6,5'41-127, -&1-&5)F-1)(335&!A,!" A/*1&1(381&6,',75',1&,)635152412(4135& A, !
)53-+8," 8I(-IA,*3?1(A1,1&51)53&*A/&,|&5!-&'537?1-/-&(*3(A*1*&ADf* &c!(38!
204, 1" VLIK'(38.1":RE 9IW5@,+,.75115@*F#*532,3&(1!,)5352*)-!
&6,5'41(38! &6,!@,(F!-/-&(*3(A*1*&41('2/2,3&.1&'(8, G77-1/-*3?1&,)63515?41&5!
2+3*2%_ | 3++532 3&(118,7'(8(&*53 !)(3'A,1(),0&(A1, .I(-135&,81A4K* 141 &!1(19!
D";:<UBIK/*18*3?1531&6*-10",2*-, .1(381/-*3?15A-,'+(&*53-12(8, 1*3186*-1-8/84.1Z!
(2/,1&6(&IAM12( *3&(*3*371)'50-1@*&6*3!(1-2(11,"1(',(1&6'5/761&6, /- 15717
25@*32.125',13(&/(11)(0*&(1!)(3'A, 12(*3&(*3,81*315&6,'1(",(-9!  C6*-1¥201* -!
&6, 1*-186,1058,3&*(1175'12(*3&(*3*3?15&6,1)5-4-&,21*3&, ?*&AI571&6,1(',(-!
@6%)616(+,1,&6,'1A,,3!-(+,817'52IA *3?IA  '5/?6&!*3&510'58/)&*5315'16(+,!A,,3!
&(F,35/&15710'58/)&*539

C6*-)5201* -l @*&6!1(38!-(+*3?11*&,(&/',)(-18*-)/--,8IA4]  d55-1,&!(19!D";<QE
@6*1,186,1?'5@,'185,-135&16(+,1&51)520'52*-, 15314* 1815'115-,15/&!5310'57*&9)!

QU



|

!

C6, 11(38G(+*3?1A,3,7+&1)(31A,I-, 3I(-I(10(&*(1  1-0*115+,".1(1&65/76!75'1&6,!
2(%*2/21,3+*'532,3&(1'A,3,7*&17'521&6, le-(+,8>11(38.1&6,', | @*11!3,,81&5!A, !
*30/&17'521&6,12'5@,'(381&6,! @*111&5!/-,1*&175'1, 3+*532,3&(1!-,'+*),-9!
'5J,)&*3?17'521&6*-I5A-,'+(&*53.1Z!(--,'&1&6(&1&6,'12(41A,(1)538*3/(&*53!571&6,!
0'58/)&*+*-&!" 7%2, 1@*&6!(31*3)',(-,8!"*-FI&6(&!&6,!,%&'(11(38!@*11!A,IF,0&1*3!
0'58/)&*531&517/'&6,1*3)',(-,15/8&0/&!(3810'57*&-! Db5/3?1(38!C*11,4.!";;=.]
K1*?3(/&),&!(19.1":<Q.1S,1&*3!,&!1(19.1";<QE3I0(&H)L(.1Z!("?/,|1&6(&! @6, 3!
25@,-I(,16(+*3210'5A1,2-1¥31()6*,+*371-/77%)*, 3&10'57*&-1&5!", 2(*31*3!
Al-+3,--1&6,412(41A,),3&*),81&51*3)' (- 15+,'(11!5/8&0/&  .16,3),! -N6 A,3,7*&!
)(335&!A,1)53-*8," 81(-1A *371)'&(*3  .JA/&I&B,*105&,3&*(1!*-1&69!

N1&65/76!(-,--2,3&8!57!@,(F!(38!-&'537?!-/-&(*3(A*1+&41*-135&1(175)/-1571&6*-!
-&/84.1%31+* @!571&6,1*3),(-,810'58/)&*+*&410,/3*&15711(38216(+,12(8, (3!
,20%%)(11)53&*A/&*531&5186*-1()(8,2%)18,A(&,! A,)(/-,!571&6,105&,3&*(1175""
7(2*3?1&512(F,[(12%)'5  G53&'*A/&531&85!-&'5371-/-&(*3(A*1*&41D1(38!-(+*37E!
8,-0%&,1A,*3?1)15-,141(11*,81&5!@, (F!-/-&(*3(A*1*&4!A ) (/- |571&6,1/- 157!
&,)63515241*312+3*2+.+321 3+*532,3&(118(2(?,9!C6*- 1*-1A,)(/-,!18(&(1)511,)&,8!
5310'58/)&*+*&410,1/3*&1(,(1-/7?,-&1,1,2,3&-I5713(&/(11)(0  *&(1)(3'A,!
2(*3&(*3,81&6'5/26!86,1&,)6351524>-11(3&(+*3?1058,3&*(1.|@6*)6!6,10-12(*3&(*3!
&6,15+,'(111-&5)FI5713(&/'(11)(0*&(19!Z3-*26&-17'521&6*-1-&/841-/27,-&I&6(&IM!
&,)63515?41(38!&6,1)5",-0538*3?1648'5053*)!(?'5352410'525&, -1&6, /-, 157!
0',)*-*531&, )63*T/,-(38!'(*-,-1&6,105&,3&*(11&5!",8/),"",-5/"),1)53-/20&*53!
(38!@(-&,!8*-05-(1.!@6*1,115@,11(38Y/-(?,17'5212'5@*3?1*31"fI(111)53&+*A/&, 1&5!
&6,17/3)&*53(11*3&,2'*&4!57!,3+*532 3&(1!-/-&(*3(A*1*&4!(-10(&!57!&6,!@, (F!
-&(*3(A*1*&41('?/2,389

P"L&2)* H996H(+)/S&0*.(&78-+&54611*=(.[X%

Z&1*-1("?/(A141&6,1+(1/,10'505-*&*531(38106(.$'%/,I"&(# @6%)6!2(F, (!
877,,3),1(-1)522,)*(1!,3&*&*,-1-)61(-10'5+*8,-1571-2('&!(?"*)/1&/'(1!
&,)63515741)(3!6(+,-5)*(1I5AJ,)&*+,-1(-1@,111(-1)522,)*(1!53,-  9CB6,!
)520(34!(8(0&,8 1*&-1+(1/,1577,%321())5'8*3?1&5!)/-&52,'18,2(38.!-,,F*3?1&5!
3-1'186(&1&6,1)/-&52,1%-1577," 81-52 &6+3?21751@6%)61*&I@*1110,),*+,1+(1/,]
&6'5/76!,36(3)*3?1&6,1)520,8*&*+,1)(0(A*1*&4I5 7R Y/-&52, '-.1)522,)*(1!
25@,'- 9

$)5 G77%)*,3)4.1(-1(18"+ 1571~ [-&(*3(A*1*&41'@6,2(F,& *31@6*)6!&6,)(-,!-&/84!
50,'(&-. !6(-12,'2,81(-153,I571&6,12(J5'18"+,-1571(125+ 1&5@('8-!(125',!
--&(*3(A1,(00'5()6!&5!?'5@*3?!*3855')'50-9! C6*-1*-IA )(/-,1571&6,1&(3?7*A1,!
A,3,7*&-17'52115@,1*30/&!)5-&-1(38!,8/),8!  @(-&,!@6,3"17('2*3?1*-1(850&,8.!
AJ&I*-157&,31)53-*8,' 81(-le-0¥115+,">ID-,,IX6(0&, 'VEY

"OR



|

!

C6,!" (-53!A,6*381&6,1)520(34  >!'&*),3),1&5!0'525&,,1&6,!,3+*532, 3& (1!
2,--(2,1%-18/,1&51)/-&52,"10,"),08*53157!+(1/,MI05&,3&*(11)/-&52, -185!35&!
(1@(4-!',-05381&5!-&'537!, 3+*532,3&(112,--(?,-IA,)(/-1&6,12(*318"++,'-157!
J0&(F,15713,@'&,)635157*,-1(,10'57+&/(381*3)52,9!C6,', 75',.10'58/)&*+*&41&,38-!
&5!1,(81&6,12(F,&*3212,--(?2,IA,) (/- |&6(&*-1+* @,8!(-1(1-&'537?,'18"*+,157!
J0&(F,157186,1*335+(&*539!1C6,1*205'&(3&!)533,)835,', 1*-18,6(&!&6+-10'58/) &*+*&4!
*.1()6* +,81&6'5/761,)5  GT7*)*,3)* -9l

K/&I&6,'1(',17/'&6,1)6(11,3?,-M175',%(201,.|@6*1,10'58/)&*+*&41*-(1&(37*A1,!
A3, 7*&I@6%)6!)(3IA,I(-,-- 8.1 '+*),-1&51&6,1,3+*'532,3&!(",I57&,31*3&(3?*A1,!
(38186, ,75',18*77*)/18&5!) (1*A'(&, (3812, (-/', 9IN-I(!",-/1&.17186,4185!35&16(+,
(1253,&('41+(1/,186,412(4135&IA,1)53-*8,' 81*31&6,1)53&, %&!571&6,17/111+(1/,!
)6(*3.186, A4I8*-&5'&*3?1&6,15+,(1110%)&/ 91C6*-1)5"5A5'(&,-17+38*37-17'521&6,!
I/AL1%)1$)5-4-&,21B558-1(38!:,+%),-17  '52IN?'*)/1&/',1(38!05',-&'41a315)F*37?!
:43,'2* -IDI$BN:a:E!0'5J,)&! @6*)6!75/381&6(&!,3+*'532,3&(114!-/-&(*3(AL,!
0'()&*),-13,,8!&51A,1¥3),3&*+*- 8] DK'5/@,',&!(19.1";<UE!(1&65/?76K.6*-1-&/84!
85,-135&1)1(*74B5@!7*3(3)*(1!A,3,7*&-13,,81&5!A,12(8,)1,(15'1&6,1&*2,10, *58!
75'1@6%)6!&6,41@5/18),8!&51A,10(*8 91S6*1,1),'&*7*)(&*53!-&(38('8-16,10!?'5@, -
()6*,+,1(10'%),10",2%/2175')52014*3?! @*&6!,3+*'532,3&(1!-&(38('8-1&6(&!?5!
A,45381865-,1)5+,' 81A411,2*-1(&*531&6,', 1*-1-&*111(13,,81&5!())5/3&!75'!
-&(*3(A*1*&418&6'5/265/&1&6,1+(1/,1-/00141)6(*3DI,' (1,-,&!(19.!":<RE 9IC6*-!
-122,-&-1&6(&1/31,--186,1-/-&(*3(A*1*&41*-1-/005'&, 8! A41?5+,'32,3&1051%)4.1-/)6!
(-1 2/1(&*5315'1-& @('8-6*01-)6,2,-  .I*&I*-A*F,141&51A,1*3&,?'(&,81*3&5!
)520(34!-&'(&,24 18/,185!&6,110FI57I(A/-*3,~-)(-,!  D:)6(1&,2?,1,&!(19.!
"<(E OL/-&(*3(A*1*&AES,, 75, 11%F, 141&5! 2(*31(&IA,-&!(13%)6, 1)53),0& 9

B5+,'32,3&!051*)412(F,'-!(38!-&' (&, ?*-&-|@5'F*3?!* 31&6,!(?"*)/1&/'(1.17558!(38!
3/&*&*53,)&5" -1-65/18!A,12(8,!(@(',!57!05--*A1,1*201*)(&*53-1571&6*-1(38! Z!
-1??,-& 1&6(&!&6,-,!?'5@*3?!2,&658-!-65/18!A,1)1(--*7*,8!(-10'5+*8*3?!(!10/A1*)!
?5589N-!- /)6 .!(00'50'*(&,!*3),3&*+,- 1-65/18!A,!(001*,8!&5!&6,2.!75'*3&(3),!
A,*3?1*3)1/8,8!*317/&/',IX5/3&'4-*8,!:&,@('8-6*0!*3*&*(&*+,-9!

P"L"08V*A&F.((+&65&F.((+D&

N-1-/-&(*3(AL,1*3&,3-*7*)(&*5312(4!A,10,"), *+,8!(-/(125+,1&5@(8-*38/-&*(1 G
I(LN(?™)/1&),.186,12(41A,1(1)533,)&*531@*&61&6,1)5'05' (&, 1-5)*(1!
' -053-*A*1*&ARH &/, @6,',12,-(?,-)(3IA,10,),*+,8](-!,%8&*3-*).| @6*)6!
*201*,-1*3)’ (-*3210'57*&-.15'1*3&+3-*) |@6*)6!-65@!(-1?,3/*3,1)53),'3!  Df/!,&!(19.!
"<:E 9IC6*-16*?261+726&-186,)5201,%*&41571)522/3*)(&*53-1*31(&&(*3*3?1)537'/,3),!
A&@,,3!-5)*(11*--/,-1(381)520(34!A/-*3,--91C6,1)(-,*11/-&'(&,-1(18*)658524!
A&@, 3!-/-&(*3(A*1*&412('F,&*3?1 @6*)6!*-I57&,31+* @,8!(&105*3&!571-(1,1 75"
)53-/2,"-.1(3810'525&*5315712558-1(38!-, +*),-1(&! (A/-*3,--|&51A/-*3, --]

" |



|

!
1,+,11*31@6)6!&6,11(3?/(?,*-175)/-,81531¥30/&1)5-&-1(38!4* 189!C6*-1)53)/-!
@*&6!&6,17*38*32-157IK, 1cl18';; RE@65!35&,!1&6(&!",-51+*371,3+*532,3& (1!
0'5A1,2-N(3IA- 311 1)53-&'(*3&!1(38!())5-&!7()&5'1(38!86(&1*38%)(&5'-!
5%',33,- I(,16('81&5!2,(-/"175')520,8*&*+,1(8+(3&(?,9!:/)617()&5'-12(4!
(77,)&18,)*-*53-1531/0&(F,.|A/&!, 20%+)(11-&/8% -1A4]  Y@,3!,&!(19!D";<QE3!&6,!
J0&(F,1571,3,'241&,)635152416(+,1*38%)(&,8!&6(&" (&*53(1!,)5352%)!8, )*-*53-185!
358!(1@(4-18"+,1()),0&(3),I57!,3,'241)53-,'+(&*53!&,  )635157*,-9!

" +,'86,1,--.1(&1&6,11,+,11571)522/3%)(&*53-1/38,'&(F, 3| A41&6,1)(-,!75']
Z335+(&,a_.1&6,10/A1%)1?5581A,3, 7+&I571-/-&(*3(AL,!@(4-157! @5 F*3?1*11/-&'(&, -!
&6,18*77,',3),1¥31)522/3%)(&*53-1())5'8*3?1&5!&6,1&('?,&!2('F,&.1(38!6,3), (!
)533,)&*531@*&B'05'(&,!-5)*(1!",-053-*A*1*&49

P"L"I&J-7(F*.6(5&*9&9.(5884.*,))( &

S6+1,1&6*-1-&/8416(-175/38IM17('2¥321&51A,[(A1,1&510'5+*8, (125!
3+532,3&(11417'*,3814!12,(3-15710'58/)*3?17',-617'/*&1(38!+,2,&(A1,-.1(38!
0'5+*8,-1(175'215718%77," 3&*(&*53.1&6,',1*-1351A53/-1¥310'%) -I' ) *+,81A41&6,!
25@,-17'521-/0,"2('F,&-9!C6,',I*-1051(*-(&53  A.&@,,3!5'2(3%)!(38!
)53+,3&*53(1!-,)&5'"-.| @*&6!86,!1(&&,157&,3!8,-) *A,8!(-1e*38/-&*(1>1(?*)/1&/",.
(38135&6*321*8, &@,,39X*&*)(11(00'(*-(1!571&6,18(&(1)511,)&,8!(-10('&!5 7&.6*-!
-&/8416(-11,812,1&5! -/27,-& 1&6(&&6,',1*-1-0(),!75'1&6,10'5258*53157!
-&(*3(A14®'58/),817'+&1(38!+,2,&(A1,-.1(38!&6,10'58/),-1-65/181A !

| @('8,8!())5'8*37149!C6*-1@5/18!,*&6,'12,(3!6*26,1-/0,'2('F,&!0'),-.1-/)6!
(1(1-%2*1('10", 2%/21(1',(84",), * +,8IA415'2(3%)10'58/),-0!  Z3*&*(&*+,-1@5/18!
(1-5'A,13,),-(4!  &5!6,101)53-/2,-1/38,-&(38!@6(&!"(1141*-1-/-&(*3(AL,  !-5!
&6,41)5/1812(F,125',1¥375'2,8)65%),-  91:/)6!(31*3*&*(&*+,1)5/18!A,!1,8!A41(3!
5'2(3*(&*531-)6!(-/d$NO.|@6*)6!(1',(8416(-!,%0,*,3),*3  1(/8*&*3?175@,">-!
3+*532,3&(11-/-&(*3(A*1*&4B815'2(3*-*3?71)53-/2,  G()*3?!,+,3&-1-/)6!(-!
Y0,310('2!:/38(41&5!6,101A*8?,186,12/17'A,&@,,3!7('2*37!(38!)53-/2,'-9!!

/)6 1051%)* -|@5/1813,,8!&5!A,10/&!*3101(), /(& 3(&*53(1!1,+,1!&5!-/005'&!(38!
7*3(3),1-)6  1(31*3*&*(&*+,0!!

P"@?699:56*+8*086++*=-768:

C8,!,20**%)(11,+*8,3),)511,)&,817'521&6,!)(-,16(-175/38! 8*77/-*53157!
*335+(&*531-&('&-1A,75',1)522, V(11" 1,(- /57186, 1*335+(&*+, 1+(1/,1577,*32.!
8,253-&'(&*3?1(31*205'&(3&!",1(&*53-6*0!A,&@,,3!&6,-,1)53),0&-9!C 6*-!
*11/-8&'(&,-1&6,12/&/(11*371/,3),!A,&@,,31*335+(&5'1(38!,('14!(850&,1?'5@, -.!
&6(3F-1&51&6,!7,,8A()F17'521&6,!1(&&,'91Z&!(1-51)5"5A5'(&,-1&6,!('2/2,3&!
0'505-,8!A4! f5/&6@(*&,!,&!(19!D";:<E&.6(&!-&(F,6518,-.1-/)6!(-105&,3&*(1!/-,- !

u#<!
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!

)(3IA,I(12(J5'17()&5'1*31-)),--7/11411(/3)6*321*335+(&*53-1A,)(/-,! &6,4!
0'5+*8,1(3!5005'&/3*&41&51)'(&,1)52253 1/38,-&(38*3?!A,&@,,3!0('&*,-9! !

f/,1&5186,*105&,3&*(1175'10/&&*TR!" 0',--/'153!1353  @850&,-.!,('141(8508&, !
(,)53-*8,",81,77,)&*+,150*3*53!1 (8,'-1*31-52, |- ) &5'-! DO'(&&*3*!,&!(19.1":«QE
(381(-!-/)61-65/18!A,1)53-*8," 81 @*&6*31&6,IA/-*3,-  -1258,19IN31*205'&(3&/!
1%2+8&(&*531571&6*-186,5'41*-18&6(&!*71&6,(*2!57!,('141(850&, -1*310/)6(-*3?1&6,13,@!
T/02,3&!*-18512(*31)520,8*&*+,1(8+(3&(?,.1&6,',1)5/181A,1)5371%)&I571*3&,',-&9!
C6*-)5/181A,",1,+(3& 1&5!0,,' G5, 1)522/3*)(&*53-P\@6*1,1&6,41(" |

)53-+8," 81(31*205'&(3&!*371/,3),!53!(850&+53!8, )*-*53-.10('&*)/1('141*31&6,!
(?'%)/1&/'(11*38/-&'4! DI(&6(F!,&!(19."";<RE)520,&*&5-|@5/18!358! @ (3&!&5!7*+,!
(@(41(341)522,)*(11(8+(3&(?,91Z38/-& 4I5A-,'+(&*53-16(+,1*38%)(&, 81&6/(& ! &6*-!
2(41A,1-,)&5'18,0,38,3&P!0'58/),-1571)52258*&*,-1-)61 (- @6, (&! (38!A('1, 4
85135&1)520,&,!@*&6!,()6!5&6,1*3186,!@(4!&6(&1&6,'3,(, G53-/2,12('F,&-!

- )BI(-1+,?,&(A1,10'58/),-185.1(381&6*-12(41*20()&!53!&6, | @*11*323,--1571,('14!
(850&,'-1&51(8+5)(&,1&6,!(8+(3&(?,-1571(13,@!-4-&,21*71*&17*+,-186, 2!
)522,)*(11(8+(3&(?, !

K4175115@*3?1(1)(-,!-&/84 @*&6*31&6,1)522, V¥ (LI(?*)/1&/" I-,)&5' 1&6*-1&6,-*-1
6(-1(88, 81&5!/38,-&(38*3?!5718*77/-*531571*335+(&*53!(BH@!*&!)(31*371/,3),!
+51/&*531571(1A/-+3,--1258,1 1571(1)520(34!-/0014*32!13,@!(?"*)/1&/ (1!
&,)635152% -I-/)BI(-IMI7('2*321, T/*02,3&  9IC6,1*201%)(&*531*&6(&H)6!( !
AJ-+3,--1258 113, 8-1&5IA,I(A1,1&5!" -053  81&51258*7%)(&*53-1-/2?,-&,8!A4!
&('2,&,81)522/3%)(&*53-1@*&6!2/1&*01,!-&(F,6518,'1?'5/0-1&5!6,10!8,7*3,!
)/-&52,'13,,8-(-10(&!571&6,1)520(34>-18*77/-*531571*335+(&*53.!@6*)6!
-/005'&-1241("?/2,3&1&6/(&!*&1-65/181A,1)53-*8,",81(-1(10', @V*18*3?1A15)F9!
O/'&6, '*201%)(&*53-1571&6,1)533,)&*531A,&@,,3!&6,1&@5!1*&,'(&/",-1(',18*-)/--,8!
*31:)&*53IU9VIA, 15@9

P"#8.<8(&)8-11(+F(&*9&5)-1(R&0*=6+F&*:7&9.*0&78(&+6)8(

X520(3*,-1-)61(-1:(&/'3IK*5053%)-12(414,&! 7*381-)(1*37/01&5!A,1)6(11,3?7*3?1!
@6%)6!@*111*20()&!531&6, *HA&AI&518, 1++,1-/-&(*3(AL,!5/8)52,-1()'5--1(|@*8,
-)&5'1571(?2)/1&/,9IC6*-1*-1A )(/-,1571&6,1)/", 3&1411*2*&. 813/2A, 1571)'50-!
25@3IA4&6*-1-4-&,2.1(38! @6+1-&I&6*-1*-1A *371,960(38,81&6,',1*-1(13,,8175'1&+2,|
&5!8,+,1501(38!1?7'5@!5'2(3*)(1149!C6,!3*)6 )*3!@6*)6!*&!15)(&,8!6(-10'5+,8!&5!
A, 1*205'&(3&!(-1*&10'5++8 - 1(3I(, (I*3! @6*)6!(?"*)/1&/'(11*335+(&*53!)5/18!A, !
8,+,150,8 9IC6*171,)&-1&6,1+* @-157*?75'8! &!(19!D";<UKR6,', A4!-/005'&*37!
&,)635157* -I(38IF35@1,82,1&'(3-7,1&6(&! 7()*1+&(&,(125+,1&5@('8-125',!
-&(*3 (AL,1(?%)/1&/'(110'()&*),-91C5!-)(1,1/0.1&6,' | @*11!A,1(13,,8!75'&6,!
-/005'&I571(13/2A, 1571()&5'-1()'5--1&6,18*77,' 3&IA5/38(*,-1571&6,1)6(*3.1-/)6!
(-17%3(3),.1&517()*1*&(&,1&6,1)520(34",01%)(&*3?1&6,!, 77%)* 3)41571&6, 1*335+(&*+,!
g |



i

25@*371-4-&,21()'5-- 125 1(?*)/1&/ (1A  GA-&,2-1(381)'50-91Z31&6*-1(',(.!
*335+(&*53101(&75'2-1-)6I(-IN?"* &,)61$(-&!(3812335+(&,!a_12(4101(4!(!
7/'&6,1'51,1A4 %&,38*3?1-/005' &9

Y3,1571&6,1)6(11,3?,-157/(115@*3?!)522,)*(11?'5@&6!&5!6(00,3!5'2(3*)(114!D*9,9!
35&IA/4*32158,1)520(3*,-EI*-165@!2/)61*371/,3),1-2(111)520(3*,-1)(3!6(+,!
531(1-,)&5')520(',8!@*&6!1('?,1)5'05'(&*53-!  DW5)F,'&-!(38!Sg-&,36(?,3.!

"<:E QIC6*-I'(*-,-1&6,!T/,-&*531571@6,&6,'1-2('&!(?'5352%)1-4-&,2-1)5/18!

A,)52,125' I571(12(*3-&',(21()&*+*&491:2*&6!  D";;VE!(--,'&-1&6(&!3%)6,-I(’,!

25' 11*F, 141&512(F, I-/)61(1&'(3-*&*531*7186,41(',1)520(&*A1,| @*&6!)/",3&!
-4-8,2-1@6%)6!-/22,-&-1&6(&!*71(1)520(34!*-1A,|(A1,1&5!8,253-&'(&,1-/0,*5'!

0, 75'2(3),1&5!05&,3&*(1!(850&,-|@65!(,!(1',(84!/-*321-+2*1('1&,)63*T/,-.!
&6,41(,125' 11*F,141&5!(8508.&6,!3, @!-4-&, 291!

N-1-)61(-1-4-&,21A,)52,-12(*3-&',(2.1(105&,3&*(1!-/A-, T/,3&1)6(11,3?,16(-!
A,,318,&,)&,8!A,)(/-,1571&6,10%),1)520,&*&*531A,&@,,3!1&6,",  &(*1,-1(381&6,*!
(-422,&%)105@,'15+,"1&6,*1-/001*,-  IDW*3?1,41(38!d*387",,3.1";<;E 91Y3!
8,8,)&*3?!115@,")5-&-1571&6,*1-/001*,-121-/7?,-& 1&6,' 1*-186,105--*A*1 *& 41 &6(&!&6,!
' &(*1,-I@5/181(*2!&5!A, 3, 7*&17'521&6,1)5-&1-(++32-12(8,1A41&6,*'1-/001*, - 1&6,!
25@,-.186/-!1,(8*3?1&5!,'5-*531571&6,12'5@, ->105&,38&*(110'57*&12('?*3-91C6*-!
15--15714(1/,175'1&6,12'5@, - 1*-11*F, 141&5"",-/1&!*31)53&*3/(&*53!571&6,1-0%(11*37!
'),)&5@('8-1&6,115@,-&10™),.|@*&6!15@!0,"),0&+53!571+(1/ BI(?/,1&6, ' 1% (!
3,,8175'1051)412(F,-1&5!-/005'&1&'(3-75'2(&*+,1*335+(&*53- 1 @6*)6!@*11!1, (81&5!
A,3,7*&-175'186,1,3+*532,3&.1'(&6,1&6(3!1,(+*3?1*&I&5!2('F,&! 75'),-9!

P"$8.J.(-76+F&4(.)(6=(,&=-1:(8&9*.&5:57-6+-:6167/&-77.6::7(5&

0'52!(3(14-*-1571&6,1,20%*)(118(&(1)511, )&,8!(381&6,18*-)/--*531(A5+, 13186,
-IA-,)&5'U9U9Q Z4/7?,-&1&6/(&!531(125',12,3,(111,+,1.1&6, 1*335+(&*37?1)520(34!
3,,8-1851,3-/"1&6(&1&6,1*335+(&*531*-1)(0(A1,157!,77,)&*+,141) (&*371+(1/,175'!
A5&6!&6,1)/-&52,'(38!&6,!,3+*532,3&P1*0,9186,I-/-&(*3(A*1*&41+(1/,),1,2,3&!
3,,8-1&51,3(A1,I0'57*&(A1,|A/-*3,--9105')53+, -*531&5!-(1,-.1&('?,&,8!
)/-&52,'-ID*31&6*-1)(-,17',-610'58/),1?'5@, -E!3,,8!&510,'),*+, I*&-1+(1/,! k!
*3)1/8*371" 1(&*+,1(8+(3&(?,18510'5+*8,I" &/'31531*3+ -&2 3&! k!@6*)6!*318/'3!
0'5+*8,-1&6,! 25&*+(&*53175'1&6,21&5!*3+ -&1*31(13, @' @(4'5710'58/)*3?1&6,*1)'50-9!
C6*-1/38,'1*3,-1&6,!'51,1571&6,1,)50',3,/1(381(10'(?2(&*)!2(3(?,2,3&!01(3!&5!
13)5/'(2,10,501,1&5"",-05381&517*3(3)*(11*3),3&*+,-I571)5  @\,3,7*&-1(38!6*26,
0'58/)&*+*&488! ", 1,(-,125']  1(38175',3+*532,3&(1!-,'+*),-.1&6/-18™+*37
&5@('8-1(125'1-/-&(*3(AL,!7/&/', 9! |

Y3,1571&6,1¥201%)(&*53-1*-1&6(&!(105&,3&*(1!@, (F3,--175'1-/)6!)520(3*,-16(-!
A,,318,&,)&,8P(1&65/761&6,4!(,!' -0538*3?1&518"*+ '-I1-/)B!(-1 3+*532,3&(1!

ll#/\ !
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!

1,7*-1(&*53.12('F,&8,2(38!75'1&6,10'58/)&12(41A, 1-15@.!1,(+*3?21*&](-!
&,)63515241*31- ()6!571(12('F,&!/31,--1&6,", 1*-1(1)4)1,!(-1&6,1*335+(&*53!(38!
AJ-+3,--1258 11(',1(8J/-&,8!(-1&6,1)520(3411,('3-125',|(A5/&!)/-&52,'!
3,,8-1(3814+(1/,-9!C5!25+,1&5@('8-1-/-&(*3(A1,1*3&,3-*7*)(& *53./(850&*53!57!
2',,31&,)635157* -1@*11!3,,81&5!25+,15/&1571&6,13%)6,.1-)(1,1/0!(38!A,)52,!
()),08,8!(&(!@*8,'1-)(1,.|A/&I&5!851-51%31(1)522,"*(11-*&/(&*53.1&6,4!-&*11!3,,8!
&5!577,'1&6,12'5@, - /(IA/-*3,--1A,3,7+&9 |

P"1 &G*7(+76-1&9* &5:57-6+-:1(&*:7)*0(589.*0 &?&9-.06+F&
6++*=-76*+&

H41(3(14-*-16(-11,81&5!A,&&,'1/38,'-&(38*3?15717()&5-1A,6+381&6, -, T/,3),157!
+,3&-17'5210,"),0&*531571(3!5005'&/3*&41&58*+*32(850&*53!57!(3!(?"@.,)6!
*335+(&*531-/)6!(-IMI7('2*3?9IN-18%-)/-- 81*3IX6(0&, 1#.!  Z1-/27,-&! 6*76,']
8,3 -*&417(2*3?)(312(F,1(12%)5  G53&*A/&*531&5@('8-1-/-&(*3(AL,!

*3&,3-*7%)(&*5391Y3,1571&6,1)6(11,3?,-1*-1)53&,%&P17("2-1(',1/31(-1)522,")*(1!
O&*++&* -1 @*&6*31(1-/00141)6(*3.1&6/-186,1*8,3&*7*)(&*53!571(IA/-*3,--1)(-,!(38!
&6,1201,2,3&(&*53157!(1/-&(*3(A 1,/A/-*3,--1258, 11*-1)')*(11&5!5/&)52,-9 !

K™*37*3?1857,86,'1(38!",71,)&*3?1531&6,(3(14-*-17'521&6,18(&(!)6(0&, -16(-!1,8!
2,1851-/27,-&18&6(&1*3186,)53&,%&!57IA/-*3,-#310'()&*), .I-/-&(*3(AL,!
*38,3-*7%)(&*531%-1(17/3)&*53157186,1-/21571(13/2A, 1571()&*+*&M!,)5 G7 7*)* 3)*,-..
1(38G-,1-(+*37-.1¥335+(&*53.1A/-*3,--1258, 11(3818*77/-*531571*335+(&*539!

C6,!10(&6!&5@('8-1?'5@*3?!6*76,'14*,18*37?!(38!-/-&(*3(A1,!7558!)'50-!8'(@-!53!
8*77,',3&!&6,2,-91C6,!&6',,12(*3!)53),0&/(111*&,'(&/',-157!&6*-1-&/84!1(',!-65@3!
@&6!&6,!A(-*)1*3&,'-,)&*53-1*310*?/', I<UA,15@9

"H#Q!
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H#4++(% (D65

I"H$Y68& 96 ()* +
A HE-8.YSE +

O"#&*##+
1/2%) +

"HEOLHE () - [# |
!

0)11/*(%-'()*2

3&--"H#&/ H-+
V1A%$&S +

E6F:.(&%RR341*.6+F&8*A&=-1:(&).(-7(5&*=(.1-45&;(7TA((+&78(&)*+)(475&*9&
5:57-6+-;1(&6+7(+5696)-76*+B&,699:56*+&*9&6++*=-76*+&-+,&;:56+(55&0%,(1
C6,"),3&'(1'&6,2,1&6(&!)533,)&-1(11!&',,11*&,'(&/',-1*-1&6,!)',(&*53.!  ('&*)/1(&*53!
(38!0,"),0&*53!57!+(1/,'DO*?/',! <UE9!:/-&(*3(A1,*3&,3-*7*)(&*53!)",(&,-!
,3+*'532,3&(1!+(1/,-P18*77/-*53157!*335+(&*53!*-1(A5/&!0',-,3&*3?!(38!
)522/3*)(&*3?!1+(1/,.|@6*1,!&6,!A/-*3,--1258,1!*-1),3&',8!53!)',(&* 3?1(38!
)(0&/'*3?1&6*-1+(1/,91Z1('?/,1&6(&!&6,!*335+(&*3?!)520(34!6(-1&5!0'5+*8,!(38!
L) IH(L1T7'521*&-1 () &*+*&A4D, &/ 31531*3+,-&2,3&! (-1+(1/,) (0&/' E.1&6,!
)/-&52,'6(-1&5!10,"),*+,1(1+(1/,'D/&*1*&4E!7'521&6,)520(34>-1577,*3?.1(38!&6,',!
6(-'&5'A,!I(M+ (1/,1?,3,'(&,8!75"&6,!A,3,7*&!571&6,!,3+*'532,3&9!C6,!+(1/,!
('&*)/1(&,8!*31&6*-1-&/841*3)1/8,-I1A5&6!/&*1*&41(38!,%)6(3?,1)53),0&-!@6*)6!(',!
/38,'0*33,8!*3!3,5)1(--*)(1!,)5352*)!&6,5'4!(38!&6,'d(@!57'h(1/,!(-!
8,+,150,8!A4!L.*)('85!(38!8,+,150,8!7'52!:2*&6>-  IS,(1&6!57! (&*53-!
DW511(38,"!<R;QB*&6*3!,)5352%)-.1&6,5'*,-157!+(1/,16(+,!A,,3!",7*3,8.1(38!
-5.175",%(201, .!X6,-A'5/?6!,&!(19!D";<UE('?/, 1&6(&!+(1/,'*-18,*+,8!7'52!
8,01542,3&!57",-5/"),- (38! *-1/1&*2(&,14!18,&,'2*3,8!1A41&Q)/-&52,"(38!
@*11*373,--1&5!0(4@6,3!&6,!,3+*'532,3&!*-1&(F,3!*3&5!)53-*8,"(&*53.1*&!) (3!
A,)52,125'15201%)(&,89!  I',&&4!D";;UBE35&,-1&6(&!@6,3!+(1/,*-1253,&*-,8.1*&!
)(3!A,125+,8'A,8&@,,3!8*77,",3&!",-5/'),- |A/&!3(&/',!)(335&!",-0538!*3](!
*2*1(1@(49L,-,()6,'-17'521&6,!1,)515?*)(1!(38!,3+*'532,3&(1!,)5352* )-!
-)6551-1571&65/?6&!6(+,!'(*-,8!-52,1)6(11,3?,-P!75',%(201,.!(  ))5'8*3?!&5!
Ht
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!

0*?7,ID";:#E.1, 3+*532,3&(112(3(?,2,3&!(*2-1&5!)" (&, +(1/,!A(-,8!53!
)5'05'(&,1+(1/,1258,1-  ID@6*)637,- I' &/'3-1&51-6(',6518,-E .|@*&6!&6,!)",(&*53!
571(1-/-&(*3(A1,1+(1/,/(88,8!A,45381,)5  G77*)*,3)4IDO*??,1(38!W(63.!"::QE.!
*2014*3?1&6,13,,8175',77,)&*+,3,--1&51()6*,+,18,-+ 815/&)52,  -9C6,4!('2/,!
&6(&1&5!,3-/',1,3&, 0", 1+(1/,15+,'1&6,12,8%/21&511537,'1&,'  2.)520(3*,-!
3,,81&5!A,(A1,1&5! @*&6-&(381A5&6!,3+*'532,3&(1!(38!-5)*(11-65)F- (--,--*37?!
*_F-157150&*53-1-/)61(-1(*2*32175'16*26,'1-(1,-1*3)52,17'5210'525&*3?17",, 3!
)',8,3&*(1-91a38,'-&(38*3?2!165@!&5!()6*,+ , I'-+1*,3), 1&5!-/)61-65)F- )(3A,!
)6(11,37*32A,)(I-,!  8*77,'3&!()&5-12(4!135&16(+,1&6,!1(2,!  5AJ,)&*+:.!(38!
W(63!,&!1(19!D": <;FD5*3&RI&B(&! 2(*3-1*3153, 1", (.1-/)B!(-!,3+*532,3&(1!
-&(*3(A*1*&412(41)520'52*- 1)53524)12(*3-  1(381+%),1+'-( 9K’ (&*3?!(38!
&6,312,(-/'*321-6(,81+(1/,  DI5'&,'(38_'(2, .1"<<.]_'(2,'(38!17*&c,".!
"<=E12(416,101*3-0* 1(850&*531571-5)*(1!(*2-.10('&*)/1('14@6,3!(001*,8!&5!
)'5-- G,)&5'10('&3,-6*0-.1&5!@5'F!('5/38N\&'(8, G77-1(381)5371%)&-11&6(&m!(',!&6,!
Y1,1'(&6,'1&6,1,9%),08*53[! DW(63!,&!(19.1":<:101"<VBLCE, |(A*1*&41&5!,3-/',1-5)*(1!
(381,3+%532,3&(11(*2-1(',\&(F,317'52!)53),0&*531&5!7/17*12,3& .18,-0*&,!(34!
3,),-(4  &(8, G77-.8,0,38-15310,-53(110,),0&*53- DW/(63!,&!(19.!":<:H38 !
752186,10,-0,)&*+,1571&6*-1)(-,1-&/84.]  *-18*-)/-- 81*3125' 18 &(*11*3! :)&*53-!
VOV9<.IVOV9"I(381VOV9/9!

0'521&6,-,1)53),08&/(11/38,'0*33*37-.1Z1-/77,-&!&6(&!&6,),3&'(1105*3& 1*-1&6)
*335+(&*531@6*)6!(*2,8 1(&)',(& *32-52,86*3? |(AL,I&5!-(&*-741&6,-,18*773&!
75'2-1571+(1/, 1(3812*3*2*-*371(34105&,3&*(1!15--17'521&'(8, B77-1A,.&@,,3&6,!
3+532,3&1(381&6,!,)5352%)!(*2-1571&6,1¥335+(&*371)520(34!(381*&!

)-&52,-  910'52!-, F*3?1&6,11*3F(?,-1A,&@,,3!+(1/,!(38!&6,!8*77,' 3&!
1%&,'(&/'-1*3186,1)53&,%8&!571&6,)(+-&/84.1&6*-!" - ()6!)53& *A/&,-1&5!&6,!
5375*3218,A(&,",7,",81&5IA4! 0*?2,1(381W(63!D";< E!('5/3818*77*)/1&*,-1*3!
')53)*1*3718,2(38!75'1+(1/,175'18*77,' 3&17()&5'"-1-)6!(-1&6,!,3+*532,3&.]  &6,!
)-&52,'1(38  1&6,*335+(&*3?1)520(349Y 3,1571&6,)6(11,37,- 1&6,4105*3&15/&:!
&6(&!,)5G774)*,3)412(4135&1 (1@ (4-1)' (&, ,)5352%)1+(1/,P! &B6/-1*&I*-1)'/)*(11&6(&!
&6,*335+(&*534)(0(A1,1571),(&*3?! +-&(*3(AL,! )53529)1+(1/,! 75186,
*335+(&*39520(341(38!&6,* 1)/-&52,' -9H(00*3?!-)6! +(1/,1*-1)5201,%.! (38!
(", +* @!A4 K5)F,31,&1(19!D"; <#E75/381&6(&!&6,13,,8175',)5352%)!" &/'31)(3!
2(F,*&I8*T7%)/1&1&5! 2A, 81-/-&(*3(A*1*&41*31&6,1A/-*3,258,1.1(3816,3),1&6,!
3,,8175'1*335+(&*531&5!7()*1*& (R, 41/0&(F Q!

N1&65/76!3,5)1(--*)(1!&6,5'41-/2?,-&-1351&,)63515241*-10,'7,)&!(38!()&5'- 16 (+,!
&512(F,\&6,'A,-&1)65%),1(2537-&1)537,--,8141%20,'7,)&!12, (/'[! DW511(38,".!
<R:Q!09QURE&5"-1*31&6,1A/-*3,--1- )&5'l  57&,38'41&510'5+*8,17558-1(38]5'!

- 4%),- | @6%)6!6,1012(F,1&6,*'1-,'+*),-I'(", (38I8*77%)/1&I&5-/A-&*& /&, 1&5!
0'5+*8,1)520, &*&*+,1(8+(3&(? DK5@2(3!(38IN2A'5-*3*1"::E  9C6*-I' 1(&,-!

"H=1
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!

AQFI&5! 5/, @\(-8!&6,5'4 DK5@2(3!(38IN2A'5-*3* 1" E  1(38 1*&!,3&(*1-!
(8/-&*3?1&6,1A/-*3,--1258,11())5'8*3?1&5!)/-&52,'10,"),08&*53157!3,,  81(38!
+(1/,9'C6,-,)53-*8,(&*53-1(,]  A'5/26&1*3&5I01(4IA,)(/-,1)&5"-1(, -, F*3?!
-65'&I5' 1(&IA,-&.12,8%/21&,'21+(1/,|@6,3!&6,4!)53-*8,1&6,41", ), *+,1&6!
2(%*2/2!-(&*-7()&*53! DK5@2(3!(38!IN2A'5-*3* 1"::E  QW5@,+,'175'1-/-&(*3(AL,!
5/8)52,-1&51()6%,+,1",(L1/&*1*&417'521&6,1*335+(&*53.1&6,!,3+*'532,3&!3,,8-1&5!
A,3,7*&17'52115321&,'21)53-*8,'(&*531571+(1/,9t)61+(1/,12(4135&!A,1(&*)/1(&. 8!
*31253,&('41&,'2-.1(381&6,",)5/181A,1)6(11,3?,-1(-10',7,',3),-12(41)6(37?,!

*31' -053-,1&517/&/,15005'&/3*&*,-.16,3),17'521(3! ,0%1%2#0}5352%)-105*3&!57!
+ @186, 1(,1), &(*3I(2A*?/*&*,-O) +,&6,1,-  1Z)("?1,1&6(&!&, IF,4201*%)(&*53!
571&6,1)533,)&*53-1A,&@,,31&6,11%&,"(&/',-1*-1(18*+,1&5!-&()F1&6,!8*77,', 3&!
A,3,7%&-.15'/&*1*&4.17'52186,18*77,' 3&1&40,-I571e+(1/,>1)' (& 8!A41&6,1*335+&*53

C6*-1-&/8412(F,-1(1)53& *A/&*531851&6,18,A(&,! ,%015',8!A40*27,1(38IW(63!
D" < B531&6,11+2+&-1&5!",14*321531 Y57 7%)* 3)41&5!8"*+,I-/-&( *3(A*1*QE6,!
*375'2(&*531(3(14-,8!7'52186*-1)(-,1-&/8411,(8-12,1&5!-  /2?,-&1&6(&B,-0%&, 1*&-!
1%2+&(&*53.)6 G774)*,3)4!' 2(*3-1(- 153,157186,!@(4-1&5!(88',--1&6,1)6(11,3?,-!
5712%3*2+.+321 3+¥532 3&(118(2(?, !A,)(/-,1&6,1,77%)*3)41,1,2,3&!)(3!
0'5+*8,1,)5 352*)IA,3,7*&-9IN-1-/)6.1&6*-1-&/8416(-1*11/-&'(&,8!(31*205'&(3&!1*3F!
A&@,,3!--&(*3(A1,1*3&,3-*7%)(&*53!(38!&6,IA/-*3,--1258, 1A ) (/-,  .18,-0%&,1*&"]
1%2+&(&*53&10' - 3&-1(!A/-*3,-10(&6@ (4! @6%)612(4!6(+,! -52,] 05&,3&*(&5!
), (&A,3,7*&- 1751(111&6',I(,(-1571+(1/, 9W5@,+,'1)(,!3,,8-1&5!A,1&(F,3!(-!
&6,1,%&,381571&6,! @138!(34!0'505'&*53!571A,3,7+&-2(4 135&IA,1&6,!-(2,175'1(11!
0(&*,- AW(63!,&!(19'D";<;E75/38!&6(&!8,)*-*53-1531@6,&6, | (1A/-*3,--1-65/18!
75118!86%-10(&61)(3!A,1&(F,3!185@31&5!+38*+*8/(111,+,1-1571+(1/,10,"),0&*53!(38!
258*+(&*5X381&6%-1*-1(1-5!" 71,)&,8IA41&6,1()&*+*&*-I571()&5'-1*31&6*-1)(-,1-&/84

N-1&6,1)/-&52,12(4135&1-6(',1&6,!-(2,10,"),0&*53!57!-/-&(*3(A*1*&417'52!,)5 G
TTH)*,3)%,-.186, " 1+-1(11*3FIA(FI&51&6,18*-)/--*531*31: )&*53-IVI#9Q.IVI#9=.IVO=!
(38IVOVIQ!531&6,1%205'&(3),57!,)5352*%)-1¥31-/-&(*3(A*1*&4.1&6,1'51, 1571 )&
77,)&*+,3,--1(381&6,!5+,'&])5+,'&IA/-*3,--I' 1(&*53-6*0! @*&6!-/-&(*3(A*1*&49!CE*-!
£ IA)(/-17'521(-(1,-1(3812(' F,&*3210,-0,)&*+,.186,!)(-,1-8&/8416(-!
*11/-&'(&,8%6,13,,81&5!",8/),1&6,"-FI5713,2(&*+,10,"),0&*531&5@('8-!
-&(*3(A*1*&4!7'52186,1)/-&52,'0!

0'521&6,10,-0,)&*+,!571&6,10/)6(-,-.|(-'5A-,'+ 8IA4! X6,-A'5/76!,&1(19!
D":<UB+(1/,1*-1(2/(A141&86,10'%),186,41(',| @*11*3?1&510(4!(381&6,/&*1*&41&6,4!
5A&(*317'521(1+(1/,1577,*3291K(-,8153!(3(14-*-1571&6,!,+*8,3),1)511,)&, 8!*31&6*-!
-&/84.1&6,1*201%)(&*531*-186(&1&6,10'525&*531571&6,1+(1/,1571GB7*)*,3)*,-)(3!
Al-,81&5125&*+(&,1()&5"-1-)6I(-1)/-&52, - 1A, )(/-1&6,412(*31A,&&., 10'57*&/!
2('7*3-17'52115@,'1*30/&1)5-&-1(38!1 - 1@(- &,9!C6,-, '5(8-1&5!)5-&!
77,)&*+,3,--10'5+*8,1(31*205'&(3&!-5/),I571+(1/,]  DK5@2(3!(38IN2A'5-*3 * !
"H\/ |



|

!

"B 1(38186%-1-8&/8416(-175/381&6(&!8*+*371)/-&52,10,"),0&*53!57! )520(34 G

-0,)*7*)1 A,3,7*&-1%-16,107/11*31(88',--*3217,(-1&6(&!,)5 G'*,38141-4-&,2-' -/1&!*3!
*3)' (-,81)5-&-1(38!15@,'10'57+&-91Z!1-/7?2,-&1&6(&!8,-0*&,1)53),'3-((A5/&! )5 G

TT4)*,3)41A,*321(12,(3-1&5!)53&*3/,IA/-*3,--1(-135'2(1.1&6*-]  -&/841*11/-&'(&,-!
&6(&!,)5G774)*,3)410'5+*8,-I( 17+-&1-&,01&5@ ('8-&*2/1(&*3?1)6(3?,.10('&*)/1('14!
*3186,1)53&,%&!571,2,'2*371&,)635152* -1-/)6!(-1"I(?*)/1&/,9! !

S6,31&(F,3!7'521&6,! )515?%)(11,)5352%)-10, '-0,)&*+,.1,77%)*,3)41*-1&6,18,*+ 8!
8*77,'3),)A.&@,,3!&6,1)5-&-1(38!5005'&/3*&41)5-&-| @6*)6!(',|35&! 1*3F ,8!&5!&6,!
,3+*532,3&! DO*??,1(38!W(63.!";<"E.16,3),1&6,!-&'(&,?*)!/- |A4I&6,!
3&',0,3,/T*335+(&5'1571,)5  G77*)*,3)416(-10'5+,81(1/-,7/112,(3-157!
*3),3&*+*-*371(125+,1&5@('8-1-/-&(*3(A*1*&49W5@,+,".|(1,&&4!D";;UE',05'&,8.!
@6,317558-1(--+23,8(1253,&('41+(1/,!(',1&6,3115-&.17  /38-17'52I5&6,'!

' -51),-1)(3'A,IA'5/26&1*3.165@, +,'.|&6*-1*-1358186,1-(2,175'1&6,!,3+*532,3&..
(381713(&/(11',-5/),-1(',115-&.1&6,41(",135&!-5! (-41&5!",01(),9!Z1-/27,-&.
&6,,75',.18&6(&!5+,'1&6,11537,1&,'21&6," 1*-1-&*111(13,,81&51*3), 3&*+*-, )6(3?,!
&6'5/261A,88&,/38,-&(38*371571&6,1+(1/,1571&6,!,3+*'532,3&!(381+&-17'(7*1*&4!(-!
0(&!571(1A'5(8,'1-0,)&/2!571A,3,7+&-9!  O/'&6,1-&/8* -1)5/18!,%6015'1*3125',!
8,&(*11&6,12(?3*&/8,157!-/)6!@*3-.1(38!(341&'(8, G77-1@6%)612(4!3,,81&51A,!
2(8,.!@6%)6!*-1(8+5)(  &,8!A4W(63!,&!(19!D":<;@

C6,1651%-&*)!7'(2, @5'F!/-,81*31&6*-1-&/841)53& *A/&,-1&5!(1'5/38, 8!
/38,'-&(38*3?!@6%)6!-&',&)6,-17'521&6,!3,,81&5!25+,1&5@('8-1-/-&(*3(AL,!
*3&,3-*7%)(&*531&6'5/761&5!86,1571&6,1&,)63515 24917&1-&('&-| @*&6!(31*335+(&*53!
@6%)61577,-1&,)63*)(11(8+(3&(?,-1*31(88*&*53185!-/-&(*3(A*1+&4.1(381&6,3!0(--,-!
&6'5/261(1-&(?,15718*77/-*531571+335+(&*5391Z&1*-18/*321&6*-1-&(?,1&6(&.1&6'5/76!
8@ED(41)522/3)(&*53-.1,('14!(8508&, -1)(3'A,V/-,816,101&5!"  ,7*3,1&6,!
*335+(&*531*3&51(1+(1/,1577,%37.1())5'8*3?1&5125", 10’ }*-,1)/-&52,'13,,8-9)!
C6*-1*-186,18&*2,18&6(&!&6,1*335+(&*5310(--,-1*3&51&6, 1+(1/,)6(*3.1(381+&!*-1&6,3!
3+,150,81*3&5!86,IA/-*3,--1258,1.1@6*)6!2(41A, |(8/-&,81&5!(8(0&!&5!&6,!
3,,8-1571&6,1)/- &52,'91C6,1*201*)(&*531571&6,-,17*38*37-1*-18,6(&1&6,4!
8,253-&'(&,1&6,13, 81&5!,77,)&*+,1410(--1+(1/,1&6'5/?76!,()6!571&6,-,1-&(?,-1&5!
2,8186,1A,-&IA/-*3,--1' -/1&-1(3815/&)52,-175'1&6,1,3+*532,389! |

C6'5/76!/30()F*3?1&6,18+77,' 3&1/38,'-&(38*37- I571+(1/,.18*-1-&/8416(-175/38!
&6(&1()6*,+*3710,"),*+,81+(1/,1(&!,()6!-&(?,!", 1* -153!F,41()&5'-| @5'F*3?! @*&6*3!
F,4!" 1(&*53-6*0-9/C6,10"*3)*0(1!()&5D-)6!(-I(IXSYE 16(-1A,,31*8,3&*7+,8(-!
01(4*3?!(IF,4!'51,1&6'5/765/&!(111&6,18*77,' 3&!-&(?,-157186,1-4-&,2.17'52186
5'+2+3(11*335+(&*53!(38!&6,!(005'&*532,3&!571+(1/,.1&5!,()6!-&(F,6518,".1&5!
' -51+*3?1)5371%)&-.I", 7*3,2,3&-1(3812('F,&*3?1571&6,10'58/)&9!C6,!,)50',3,/'
3,,8-18518,253-8'(&,!186, | (A*1*&4&51&(F,15312/1&*01,1'51,-.1)',(&,!3,& @5'F-!
()'5--18*77,', 3&0('&-!5 71&6,1-/00141)6(*3.18* )&IA/-*3,--1-&'(&,?41(38!1*-&,31&5!
"#U!



|

!

J-,71117, 8A()FI&6(&!@*11!,+,3&/(114!8"*+,1&6,|A/-*3,--175'@('89!:/)6!7,,8A()F!
)(31*375'218,)*-*53-153165@!&51258*+(&,15&6,1()&5'-1*31&6,I-)&5'1&5!()), 1,'(&,!
)6(32,1&5@('8-1-/-&(*3(A1,1*3&,3-*7%) (&*53.1@6*)6!*-186'5/761&6,!
)522,)*(1*-(&*531571-52,&6*37175' @6*)61&6,1)/-&52,'10,"),*+,-1+(1/,1(38!
(1-5!6(-1586,1A,3, 74)*(*,-9! |

N3(14-*-16(-1-65@3!&6(&!&6,!(?,3& @65!8,)*8,-153165@!(38!@86,',1&6,!
*335+(&*531)(3!)',(&,1+(1/,(38!&6,3150, (&*53(1*-,1&6*- |A41(1¥?23*371&6),!
*335+(&*531@*&6!*&-18*77/-*531(381&6,!,3+,150*321A/-*3,--1258 1.1*-186,!
3&',0',3 /'OIK/-*3,--I-])),--1*-18,0,38,3&!53!&6,8,)*-*53-1571&6*-|()&5".!
@65!)(3!%3),3&*+*-,15&6,'-. 10(&*)/1('141*71&6,' 1*-1(105@, 7/11258*+(&*53!&5!8"*+,!
&6,172175'@('89!C6,!-(2,!()&5'1*-!(1-5!",-053-*A1,175'18*+*3?1-/-&(*3(AL,!
5/8)52,-.|@6%)6!*201*,-1(3!,3&',0',3,/"l @*&6!&6, | (A*1*&41&51/38,'&(F, 12/1&*01,]
'51,-1%-1A,&&, (AL, 18518+, 1-/-&(*3(A1,|A/-*3,--15/&)52,-91 |

Z1("21,1&6(&IA/-*3,--1258,1-1(00'5()6,-1)(3!A 1*20'5+ 81A41(88*37125"!
(A5/&!8*77/-*531571*335+(&*531&5!¥375'218,)*-*53-1(A5/&!&6,1+(1/,1577, BN &I57!
&6,*335+(&5',3&',0',3,/*(1I'51, 1*-1&511*-&,31(38!()&!53&6,150*3*53-15715&6,
-&(F,6518,-!@65-, IF35@1,87,*30/&-(,! (88,8 1&5!&6,*335+(&*531%,(&,!(!
13%7* 81+(1/,)(--,,31(&1&6,1),3&',15710*?/" 1< ROICE*-1+(1/,1&6,3!A,)52,-1&6,!
3&'4105*3&715'186,1A/-*3,- .1(38! *Q(31)53&+3/,1&5!843(2*)(1141,+51+,1(-10('&!57!
&6,IA/+3 > 1 +%+(11-8/(&,?4 Q!

CE*-1*-10(&14IA,)(/- (@(,3,--1571&6,*335+(&*5  312/-&IA,I(A1,1&5!)/&1&6'5/76!
&6,1*3,'&*(157105&,3&*(1/(8508&,-.1)',(&*3?/(@(,3,--157!A,3,7*&-175'1&6,*!
Al-+3,--186'5/261*3+,-82,3&!*31&6,1¥335+(&*539!

Customer
interface
(Dofl)
L Sustainable
stream o
Intensification
For whom? Innovation

!
E6F:.(896\81*+56,(.6+F&(1(0(+75&6+7(.)*++()76+FE&ABT8&TS(&)*+)(478*98&=-1:(

"#R!
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!

Y3,1571&6,1)*&*)(117()&5'-IA,6*381&6,1-/)),--1571(1)520(34!*-186,!1,('3*37!
0'5),--1*&1/38,'?5,-153165@!&5!A*181+(1/,175'186,18*77,',3&!-&(F,6518, -1*31&6, !
+(1/,1)6(*39!C6*-1*-I' 71 )&,81*310*7/ 1< R@6*)6!*11/-8'(&,-1&6,18*77,",3&!(",(-!
*3&,'()&*3?1@*&61H( (38! @6*)61)520*-,IF, 41(', (-|@6*)6!3,,8!&5!A,17/17*11,8!
75'-/-&(*3(A1,'A/-*3,--15/&)52,-PI*71&6,105&,3&*(110/)6(-,185,-135&10,'), *+,!
+(1/,17'521%3+,-&*371*31(13, @!-4-&,2.135!0/)6(-,| @*11!A,12(8,.16,3),1&6,!
*335+(&*53!3,,8-1&5!)',(&,1-52,&6*3?!571+( 1/,1&5!-51+,1(10('&*)/1(10'5AL,2!
%0,,3),81A41&6,] )/-&52,'91C6*- 13, 8-1&5IA,1&()*&141/38,-&5581A41&6,!
)520(34.1(38!,()6!571&6,-,!,1,2,3&-1571+(1/,12(413,,81&5!",),*+,1-52, !
(8J/-&2,38&.1-1772,-&*3?1&6,1*205'&(3),157!1,('3*3?1(381&6,3!&(F*3?!&6,!
(00'50'(& ,!8,)*-*53-175'@('89! !

C6*-1-&/841¥11/-&'(&,-1&68825',1&6(3! J/-&1&6,!()6*&,)&/,|571&6,1*335+(&*531&6(&!
8)&(&,-1&6,1-1)),--157186,1,3&,'0*-,  |@6*)6!)5"5A5'(&,-|@*&6!&6,!@5'F!57
C*22,-1 D<RRUES! /(&F5!,&!(19!D":<#MOISE(&I8*+ -IA/-*3 --I-) -] *1&6,!
'51,186,1*335+(&*5BIL(4-1*31)',(&*3?10,) *+,81+(1/, 'A)(-1*& 18+ -1/0&(F,9!
N3(14-*-1571&6,17+38*37-17'52186*-1-&/841-65@1&6(&! (8(08*3?1&6,1+(1/,1577,*37!
()5'8*32185!8,2(38!  *-1)*&*)(11&510,),08*531571+(1/,!(--*?3,81A4105&,3&*(1!
(850&,'"-.|@65!2(41(1-5!+(1/,1/-, 7/13,--1(38!,+,3!-42A51*-2157! &6,10'58/)&..
@6%)6!(',1-*2*1('1&517*38*32-I5HM@,3!,&!(19'D";<QEK4!)533,)&*3?1 &G A/-*3,--!
258,11@*&6!8*77/-*531571*335+(8ZB31,!  &6(&!,('14!(850&,-13,,8! &5!A,I(A1,K5!
2,3,(&,,)5352%)1+(1/,17'521&6,1*335+(&*539!:/)6!+(1/, 1*-| 1*F, 1418516, 10! A/*18!
)537*8,3),1*31&6,1*335+(&*53(381&6,', 75',1-&*2/1(&,! A/-*3,--17'52186,1+(1/, !
577,*321@6*)6!,3&(*1)522/3*)(&*53-1&5!8*77/-,1&6,1*335+(&*530B&, ' ()&*53-!
A&@,,3'86,1A/-*3,--1258,111*&,"(&/',(38!&6(&!8*77/-*53!571*335+(&*5F
7/'&6,'18*-)/--,81*31: )&*531U9U 9!

C6*-1-&/84175/381&6,105-*&*53*321571&6, 1+(1/,I577, *BR5I A1) *&*)(11&15522, (1!
-),--1(38!  (&K"K!1,+,1.%6*-18,0,38-153!", 1(&*53-6*0-! @*&6!-/001*,'-.!
0(&3,-1(381)/-&52,-.1", 71,)&*371&6, 1+* @-157!  H5"*-1,&!(19!D";;=EIN!1*2*&(&*53!
571/-+3,--1258, 111*&,'(&/',1*-1&6(& 1()&5'- X3 81-&(F,6518,->10,"),0&*53!57!+(1/,!
)(31)6(3?,15+,1&+2,1())5'8*3?1&5!)6(32*321)*)/2-&(3), - 91G'1,%(201, (!
&*72,'1+3812,(3-1&6(&! @6(&-I'(3F,8!(- 6(+*3?1A,,3157 1+,'416*261%205'&(3),!
&58(4.)(3IT/*)F141A,)52,15711*&&1,1*205'&(3),91C6*-12(4!IA,18/,1&5!(! ),'&(*3!
-&(?,1¥31(1)520(34>-11*7,)4)1,.15' +,3&-15/&-*8,1&6,1)53&'51157!&6,1)520(34.
)BI(-1,%&',2,!@,(&6,'15')6(37,-1*31(1051*&*)(1!',2*2,91C6*-I' - (')6!
8,253-&'(&,-1&6,1¥205'&(3),1571)53&*3/(114!(--,--*3?17, BA()F!(38!,+51+*37!
35&!53141+(1/,!)',(&*53A/&I(1-5165@.!(38!&5!@652.1&6,1+(1/, 1*-1('&*)/1(&,8!(38!
&6, -11&*321)6(3?,-1*31&6,1A/-*3,--1258,19 |

C6,1¥201%)(&*5317'52!A,&&,'1/38,'-&(38*321571+(1/,1*31*&-18*77 ' 3&I75'2-1*-186(&!
75'1(850&*531571(31*335+(&*531&5!&(F,101(),1&6,!(850&, 16(-1&5!0,"), *+,H(1/,!



|

!

A,75'1&(F*3?1(11,(015717(*&6.| @6*)8?27,-&-1&6,13,,8175'1(3!,77,)&*+,1*3&,'7(),!
@*&6!)/-&52,'-1(381)53+*3)*371)522/3*)(&*53-1&5!A/*181&6,*1)537*8,3),1*31&6,!
(A*1*841571&6,1¥335+(&*531&510'5+*8,1-51/&*53-91Z71&6,',1*-1351)537*8,3), .1*&!)(3!
' -11&1*3115@!8,2(38!(381*335+(&*53-1)(3!A,)52,1-51/&*53-1+313, 8157](!
0'5A1,2.11,(8*3?! &51*2*&,8IA/-*3,--1-/)),--9IC6*-|@(-I5A-, + 8! @*&6!-52, 57!
&6,1)520(3*,-15*2*3(11418,-*23(&,81&5!A, 10('&!571&6*-1-&/841D,979!11(3&(?53.!
L,7MIhO<E.!|@6*)6!75)/-,8!5312('F,&*3?K&:6,-/-&(*3(A*1*&41(-0,)&-1571*&-1+(1/,!
577,%37.1A/&18*8135&1%3)1/8,1-65'&I5'12,8%/21&,'2IA, 3, 7*&-1&51&6, /- 13186, *'
/38,'-&(38*3?!571-/-&(*3(A*1*&41571&6,1*335+(&*53!(38!/1&*2(&,14!-&500,8!&'(8*3?9!
C6,1-/7?,-&*53.1&6,', 75, .1*-18&6(&175'1-/-&(*3(AL,JA/ -*3,--15/&)52,-.1&6,!

' -053-*A*1*& 41| @*&6!86,1,38',0',3,/1&512/*8, 1) &*+*&*,-|@6%)6!(', )5+, ,81A4!
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)53&*A/&*531&5!&6,!8,+,1502,3&!57186,I5+, (111A/-*3,--1258, 1486, IF, 41*3-*26&!
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*335+(&*53!(38!&6,!A/-*3,--1258,19 !

Sustainable Diffusion of Innovation Business Model
intensification

Innovation (technical) Diffusion of Innovation B business

e.g. new growing information model creates
techniques concerning the organisation around
‘innovaﬁon; interface innovation
between technology,

agronomy and farmers

Business model needs
to adapt value offering
according to feedback

Competitive & public

good components;
The offering has to be Sustainability a core

competitive value, but not always
promoted
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F,4185),77,)&*+,1*335+(&*531(-1*&17()*1*&(&,-!,36(3),8!/38,-&(38*3?!57/@86,",!
+(1/,11* 175", ()61-&(F,6518,'12'5/091C6, 1*201*)(&*53!571&6*-1*-I' }523*&*53157!
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A-,T/,38141)522/3%)(&*3?!  *&.1(381&6,1843(2%)-1571(1A/-*3,--1258, 11 @6*)6!
)(3"',-05381&51)6(3?7*3?1+(1/,10,'),0&*53-9IN111&6,-,1,1,2,3&-!3,,81&5!A, !
8'*+,31(3812(3(?,8.1(38!(&1&6,16,('&I571&6,|A/-*3,--1+-1&6
3&',0',3,/T*335+(&5'9IC6*-18*(?'(21-65@-IF,41)533,)&*53- 157186, | () &*+*&*,- |
3,),-(‘41&5IA/*181(1)520(34! @*86!&6,-1+(1/,-  .1&6,15'2(3*-(&*53(1I(A*1*&4I&5!
%015*&!,+51+*3718,2(381571)/-&52,"-.1(381&6, |(A*1*&41&5125+1(381)', (& 1+(1/,!
&5!-)/',1-)6!,%6015*&(&*539!

X53-*8,'(&*531571&6,1*205'&(3),15718*77/-*531(1537-*8,1&6,IA/-*3,--| 258, 1!
A*18*321A15)F-I' 7," 81&5!*31X6(0&, V.16(-11,812,1&5!)53-*8,'1 @6,&6,'!
8*77/-*531571*335+(&*531*-1(0B/*18*3?IA15)F!5'175'2-10(' &!57!(IA/*18*3?IA15)F .
)BI-1+(1/,1),(&*531(38!8,1*+,'49] |

O*?/', I'< 1-65@-165@!&6,IA/-*3,--(8(0&-1&516(+,1(1-&'53?  175)/-1531,77%)*,3)4!
(381)520,8*&*+,3, P&B,I(A*1*&4I&5IA,)520,8*&*+,18,-0%&,1577,*321+(1/,1&5)(!
&6+810('&41D&6,!,3+*532,3&E!(IF,4175)/-1571&6,1)(-,1-&/841)520(34!(38!
(2/(AL41(18"*+157IA/+3,--1-])),~-1&518(&,91Z3-*?6&-1-/7?,-&&6/(&) &B*-1*-]

8, +,817'52186,1)520(34>-1/38,'-&(38*3?!571&6,13,,81&5!0'5+,1&6,1+(1/,1571&6,!
*335+(&*531(38!8,253-&'(&,1*&.1(1537-*8,1&6,|(A*1*&41&5!('&*)/1(&,!,)5352*)1+(1/,9!
C6,-,1)6('()&,"*-&*)-18,0,381531&6,|(A*1*&41(38125'(11)520(--1571&6,IX$Y!57!
&6,)520(341&5!,3-/'  &6(&!(111&6,!,1,2,3&-|@5'FI&5?,&6,'1-,(21,--149!

C6,1,4+*8,3),17'521&6*-1)(-,1-&/841-/7?,-&-1(10(&6 @ (4!&5!-/-&(*3(A*1*&4! @6*)6!*-!
1*3F,81&5!86,1)520,&*&*+*&418,*+ 817'521&6,1*335+(&*53!(381&6, ', 1 (&*+,!
(8+(3&(2,!')),*+,81A41)/-&52,-17'521(850&*321*&9IX)  *(1I&5!-)),--1*-186,!
(A*1*841&51577,1-52,&6+321&6(&1577,'-1('&*)/1(&,-1+(1/,1*31&6,175'2157"" 1 (&*+)!
(8+(3&(?,175')/-&52,-  1@6*)6!*-1A &&,1&6(834!)520,&*&5'-.16,3),1&6,!3,,8!
&51()&*+ 141 +* @(38!' +*- 1&6,1A/-+3,--1-&'(&,?41())5'8*371&5!&6,, +51/&* 53!57!
+(1/,91CB,!' +*-+53-1(',1*3)' 2, 3&(1!'(&6,1&6/(3"(8%)(1!(38!A/*181531&6,!

"=V



!
!

+51/&*531571)/-852,'18,2(38!7'521&6,12('F,&!(1',(841&('?,&,8!(38!&65-,| @*&6!
(1)15-,1)533,)&*531D-/)6!(-1+,?,&(A1,-12'5@3!75'17558!(38!A5&(3%)(1!6,'A-OE !

S6,31)53-*8,*3218*77/ -*531571*335+(&*531*31&6,1)53&,%&!57!-/-&(*3(AL,!
*3&,3-*7%)(&*531&,)63515741(381/38,-&(38*37Z!("?/,1&6(&!&6,", 1*-1(13,,81&5!
8,7*3,!(1A5/38(4!A &@,,3!8*77/-*531571*335+(&*53!(&10'G520,&*&*+,(38!
)520,8*&*+,1-&(?,-91CE*-1*-1A )(/-1&6,",1(,))511,)&*+,  IA,3,7*&-15710/AL*)!
2558-.|@6*)6.1*31,)5352%)1&6,5'4.1(',1353  G+(1!?558-1-/)6!(-1&65-,!
)53-*8,*371)1*2(&,!(381&6,!,3+*'532,3&9!I'*+(&,17558-.1-6I(-|(?* G558
0'58/)&-.1&*2A,'1(381&5/*-&)(&&'()&*53-.|@5'FI@*&6*31(1)520,&*&*+,!, 3+*532,3&9!
C6/-1*20'5+,2 ,3&-1*310'58/)&*+*&4!(153?-*8,!,3+*'532,3&(110'5&,)&*53!(38!
-/005'&,81AM-5*(LI(@(',3,--.!-/)6!(-1&65-,1)533,)&,8! @*&6!&6',, G
8*+2,3-*53(117('2*3?!@6%)6!?,3,'(&,10/A1*)|(3810"*+(&,17558-1-*2/1&(3,5/-14.!
3,,81&51A,1, 1*?2*A1, 751, %&'(I-/005'&IC6*-16+261*?6§31*3&,'8,0,38,3),157!
3(&/'(11(381-5)*5 G)5352*)!-06,',-1(38!&6,1)5201,%!",1(&*53-6*015717("2*37!
Df,IB'55&!,&!(19.!":<"E!(381&6,!3,,8175"A,&&,1()(8,2")!/  38,-&(38*3?!57!65@!
8518+ 1¥3)' (-*3718,2(38175',)5152%)(114!-/-&(*3(A1,1?558-.1&6'5/26!(!
)533,)&*531@*&6!,3+*532,3&(1!(38!(?™)/1&/(1!,)5352%)-11*&, (& !A,)(/-, 157!
&6,13,,8!7517(2,-1&512(F,1(10'57*&9 !

C6,',1*-I'552175'1&6*-186,5'41&5!A 17/'86,1( 8+(3),81A4!,%015'*3?1&6,1-&,0-!
(1537-*8,1&6,1(8508&,'"10,"),08*53-1571&6,1)6('()&, *-&*)-1571&6,1*335+(&*531 @6*)6!
(,18%-)/-- 81*31X6(0&,"1=9  IC6*-I' - ()610'5+*8,-1(17'(2, @5'FI&5!8"*+,IA &&,'
/38,'-&(38*3?1571&6,1,77,)&-1571(8(0&*3?12,-(?,-!  ())5'8*3?1&5!0, '),*+,81+(1/,!
(38!-/A-,T/,3&!1*3F-1&51&6,1)520(34 >!A/-*3,--1258,1910/'&6,'1' -, ()6!*-!

T BI&BIA/F181,20%%)(11,+*8,3),1531%3-&'/2,3&-]  @6%)6!77,)&*+,1417()* 1 QIR
*20,8 , 125'1@*8,-0',(8!(850&*53 .!(38!&6,*1*3&,'()&*53!@*&6!,1,2,3&-157!+(1//9

P"V&"00 -/&&

a-*3?186,)52A*3,817'(2, @5'F!@6)6!6(-'A,,31-43&6,-*- 817'521&6,1&6',,!
1%&,'(&/' - /(3(14-*-153165@!&6,)(-, 1-&/841)520(34! @5'F-16(-"', +,(1,81&6,!

- 57 *Y1(1-4-8&,2-  @B\(-,8!/(00'5()6!&6(&!1)520*-,-1*3&,'- )&*53(L!(',(-1*3!
&6,1-,()6!75'1+(1/,9IC6, 171/*8*&AI571¥3&, - )&*53-1@5'F-1&5!)',(&,171,%*A*1*&41+31&6,!
Al-+3,--1258 1. 1@6%)61*-1*205'&(3&!A, ) (/-,1&6,1) *&*)(117()&5'175'1-/)),--16(-!

A,,31*8,3&*7* 81(-165@!&6,!,)50',3,/1?(*3-IF35@1,8?,!(381*3&,'0', &-1*&!*31&6,!
)53&,%&!571+(1/,.1(381&6,3!/-,-186*-1/38,'-&(38*3?1&5!A,3,7*81&6,18*77," 3&!
-&(F,6518,-9!!

Z3-*?6&-17'521&6*-1-&/84!6(+,!8,&,'2*3,8!+(1/,!1&5!A,1&6,!)'/)*(1!1,+,'(?,105*3&!
8*+*3?125',1-/-&(*3(A1,!@(4-1571?'5@*3?!)'50-!(-1*&!8"*+,-1/0&(F,!(38!A,3,7*&-!
75'&6,!,3+*'532,3&9!C6/-1&6,!7*'-&!-&,01318"*+*3?1-/-&(*3(A1,!5/&)52,-17'52!

"=yl



i

)522,)%(LI(?*  @,)6!*335+(&*53-1*-1&5! -&(A1*-61@6(&!-/)6!+(1/,-1)53-8&*&/&, ! 75']
()6!-&(F,6518,".1(381,3-/",1&6,1*335+(&*5312(F,-1(31*205'&(3&!)53& +*A/&*531&5!
&6,21(3810'5+*8,-1(12,(3-175'1*3&,'3(1*-*32!,%&,'3(1*&*,- D/)6!(-!
3+*532,3&(118(2(?,E Q!

Z)('2/,186(&!&B8,1%+,1571-/-&(*3(A1,!5/&)52,-.|(|1A/-+3,--1258,113, 8-1&5IA,!
8,+,150,81&512(%*2*-,I' -5/'),1, 77%)* 3)41(3818,1%+,1)522,)*(117/3)&*53(1*&4.!
)',(&*3?1(1+(1/,10'505-*&*531&6(&1*-1(&&' ()&*+,135&!5314) (8186 2*2*(&,105*3&!57!
-(1,.IA/&!(1-5!7/'&6,'185@31&6,1+(1/,)6(*39IN)&*++&*,-1/38,'&(F, 318518+ !
0,'),*+,81+(1/,16(+,!A,,31*8,38*7* 81(-1(31*205'&(3&!7()&5'1*31/0&(F, 15 711!
7('2*32.10'5+*8*3?186,12,(3-175'105&,3&*(11)/-&52, - 1&5!&.,-&1&6,1+(1*8*& 4157186,
*335+(&*539!:/)6!A/*18*371571)522/3*)(&*53-16(-IA, ,3!(IF,41,1,2,3&18"*+*37!
)522,)*(11-)),--175'&6,1,)50',3,/'(381&6,1?'5@,"./(38!&6,', 75", |(1-5!
A,3,7*8&*3?186,!,3+¥532,3&9IC6*-1)(3IA,I('?/(AL41A,18,-)*A 8I(-10'5+*8*37!
)520,8*&*+,1,)5 G77*)*,3)411,(8,-6+09 !

C6,1+(1/,1577,%321 0',-,3&- (135+,1!5005'&/3*&4!75'/(--5)*(&*531A,&@,,3!
-&(*3(A1,1*3&,3-*7*)(&*53!(38!A/-*3,--1258,1-1&6'5/?76!&6,105&,3&*(1157!,)5 G
77%)*,3)4.1@6,3'A5&61&6,!,3+*532 3&I(38IA/-*3,-12(4IA,  3,7+&9!C6,1*20'5+ 8!
51,1, TTH* 3)AITEIMI7  (2*321)53&+A/&,-1&51&6,18,A(&,153](~-,'&*53-157!
6*26,1)5-&-17'52!,36(3),8!-/-&(*3(A*1*&AIA4IA/*18+321 ++8 3),I571)5-&I-(+*37-I
(381,)5 G77*)*3)*-.))52A*3*3?18*77,,3&!,1,2,3&-157!-/-&(*3(A*1*&4! @6, !
05--*A1,1'(&6,"! &6(30/-&I&(F*3?1(8+(3&(?,!57!1816( 37*3?!7'/*&1(381)538*3/*37!
AJ+3,--1(-1/-/(191X53&,%&*-1*205'&(3&.1(38!",-5/'),  (B3&,3-*+,1¥38/-&'*,-1-/)6!
(-1&6,17' -610'58/),!- )&5'I@6,',1)520,&*&*531*-1&*?6&!(3810'57+&!2(*?*3-1
8,)1*3*32.1(,125',1-/-),0&*A1,1&5!,%8&.,'3(1!-65)F-| @6*)6!*371/,3),1*3+,-&2,  3&9!
K418,+,150*3?1(31*3&,7'(&,8!7'(2, @5'F'&6*-1-&/8410'5+*8,-1(135+,11(88*&*531&5!
()(8,2%)!11*&,'(&/',17'52!A,&&,'1/38,'-&(38*3?1571&6,1(8+(3&(?,-157  !(!-&,0'A4!
-&,01(00'5()6!57!65@!&6,18*77/-*531571(31*335+(&*5318"+,-1A/-*3,--1258, 1!
+51/&*531@6*1,!-, F*3%&5!2(*3&(*3A, 3, 7*&-175'1&6,!,3+*532,389

"=RI



J8-47(&WE*+)1:56%+ &

C6',,18*2,3-*53-1571+(1/,13,,81&51A,|()6*,+,81&5!25+,153851&6,10(&6!&5@('8-!
-&(*3(A1,1*3&,3-*7%)(&*531*31(12('F,&!,)53524.1&6,17+38*37-17'521&6*-1&6, -*-!
6(+,-65@39!C6,-,I(',1+(1/,17586,,3+*532  ,3&.1+(1/,175'&6,17'5@,"./(38!
+(1/,175'186,1*335+(&5',3&',0',3,/'01'5+*8*3?1%335+(&*+,!, T/*02,3&/!(38!
648'5053%)1-)*,3),175'1?'5@*3?16*?6 (B,3-*&41*3855'1)'50-1DAf1)'50-E1)(3101(4!
(31%205'&(3&!'51,1*3186,10(&6!&5@('8-!-/-&(*3 (A1, 1*3&,3-*7*)(&*53! @6, 31484, !
8*2,3-*53-1571+(1/,1(,1()6*,+,89! !

C6,10™*3)*0(1"",-,()6!T/,-&*53(88',--,81*31&6*-1-&/841 @ (-1&5!/38,'-&(38!
@6,&6,1-/001*,-1571417('2%371, T/*02,3&!)(31)53&*A/&, &5 @('8-1&6,10(&6 @ (4!
&5!-1-&(*3(A1,1¥3&,3-*7%)(&*531 @*&6*31&6,)53&,%&!57!(12( F5RER4! (38186,
+51/8*53157186,1,3&',0',3,/*(L1()&*+*&*,-1/38,'&(F,3!(15371&6,!@(49!N3!
*38,2'(&*+,17'(2, @5'F!@(-18,+,150,8!&5!,+(1/(&,1&6,!", 1(&*53-6*0!A,&@, ,3!
-&(*3(A1,1%3&,3-*7)(&*53!(38!I7('2*371+31&, '2-1571(1)(-,]-&/841)520(34!
-/0014*3?1,T/*02,3&! 75'10'5&,)&,8!)'500%371-4-&,2-.1*&-18*77/-*531571+335+(&*53!
-&'(&,?*,-(381*&-IA/-*3,--1258,19105115@*3?!&6,10'57',--I571(1-&('& @01)520(34!
5+, +,314, (- 1&6*-186,-*-16(-IA/*1&!, 20%*)(11/38,-&(38*3?2I57165@!(3!(?* G
75581A/-*3,--1@*&6!(31%37'(*3,81-/-&( *3(A*1*&4!,&6%)1)(3!)53& *A/&,1&5!-/-&(*3(AL,!
*38,3-*7%)(&*531@6,3!0'5+*8*3?1&6,1&6',,18*2,3-*53-1571+(1/,12,3&*53,8! (A5+,9!
C6*-1(00'5()61)5/18!A,1&'(3-7,'(AL,1&5!(?*  &.,)6!*335+(&*53-1*315&6,'-/AG
-)&5-1571(?7'%)/1&/',1(381&6,175581)6(*3!@6,',1)520(3* -] (',|1155F*3?1&5!
*20'5+,1-/-&(*3(A*1*&41 @6*1,|A/*18*37),77)&*+,!' 1(&*53-6*0-| @*&6!&6,*'1)/-&52,'-9!

W"B<8(*.(76)-1B&(046.6)-1&+,&4.-)76)-1&)*+7.6::76*+5 &

Z3186%-1&6,-*-.1(1)53&*A/&*531&5IF35@1,8?,16(-!A,,3!12(8, *3K.@%D (4-M!
&6,5',&*)(1(38! ,20%*)(19!C6,!&6, 5',&*)(11)53&*A/&*531*-186,1)53),0&/(1IA*87?,!
A&@,,3'86,17'(2,@5'F-157!-/-&(*3(A1,1*3&,3-*7*)(&*53.18*77/-*531571*335+(&*53!
(38IA/-+3,--1258, 111*&,'(&/',- | @*&6'+(1/,/(&!&6,1)5',157!,()691a-*3?186 -,
&6',,11,3-,-1)53&*A/&,81&5!(125',1651*-&*)1+* @!57165@!-/-&(*3(AL,!
*38,3-*7%)(&*531)(3IA,1()6*,+,8!(3810'5+*8,-1(17'(2, @5'F' @6*)6!)(3!A, /-, 81&5!
-&/841,9%015',1)53&*A/&*53-1&5!-/-&(*3(A*1*&4!()6*,+,81(&18*77,' 3&!05*3&-1(1537!
&6,!(?"*@5581)6(*39!

$20%*%)(11,+*8,3),1*-10'5+*8,8I571(12%)'5  §520(34>-!,+51/&*53!(38!)53&*A/&*53!
&5!-/-&(*3(A1,1¥3&,3-*7%)(&*53.1(381(&!10'()&*&*53, 11, +,1.1&!*38%)(&,-1&6,!3,,81&5!
+51+,1&6,1+(1/,1577,*3?1())5'8*3?21&51)/-&52,'10,'),0&*531571+(1/,91C6*-16(-!(!
0'()&*)(11*201%)(&*531*31&6(&!)520(3*,-12(4) T/* 1(11532,11,(8  B31&*2,175'&6,*!
*335+(&*53-1A,75'1&(F*3?1&6,21&512('F,&!(381&6,',75',1051%)412(F,-1(38!
7*3(3)*(11*3+,-&5'-1-65/181&(F,|&6*-1*3&5!())5/380!

"V; |



|

!

Y3,1571&6,1*205'&(3&1)53)1/-*53-I' (6,81 7'52!&6, |(3(14-*-1571&6,1, 20%*)(1!
+*8,3),1*-18&6(&I*335+(&*531*-135&1]/-8186)BB5 15724 1*&1+-165@!&6,1&,)6351524!
)", (&-1+(1/,175'&6,1)/-&52,".1&6,!, 3+*532,3&!(38!&6,!

*335+(&57,3&',0',3,/'9! N-1&6,1)',(&*53!571-/)6!+(1/,!3,,8-1&5!A, (8/-&,8!(38!

'\ @8J/-&,81&5!,3-/" 1*&1)5201* -1 @*&61&6,13,),--('41)*&,*(175'10,"),*+,81+(1/, .
53,1571&6,1¥205'&(3&1*3-*26&-17'521&6*-1-&/8416(-1A, ,3!86(&!8*77/-*53157!
*335+(&*531-65/181A,1)53-*8, 81(-1(10",  B\*18*3?IA15)FOICE*-17()*1*&(&,-1&6,!
*3&,7'(&*531571&6,1&6',,1)53),08-1571:/-&(*3(A1,1Z3&,3-*7*)(&*53.1f*77/-+53157!
Z335+(&*53!(38!K/-*3,--IH58, 1-1A,)(/-,1&6,1*335+(&*53*-18,+,150,8!(38!&6,3!
(8J/-&,81())5'8*371&5!,('14!(850&,17,,8A()F.| @6*)6!&6,!7,,8-1*3851&6,1A/-*3, --!
258,11@6*)6!*-1(1-51(8J/-&,8!*31&/'39!

W'B.Q(91()76*+5&9*.89:7:.(&.(5(-.)8 &

C6*-17'(2, @5'F!)533,)&-1&6,1)53),0&-157!f*77/-+5315712335+(&*53!(38!K/-*3,--!
H58,1!@*&6!:/-&(*3(A1,123&,3-*7*)(&*539!C6,1)533,)&*53!57!&6',,)53),0&-!
)',(&,-1A,&&,"1/38,-&(38*32157165@!&6,10*+(&,!-,)&5'12(41)53&*A/&, 1&5 (!
&'(3-*&*53185@('8-1-/-&(*3(A1,1¥3&,3-*7%)(&*531571(?"*)/1&/",9!CB,",I(',!
5005'&/3*&* -IBl/-,|&6%-17'(2,@5'F1*31)53J/3)&*53! @*&6!5&6,'17(),&-157!
[-&(*3(A*1*&4.1-/)6I(-1-5)*(1!'",-053-*A*1*&4.1&5!, +(1/(&,165@'&6,41*3&,'()&9!

C6,',1*-1(13,,81&5! /30()F!&6,! 2/1&8(),&,8! '51,1571(8508&,-1*31)', (&*3?1&6,!
AJ*3,--1258,1-.1(38!  )538*&*53-13,),--(417 5',77,)&*+,10,’ G5B,
)522/3*)(&*53-9!C6*-1-65/181*3)1/8,!' - ()6!*3&5! @6, (38! @6,3!&6,4!('
@*11*3?1&5)511(AB(@!*20'5+,/38,-&(38*3?157/@6,3!  &6,*1()&*+*&*¢ 10, G
)520,8*&*+,9IC6*-|@5/18!6,1017/&/' ,*3*&*(&*+,-150&*+2*- 1-&'(&, ?*,-1(3812&!
)522/3*)(&*53-125',1,77,)&*+,149! |

O'&6,1-&/8 *,- 1/-+32186*-17'(2, @5'F!)5/18!A,12(8,1*31&6,1-,)&5'-1)533,)&*37!
755810'58/)&+53.1&6,!", &(*1,'(38!&6,1)53-/2,17'521(18*77,', 3&105*3&!*31&6!
-/00141)6(*31&512(*31(125',1651*-&*)1+* @!(38!*8,3&*741& (8B 77-9105'1,%(201, .
%015'(&*53!571&6,UB&',(2!(38!85@3 G&',(2!-/00141)6(*3!&5!/38,'-&(38!@6(&!
2+26&1)53-8*&/&,1+(1/,/(381&6,1&@5!@(4!8*(157/,13,,8,8!A,8@,,31*335+(&5'/(38!
&6,1)/-&52," 1(-10(&I571(11%7,1)4)1,1(3(14-*-.1*3)1/8*3?21)5  G7T7*)*,3)415+,1&*2 O

K,&&,'/38,-&(38*3?157 165@!&5!1,+,'(?,!&6,105&,3&*(1!57!(T&,)6!*335+(&*531&5!
)53&*AI&,I&FA/-*3,--! ' -*¥1* 3) |@*&6*31&6,1(?"F558!A/-*3,- 1(38165@!&5!
5+,)52,11*2*&(&*53-1)5/1812(F,!(31*205'&(3&1)53&'*A/&*53 1&5@ (‘8-
-&(*3(A*1*&@I 5&I(111)'50-I(,!- /*&(A1,1751?'5@*3?1A4!&6*-12,&658.16,3),1&6,"!
2(41A1(13,8  1&5!,%015',165@!A/-*3,--1258,1-175'1&'(8*&*53(1.15/&855'1)'500*37!
)(31)5201,2,3&1&65-,15711-4-&,2-91C6,',1*-1(1-5!(!3,,8175'I1A,&&. !
/38,'-&(38*3?!571&6,1,77,)&-1531@*11*3?3,--1(38!(A*1*&4!571%6-6!0'58/),!

"<l



i

-)&5'1&51¥3+,-&1*31-/-&(*3(AL,10'()&*),-18/*321051+&*)(11(38!6,(1&6!)'*-,-.1&6,!
*205'&(3),157!@6*)6!6(-'A,,316*261*76&,8!A41&6,18&@*3!)6(11,37,-1571&6,IXYh D
<RI+*/-1(381&6,|@*&68'(@(1!7'52!&6,!$/'50,(3!a3*539 !

W"BJ*+56,(.-76*+5&9*.84*16)/&0- N(.58&

C6*-1-&/8416(-1*8,3&*7*,81*205'&(3&!(',(-175')53-*8, (&*53175'17/&/',1051*)* - 153!
-/005'&175'I0/AL*)®*+(&, !- )&5'10('&3,-6*0-.10('&*)/1('141&65-,| @5 F*3?!1&5@('8-!
-&(*3(A1,1*3&,3-*7%)(&*539105',%(201,.1&6,3,,81&5!)',(&,!-52,&6*3?! @6*)6!
@*1118,"),*+,81(-16(+*3?1(1+(1/,175'1&6,1)/-&52, 1*-IF 41&51/0&(F, .!6,3),!

&6, 12(4!A,1(13,,81&5!A,&&,1-/005'&1(?*  @.,)6!8,+,1502,3&!@6*)6!&(F,-!
)/-&52,'18,2(381*3&5!)53-*8,(&*539!$+(1/(&*53!571&6,18(&(1)511,)&,8!*31&6*-!
-&/8416(-16*761*?6&,81&6,1%205'&(3),1571*30/&!(&17(2!1,+,11&5!,3-/',1&6(&!(3!
(7% &,)6!*335+(&*53!(88',--,-!' (11*38/-&'41)53),'3-1(381&6,', 75',10'5+*8, -
+(1/,185&6,1%38/-8&'491X53-*8, (&*53157165@!A,-&!&5!-/005'&! (3817 ()*1*&(&,17('2,"
*30/&!(38!)5 @, +,1502,3&!571&6,10'58/)&!*-13,),--(41&5!  6,10!"8/),1&6,!"*-FI57!
8,-*23*3?1-51/&*53-1&6/(&!(',1155F*37175'1(10'5A1,21&5!-51+,1(38!)53-, T/,3&14!
7(*1,810'58/)&!1(/3)6,- 9173!(88*&*53.1(8508&,-13,,8!&5!A,IA,&&,'I-/005'&, 8! @*&6!
1,2%-1(&*53!,3-/*3?17(*,')53&'()&-!@6*)6! @*1110'5+*8,1&6,2! @*&6!A, &&3(3)*(1!
-)I*&A41&5!(850&125',!, 3++'532,3&(114!7'* 381412'5@*3?12,8658-D-,,!:,)&*53 -!
=9<IVOV9"9NVIVIEB8IUIHESH(&I6(-IA, 311,('3,8!7'521&6*-]  '-()6!  *-I(1-5!
' 1,+(3&1&5!1051:)412(F,-1*318*77,' 3&12,57'(06*,- 1(38!1,+,1-15718,+,1502,3&9!
CE*-1*-IA)( /-] *335+(&*53K!@6,86,15'358186,41(,(?™* &.,)6!A(-8! k!3,,81&5!
0'5+*8,1,3+*532,3&(1.1,)5352*)!(38]5'-5)*(11*20'5+,2,3&-1(38!(1-5!",8/),!
&6,1(850&,>-1"-F!,%05-/" | @6,3!(850&*3?1&6,29! !

C6,!',-,()617+38*32-1  (1-510'5+*8, /- 7/11*3-*26&-175'18,)*-*53- 1@6,3!&6,",*-I(!
3,,81&51A(1(3),!-/-&(*3(A*1*&41(-0,)&-1571?'5@*3?!7",-617'/*&!(381+,?,&(A1,-1(38!
1(38Y/-,1051%)* - 1@6,3!&6,',1*-1(13,,81&5!'(*-,1&6,1(00'50'*(&,1?",,365/-,!5'
0514&/33,11-&/)&/",ID-,,!:)&*531"9"9QEICB, 13, 8-1&5!A,1(1)53-*-&,3&1051*)4!
&6(&1*3)1/8,-B(&*53(1/(38!15)(1175+,'32,3&.1(38!)5/3)*1-.|@6*)6!(&!0', - 3&!
85,-135&!,96*-&!*312(341)5/3&*,-1D-, I: ) &*531=9#O#EOCSE,", 1*-1(17/ &6,
)53-*8,"(&*531&55P!@6,3!(13(&/(1!,+,3&!-)6!(-1(1+51)(35!6(-!&(F,3!7?'5/38!
35'2(1141/-,8175'1?'5@*3?!7'/&(38]5'1+,?2,&(A1,-15/&15710'58/)&*53.1 ,2,'?,3)4!
01(33*37051*%)*,-175'1-/)6!,+,3&1 )5/18!&(F,! 17('2*3?! *3&51())5/3&9!05'!
9%(201,.186,1-&'N&/ - )5/18!6,10!15)(11)522/3*&* -10'58/),17558!75'!
&6,2-, 1+ -IT/*&,IT/*)F14 15311(38!135&!-/*&(A1,175'1?'5@*3?!)'504(1&65/761&6, !
@5/181-&*111A,1(13,,81&510'5+*8, 12, (3-1571+"*2(&*5366*-1)5/1810'5+*8, (12, (3-!
57P'5@32+(1/(AL,I7558/(&!)*&*)(11&*2,-91
C6,17()&5'-1¥371/,3)*371&6,!,+51/&*531571&6,1A/-*3,--1258,118,&,)&,81+31&6*-!
-&/841)5/181(1-510'5+*8, 1*3-*26&-18&5051*)412(F, -| @6,3!8,+*-+3212,)6(3*-2-!
"



|

!

75'1-/005'&*3721-/)),~-7/1  (?* @,)BIA/-*3,--1  @*&6!(1-/-&(*3(A*1*&4175)/-1&5!6,10!
86,21 -&('&&5125+,15/&157186,13%)6, D5581051*)41)53-*8,'(&*53-&.5!)', (&, (1&6*'8!

| &(*11)(&,?5'41&512%+ 1)53-/2,-125' )65%) P175'1 9%(201,!(le-/-&(*3(A14!
2'5@3>!0'58/)&! @6*)6!6(-!A,,310'58/),8!&5!(1-,&1-&(38('8  ID-,,!:,)&*531U9 9" ED)!
C6*-!@5/18!3,,81&5!A,10'525&,81&5!65)*(114)53-)*5/->1)53-/2,-1  (-(3!
(1&,'3(&*+,1&5!5'2(3%)(114!),'&*7*,810'58/),!(38!(1-5!&6'5/76!,8/)(&*53!(A5/&!
@6(&MH-&(*3(A*1*&41*-1(A5/&IIKAI577,*371-/005'&!(&!*335+(&5'.1?'5@, "1 1,+,1!(38!
&6,310'525&*3?1*&1&51)53-/2,-.1-))61051%)* - |@5/18!-/005'&(!A,&&, TA/-*3,--]
)(-,175'1-1-&(*3(A*1*&41(381&6/- 1¥3)',(-,1252,3&/21&5@('8-1-/-&(*3(A1,!
*3&,3-*7%)(&*5B9

W'R@+7(.-)76*+5&AB&*78(.&167(.-7:.(R

(&!571&6,1()(8,2%)1)53& *A/&*531*-186,1*3&,'8*-)*01*3('413(&/' 15 71-/-&(*3(AL,!
*3&,3-*7%)(&*531A,)(/-,157165@!&6,-,18*77,,3&!1*&,'(&/',- | @6*)6! (11101 (4!(!
8,7*3,8!'51,1*31&6,IT/,-&175',3+*532,3&(1!-/-&(*3(A*1*&41 @6*1,10/'-/*37!

)52 2,V (LI)&*+*&*,-.I(',1*3&,'()&*3?.1,206(-*-*3?1(13,,8175'(1651*-&*).!
*3&,'8%-)*01*3('41+*, @9!C6*-I' -, ()616(-1*11/-&'(&,81&6(&10(&6@ (4-1&5@('8-!
--&(*3(A1,1*3&,3-*7%)(&*53!3,,8!35&!5314!*3&,'()&*531A, &@,,3!&6, |A/-*3,--!
258,1.18%77/-*531571*335+(&*531B-/-&(*3(A*1*&4.1A/&(1-5! @*&6!5&6,"()(8,2*)!
1%&,'(&/" - 1-)BI(-1(?"%)/1&/ (11(38!,)5157*)(1!,)5352*)-.1*31(88*&*531&5!
)5'05'(&,!-5)*(1!",-053-*A*1*&49

C6,18*-)/--*531(A5/&!@, (F!(38!-&'537?!-/-&(*3(A*1*&4!*-153,1571&6,10'+3)*0 (11 1*3F-!
@*&6!,)5157%)(1!,)852%)-1*3186*-1-&/841D-, ! : )&*53-1<9".I"9"9" I#9=0/(38!
UQ#9/E.|(38!6(-101(4,8('F,4!'51,1*31A/*18*321A &&,'l/38,-&(38*3?157165@ !
7('2*3?1)(31)53&*A/&, 1&5!-/-&(*3(A*1*&41&6'5/761&6,!/-,1571&6,) @65 (‘2!
2,8658!(8+5)(&,8!A4Id$NOOIN?*)/1&/(11(38!,)51 52%)(11,)5352%)-11*&,'(&/",!
6(-1(1-510'5+*8,81*205'&(3&!*375'2(&*53175'1&6,!-&/84.10( &*)/1('1486,11*&.'(&/",
531/38,-&(38*371&6,1-/00141)6(*3ID-,,! : ,)&*53!"9"E!(38!@6,3!)53-*8,*371&6,!
'51,1571(31(?"* @\-*3,--1,3&',0',3,/''D-,,! - )&*53-1"9Q!(38!VOQEISEA(-,8!
531(?"* G558!0'58/)&*53!-,)&5'.1&6,17+38*37-1)5/18!(1-5!", 1(&,'&5!)5'05'(&,I-5)*(1!
' -053-*A*1*&411*&,'(&/'1531,3&",0',3,/*(11(&&*&/8,-.)(-1-/??,-&,81*3!- ) &*53-!
"9Q9<.119"9"1(38IU9QEQ!

0/'&6,'-&/8*,-1/-*3?1&6,-,!",1(&*53-6*0-| @*&6!&6,!8*77,',3 &!1*&,'(&/",-!@*11!6,10!
*20'5+,1/38,'-&(38*3?1571&6,!3,,8!75'1*3&,'()&*53!A,&@,,3!-5)*(1!(38!
&,)635157*)(1!,1,2,3&-1&5!()6*,+,!A,&&,'!",-/1&-175'1&6,!,3+*'532,3&!1*3!(!
)522,")*(1!-*&/(&*539!05',%(201,.1,3&',0',3,/'-1*31&6,!(?"* @558!1*38/-&'412(4!
35&!@(38&(+,!&6,!@5'18!A/&!-/'+*+,1*31(12('F,&!(38!,('3!-/77*)*,3&!0'57*&! &5!
-&(4"*3IA/-*3,--1@6*1,12*3*2*-*3?1,77,)&-1531&6,!,3+*532,3&9!K,&&,'!
/38,'-&(38*3?1571&6,!0,"),*+,8!+(1/,157!(31*335+(&*53!A41&6,!8*77,",3&! () &5'-1*3!
WAL



&6,1-/00141)6(*312(41)53& *A/&, 1&517()*1*&(&*3?17/'&6,'125+,2, 3&1&5@('8-!
--&(*3(A1,1*3&,3-*7%)(&*539

ave,



[44(+,63& @

Q(5*:)(&Q(A(.(+)(5

&

<-;1( \[44,3 &RD+7(.=6(A58A6788&)-5(&57:,/8&6+9*.0-+ &

2-7( ! 4(-N(. ! J*04-+/ | | ?2-7-&)*11()76*+& J*,( !

<J;U]<n | Z38&,'+*,@!75'!

0o(2 i< | O(2!K/-*3 - |
(‘'&*)1) Ni< |
\Ql=1<0! SV | {(&/'3! h*-*8$8?A(-&53.! o< |
e ' K*5053%)-! K*2*326(2 | B
W, (8!57!
"UJ;V]"<Q ! :5*1IN--5)*(&*53 $2(*1! YLB;< !
W5'&*)/1&/']

VI<;]<Q! X$Y | (&rs! $2(*1! K$;< |
T ' K*5053%)-! ' AR
<"<<]<Q X$Y ! (&/'3! C,1,0653,)(11! | :K;" !
' ' K*5053%)-! T O I
<]; <]<# B5@," I<! 3)(! C,1,0653,)(11! | N:;" !
<R]J;UJ<#! X$Y | (&rs! $2(*1! KA
T ' K*5053%)-! ' R
<V]<'<#! X$Y ! @ $2(*1! K;Q !
' ' K*5053%)-! ' B
<Ii<]<=! B5@, <! 3)(! Z3&,'+*,@ N:= |

{(&/'3! :&'(&75'8153!
<";Ql<=! X$Y ! Ki# |

K*5053%)-! N+53!

“;Ql<=! X$Y ! (&3] C,1,0653,!) (11| :K;= !
’ ' ' K*5053%)-! R R
<];=]<= ! B5@,!" ! IN ! Z3&,'+* @ Ni<; |

"V#!



2-7( ! 4(
( 4(N(. ! 304+ 1 | 2-7-8)11()76%+8 I*( !
_35@1,8?,!
<I;R]<="! $9%)6(3?,!
3](! C,1,0653,)(11! | K;
238./2,8%(41n | DAL | KV
<<]<;]<:! X$Y ! (&/'3|
K*5053%)-! $2(1! KU !
</\]<"]<:! X$Y | (&/'3| YSIG*&"-'-*-*&'
K*5053%)-! :&'(&75'8!53! ‘KR |
N+53
<":<]<V ! XS$Y | [(&/'3!
K*5053%)-! $2(1! K<; |
<Vli<lev XSY | (&3
K*5053*)-! Z73&,'+*,@ K< |
"A,<]<V | X$Y ! NO53%)! Y3grg et
X(2A*82, | =
SRR H(F,&*37! h,'&*)(110('2*3?!
£ )&5' | X520(341< | :F40,)(111 | hOX<!
"V];<]<V ! X$Y | h,'&*)(110(2*37?!
X520(341" | F40,5(111 | hoX"!
"V<J<v! X$Y | (&7 731
K*5053)-! $2(*1! K<" |
"<V ! X$Y ! h,'&*)(110(2*37?!
Xs20(3ai 1| | CLOBSINALL | hOX"!
VAN VAN f ' « Q1 1
ANV | )85 | hL7.95 | &(&758531 |
N+53 KT
A<MV !
] X$Y ! dSNO! C,1,0653,)(11! | Z:<!
eV | h,?,&(AL,! |
B'S@,' | 3]( . 23&,I+*,@ N:<< |

"V=!



2-7( ! 4(-N( ! J04-+/ | | ?-7-&)*11()76*+& J*,( !
<];V]<V ! B5@,'< ! 3](! Z3&,'+*, @ N:;R !
"U];V]<V! B5@,"" ! 3](! Z3&,'+*,@ N:<" |

{(&/'3!
V]:R]<V! X$Y | C,1,0653,)(11! | :K<# !
K*5053%)-!
{(&/'3!
<R];R]<M X$Y ! $2(*1! K<=1
K*5053%)-!
{(&/'3!
"<<]<V | X$Y ! C,1,0653,)(11! | :K<V!
K*5053%*)-!
f*.)/--*531(&!
)%, 3&*7%)!
=]<"]<V | O | 3](! (?'5352*-&-! N:<A |
R X537,',3), !
_35@1,8?,!
<Q|<"]<M | Z3&,'2,8*(4l< ! C'(3-7,! C,1,0653,))(11! | N:<Q!
L&@5'F!!
_35@1,8?,!
<#]<"]<V! | Z3&,'2,8*(4!" ! C'(3-7,! C,1,0653,)(11! | Ni<#!
L&@5'F!!

Z335+(&*53! $2(*1!',014!1&5!
<R]<"]x\U N?*C,)6$ ! N:i<=!
Z3&,'2,8*('4l< ! T/,-&*53- !

_35@1,8?,!
<]i<]<U ! $%)6(3?, ! 3](! Z3&,'+* @ ZCx<lI
Z3&,'2,8*('4l< !
{(&/'3! {(&/'3!1K*5053%)-!
:M<U ! X$Y ! ‘K<U |
K*5053*)-! +HHE,
<pqpeur | ©8R8 738,'+@ | ZC;"!
v ' '5),--5' | 3)(! L o

"WV!




2-7( ! 4(-N(. ! J*04-+/ 1 | ?2-7-&)*11()76*+& J*,( !
h,'&*)(110('2*3?!
<A;Q<U! C,1,0653,1)(11! | C$:<!
C,)635157*-&!¢ 3](!
_35@1,8?,!
=]:=]<U ! $%)6(3?,! 3](! C,1,0653,1)(11! | C$:" !
73&,'2,8*(4 !
{(&/'3!
<R];=]<U X$Y ! $2(*1! ‘K<R!
K*5053%)-!
_35@1,8?,!
<R];=]<U $%)6(3?,! 3](! H,,&*3?! H<#!
73&,'2,8*(41" |
h,'&*)(110('2*3?!
W('0,'IN8(2-!
"V];=]<U! (?'53524! X53+,-(&*53! | WN;<!
X537,',3), |
)53-/1&(3&
_35@1,8?,!
Z3&,'+*@.!
:UJ;Ul<U! $%)6(3?,! 3](! N:<V!
f/38,,1:)5&1(38 !
73&,'2,8*(" 41N
<";Ul<U! | 1&'(&,?41)&5" | NWHK | H,,&*37! H$<=!
h,'&*)(110('2*3?!
"R];U]<U! X$Y | C,1,0653,)(11! | N:<U!
X520(34!"! 1
<NR]<U | L,0'-,3&&*+, !'| h(1,7',-)5 ! $2(*1! K< |
<Q[;R]<U * )&5' | h(1,7',-)5 ! C,1,0653,1)(11! | :K"; |
N<;]<U | B'5@," ! O(2H(3(?, !| C,1,0653,1)(11! | N:"V !
K'*&*-6!X'50!
'5&,)&*53!
<"<;]<U! N?'5352*-&! Z3&,'+* @ N |
X5/3)*1!
X537,',3),! !

"“Vul



2.7( ! 4(
( ACN( ! 04+ || 2-7-8)11(076%+8 I*( !
"<J<<]<U XEY | (&/'3!
csoszs | CLOSSINALY | K |
"<<]<U! X$Y | (&/3!
<5053 H,,&*37! K'Q !
el oy | (&3 h-*&MIVWAG'3, |
K*5053%)-! K¥2%326(2 | | K'< !
<#]<"]<U! X$Y ! (&3 |
KA 1
K*5053%)-! | C,1,0653,IX(11! '
" ()F651-
QL<J<R! | I5)-51" | | 05238  |Z3&+5@ L
0,)*(1*-&
=1I<R ! sy &8
<5053 H,,&*37! K'Q !
A<I<R | X$Y ! (&
<5053 H,,&*37! K |
<15 ! B'5@," I<! 3)(! C,1,0653,!
) 1(! N:A< |
)53+,'-(8+53 | oS
<751 | N?'5352+-& 3)(! c,1,0653;}
I N |
)53+,'-(8+53 | o
T P )&5' | h(1,7'-)5 | C.1,0653,! e |
)53+,"-(&*53 ! N
AT oy | (&/'3! C,1,0653,!
K*5053%)-1 )53+ -(&*531 | (V!
1) nmn C’ *
VI X55)I6€j (2! 4SNO! C,1,0653,!
8*3(&5" 5348531 | &
"ULVIY ! $8*&5! n.?.&(AL!
. S $2(*1! $f< |

"VR!




2-7( ! 4(-N(. ! J04-+ 1| 2-7-&)*11()76*+& J*( !
X522,"Y*(1!
"ULV]" ! $8*&5! B',,365/-,! $2(-1!! $f;" |
B5@, !
N?'*)/1&/'(1! C,1,0653,!
"RI;V]"; ! 3)(! N:A%
(06, ! )53+,-(&*53! |
W,(8!57! W9do! C,1,0653,!
SHULE NQ!
H(F.&*3?! | W/&)6*3-53-1d&8| )53+,-(&*53! !
(&/'3! C,1,0653,!
.QLLUI"; ! X$Y ! K"V |
K*5053%)-! )53+,'-(&*53 |
(&/'3! C,1,0653,!
#H] U X$Y ! K"U !
K*5053%)-! )53+,'-(&*53 |
ALR] X$Y ! (& $2(*1! . K'R!
P K*5053%)-!




<-1( \[44,3 &R&]78(&5*)(5 &

G.*7-F*+657"<*

2-7( 46) T(,6 -&71(7& 2-T-&TIA( & | I*(
<]:#]<Q (&1'3 IK*5053%)-1 X522, (1 ! L @- (&%)1)| Kl< !
B',365/-, B5@, ! | D3%A4A*3,E
ou
. 0558(38 17('2*37 ! X520,&*&*58
. . I I I PEVAN I
<FUl<Qt 1002 < 38417521 384! NS
o o . , L@ (&L
| 1K * *\_| * | | |
VISISQ! | {(&/3 IK*B053)| WE'EH/1&/1S, FL4 | | Lo mide” (KL
: . L @- IN&H)L
: : | : K * *)_| -6 ! | . |
V]<]<Q! | :(&/'3 1K*5053%)-1 O",-6 N1(c( ! Dasaaarap | OF< !
<H<1<Q | (&3 1K*5053%)-1| weeHy1asis, F1a1 | 2@ &L
TRE ! ! IS FLA! | Aoenaaig g | KN !
<]i<]<#t | L @- (&%)
Y+'A'4 10(2 ! |:6'50-6%, 1:&(! D3BA4A*3,E | N::Q !
0558-/0014! Y313}
<<t 1 [)6(*317()*37! W5'&",@-! (&91,D35 | :X:< |
yror | A4Q*3 E
. o KKXIL(8*5 1QO('2*37 | ,
| IK* *)-1 *0 | |
<H#I<#!|:(&/3 IK'B053) cod L(8*5 ! KH:< |
(&/'3 !
* *\_ - |
Rk |wmn X620 eIy
)522,)%(1 ! > (&)L
648'5053%)- |
A<l<# || (&3 1K*5053%)-1| 0*83,& ! KEQ !
Ad<]<#! | (&3 1K*5053%)-I| N?*&/(8, I, @- ! ! Kl#t |
=]<<]<#!  |Bl4 II5-F*&& I58/), IK/-*3,- la_!| B*11 IK:< |
D Oa! H):6(3, !
W5'&*)/18&/]
K5('SE!
KKXIH*81(38-1C58(4
68&0-M]|@ @ @945/&/
<RV]<=!  |:(&'3 'K*5053%)- 22]@(&)6"*“:(;”:'8 ch KH;"
LNNn7,(&/ ,p45/&/9A
"R]:V]<= IL(8*5 IQO('2*37 !
REVI< (&3 1K*5053%) KKXILETBIQO(2"32 Y gy | kpin

C58(4!

"U<!




G *7-F*+657/ <

2.7 16) T(6 -&71(7& | 2-7-8&7I4(&| JI*(
<J<il<=!  |Y+'Ar4 10021 |O(2)- BI(83 ! |5 IA4G*31 NV !
W5'8+8(*14

6&&0-M]] @ EHEE*8(*14
)52](&*)1L]="RV:R] | Z3&.'3,&
Jele=1 | (&3 IK*5053%)- | FG522,)%(1 ®(FG5*G (‘&*)1D35 | :KIV
5@, G3),(-- G | AG*3,E
4% 18*QB5@ .G
-4-8,2]
_ 5 1A4Q*3!
<=I<I<E &3 1K*5053%)-1| WE'&*)/1&/'1S,,F14 | KLU |
N38,-53- |
3 O('2 IK/-*3— | ,

N- =1 | ! I < |
Je<]<=1 Z§,<3\</&I, IYIBI1SSE | 0 e e L,05'& 1! NX:< |
a38,2'5/38 | K4@*3]
=LV L | 7(2 16%88,3102 1| O(2,-> 1BI(8*3 | | YI*Y Ba< !
A.15@?'5/38 ! H*8?,14

(&3 !
* *\_ |
v )Ia{"A(s | Ka@*s,
<]V oo a3 | X5/3€4-85! ‘,QY;%%?'. I | KER !
58/), In!
NO53%)!
> d$NOIB15A(1Z20()&-! , )

N | | | | |
<AV I | 1d$NO! b L,05'&! N:U |
<I#<V!  |:(&'3 K*50534-1 B',365-, 1B5@, ! | C & ! Ki<< |
<JHV | (&3 B985 1B5@. ! |y | !
<=]<V ! | S(38*-8,3 10(2 1| I58(&8L,+*@ ! c@, Ni<: |
<LV 3 10(2 1 Q! HEers, 1 |V
- o(2,- BI(8*3 ! | X1,22% 1 _

= | *)| |
M=]<V | | NO53¥) NP ol es ) |N<R

6880-M]|@@@I@S),
3,@-9)59/F]3,@-]<# - |
<AL=V [h(1,7'9)5 QQHRHO-8/8,38 }53/.13?1", KO
8%)5+,' G&(&GTE6G ' <
(&G(1(8 @'5@*37]
6&&0-M]]@ @ @9))*9()
=<V 1 | dSNOL+(1/(&*53! | +(1/(&*53G,(7G L,05'&! dH$;< !
2(TI] !
<LV [ $1+,8,318-8(&! |h2.&AL BS@'! | C& ! N
SPVINSV 1 |$148318-8(&! |N2&AL IB5@ L | pbiis [N

"yt




G *7-F*+657/ <

2-7( 46 T(6 -&71(7& | 2-7-&7/A(&| J*(
S .(-53(1 '@5F,'!| C6,1h,2,&(AL, ! \ _
| | *J| |
<IUI<V ] 5e(211(A50 1 |02, IDOUE 51A4AT3) | dNK;<!
. e 0558(3817(2*3?! | X520,&*&*58| .,
. . . I I .
<];R]";<V ! |B5@," I< $3&'AN@ (8! 384 N:"<
X520,8*&*58
=< 2" -&' 'Ql ! L
=<V |o(2, ! 738/-8&'AN@ (8! A N:
[
1-&(*3(A*1*&4 N'&*)1,15!
S F.41857,8! N'(AL,!C,)6351574! | A43*3!
SISV s @ean B/*8, 10<Q N
050/1(&*53
!
C(F, )5+, 3 | X522,)%(1 ! N'&*)1 15!
<Ji<]<U | | 38,35+ B,365-, B5@, ! |Ad3*3! N:"# |
'5&(8&*53 10 I"'VGR!
X522,)*(1 | o e
. d*71)4)1, ! . e I NEH)MB |
<" . | - | | M=
S RUR N i vi g/\,.,?:GS/, B5@," ! | psaa N:
K4G*3,M
o B5+,32,3& I"#! | W5'&*)/1&/'S, F14 ! ’ _
<<E<F5<U 14 ¢ oaga 531+3] B(+3! WSi<!
! ’ H)$@(3 !
. B'5@*37&53,@! - K4G*3,M
.<1-O1"™ | 17('2*321 <l
SIQIS<U ¢ Deen K,&&,17(2*3?! 403 (1| KO
AQpey 1| YO&2326) K15?M!16*1*0-1B'5@*-, $411§)1(T3,M B
LQI<U N Do s e 2( < |
258,3 17(2! | @,A-*&l 58-5+(
X522,)*(1 | K4G*3,M
<IV]'i<U | | H*3(G+51/&*53! |B',365-, !B5@, ! | N8*(3! N:"=( !
00<AGH! C(&/2 !
6&&0-M]]*335+(&,/FIA
2925+9/F]":<UJ:<]"])
7335+(&la_!| |6(37*3?B5@RE6G |
| — ? |
F<Ti<U Hase @516& G@&/'3 G | 1] K<
A*5053%)-@'5@*35
' +51/&*53]

"Unt




G *7-F*+657/ <

2-7( 16) T(6 -&T7L(7& | 2-T-&TIA(&| %
oot [N2.&AL 10(2) | | K4GF3M
: *53.1 | |
SIVI5<U 1 | SHESSATSIESN g gy 107 Lo61 ! |ho !
! | N38,-53 !
. C'(8, 10(*!
58(85,- 1*3 | :43?,3&( 104 ! .
. . | - * A |
URUIUL | ™ b £253-8/(&* | CO!
53!
h,'&*)(110(2*3? !
KIB5.- 186 \ . (6 !
Al I * . _R*0 | . I
TVIRUL | Soatany 1osg,11| 177*189651(-6%0 1 | {0 s
@5F
X'50 d*268*AR!
863 %8 )
qRi<Ur | 73(&53 100RG | X522,)(1 ! %4% S N
SIRSUE < ipzae @ |Br3ess,  B5@ 1 | o) =AY
L648%(3! |
K,4353 G(+* -E !
X522, )1 !
. e | KaG*3 M
qRiur | WS@LS@G 1@.! B, 365N 1B5@, ! | (ou -~
<l 75@! . 0&,2A, 1"<U | A
10 N<@" ! (&2
Y0,3*3? 1855'- | N'&*) LM
’ 19 | Q% | )
UiV |&83,@175@37 gy DO L THEES L | NR !
&,)635157* -I ' X/&*1
CX 1h/&)(11 | X522, )1 !
<J<<]<Ul | O(2*37 | B',365-, IB5@, ! |'51A4a*3) |N:'=) |
8,+1502,3&!  |OU
. L lce e
: 17* |
"U<<]<U | X'501C,) ! $3)S0 17180.(86.Y | g o53.¢/(8* |CO=!
-&(8*5B
53!
L586(2-8,8 ! c'(@, 17(*!
"Ul<]<U | X'501C,) ! 0(&657,3](06*8! 8,253-&(&* | CO#
2538537 53!

NLUHO*6, 16 | 6&80-MI@EUSIEIAL) year. g |
<"]<"]<U! I'5-0,*&4 la_! 52]@(&)60+pZ"?fY# b5/C/:Ai 1IN
X537,3), | |LIWF !

N?*@.)6!
<H];<]<R! I RO 3)(! cov
)520(34 !

"UQ




G *7-F*+657A<

2.7( 16) T(6 -&7L(7& | ?-T-&TIA(&| I*(
J-&(*3(A1, 10558
C/-&!
6&&0-M]]-/-&(*3(A1,754 |
Wi<I<R1 |h(L7)5 0 | B&I-895?|(&YL IS | for S KIho
(&)1, <!
@ ' GIFR(S G ’ <!
K175 G71,)&G3G
A %+&]
. 6880-M|@@@97'/*&]
* Dk_Q* - |
jert | 07D (_& @211 -L ."1(_ S TR
~ e PRl
6880-M@@@97(2*3
_1-RB
| 0(2*3? 1H53861Y 2SSOLNSNFB.@-1-63 v 543, o
SRR ' -(&/'3 @*5053*)GEG '
7 &a57*-&)]
S6(&1*-16518*3P \
<Olf<Ri  |AOF)S3&5LLE | W5E)/18/1S, F14 | g?ﬁs?’”' K
YISRY 1 3ies3038 1 (53103l oa |
25@*37 3@ !
K4@*3,M
— (8 18(4- 175! , 4ass, |
= | *141 |
TR | g ona: 015'(1(*14! N*leggé( i
|
1(38(753>1 4G5, M
<] A ! £29 I ! Al e
ISR ABF/08)41)5/181| €6 10553 ! ﬁ',(sl_s&gé.l ldN;" !
&1k | !
N'35/8 1S5*&&, +3.!
d*3F,8Z30'57+1,
1(&/'3 | : ’ *
<]N<R ! ﬁ%\gsg&;? ' | 62&0-MI@@@91*3F, 8)2/@;223 dz:<
| 52]*3](35/8 G
@*&&+ . BVV<<(R]
h*'253%(1-2( &
nzan 6&80-M 925'3* KAG*3,M!
o, MI@@@9253+ KAG*3,M
el 2)1%0.9)52])53&'511,85| h*2+3%(!
S U 3+%532,3& G o(2! Bl< !
X53&'511,8!
(2918, GIREG | K/ (/!
3++532,38
] 0,8,(&*53!
(2%)/1&/153!
&6, |

"U#!




G *7-F*+657/ <

2-7( 46) T(,6 - &71(7& 2-7-&714( & | J*(
:2('&W5'&!";<R!
0('2*37!
K4@*3,M!
)537,',3),M!
d(/',3!
<TAN<R! | W5'&¥)/1&/1153! | 1--1'1,(-, ! BI" |
X51(?*5+(33
)/-0157!
* INWFK!
&,)6351572*)(1!
' +51/8&*53
N&&,38(3),!
L6*c(10",)*-*53!
<QN<R! |1 '58/)&!1(/3)6 ! (&10',--! LW:< !
(%)L& 1-4-&,2 |
1(/3)6 !
6&&0-M]|@ @ @9&6,&4 Z3)1/-*53*3
_ . )59/F]('&*)1,]2(-,(&* G| &B,H(-'(&* !| ..
N | (o) *_ | |
<UFTI<RE | NL%O™6,"! 85@;; ®571,GGs | cso< | |19
&@AFTF?1 571, |
*(3 |
k6;‘385(33¢( oy |:@B)FA™B?,!
<R:"<R! ’ ' 7" | C,)63515241X,3&, ! | X537,'3), ! |:CX<!
W,(8 15735+,11 | =00
25@*37-4-8&,2- || -
X537,',3),MIK'*37*37!
<RJN<R! | N?'*C,)6I$(-&! ! X537,,3), ! |NB:<!
&6,1Y/&-*8,123
B'5@*37&53,@! ¢
e | I , ! ] 19%2Q0 | 2?C*3,. [ <
<EQIR! | ¢ 6 K,&&,10('2*37 | 3(5!'(%1*3! KO;<!
Y31*3)
6&&0-M]]*335+(&*535 ('&*)1,.
3-9)52]508*2*-*32G | J5/'3(1*-&*)
*k_*kQ) |
<V];QI<R ggg‘.g ,;’(:'2&?" &6,@58,'3 G('2 G@*&F 01(&75'29 |YHO;<!
S e 1,8- G&M6*1*05 K4d*3,M
25@@*-)) Y12(!
51&-5+(
vy ieen | | (&3 1K*5053%)-1 KKXIL(8*5 Q! . .
QLRIRY | h1,795 1 | x5e*32618(861 | HE™! KHQ
<];R]":<R | | $8*&5*(L h,? ,&A1,10(2, 107 | '51A4@*3! |hO; !

"U=!




G *7-F*+657/ <

2-7( 46) T(,6 - &71(7& 2-7-&T14( & | J*,(
11(3- 1/3+,*1,8 ! AEVE*291 41 | k(-
VI<Ti<R 1| 751Q:1+,&9(1 | O(2 IK/-+3,- | Ao NSl B
7(2- ! D -
* 1Q % | N .
QT ;'(.gl,g3gj’,,‘.g‘%(l, N?'5352*-&!(38 ! :65)F*3714! | KO;
T pege T T |N(ALIO(2, ! 0',-6 ! "
(&3
:&,0 175'@('8!*3 K*5053*)-In !
A=l | ?75@*32 0',-6 11(c( ! 78'52,))(3* |:Kzd;<!
-&(@A,",- | )( 1d/))6*3* |
‘ON !
] £,7'( 10(2 ! '58/),8 1A40('2*3? 1 | I,-53(1! _
|
H# <A & (&*-&*)H,05'& | :&(&*-&*)53!,T/,-& | | 2(*1!! f$0;< !
NS e e . N?*@.)6 1*38/-&*(1 | 1,-53(1!
VUL <= | §7( L&(&*-&*): 8(8,7A1" <= 2011 f$0;" |
Ny
@@@9?5+9/F]?5+,'32 .
p— £,7C I'- | 3&]3,@-]53), 336G | I'-! _
| N
VET<U Y77%)) ?2,3,(&*53 G 1,6, ! 0" !
5005'&/3*&@®%56(0, G
7/&1', G('2*3? ®51*)4
6880-M]](--,&-90/A1*-6
3?9-,'+*),975+9/F]?5+ | X58,157!
,'32,3&]/015(8-]-4-& B558!
<L<I"5R OV R7(! ,2]/015(8-](&&()62, , L. | 1$0:Q !
3&r8(&(]7+1 ]'=U=R<]0| N?")/1& (1!
<M#UG5?(0 G '0&*), !
<A<"™AQQ8T!
6&&0-M]|@@@975'A,-
_xQ *1*()_ .
H<<]h ! :)1I(§E_§5.él A3 ®1037 | 05! OYL;< !
! ' A*&(BRV/*18A()F G
2'.3,1(20] !

"uvt




&-1( \[44,3 & REL()76*+&*9&5*0(&*9&78(&<.-,(&E-6.5&T7(+,(,&/&-T:+&
>6*4*+6)5 &

] ] ] _ [77(+-H)(" &
2.7( & o & 2(7-615"A(:567(& 65)E06rm5a08 & (&
Y2(3 *,8 IA4
X522,)%(1 | .
. ; . X537,,3), 10,)6 !
<A|<]<=1 B5@U°0 | WOENLE/ (L | AAN1.%O*-6,". IXSY 1| KX;<
)537,3), N--5)"(&"53! 57:(&'3 'K*5053%)-
6&&0-Mlj@@@G)6( ~ '
65'89)52
. . 6&&0-M]|@5'18(?"*&,)€ ,
, _ S5'18IN?"*C,)6 ! X537,,3), 10,)6 '| o
A=<= 73+,-&2,38) 35+(&*53/’3),52](A5/8G (&/'3 1K*5053%)-1 | KK
7335+(&a_ ! | 6&&0O-M|@@@945/8/ :0,)6 'AAN'3(/8 !
<#]<<]<\ )537,',3), | 52]@(8)60+pKB'G | S*&@,,3IXCY!57 | SS:"
€0, 8*37186,S5'18> "0Jbj)F (&/'3 1K*5053%)-!
6ecOM|@@@o7+ (7 C EOCME&(8!
O*,(?'%)51(1*3! 9*&]*&&@(58%*55@ &P JIAGLEISE ) oo
A<]:<]<U! AN ! K*5053%)-1(38! |
h,53( ! 8'G*,(?%)51( B'G <!
d/))6+3*!
+,'53( G,1G;<U!
78'52,))(3%)( !
ses0M@@@ozs, CGIOCMI&Es!
| &(F,31A41:(&/3!
=]"<R! k! A,'1*398,],3]Y"2(3*c, KCO:
O'/+*&1d57*-&*)( K*5053*)-1(38!
U]"]<R ! 1$+,38X(1,38(]$+,3 ")
d/))6+3*!
&r'H#="96&21
7852,))(3%)( !
C'(8,!0(*1(&88.,38,8M!
_8(381&(F,31A4!
6880-M]|@ @ @97'/*& KCO:
VM KRET: | Oretd5 -8R :(&/'31K*5053%)-1

)(9)52 !

(381d/))6*3*!
78'52,))(3*)( !

N

"uu




<:1( \[443 &ORES(.&=(.76)-189-.06+F&)*04-+6(5 &

27( & 0 & 7/ & 8;5(?) 8§G+(55 & lpry7 e o &
B'5@*37)'50- 1(38!
L 11%37+ 84)(1
"<QG<R! |I1(3&(?53! |:@.8,3 ! 7’('2*5?!&"‘0)5( ?A_*:&é's! | |ho«
<QG<RE I1E&(753! 1:@.8.3 1 | 1) 3g !75'!/'A(3!,k:;f&@.'ﬁ;ﬁ@'J '
7(2*37 1D351537," RCh
&'(8+*37E
SA#E,. |
. B'5@*377'/8)50- | | A% .
<V I L5AA-1  |0*31(38 |B2 . 3,@-1(38! |hO"!
TSI07336I2(F.& | | ag ooy
SA#E,. |
- 11*32hO! A&,
"oV | a'A(3 IX'50- || K,1?2%/2 ! .:I}/}O?;érj&o.l 3,@-1(38! |hO~!
1702,3& 2 *38,'+*, @1
_* |
B'5@*3775! g?@ jg(‘:o;s' |
— B'5@*37 -&(/(3& n! ,@-1(38 ¢
| | * * |
<QG<RY 13825138 1 2 0,2(F,&P ! 38,+".@-1 | hOd
et )537,'3), !
' 20,)6,- |
SA*E,. |
3,@-1(38!
: *37 |
"<Q@<R! |NO53%) a | .:I}/}O?;érj&o.l *38,+* @-1 | ho#
1702,3& 2 )537,'3), !
20,)6,- !
SA*E,. |
3,@-1(38!
: *37 |
<Q@<U! |B5@®! |a ! .:I}/}O?;érj&o.l *38.+* @-1 | hO=!
1702,3& 2 )537,'3), !
20,)6,- |
SA*E,. |
; . . . 3,@-1(38!
: | | | *) | |
<R h,154(! B/2(34 ||B5@A*?647501 | jii 0, | OV
*38,'+* @
SA*E,. |
. X/" 38 A4 . . 3,@-1(38!
. | | *? | |
<RI -y a_ B5@Q*?647510! | SBe 0y | hou
*38,'+* @

"UR!



27( & 0 & Jer7) &| 200 ES6HOS & g hs e 3 g
0 (1 &
SAE,. |
. o W48'5053*) 3,@-1(38!
. | ? | |
<RI W48'52(8,3 1| a_ Tros28 1 coramcen | MOR
*38,'+% @
SAE,. |
. . 3,@-1(38!
: | | | | | * | !
<RI d,8&/B5@! |a_ hOLT/*02,38. | eoa0; g4 |MOSi!
*38,'+% @
SAE,. |
. ‘86" G | . 3,@-1(38!
. | kY% -1 1
<R *93%74 e |B5@ ! coramcen | MO
*3&"+*,@
SAE,. |
3.@-1(38!
-
=]<<]<R! (é?ss;b 10558 15 W,AI25@,"- | N?*@E)6$ | | hO<"!
' )537,'3), |
0,)6 i
N,'’5053%) 175@*32 | S,A-*&,. !
=]<<]<R | 164&5053%)-1 |a_! 4-8,2- 1D/-*3715314 | 3,@-1(38! | hO<A!
@(&,1(38 13/8* 38-E| )537,3), |
X(2A™87?! B'5@*37*3855'! N?*@&,)6% !
~ | | 1+3855' PHE )6S |
FISIRE Ty a_ AMQ (T-(18- | |x537,.3), 1 |NO<Q
& &

"R; !



<-:1(\[4,3& #RRB:.78(.&6+9*.0-76*+&C78(.&7 -, (&(=(+75"&)*+9(.(+)(5 &

270 A-N(. &+ M.&
@++*:-76*4_|- 2:(+7&+-0( | 2:(+7&7/4(! J*’(& I
,R];R]<Q! :
Ik I',-,3&(&*53-1(38! Z23&,'3(&*53(11X537,,3),!
<JiRI<Q! gry.53. 1| OO &NLIO(2IAEE | X537,3), 1 YC;< |
: a'A(3 IN?'%)/1&/, !
<<= | q(F,!0',,-&53,.! Y%75'8IL,(110('2*3?!
Y+, 'AI'410(2 | X537,,3), ! X537'3), ! | Nu# !
=]<M"<V ! )% . ! . !
1<'] )*,3&*70,(F, || N?'5352+&-IX537,3), ! c@ N<h
)537,',3), ! o
| X'50 1:4-&,2-> |
;U];Ul<V! | &'5 1+ 38*1(&*53 /&&53IK™*87?, IX'50 1:&5'(?, ! c'(s, !
4-8&,2 L-()6 ! 8,253-&(8+53- 1| O
<; ’U <V| N?'5+*'&(>!'XI50! '
Rl (00! I5&(&5,- 1*3I'()&*), ! c'(8, Q!
|' 8,253-8/(&*531| CO
Ul<"<V ! -,3&(&*53- (38! , .
1< 8+)/-*53- | N?'5352*-&-4X537," 3), ! c'@, !
x537,,3), | | NQ!
<A I -38(8*53- (3g1| X(2A"8?, la3™+ &4l
J<"]<V! 8*_( ey ( 15&(&5B'5@,- IL,-,(" c'@, !
)/--*53- | - L,-()6 ! Xal:< |
N--5)*(&*53! X537,",3), ! o
<<]<U ! |',-,?6&(&*f53. ! K**8*-6X'50 158,853 c'(s, !
-0, (F, ! X5/3)*LIDKXIXE)537,,3), | 12378, ' | NIUI
0',-,3&(&*53!
Vp1<U: W('0," IN8(2- !
;=]<U! a'A(3 10('2*3? ! h,'&*)(110('2*3? IN8+*-" | ,-53(1 !
X537,',3), ! S geysz | WNQ
. W('0," IN8(2- ! ,
U];=]<U! h,'&*)(110('2*37 ! I',-,3&(&*53M!g53(&6(3!
X537.3) 1 | U582 XRID(2 1:4-8,2- | X537,,3), ! | WN;<!
“Ul:=]<U! W(O,' IN8(2- | I'-,3&(&*53M!
=]<U! h,'&*)(110('2*3? | C52 ! :
& NL0(2"3 21S,A-&,". | X537,,3), | | WN;"!
3), ! B'5@'a0 IK5% T e
) W('0," IN8(2- !
U];=]<U! h,'&*)(110('2*3? | I',-,3&(&*53M!
X537,.3), | 45631X500(1537(! X537,,3), ! | WN;M

"R<!




A(-N(. &+ M.&
2-7( ! 2=(+7&+-0( ! 2=(+7&7/4(! | J*,(& !
@++*=-T6%F
. N?*E,)6 I$IL,(1%-*37 .
- *53. | | |
eqer | R TR wsss2y Neneraw | o] N
' 15&,3&*(1 h
. N8+(3)*3?1&6,/-, 157
- *53. | | |
# ) '?é&()‘/g‘Sg’ 3;(,?8' A*50,-&*)*8,-1(38 1ZIH *3 x5§;"3§)]' .| NBA
” 7%,18+,2,&(A1,- ! Sl
!
!
I
<-1( \[44,3 &RE(;567(5B&*+16+(&.(4* 75&+ &A(:6+-5 &
2-7(&& G1-79*.0M)*04-+/& U(;567( & G1-79*.08 Q(9&
:/-&(*3(AL,!
6&&0-M]|@@@9A,3)6
-U]<"]< V! Z3&,3-*7%)(&*53! S,A%3( ! | :ZLI< !
F247('29)59/F]NA5/&!
L,-()6!11(&752 !
6&8&0-M]],)9,/'50(9,/],*
$/'50,(3! 0](?™)/1&/' ]-*&,-](?'*
7335+(&*53! G*0]7%1,-],*0G !
3](! H<A 1
I(&3,- 6*0-1D$ZI! | (?"*rA'5)6/ ,rF35@1, SA*E, |
NBLZE 82,r-4-&,2-r";<Ur,
3r@,A9087
L, &%, 6&&0-M]],)9.,/'50(9,/],*
d,('3*3?M! 0](?"*)/1 &/'],3]7*38 G
| N)),--*3?! )533,)&]0'5J,)&-]0,,' G o |
3¢ Z335+(&*53186'5/76 0. G SATE T HQ
f,253-&'(&*53 ! 1,(3*320)-*3? G
,,'1&5!1," I *335+(&*5@.6'5/?6!
6&8&0-M 91/))6
3](! dN63 52,))(3%)(9*&],3])52 S,A*&, 1 | SSi< |
' 0(349060!
:/-&(*3(AL,!
<R]:"]<U! Z3&,3-*7%)(&*53!| 1-*001(&75'295'?29/F | S,A-*&, ! | :ZLI" |
L-()6 !




?2-7(8&& G1-79*.0"M)*04-+/& U(;567( & G1-79*.0& Q(9&
6&&0-M]]@ @ @9?5+9
3)(! Z335+(&,la ! |+,'32,3&]5'?(3*(&*53 | S,A-*&,! |SSA |
-]*335+(&, @F !
f +,150,'
-I571-%& |
6&8&0-M 9-65)F
3](! :65)F*371410',-6 ! le@@9-65) 751  |SS:Q !
47',-69)59/F!
648'5053*
N7('2*3? |
_35@1,8?,!
3)(! - 6&8&0-M]]G&B)59/F | S,A-*&,! | SS;# |
C'(3-7,1",&@5'F !
6&8&0-M]](--,&-90/A1*-¢
379-,'+*),9?5+9/F]?5+
B5+,'32,3&>-1"# G| ,'32,3&]/015(8-]-4-&
3)(! 4,(1$3+*532,3&! | ,2]/015(8-](&&()62, L,05'&! | BYh<!
11(3ID":<UE!N"= 1 | 3&r8(&(]7*1,]=R"<#U]"1
@&,( G3+*532,3& G
01(39087
6&&0-M @R 97?5+9/F]7
+,'32,3&])(-, G
| Z335+(&,!a_ID53! ,
! -&/8*--(&/'3 G
B5+,'32,3&! N'&*)1 | BYh" !
3)(! A*5053-GF G)),-- G
@,A-*&,E
JI-8&&6,G&('&F5@8G
)50 @'5@," !
6&&0-M]|@ @ @9A/-*3
@*,9)52]3,@-1652,]
K5&(3*)(116,'Al | ":<R<<:#:;##U#],3]
H(F,& | HN_C
#]<<]<R! %&'()&-12('F,&! B15A(TK5&(3%)(1G L 05 -
".<R! @";" | $%&'()&HFH(F.&G<RG ' L
A @+51+*3@
Y005'&/3*&* 4

"RM




2-7(&& G1-79*.0")*04-+/& U(;567( & G1-79*.0&8 Q(9&
6&&0-M]|(?7/38,'3,@-C
a_A,)52*37)(! I @
)52]65@ @6,GFG-G | H(F,.& | NBC;
<]<]<U ! 215A(1!1,(8,1*3! ,
> @)! A)52*3? GR15A(G | L,05'&! <l
A 1,(8, GIE?*&,)696&21
6&&0-MJED9I72-(?"*9
a l(?* &,)6! (7%9)
IFJFG?*&,)6 G H(F.& | NBC:
"AL:Q]<U ! )520(3*,-1531&6,!
o )520(3*- G3@6G | L,05&! "
o .
[77*,18!
6&&0-M]|8V&E&*R+-='T
0('2*37?!
5/87'53893,&]85)/2,3 165 1.6
S6,,13,%8&175'1-57&! &]<UG:Q=3)6(8 G| .
<];=]l<R ! +0IL,05'&! | “a;" !
7T13IEslat | 6("*53 @6, B%&B| .
75G57&7'*833&6,8F G o,
L*)6(8!
A@O8Y
W("*-53 |
X533,)&*37! N?*@IZ!IX,3&',!
=< ! 0('2,-1@*&6! N33/(11X537,,3),! G| S,A*3( ! | $IZ:< !
C,)6351574! N?"*@.,)6!!

"RQ




'<-;1( \[44,3 & R&*+(.-1&7.-,(&)*+9(.(+)(5&-+,&58*A5&-77(+,(, &
a(-.5&77(+,(, & _0( & </4(&*9&(=(+7& J( &
C'(8,:65@] !
QUM< IM<= , - o<
eV m<UI<R | X'50C) ! $%6*A*&*53]f*-)/--+53-! < |
B,3,'(1]@651,!-65@ !
QUM< IM<= N'(AL,!$+,38&!
<QIE X, (1-1$+,3&-! | (ALIS X$L;< |
meVIm<U <R B,3,'(1]@651,!-65@ !
#1"m<= "<V N?'5352*-&->! X337,.3), !
’ ’u ’RI “537°3) | B,3,'(1]8*-)/--*53-! NB;< !
’ ’ ) (381-0,)6,- !
$+,3&]!
QUM< IM<= 15&(&5,-1*3! -
<Q.I"<#"; ( X537,,3), ! IYC:< |
"<VI"<UI"<R | ')&), ! B,3,'(1]8*-)/--*53-!

(381-0,)6,- !

"R#!




(&/'3IK*5053%)->1A/-*3, --1)(-, 1*-1155F*371(&!1)5-&!-(+*

[44(+,638 &7
a6(1,&,699(.(+)(5 !

3?-1(38!0'57*&!12("?*3-M

B(*3!*314*,1810,'-T/(',12,&',IsIL,8/),8!)5-&-15710'58/)&*53!p!Z3),(-,8!

0'57*&(A*1F&4
<-1( §44,3@@\%6(1,&,699(.(+)(5&(TA((+&)*+=(+76%+-11/&F *A+&) *458&
+.&L2&F *A+&).*45 1:56+F&T8(&-T:+& *A( &
J*4 & %018 | ab(1,&:56+F&L?8 @+).(-5(& | G*7(+76-18*78(.&:(+(967%
16(1, & “*A6+F& 6+&
708+1*F/ & | 4)76
+&
I(FIX65* ! NF2]2" 1 | b 181<<Q#IF?]2"| Z3),(-I57! |L,8/),811(A5/)5-8-. !
DK(-,8!53! U9HIF?I0,1 | 5185 @318%2,1A,@,,3!
n 'NE
ne101(3&-E | 2"pUL 1y50.1s10(-8,175@ 861 (&,
0.0.3& 1 | hiNg8*&*53(11"&®BH1) 50!
)4)1,-10,1(33/2 |
L,8/),811(A5/1)5-&-P!
<:ul-(1,(A1,14*% 18P!:ul
'55&18*-,(-,PIL,8/),8!
0,-&*)*8,-PI'512'5/38!
0',0((8+53 !
(@A™ | |<9=IF?]2v! | =9#IF?2viwl | B(*3157IQR SIO(-&, 1?5 @&6!" (&,
WBIAL WI=9101(3&-| "RIOL(3&-10,12 V! | F2I2vIPXIQ! | o1 g1 1@ 11 1A
! * 0) *
+(*,841$1-3&( |01V 214718 yagsiusu
5+IA(?! s3) (-, |
d*26& )
agor | SIL,8/),81)5-&-157!
0'58/)&*53!
'5/'),MI:(&/'3IK*5053%)-  >1)'5018(&(! !

"R=!




[44(+,63& S0 @
@+9*.0-76*+&'8((7&

C6,105&,3&*(1157!+,'&*)(117('2*3?1&5!0'5+*8,1-/-&(*3(A1,12,(3-157!75580'58/)&*53!

*31$/'50, |

!
W, (&6, 1K'*22-1@5/1811*F, |&51+*-*&145/1)520(3410', 2*-,-1&512(*3125' 1*3  (B,0&6!
/38,'-&(38*3?1571+,'&*)(117('2*3?9!IK, 75',145/()),0&!6, 1", T/,-&.101,(-,"",(8!
&6,175115@*3?!¥375'2(&*531)53),'3*3?1&6, 1+*-*&91Z7145/| @5/18! 1*F BM 7/
*375'2(&*5315'1)1("*7*)(&*53.101,(-,|85!35&16,-*&(&, 1*31(-F*3?175' 1489

%8&G:.4*5(&*9&78(&4.*b()7 &
O/&/'1050/1(&*531?'5@&6!@*11!",-/1&!*31)6(11,3?,-175'1755810'58/),-@6, ", 1*-!
+*8,3),1&6(&!8,2(38!75'17558!@*111*3)' (-,1(-1&6,1215A(11050/1(&*531?'5@-.|@*&6!
0('&*)/1(,206(-*-1531&6,17*-&16(171571&6,1"<4),3&/'491C6*-101(),-(1A/'8,3!53!
755810'58/)&*531&6(&1*-1)/",38141,%0,*,3)*3?171@*3*3714* 181*3)'(-,-|(381(!
3/2A,1571,3+*532,3&(11)53),'3-1(38153,!571&6,105&,3&*(112,(3-1&5!(88',--!
&6*-1)53),'3 1+-1&512(F, I/-,I571+,'&*)(11-0(),|&51?'5@!6*76!8,3-*&4!*3855')'50-9 |
Z&1*-186,' 75' 1+*&(11&5!*3)' (-,1/38,-&(38*3?1&6,105&,38&*(11'51,1571+,'&*)(1!
7('2*3?1)5/18101(41*312'5@*3?!7',-610'58/),|A4!-/-&(*3(A1,12,(3-9 !
|
C6,10'5J,)&!*-10('&!57!(116f&6(&!@*11185!(&1&6,1)(-,!-&/8*,-1*3186, 1+, '&*)(1!
7('2*371-)&5'1&5!,%015',| @6(&1&6,41)53-*8,'1&51A,1&6,*1)53& *A/&*531&5!
-&(*3(A14!5A&(*3*3716+76,'14* 18-.165@!&6,41)522/3*)(&, | (A5/&1&6, *'
*335+(&*531(38!&6,*1A/-*3,--1258 191! |
|

[" 8M65675&7*&/*:.&)*04-+/ &
b5/1,3&,'0 - 16(-IA,,31)65-,3!A,)(I- I571*&-I" 1,+(3),I&51+,'&*)(117('2*3?29!Z!
A 1%+ 186(&IA,)(/-145/1( 1) &*+,141+3+51+ 81*3186,12(3(?,2,3&!(38!
50,'(&*53157145/15'2(3*c(&*53.145/1(',1&6,10,-53!A,-&!-/*&,81&5!-0,(F1&512, !
(A5/&I+(*5/-1-/AJ,)&-9! |
C6,-,1*3)1/8,M! |
|
¥ b5/1)520(34>-1A/-*3,--1258,11(38145/'1)5' 1+(1/,1577,*37- !
¥ W5@!45/1A/-*3,--1258, 11*-1A(-,81('5/38145/'1*335+(&*53! |
¥ Db5/10™*5*&* - |(38!@6,&6,125+*3?218&5@ ('8-1-/-&(*3(A1,1¥3&,3-*7*)(&*531*-!
53,1571&6,2!
¥ C6,13,8@5'F-|@*&6!@6*)6!&6,!A/-*3,--1,32(?,-1(38!& 6,150*3*53!1,(8, -
*3145/'1- )&5" |

"RV



¥ W5@!45/1)522/3%)(&,1*375'2(&*53!(A5/&!-/-&(*3(A1,1*375'2(&*53.1*&!
0'()&*),-(38!45/10'58/)&- !
¥ S*&6!45/10,2*--*53 1+* @-1@*11!A,!-5/?6&!7'52145/ -, 171(38!(1-5!45/"
F,41-&(77\(A5/&1(13/2A,1571)53),0&-1-/)6!(-1-/-&(*3(A1,  1*3&,3-*7%)(&*539!
¥ X53&*A/&*531&5!-/-&(*3(A1,1755810'58/)&*53! @*&616*76,'14* 118-9
I
Z1(21(1-5!+,41*3&," -&,8165@!45/16(+,1(00'5()6,8!&,)63*)(1!(38!(?'5352%)!
)6(11,37,-1&6(&!)5/18!1,(81&5!?",(&,'1-/-&(*3(A1,1*3&,3-+7*)(&*530!
|
(&*)*0(&*53!@*111*3+51-8IA,15717(), @FF(),*3&, '+, @-57/(00'5%*2(&, 14!
&@5!65/-1(&145/1)520(341577%),-15'1&*(1-I(',(-.101/-1&*2,1155F*3?1'5/381&6,
*3-&(11(&*53-15+,'1(1&*2,10,*581571&6',,14,(-9lt/,-&*53-|@*11!A,!8,-*73,81&5!
2(*317'(&,'/38,-&(38*3?1571+,'&*)(117(2*3?. 145/'3,8&@5'F-.165@!45/!
)522/3%)(&,|@*&6!45/1)/-&52,'-.1(381&6,1'51, 157145/ 1¥335+(&*+,10'58/)&!&5!
)',(&*3?1+(1/,)(-10( &I57145/1A/-*3,--1258,191Z375'2(&*5317(*3,817'521&86,!
*38,+* @12(4!A,/-,81@6,3!0/A1*-6*3?1&6,!" -/1&-1571&6,!" -, ()69!IN34!
)537*8,3&(1*&4! T/,-&,81@*11!A,!" -0,)&,8!(38!(35342*&41)(3!A, 12(*3&(*3,8!*7!
' T/,-&,89 !
|

L"&/*A&T8(&(=6,(+)(&ABL11&;(&:5(, &
C6,I',-,()6175"  &B*BfI*-1-17 G/38,891Z&!*-135&!11*3F,8!@*&6!5'",1+(3&!53!(34!
5&6,')520(34!5'1&6+810('&49!!
|
S*&6145/'10,'2*--*53.186,1*3&, '+, @@*11A,!",)5'8,81&5!7()*1*&(&, /(3(14-*-1@6*)6!
@*111A,)52,10('&!571&6,16f1(38!*3&,'+*,@,,- @*11!A,1-65@3!8'(7&!('&*)1,-175'"
&6,¥1)522,3&-1*31&,'2-1571())/' ) 457! @6(&!*-IT/5&, 815" (&&'*A/&,8!&51&6,2 9!
C6,12(&,*(112(41A, V-, 81+310"--1('&*)1,-1(38]5 0, G+*,@,81J5/'3(1-9127145/!
' T/,-&1(35342+84 1&6*-I@*11IA,1,-0,)&,8
|
$+*8,3),!@*11!A,1)511(&,8!(38!/-,81&5!(3(14-,1&6,", 1(&*53-6*0'A,&@,,3!+,'&*)(1!
7('2*32.1-/-&(*3(A1,1*3&,3-*7%)(&*53.18*77/-*531571*335+(&*53!(38! A/-*3,--!
258,1-9111,'2*-*531@*111A,1-5/?6&!A, 75' 1/-*321(341)537*8,3&*(112(&, *(1175'!
0/ALY)!+* @*329

O8G-.76)64-76*4&
I('&*)*0(&*531*-1,3&*, 141+51/3&('41(381&6 7+3(118,)*-*53! (A5/&!0('&*)*0(&*53!-!
45/'-91C6*-1-&/8416(-IA, 31", +* @,8!A41&6,IL -, ()61$&6%)-IL, +*, @'K5('8!(&!
&6,'a3*+,-*&41571d,,8-1(38!(00'5+(11?'(3&,89!! |

"RU



#'8I*+7-)7&,(7-615&
L-,()6, MIW,(&6,1K™*22-91 |
I61-/0,"+*-5"MIIFIN33,IC(1153&*,9!
Z3752(&*531-6,,&!",),*+,8M! !
N?',,2,381&510('&*)*0(& M!

(&, M!!
*23,8M!!



[44(+,63& SQ&I
2786)-18Q(=6(/&

1,'75'2(3),.1B5+,'3(3),!(381Y0, (&*53- ! -

L, ()6  InIZ335+(&*531:,'+%), | ﬁ
X6('1,-IC6()F'(6!K/*18*37? | 5
<;<IX1(',3853!L5(8 !

d,,8-1d:"IRdq!IC, IM!;<<ANQAIQUVA | UN|VE RS|TY OF LEEDS

$2(*1NL,-,()6$&6*)-w1,,8-9()9/F

!

W, (&6, 1K*2?-1 |

)65511571$('&6!(38!$3+*532,38&, !

a3*+,'-*&41571d,,8- |

d,8-.1d:"'IRqC !

|

2"KB&2+=6.*+0(+7&+&KZ>'&c [Q2] d&-):17/&Q(5(-.)8&2786)5&J00677(( &
Z+6=(.567/8*9&K ((,5&

<RIN/?/-&!";<# |

!

f,(IW,(&6, !

|

<8(&A*T(+76-1&*98=(.76)-189-.06+F&7*&4.*=6,(&-&
<B71(&*9&57:, /R  5:57-6+-:1/&6+7(+5696(,80(-+5&*98I** &4 .* )76+ +&6+&
2:.%4( &
2786)5&.(9(.(+)(R & [Q2[&%6# FKXL&

Z!(2101,(-,81&5!*375'2145/186(&1&6,1(A5+,!' -, ()6!(001*)(&*53!6(-!A,, 3!

'+ @,8!A41&6,1$::d.1$3++'532,3&1(38!daK:IDNLSNE!O()/1&4!L -, (')6!
$&6*)-IX522*&&.,,(38 175115@*3?"",),*0&!57145/1' -053-,1851&6,1X522+8&, >-!
*3+&*(H22,3&- .1Z1)(31)537*21(17(+5/'(AL,},&6*)(1150*3*53 I(-157 1&6,18(&,1571&6*-!
1,&89C6,175115@*37185)/2,3&(&*53!@(-1)53-*8,',8M



f5)/2,3&11 | h,-*53 | f(&, !
NL$NI<#GM$&E*) (LrL,++,@rO52  G#;U;<+"985)%! " <V]UJ<#
NLSNI<# GAIX(-,1-&/841)53-,38175'2985) | <l <V];UJ<#
NL$N!I<# G;NO* 18@5'FIL*-FIN--,--2,3&!75'2sNC985) ! <l #];Ul<# !
NL$N!<# GAIX53-,3&175'21)520(34985) ! <! :QUl<#!
NL$N!<# GAIX53-,3&175'2985) | <! :QUl<#!
NLSNI<# G\ d,&&, IX(11/2IH/"(41Z335+(&,'a_985)% ! <! :QUl<#!
NLSN!I<#G;ld,&&,'I571)537+2(&*53985)% <! :QUl<#!
NL$N!I<#G;"ld,&&,'1571¥3&'58/)&*53985)% <! :QUl<#!
NLSN!<# G;AIH,25'(38/2!5710('&*)*0(&*53985)% | <! :QUl<#!

X522*&&,,12,2A,'-12(8,1&6,!75115@*3?!)522,3&-!(A5/&!45/'1(001*)(&*53M !
!

¥ :65/181&6,!A,!(34!(2,382,3&-1&5!&6,! (3&*)*0(&,8!5/&)5  2,1',2('8*3?!
86,522, )*(11(?',,2,3&@*&6!&6,)520(34. 45/ 12(413,,81851)52, IA()F!
&51&6,1,86%)-1)522+&8&,, WZ&5/38-1(-1&65/76 186,522, )*(11(?',,2,3&!*-!
35&14,812(8,./(38!&6(&!&6,',1*-186,105&,3&*(1!75'1&6,1)520(3*,-1&5!*3-*-&153!
5/8)52,-! &6(&! 85! 35&!-/*&! &6,!"-,()6,] !'-,()6!5'1 &6(&!)6(37,1&6,!
3(&/,1571&6,"-,()6,] ', ()6 O
|

I1,(-,1358*741&6,1)522*&&., 1*7145/1*3&,381&512(F,|(341(2,382,3&-!&51&6,!
5*2+3(11' -, ()B!(-1-/A2*&&,81(&!8(&,!571&6*-1(00'5+(1.1¥3) 1/8*371)6(3?,-1&5!
')1%&2,3812,&658515? 49IN111)6(37,-12/-&!"),*+,1,&6%)(1!(00'5+(110"*5'1&5!
*201,2,3&(&*539!C6,1(2,382,3&!75'21*-1(+(*1(AL,1(&!
6&&0M]]'*-91,,8-9()9/F]$&6*)-N2,382,3Q!!!

11,(-,1358,MIb5/1(",},%0,)&,81&5!F,,01("",)5'81571(1  1!45/1(00'5+,8!
85)/2,3&(&*53.!(-!@,11!(-185)/2,3&-1-)6!(-1-(201,1)53-,3&!75'2-./(3815&6,
85)/2,3&-",1(&*371&5!&6,1-&/8491C6*-1-65/181A,IF,0&!*3145/'1-&/8417+1, | @6*)6!
-65/18IA,!",(8*14)(+(*1(A1,!75'(/8*&!0/'05-,-91b5/1@*11!A,1?7*+ 31 (1&@5! @, F!
35&*),10,*581*7145/10'5],)&!*-1&51A, 1(/8*&,89!C6,', 1*-1(1)6, ) F1*-&11*-&*37!
%(201,-157185)/2,3&-1&5!A,IF,08! @6*)6!*-1(+(*1(AL,!(&!
6&&0M]]'*-91,,8-9()9/F]$&6*)-N/8E&-

/\-< |



i

S,!@,1)52,!7,,8A()F!53!45/',%0,*,3),!157 1&6,!,&6*)(1!",+*,@!0'5),--1(38!
-[??,-&*53-175'"1*20'5+,2,3&9!11,(-,!,2(*1!(34!)522,3&-!&5!
L,-.()6$&6*)-w1,8-909/F 9!

!

b5/-1-+3),",14 |

!

!

q,33*7, 1K1 (*F*

| 3*5'IL - ()61$8&6%)-IN82*3*-&'(&5".IL,-,()6'n1Z3 35+(&*531:,+%), |

Y3IA,6(17!57!fI N38',@!$+(3- .IX6(*.! NLEN!O()/1&4!L ,-,()6!$&6%)-!
X522*&&,, !

XXM!:&/8,3&>-!-/0,'+*-5'D-E!
!

AT
y .



[44(+,638 &K
“1%55-/ &

[F.*+*0657 M!I,'-53IT/(1*7*,8!*31(?'53524P!*31&6,!a_!&6,4!(','KN:Z:!(38!
ONXC:IT/(1*7*,8!!

[F*+*0/  MICB,!-)*3),/(38!&,)6351574!/-,8175'10'58/)*3?1)'50- |

>6*1*F6)-1&41-+7&4.*7()T6*REC6,1/-,15713(&/'(1101(3&18,7,3),12,)6(3*-2-1(38!
0',8(&*531&51)53&'5110,-&-1(38!8*- (-,91C6,4!)(31*3)1/8,!  A()&,*(!(38!7/3?7*P!
A,3,7%)*(110',8(&5'415'2(3 *-2-.106,'5253,-1(38101(3&!,%& ()& &

J*0:6+-:1(&).*45R& X'50-1&6(&!(",16('+,-&,8/-*321(1)52A*3,16("+,-&,".!
*3)1/8*3?1),',(1-1D,9?9!5(&-.|@6,(&.!A('1,4E!(38!5*1-,,8"'(0, !

J:176=-.MIL(3&!+(*,&418,+,150,8!A4!-,1,)&*+,IA",,8*3?175'),'&(*3!8,-*(AL,!
)6(0&," *-&*)!

"[GR&NIX58,1571B558IN?'*)/1&/ (11'()&*),! O/A1*-6,81A41f,7'( 175'0'5&,)&*53157!
@(&,'.1-5*11(38!(*'

*((+&[.(-&@+,(3&C [@IRE&6, '(&*5!5717',,311,(7!(',(1&5!&6,1?'5/38!(',(9!C6*-!
*.1¥205'&(3&I&51A/*18*3214* 181A)(/-,1&5!A, (AL, 1&51065&5-43&6,-*-, 181G, (+,-!
6(+,1&5!A,17',39 |

VI, *4*+6) R&6,10'5),--15717'5@*371)'50-! @*&65/&!-5+11*31-(38.1?'(+,1!5'15&6,!
2,8*(1-)B\(-"'5)F@551!5') 1 (4!A(11-9 !

K(=/&*,] ~*-.,R& 53 ®,0('&2,3&(1!0/A1%)IA58417/38,81A4!(1-&(&/&5'411,+4P1 75!
96(201,.1*31(2'%)/1&/",1&6,17/38*3 21*-17'5210'58/),-/(38!&6,!-/00141)6(*3] |
G1-+7&4.*7()76*+R,(3-15712(3(?*3?7101(3&!6,(1&61&6'5/76186, /- 15713(&/" (1!
(381-4386,&*)10'58/)&-.1064-*)(LIA(",-1(381&6,1)53&'511,8/-,15710",8(&5'- !
<8.(( HBO(+56*+-1&9-.06+F M!:, 1+, '&*)(117('2*3?1A,15@!
M(.76)-1&E-.06+FINa-,1571&6,1+,'&*)(1101(3,1&5!?'5@!)'50-1*31-&'/)&/'-1-)6!(-!
&5@,-15153!1@(11-9737 186)8&*2,1571&6*-1-&/84(-1&(F,3!01(),! &6,1&,'2*351574!
e+,'&*)(117('2¥37>16(-1A,)52,1-4353425/- | @*&B6/'A(3!7('2*32.| @6+)6!*-I(!
8*-&*3)&I-//8,)&5' 157&,3"/31A4!, 386/-*(-&*)(2(&, /- @*&6!-5)*(1!'(&6,1&6(3!
)522,)*(1I5AJ,)&*+,-.1'(&6,'1&6(3!&6,10'57,--*53(1150, (&*53-1@6*)6!6(+,'A,, 3!

AN |



&6,!&('?,&!571&6*-|@5'FIIN-I(!",-/1&.1&6*-1&6,-*-1/-,-1&6,!&,'2*35157&6',,!
8*2,3-*53(1I5'""f17('2*3? 9

[44(+,638 &K
QMG &

NK:Y'. 1f91g910Z:XWSL.Iqold$h$'CY . 1q9'$SZB. !q9:XWYHS$La:. !COl.
hZd:HNZ$L.1a9.!hY" IS$WLFS. IWINK$L'$CWb. 119.1Zh$:. IXIf9 In!
gNBS$L. 1'91S91";<V9ld,+,'(?, 105*3&L751-/-&(*3(A*1*&& (3-75'2(&*539
3-4#9%3Q=B"; GRY

Nd:CY". 1g9H9!INLf$b. !19!BIn!:HZCWIhIWERRRE"7#&28%!21#0.1+.1"1
11%(.0+H#O#+Z38D558151)4IL,- 1Z3-89

NdC$L.!d9";<<91d*+*378',3 105589&;WaBBS$L. !CID,89E9

NHZCILIINjYCC. IX9";:<9 th(1/, 1),(&*53 1*3, IA/-*3,--9 I<+!"+ 240
&2 - &+ '=96.18"15 BQRG"O!

NHZCILIINjYCC. IX9":<"9 IX',(&*3? 1+(1/, 1&6'5/?61A/-*3,-- 1258,1 1*335+(&*539
>:2 '<1%"&"8"2,-, &+ ' @,9# AB# BQG®RY

N:ZYdZ!f9. IN:XWSHN™  GBZCj$d. Iq9IXNIaCY. 'h9Ih$XXWZY IL9.

N ajZNCN. INOUy:. 1COn!hNL$AN. H191";<VOIH(F*3?!-,3-, 15786
V1,3 11(A,1J&',38-MNI' +* @!57)53-/2,  17558)65%), IA,6(+*5' 1(38 !
8*-)/--*53 157*38/-&'41*201*)(&*53-BUY%@,$,"10C :&+,1& " +#%&IREBHUG
V<9

N:INLN. !q9IWZ$CN'$. 1g9n!CZ_ N'$’. IW:<:9 IK/-*3,-- 1258,1 1*335+(&*5B
+-1' 01%)(&*53M*3(3)*(10,'752(3),  1*201%)(&*53557-&'(&,2*)!,20 6(-,-9 !
DY%.1&" 1068+1"+, 2#0>"E, +#82%< UB R@=9

Nh$LHNS$CS. !'CIhZN$'S$. IgOIHYLBN. !$9qan!XLNSOYLS. 1'91":AQ |
f,&,'2*3(3& |57*335+(&*583-2(11!1755872-9F.1%/,"& 'D%.!&"1%8
8&Y69"+HO588"2 - &+5 1=BUGVY

KNAHOYLF. INOINHN'Y. ICIKNLCA$CCIWIXWNFS ZX_If9.1XYddZ:. IN9!
$fSNLf:.  !f9.10Z$df.IL9.BNL:SYLCWb. 119.!BL$$. 'L9n::HZCW!
191":<U9!CB, 1,3+*532,3&(1 !)5-&- (38 |A,3,7*&5716*26@*,187('2*379)
G'+.!, '$.$+"H&" MH1HPRVVO

KNL'$b. 'q9K9<RRRW5@Y 17+224)(0(A*1+&* {(77,)8A5/38(4 18,)*-*53-9 1> :?'
<1%"&"&"2,-.8+ '@,9%,A5Q:B< VI

KNLL$CC. 'WenILY:$. 1f91X9"™9 11,'),08&*53- 157&6,75/'8&8(?™*)/1&/ (1!

' +51/&*53MD6(&3*3) @6(&35/&)(38 |@6(&53-,T/,3),-  I(, !
(38*)*0(&,8d<%0#% 196 @¥ 1" 1#9

KNLCW!W9adh$ KdNf. 19 & 9nladh$ KdNf.  119!":<V9IC5@(8- (!
X53),0&/(1 10'(2,@5'F '57:/-&(*3(A1, 'K/-*3,-- 1H58,11Z335+(&*533&6),
N?*@®558:,)&5'MIN!:4-&,2(&*) 1d*&,'(&/", IL,+* @9'<.$+"#&" A1 #4 b
<=":91

KNj$d$h. 1191":R9 IN3(14-*32T/(1*&(&*#8(&(NH5', 1&6(3e*8,3&*7448H,2,->0!
S"1"T$H8 DY%.1& 1968, " 1#+4#9@,$," 0C5!" B=G"9!

K$X_. 199";<79 11 8%)&*37 1)1*2(&,1)6(3?, !,77,)&153!1(?*)/1&/", 17'521,)5152%)(1!
396, 1258,1*3?NM@680'57*81@6315-,-0 ! 1#-"+#00C"&2,5<<=B<V\GURD

MQ!



|

!

K$ffZ'BCY'. 1q90558!%$3,'?4. 1S(&," (38 1&6,X1*2(& M !I,'7,)& ':&5'2 157
B15A(1$+, 3&-d!d,)&/", '&%:/-&(*3(Al, 'f,+,1502,3& !a_ !;R!X537,,3),. !
"R9 !

K$dj. '0@19In!ISNCCZS$.! 9q9";;R9 I<.$+"#&"A#1H+TE ,+#&2;'3'21%4"1
[,1$/,0+#9, .1S*1,49

K$LBS$ . IN9IgNXYK:Y". L9.IXNLd:Y'. IKOIdZfHNL . 19InlLZX '$. IN9
";U9 IN3(14c*37&6,7/3)&*53(1843(2*)- 157&,)635157*)(1*335+(&*58
-4-&,2-M!N!I-)6,2, 157(3(14-*-9'@,$,"!0C '/%1#07%/BQ;V®"R9

KZ$db.! 9IHNS$:. 'f9In!hN" !IN::$d. 1:9!";<U9!C6, *8,( '57@,(F!-/-&(*3(A*1*&4
* %11, ?2*&*2(&FRI#1%&-,&+5,9,1%/-, &+ "&( '$.$+"#H&"AH#1HTB™N G9!

KZdY:dNhY. IL9/KNB YdZ. IX9n!$fBNL. !f9!";<U9IN3!)5 G*&*)(10,-0,)&*+, !
53IA/-*3,-- 1258,1-MC6, +(1/, '&™*(3?1!(- }(3!(00'5()6 !&%)15-*372&6,
-[-&(*3(A*1*&2(09!D%.!&"1%81,"&,! '6!%(.0+#%&EVBVQE/="9

KdZB'NaC.!q9INLY:Y". !g9n!f$ 'BLYYC. IL9";<QIIL,-&5'(&*53!573(&/'(1!
)(0*&(INI'F,41-&'(&,?4153!&6,/0(&B &F-/-&(*3(A*1*&AB0% 1%2#0"1
F&2#&,,1#&2B5#B#QE<9

KYX $. I'9.ILN'N. 19InL:WYLC. 1:91S9!";<#9 Ih(1/, '2(00*3? 175'1-/-&(*3(Al, !
A/l-*3,-- 1&6*3F*3M%.!&"1%8&(.$+!#"1"&( '6!%(.0+#% &&2#&,,|#&2B" B
=V@J<9

KYdCY". IL9n!WNY". IH9";<=9!B5+,'3*3? I-/-&(*3(A*1*&&'(3-*&*531&6'5/76!
A/-*3,-- 1258,1 1*335+(&*530b@('8-!( !-4-&,2- /38,-&(38*3?9 |@,$,"!10C"'
1% 1#07GB<V <EVQ"9

KYY™:. 10!!d{f$ $ ®@L$af. !09;<"9 IK/-*3,-- 1258,1- 1751-/-&(*3(AL, !
*335+(&*53M (&, B 1&3.6,G'&! (38 1-&,0- 1&5@('84( !',-,()6  1(?,38(9 !
D%.!&"1%81,"&,! '6!%(.0+#%&3BRER9

KY:CLYH. IN9KK|WH. 'BAn!YzXY YL. I[L9$9";<"9 IC('?,&*3?!(38 1&(*15*3?
)1*2(&,N6(3?, 1)522/3*)(&*53-9 1I#1,7":&+,\(#S0#/1#&"@,9#,AS;
[1#-"+, '1C"&2,5 '(BQQ®##9

KYSHN'. X9n!NHKLY:Z'Z. 'h9";;;9 'h(1/, ', (&*53 +,'-/- 1+(1/, N(0&/' M
&5@('84(!)56,",3& 18,7*3*&*837+(1/, 1*3-&'(&,?49K#+#$E0.!& " P08
-'&"2,-,&+5  I<<B<G#9

KLNf. 109';;R9 IX"*&*)(13(&/'(1!)(0*&(2',+*-*&,8NB)515?*)(1!',-*1*,3), (38!
-/-&(*3(A1, !8,+,1502,3&9'F0%1%2#00%&%-#045UB=;# G<"9d

KLYaS$L. !O9HN'CZY. !09lYdHN". !'9.I:WYLC. IX9!:C$Ldb. !:9!n!LNX.!
Z9;<U9II'*+(&, !1-))&5" 1()&*53-1&%+(15'*-, I0/A1*)A,3,7*&17'52 1(?™)/1&/, !
(38 175',-&'49F.1%IC%#0,$5<VB<=G"9!

KLaX$. IC9q9l:HNLC. !'d9$9IKZLXWIND 9!$9IKdY . 'h9X9IHNX $'jz$. ! 9!
Ba$LLZ$LZ. '$9IXN:XY'$. ll9.!da’'N. !1$9An!CY". 1g9";<V9I!I'5-0,)&- 75!
01(3&8,7,3), !()&*+(&5'1(38 !A*5)53&'51¥3ZIH kX53),0&- (38 11,--53- !
1,('3&-517('911%/ ''%+,0+#%RSB<"UG"Q9

KLa fCdN'f. IBAWKRUVS6E(& *-1-/-&(*3(A1, 18,+,1502,3&9!L.! '0%--%&"'
8.+.!, BURY

XNOONLYJOIXLSHN:XY. HIHIILYXXNCY. 'HIn!XNhNddY.!$9";";9 |
f*+,'- I577(2,-> 1*3&,3&*3&%850&&,)635157*)(1*335+(&*53*3Z&(14M
C6,!'51,!157*375'2(&*53-5/'),-. 10,),*+,8 /-, 7/13,--. 1(38!0,),*+,8 !
(-, 157/-,9 1D%.!&"1%8.!"1'<+.(#,$5V=B'=QGV<Y

XNLYdN". 'H9:9!";;=9 If5 145/1-, 1@6(&2-,,0 '$%(2*3*37&6,,0*-&,2%) !
A(™*)- 1&5/-&(*3(AL, 1(?™)/1&/)',9 '@.1"1' $%0#% 19D G=;9!

XNLCSL. 'g9<RR#3811,78"-#&2;'M"9, '1,$%.!0, M%%'8"!-,!$ '4,&,8#+,(0.!
Y+,'-,(- M, +,1502,3&!Z23-&*&/&,9

Nt



|

!

X$Lh$SLY. LIHIANILYCCS$C.:9!<RUQBI3(14c*3%&6,,77,)&*+,3,-- |57
)53&*3/*320'57,--*53(1 !,8/)(&*53MN3!,%015'(&5'4-&/8493(. 1+ F(.0"+#%&
H."1+,11751"QB<"# Q=D

XWN_LNKNLCZIN9 9n!WNa:XWZzZdfC.!q9<RURESG, 18*+*-*53571(A5/' 1*3
*3354&*532(3(?,2,3&9 '@PQ>"&"2,-,&+5 I<RB<=<EV<9

XWN'.! 9 9n!HZ:LN. :9'<RR;9X6('()&,*-&*)- 157&6,50*3*531,(8,'M!N!3,@!
8*2,3-*5391D%.!&"1%68(9, ! +#$#& 25 RBH#" G; 9!

XW$:KLYaBW. 'W9';<;9 IK/-*3,-- 1258,1 *335+(&*53B6005'&/3*&*,4(38 !
A("*,'-9 'R%&2"&2, '/ 1"&&#&RIB#QGB="9

XW$:KLYaBW. 'W9';<"9 1S64 1)520(3*,- !-65/18!6(+, 50,3 !A/-*3,-- 1258,1-9!
>:? '<1%"&"&"2,-,&+ '1,9#,A5!QUO

XW$:KLYaBW. 'W9d$CCd.IX9n!LZCCSL.ICY';<U9h(1/, 1)',(&*53 (38 !+(1/, !
)(0&/', 1*350,3 *335+(&*53D%.!&"1%0%!%(.0+":&&%9"+#%8&" 2,-,&+5 !
NEBRMN, (RAUYS

XWLZ:CZN:$". 'W9';;<9 1$1,)&'53*)!7*3(3),M,)5352*)- (38 I*3-&*&/&*53(1
7()&5'-9L00"$#%&"B"/,!5 "9

XWLZ:CYIWSL. 'HI<RRR#E5?7*-&*)4(38 1:/0014 'X6(*3!H(3(?,2,3&M !:&'(&,?*,- !
75'L,8/)*3? 1X5-&(381Z20'5+*372:,'+*), 10*3(3)*(AC*2,-MI*&2( 3!
I/A1*-6*3?79d53853.!1<RRUEZ:K" I; I"'VA I="QR!; ID6('8A()FE"RQs!<} 1009
C(415'n!10'(3)*-9!

XYddZ$L.!'L9.!ga $:.. 'NIN'Z$d. 'XIn!WYHHS$:.. 'HI";<=91$)515?*)(1
-,1)&*+*&4%70,-&*)*8,- 1(38 1(001*)(&*58,&658-9!:LKI N6@< 'K.11,+#&5
<<IBR@RUB

XYHHZ::ZzY". 1$9";<V9IW5*c53";"; IH/1&MN)&5''5J],)&-9!

XYYL. f9!1g9n!H~'Ba$j. 'HIZY;<"9 I$+51/&*5B5&,+51/&*53577('2*37 !
-4-&,2- '@*14,-&!7,,8 1(381?',,3 1&6,/@5'18%1%4"B%%K,0.1#+73<B<;= G
<<ng

XYC$aL. IZIHNLXWN'f. 109f$KLab'$. !d9fNd$HN":. '0M!dNaS$L:. !
d9";< =9IN!7'(2,@5'F '751?/*8*3?!-/-&(*3(A*1*84--,--2,3& (38 !53GF (‘2!
-&'(&,?7%)18,)*-*63 12(F*3?9IF&9#!1%&-,&+"1-/"0+ '3$$,$%-,&+ '@,9#,AB
=; B<=G"9!

XL$:S$dd. !g9S9!";;R9 IH*%,82,&658- 10'5),8/',-9 1@,$,"10C '(,$#2&;'
H."1#+"+#9B."&+#+"+#9/8( '-#U,( '-,+C%($""// 1%"0C,$3"'B";" G'#9!

XL$:S$dd. !'g9S9!n!HZddS$L.!f9!1d9";;;9 !f,&,'2*3*3? +(1*8*&BT/(1*&(&*+,
*3T/¥'497C,%! 7 #&+%'0+#0,3 "RB<"QGN; 9!

fNK$SL_YS. 1:91BIn!HXKLZf$. 1S9If9!1";:"9 10('2 !(38150,'(&5" !
)6('()&,™*-&*)- 1(77,)&*3%&6 ) (@(',3,-- !(38!(850&*53570",) *-*53
(?™)/1&/)", 1&,)635157*,-1*3&6,)a:9 16!,04$#%8&2!1#0.1+.!, 3B<="GEVVH

fN'Z$d. 119!1";<QIIX53&*A/&*T57+,'&*)(117('2- '&5%*3)',(-, !'&6,)5+,'(11,3,'?4 !
J7%)*,3)A57/'A(3 1(??152,'(&*53-9!1D%.!&"1%&%A,! ""&( 'F&,127"'
F&2#&,,'#&285 BU"®#9

fN:CY". 1d9"; ;U9Y3!-)* 3&*7*)5A-,'+(&*539:$#IRBRUEZ<;9!

fNhzZ$:. 1ZINIn!fYWSLCb. 'K9";<R9!K(1(3)*3?!('64A*8A/-*3,-- 1258,1MCB6, !
-()6 1751 T/*1*A™*/2 (&X(78*,)&9!'D%.!&" 1%&K . $#&,$F F+CHOBSH\VB
<;QMNE;==9

fNhz$:. 1ZIN9IfYWSLCh. 'K9n! "Y€, 1:191":<;9 IC6, I'*-, (38 I-&(1BA('7(*&'(8, !
0*53,,'MICB, IX(78*,)& !-&5'49D%.!&" 1%0&K .$#&,$$ F+CHOFE'B<"VEQVO

f$ IN'B$dZ:. IL9IWYSNLf. 'HIN!HZ$HXjb . 1g9";<U9!:/0014 H6(*3!
2(3(?,2,3& 1(381&6H)*)/1(" !)53524M!&5@('84&6,))*)/1(" !-/0014!
)6(*39!6!%(.0+#%&1"&&HA&P' 1% &+!9IB BQ"#&"VIO

f$ IBLYYC. IL9JOZ:WSL.IKIIXWLZ:CZ$'HIINLY:Y".  !q9'KLNNC.!d9!
BYSfb. !g9IWNZ'$: ®Ya' B. !L9!HNACKb.!$9! $ahzdd$. IN9In!



IYdN:_b. 1:91"<"9 173&,2'(&*31&6,,)5157*)(1(38 1,)5352*%) 18*2,3-*53- |
*AAXSG*+ ' *EU38 1)5-4-8,2 1-'+%), 1+(1/(&*5B?C,",0%8%-#0B68
0%$7$+,-$""&( ' MHY%(HI,|$HHO% 1Y 2HRL ' 0%8%6-#08%.&("+H%&$SV
C(415'(38 10'(3)*-9!

f$ IYdf$. ISAHIIKY _$L:. I$ANIN!f$ IKYSL. 1Z@9";<VIIC6, 1)65%), 15786
-&(*3(A*1*&M4-,--2,3&  1&5HR(&&,-M8*77,'3),- 1*3&6,2(&*)1-)50, (38!
(- -2,3& !'-/1&-9'F0%1%2#00%6&Y%-#0HE = BV\EIH#O

fSNLZ'B. !g9S9InIXYE. 1qIBY";<UQ!f*77/-*531571*335+(&*5348.:6,5'4.10'*3)*01,-.!
(38 10'()&*),9'M,"1+C'88"#95VB<U"GR; 9

f$OLN 1";<Q9!0558:,)/*&4 1L,05'&9:&F$OLN !D,89E9

fS:IYHHZSL.  1f91"<;9 12C,'9,1+#0"B"l-; '8,,(#&2'+C! A%! 1(#&C!WX$+
0,&+.17.1C652(- 'f/33, IK55F-9

fS:IYHHZSL.  1f91"<<91CB, I+,'&*)(17('2M)53&'511,83+*532,3& 1(?*)/1&/, !
)('*,8 I5/&1*3&(IA/*18*321@5/18) (&, !?',(&, !7558-(7,841(38 I-,)/*&4 |
7511('2, /'A(3 1050/1(&*53-D%.1&"IBY!'Z,141".0C,1$0C.+] "\&( '
R,4,&$-#++ 1$#0C,IC #=B" &=9)!

f$:IYHHZSL.  1f91"<"9 1X6(11,37,- |57+,'&*)(U7('2*3?29:&f$:IYHHZSL. 19!
D,89HC"11,&2,$ ' %D, 1+#0"B"-#&2\b5/C/A,9 |

f$SNL. INOHI";<V9!:)538 IKXIX !I,-& (38 IK,3,7*)*(1- 1S5'F*3? 1B'5/0 !
L,+*@ !":<V MN)6*,+*371:/-&(*3(A1, !I,-& X53&5kW('81d,--53- 17'52!
&6,14', &6'5*8 1:&5'41(38 17201*)(&*5375"(3 1ZIH 10/&/",9 L. +1% % Eh&
6,5+'>"8"2,- &+5 I"UBU<@®#9

fZX_:. 1d9h9IKNLB$CC. ILIIf9. IK$dd.!gIIK$ CY . ICIBIIKYYCW.INO!
KYaSHN. Ig9IKLYS'. IX9!KLaX$. IN9IKaLB$:. !19!q9n!KaCds$L. !
:9199";<"9 I1S6(&!85!@,!3,,8 1&5F35@&5,36(3), &6),3+*532,3&(1!
-&(*3(A*1*&BA(?'*)/1&/'(1 10'58/)&*530!NI0*5*&*-(&*FF IF35@1,87!
3,,8- 175186/a_ 17558-4-&,29 |<.$+"H&" A1 #WIB R# B<<#9

fZX_:. 1d9h9ILY:$. fOIX9IN'B. IO9N:CY". 1:9.KZLXWING'QI$9IKYNCHN. !
"9 IKYSdS$:. '$IdIIXWNFSZX_. 1f9. 12 :fNd$.  IN9In!faLWNH. !:9!
"<ROISB(&(?H)/1&1'(1 10'0&*),- I(, 125-&1*F, 11&58, 1++,' \-/-&(*3(AL, !
*38,3-*7%)(&*5BR1&6)a_0 IBUY(&( 'F&,127 '<,0.1#+73UB,;:<QUY!

fZ$CLZXWIgI9. :XW HZCj.IX9!H{dd$L. !X9!ONFSL. IHO!dYCj$ KNHI$ . !
W IYIL  IN9"<"9 IH,(-/*3?  1(?%)/1&/'(111(38F, *3&,3-*&KINI?15A(L
(3(14-*- 1/-¥37 1(1258,1 G--*-&,8 1(00'5()69 |F0%1%2#0%0(,11#&23" B
<:RG<U9

fZ$Cj. 1:9InT"$aHNbS$L. 1$9":V9 IS (F 1(38 1-&'5371-/-&(*3(A*1*&*3&6,:$SNM!
X53),0&- 1(3812,(-/',2,389  IF0%1%2#00%&8%-#0H5 <B=<\G"'=9

fYSL'K$LB.  1S91:9.1Ka:$. IHILZ$KSLC. ILAN! Y:XWNCj_b. ! 9"<"9 |
N3(14-*32(?"*)/1&/'(1 1*335+(&*5B4-&,2-M1( 12/1&*1,+,12*0%,812 &658- !
(00'5()69 !

fYBN'YhN. !d9n'$bta$H G$'NadC. 'HI": :RISE(&!85IA/-*3,-- 1258,1- |
850NZ335+(&*58,+*),- 1*3&,)6351574,3&',0',3,/-6*09 !@,$,"10C"
6% 1HOTEB<H#RGHV:I

fYaCWSNZCS$. IK9!_$NCZ'BS$. 1q9n!INL_. !q9";;<9 1S64 10'52*-*37 |
&,)635157* -17(*186,3,71,)&,8 I'51, 157/, 1*335+(&*5MB/*37 |(8508*53D
@,$," 0C/%1#075 BU<REA=9

fLYCCK$LBSL. IN9":"<9 1Z3&'58/)&*5%38 |(850&*5357&,)63*)(11*335+(&*53K (!
-&/84157-/-&(*3(A1, 10'58/)&*53!571,(74+,?,&(AL,- *38*77,' 380'58/)&*53!
-4-8,2-9 |

fLaX_$L. !9I<RR"9CG, I-5)* &4I575'2(3*c(&*53-AM"19"I( '4.$#&,$$ !, 9#.A B
R#Z;Q9

MV



|

!

fa. 1:9.IKWNCCNXWNLbNXIKAn!:$'. 1:91":<:9 IH(%*2*c*32A/-*3,-- I'&/'3- |
&%)5'05'(&, 1-5)*(1!',-053-*A*1*&DX:LENCE, I'51,I57X:L 1)522/3*%)(&*539 !
&+, 1&"+HY8EDH. 18 PAB"&"2,- &+  '!,9# A$5I<" BUZRY

$N:CSYYf. IX9! d$L_€. !dIn!"$CCd$. ILIA";<VI!f43 (2*)- (38 !18*-&*A/&*33
570/A1*)(3810"*+(&,!",-,()6  1(381,%&,3-*53'51,- 1751&,)635157*)(1
*335+(&*5R38 18*77/-*53M(-, !-&/8*- 157&6,*201,2,38(&*53!(38 !
(8(0&(&*53570",)*-*53 17('2*3? 1&,)635157*,-9D%.1&" 168D .1"1' <+.(#,$5!
QmB<&"9

$ZfC.IXAHIIWZX $b. IBAHIAN!XaLCZ:. IHANI"<"9 | 35@1,8?,!*3&,7'(&*5H38 !
&6,(850&*53573,@!(?"*)/1&/'(1 !&,)635157*,-M ,34(3 10,-0,)&*+,-9 !
B%Y%K,0.1#+73QB M B=V9

$Z:$"WNLfC. | 9HI<RURS/*18*37&6,5'*,- 17'521)(-, 1-&/84!'-()69 !
30"(-7  '%8'&"2,-,&+ '1,9# ALI<@BHN" G9!

$ Z:. 19.1:ZHY". 1:9.1f$aC:XW. !1d9!OYd_$.!X9n!f$ IBLYYC. IL9";;A9 INI
7'(2,@5'F 175186,10'()&*)(1!(001*)(&*535786,)53),0&- 157)*&*)(13(&/'(1!
)(0*&(1(38 !-&'537!-/-&(*3(A*1*&4B0% 1% 2#Q0%6 & Yo- #OFIR B<=#ZU#9

ONY.!a9";;R9 IW5@&30,,8 1&6,S5'18!*3";#;9 IONYIL52,9 !

0z$df:$f.  IN9OY';<"9 10()*1*&(&*B335+(&*583(?"*)/1&/' M!1,--53- 17'521( !
$/'50,(3 10,'-0,)&*+,9 1321#0F0%&@Q,95<; B<V\ZR;9

OZ$df:$f.  IN9OIXLY'Z'. !$9!hNLBN. I$9IKZLe. 1:9!InILYBBS. !1$9";"<9 !
e:6("*37? 1&6,-0(),>*3 1&6,/(?*)/1&/" (1F35@1,8?)(38 !*335+(&*5B4-&,2M!
2/1&%)&5' 1*335+(&*5B('&3,-6*0- |@*&B('2,- (38!75'-&,- 1*3$/'50,9 |
?C, 'D%.!&"19%6B21#0.1+.1"1F(.0"+#%&"'&( ' FU+,&$HURBBQ" @ Q"9

OZBB$!09";#9 'h(1/, 'A(-,8 !,3+*532,3&(1 12(3(?,2,3&9 !0'52 !,3+*532,3&(1 !
-6(',65 18,'I+(1/, 1&5%,3+*'532,3&(1 I50&*58+(1/,911%!/%!"+, '<%0#"1
@, $/%&SHAR IR F&IHI%&-, &+ "B"&"2,- &+5 <" B<R®;9!

OZBB$!0M!WNW'ICY';:Q9 I:/-&(*3(A1, '+(1/, 1(88,8 , 2,(-/*3? 1)5'05'(&, !
)53&*A/&*53185-/-&(*3(A*1*&4M,45381)5 G77*)*,3)49F0%1%2#0"1
,0%&%-#0$BUB<V G UVD

OZBB$!0MIWNW'ICY';<9 Ih(1/, 18*+,- I57)5'05'(&, !,)5 G77*)*,3)4M
H(3(?,2,3& ())5/3&*3? 1*375'2(&*5375'&6,!,77%)* 3&-, 157
,3+%532,3&(1!'-5/),-9  1>"&"2,-,.&+ '300%.&+#&@,$,"10C5!"QB UNG
Q;;9!

OZd:$L.!H9! LNa:. '9.ILYZB®Z$L'Y. ! 9! NZd$L.I'9In10Z:XWSL.!a9!";<R9!
$3&',0',3,/'-6*0 (- )(&(14-&75'-/-&(*3(A1, 18,+,1502,3&M50,3*3? &6
A1()FAS%S. $+"#&"A# 1 #4FBQH: NI

OZ'BS$L. IL9IWZL:XW!:9In!dN'CSL. 1f9 II'57*&(A*148Z0*'2- 1*A$a 0558
L,&(*1*329";<U IX537,",3),. lg/14"UBN/?/-& I" .I";<U. Ih(3)5/+,". IK*&*-6
X51/2A%(. I";<U9!Z3&,'3(&*53(N--5)*(&*53I5IN?*)/1&/'(1!$)5352*-&-9!

OZLKN’_.1d9!$ddZYCCIq9IfLN_$. 'K9IXNY.!bAn!BYYfNb. !L9";<"9 !
$+*8,3), I57-/-&(*3(A1, *3&,3-*7*)(&*3@53? |K*&*-67('2-9 1321#0.1+.1,5
FO%$7$+,-$ P' F&IH1%&:&+ <V BHUG#H9

OdYYf. 199"<;9 IC6, 1*205'&(3), 15701(386,(1&8&57558-,)/*8&49 IB%YK,0.1#+75
" B'<# G<9!

Odb™. 1d9L9.BYdf:HZCW. !L9$9In!$N:CHN . !9 9<RR=90*3*531,(8,- !
(38150*3*53-, F,-M IC@53,@'2,(-/',2,3&  !-)(1,-9 'D%.!&"1%8-C!
"0"(-7 '%8" IE,+#&%0#,&0,3"QB< V9

OLN _:. 1q9L9";<Q9!:/-&(*3(A1, 1*3&,3-*7*)(&*5BWa_ 10,'-0,)&*+,9 1B%%4(
6%1#0TDBV<®);9

OLNCCZ Z09KZN XWZHIIHN::Z:. IN9n!:Z_ZHZX!a9";<Q9!C6, I'51,!57,('14 !
(850&,'- 1*386,8*77/-*53513,@!0'58/)&-M8*77,',3),- A,&@,,3!101(&752

MU



(38 135301(&75'2*335+(&*53 W %. 18" 196%!%(.0+ : &&8I69"+#%&
>'8"2 - &+5 MN<BQ=A®UU

OL$fZN'Z. |_9":<<QIW*?6*-, 17558M%!+#0.1+.1#-+B<U9

BNL'$CC. ICINIId$KD. 'HOIKNIHOYLF. INOIKNCSHN'. 1Z9K$'CY". COl
KAYYHS$L. 119.'KaLdZ'BNH$. IK9IfNS Z:. IHOfYdN". !d9n!
OLN:$L. Q1":<AQ I'/-&(*3(AL, 1*3&,3-*7*)(&*BS(?™)/1&/ MI0',2%-,- |
(38 1051*)*,-9<0#,&0,3°Q<B" BQY

BNL'$CC. ICIn!BYfOLND. 1X9":<"9 1:/-&(*3(Al, 1*3&,3-*7*)(&*38A(?*)/1&/',9 !
“(+*2(&*3?1(1)5/-, 1&6'5/76!)520,&*3? 17558-4-&,2 10™*5"+&* 9BY%Y%(
11#-"+, '@,$,"10C 'G,+A%IE'&( '+C!LUBYI[>"1+#&61%2!"--,  '%&+C!
B.+.l, '%B%Y6(RRHO, I$H+ 6B UBY!(F] BH<9

B$'Yh$:$. IN9INXtaNb$. INON9IOZBa$LYN.INOn! YW.::91d9":<Vo!
/-&(*3(A1, 1-/0014)6(*312(3(?,2,3& (38 1&6,&'(3-*&*SR5@('84( !
YYL( 1,)5 3524M$+*8,3), 1(381-52, 1(001*)(&*53-8.-,2"5 |==B QGG
A9

BZ$d$. 9!HOIWY$hS. INIn!"Z$aS$' Waz:. 1d90%,('3*3? 1,3&',0',3,/-M |
1,('3*3?1(38 1*335+(&*583-2(111)520(3*,-9 !"::A9 1:4205-*2 1g5/'3(1-9!

BAN:$L !KNL'$h. 'BAn!:CLNa: IN:$dH. !d9<R=VE6,!8*)5+ 4 157
2'5/38,8 1&6,5'AM& (&, 2% - 1751T/(1*&(&*#,-,()69 1G,A '"WIEB(1#&.(, '
SL7+,1 9

BAN:$L. !KGBINn!::CLNa:. IN9d9";:R9 12C, ' (#$0%9,!7%R1%.&(,( '+C,%!7;
<+I"+ 2# $ 86T ."1#+"+#9,$,"10C .IC'(3-()&*53 I/A1*-6,-9 |

BYfOLNb. 'WdXLaC$. !Z9WNFNf. !d9IdNSL$'X$. !f9. !HaZL.!q9lL$CCh. !
qQOILYKZ:Y". 1:9InICYadHZ' . IX9":<<9!C6,!0/&/', |577558(38 !
7(2*3?PX6(11,37,- /(38 1)65%),- 1751215A(L/-&(*3(A*1*&4d53853.1a_. |
C6,B5+,'32,3& !577%)I751)%,3),9 |B%! $#2C@,/%!-Q

BYfOLNb. 'WEX9qQ";<#9!CB, 18,A(&, 15+, I--&(*3(AL, 1*3&,3-*7*)(&*SERY%(
<,0.1#+73VB<RRE;U9!

BYfOLNb. 'WEX9qOIK$ffZ’BCY".  1q9L9.XLaC$. IZROIWNINF. !d9!
dNSL$'X$.  1f9.1HazL.!g90IIL$CCh. 1gOILYKZ:Y". 1:9.1ICWYHN:. 9!
HIn!CYadHZ . IX9":<;9 10558-,)/*&4M&6,1)6(11,3?, 1577,,8*3? IRA*11*63
0,501,9!$0#,&0,5""V BU<"G<U9

BYfOLNb. 'W8X9g9n!BNL'$CC. !C%":<Q9I0558-,)/*&4 (38 1-/-&(*3(AL, !

%38, 3-7%)(&*SECH#1%$%/ CHOI'RS"0+#% 88 C! @%7"$%0#, +K;'
K#9%1%2#00%,80,$5"=RB";<":;"VAQ |

BY'XWNLYhN. '9.1Y:_NH. IN9lYaf$ !dN“:Z' . IN9IhN f$L 'hdZ:C.IN9n!
h$L:C$BS.  1q9";:U9 173+,-&2,3&-0*F,- *3f/&)6 1?',,365/-, |
65'8&*)/1&/",9D%.1&" 196B21#0.1+.!" 1IF0%&%6-#OSBRBH <=GH'=]

BYh$L'H$'C.  IWEHI":<U9INI?', 3 17/&/'PI5/' I"#14,(' 101(3&5*20'5+, 1&6)
3+*532,3&9!

BLNb. f91$9";<"9 1Q%#&RS$,"10C '#&C!!,"1'A%!1(::(?,9 !

BLa'$LC. ! 9BOIWNLH:$. 'WIH$ad$'KSLB. !HO! azZI$L. !$9!
YCCYSZCj. ICOf$Xd$LX . 109CLNZddKIn!B|LN:Y". IBI<RRV9
381" A%IE '8961&" 1 7$HEHE YO +HUER C! 8%94$,0+%1:0*32,'9 |

Ba'’CY. IL9H9IOZLKN' .1d9B9IZ'HN'. INOn!SZ'C$L. If GHI";<=9IW5@
(1AL, *-1-/-&(*3(A1, 1*3&,3-*7*)(&*5BD'+Y61"&+%5 B<;9<:AUY

WNW IC9I0ZBB$!09IZ :$. !g9n!iL$a:.  !d9":<:9 IC'(8, !577*3)5'05'(&, !
-&(*3(A*1*&AB/ 1)(32&6(+, 145/ )(F, (38 1,(&*&S*1,41Y31*3 Jd*A'('49)

WNZBW.9 In!WYOOHN".IN9ga":<"9 IW4A™*85'2(3*c(&*53-NC6, 13,%8&6(08&," 157
-&(*3(AL, 1A/-*3,--9 ILI2"&H["+H06&" [7&"-#0$5!QB<"= G QY

MR



|

!

WNZBW.9.!SNd_$L. !q9IKNXt. 1:9!n!_ZX_ad.!qa";<#9 IWAA*BY'2(3*c(&*53-M
Y'*2+3- 1:&'(&, 7%~ 1Z20()&-. (38 1Z201%)(&*53!B 1#8%I&H#"&"2,- &+
@, 9% ABHVBHG"Y

WNdd!g9 9/fN'$_$. !BANIN!d$ YE. IHIQI":<;9 1:/-&(*3(Al, !8,+,1502,38& !
(381,38',0',3,/'-6*0M !I(-& 1)53&™*A/&*53(38 17/&/', 18*)&*53-9D%.1&" 198
K.$#&,$$ Z,&+.1#8&25'# BQ"RRQU9

WNLfb. | 9JYLLZfB$. !CIOWS$b'$:. '€9/Ba'N:$'N. 1:9.!BLafh. !9Inlda.!
X9":<U910('2*37 186 J0/&/" MIX53&,205'('4 1Z335+(&*53$36(3)*3? !
/-&(*3(A*1*&4FI&E IN?'H: )&5'0 13&&."1'61"&+@, 9#,A$ % & 1#B!=" GRQY

WNbBN:WZINOHIN :CLNC$Bb. 1$9:91":<"9 If5 1b5/ IW(+, INNIZ(3 IK[o!:-"2, 9

WS$LZ :$. 'BIN'KZgHN.1g9";:"9 1Y3186)2, '2,3), !573,@'?5@,-2!
(--5)*(&*53-M-,17-,1,)&*53!+,-/- 1)5/3&,'+(*1*3?105@,'dF.1%/,"&
@,9#,A %B21#0.1+."IF0%&%-#O$R B'## G=RJ

WSLHN:. 109B$$LdZ'B GZOAOIIYCCSL:. !g9n! d$L_€. 'd9";<R9I/AL¥) G
0'*+(&,10('&3,'-6*0- (- 1-4-&,2%) 1(?'*)/1&/'(1 *3FB+(&*53051%)4
*3-8'/2,3&- KN----*37 1&6,*1)53&*A/&*5B.5*335+(&*5B4-&,2 17/3)&*53
843(2%)-9 IGD3<NI"2,8#82,& 'D%.!&" 106R#8<0#,80,$53UBV=RH9

WSLHN:. 109:Cazh$L. IHOIKS$SL:. 19In! Y .1 9"<AQ ICB, 18*-&'*A/&*F37
'51,- 1(38 17/3)&*531751/0-)(1+3? 1( 3815/&-)(1*37?1*335+(&*531+3
(?%)/1&/'(1 *335+(&*5B4-&,2-9 1321#0.1+.1"1<7$+,-$5 I<<#B<<VE"U9

WZ Bd$b. IHIN!dZ fBLSS .  IN9":<;9 1d*+*37@*865@, *2A(1(3), *3&6,7558
-/00141)6(*39!Q,1#9,1#&2,18%-"8&0, '#88%YH5.//17 '0C"#&PY1- +*'9!

WZ Bd$h. IHI_9":#9 115@, *2A(1(3), *3a_!(?'* G558-/00141)6(33,1-M!
d,(3*3? 1&51*+H@*&86,-/0,2(F,&-0 'D%.1&"1%S"IE, +#&2
>"8"2 - &+5 1I"< B=AGJUD

WYXWHN. JOInIXNLK$LLD. 1191"<<91$2,2*3? 1)53-3-- I5318,-*(AL, !
)6('()&,*-&*)- 151&551&5-/005'& 17(2,-> 12(3(?, 2,3&157)1*2(&, !"*-F1*3
N/-&'(1*(9321#0.1+.1"1<7$+,-$5 1<; OBQQG#: 9

WYX_$LC:. | InISECSWNBS.  IL9"<;9 IB',3*3? IBS1*(&6H, /- !
2,7*32 1f(+*8- , CB6,5*c*3?1(A5/&1&6,'51,157+3)/2A,3&- (38 13,@!
3&'(3&-1*3-/-&(*3(A1, 1,3&',0',3,/-6*09  1D%.I&" %K .$#&, $$ Z,&+.1#&25
"# BQUGQR"9

WYddNf$L.  1gOWSR:QICE, I18,+,1502,3& I57L*)('852- 1&6,5'457+(1/,912C, "
H."14+,117 ' D%.1&" 196 0%&%-#0$SUBQHHRR <O

W:ZSWIWEDMEWNTY . 1:91$9":#9 1C6',, 1(00'5()6,- '&5T/(1*&(&*#)53&,3&
(3(14-*-9IH."1#+"+#9C,"1+0,$,"l OCKH4B<"VVGE"UUY

WaKKNLf. 1S9IBINENTHN.  1d9LI";;V9 1a-+3? 18*77/-*5 85 1*335+(&*5B
)53),0&- 1751%20'5+,8 10'52'(2 !, +(1/(&*539D%.!&" 16 U+ & $#YIEBB</Y

WaLds$b. 119.1dbY". 1q9!WNdd!g9!dZCCdHL9IC:YahNdZ:. 'gqInILY:$. !f9!
g IX5@®,-*23*3?1&61$3++532,3&(1!d(38 IH(3(?,2,3& 1)6,2, 1*3
$371(38NE6,)@64/@65!(38 165@57,3?7(?*3? 1e6('8,' 1&5
' ()6>-&(F,6518,-9 16,%/1, 'G"+.1, 9

Wa:$Ld. 1$9n! $L:.C$. OKRUHZES (- II,'&(*3*37 1&5( 1I/', |
16,352,351574 1(38 1&5( 116,352,35157*)(1 !16*15-50649N8,3,'(1 !
Z3&'58/)&31&5/',  116,352,3515749 |

Wabd$ KLY$X . !BAhInlfalLN'f.  IBY";AQ 1> 1+#8.80+HOG&2MHO0.1+.1,; """
&A'["I"(H2-  '8YF.1%/,"& '"21#0.1+.),""&( 11" "(,9,1%/-,&+ IN-62(&, !
/A1*-6*3?1d&89

Z'BLNH. !q9!fSb$L. !q9!BN:_$dd. !19.!HZdd:.!qIn!f$ !SYdO. H191":<U9!
L,)53),0& /(1*-*3?1&'(3-1(&*583(?™)/1&/ (1 *335+(&*53NI)5 &'(3-1(&*58
(00'50)6 1&3A*32'-()6 IF35@1,8?71(3810'0)&*), 1)15-,' 1&57,&6,'9R"&("
\$, '6%1#0%5 B UG<9I

/\<- |



|

!

ZYN Ya. 1Z:!:$LNO$ZH. |BI";<RIIX5'05'(&, !:/-&(*3(A*1*&AM!:& (8,240 !
M"19"I( 'K $#&,$$ <OCUIRD0%. &+HER' >"&"2 - &+  \&#H+IVIEHE?
6", 9

ZIXX 1" <QOUL#-"+, 'IC"&2, "W_X':-/"0+$5 '3("/+"+H%&B&( ' Z.18, 1" A1 #+ BN+
3;'S1%4"1&( '<,0+%!"13$/,0+$V 1%&+#4. +HREI % E#&ISI%./ ' +94-C!
BHEHESS,$5-,&+ ' @,/%!4%8-C!:&+,12969,18-,&+"1'6"&, 1 ' %&I1H#-" +,
IC"&2, 'aB#,1(BVKVZV@N'1%$5QVDY%EE,&B/DW"0C5 >VQVY
S'SH"&(1"5 ' PVEKHLHE/ IC"++,1=, 5 IVRVFA#BVLVFS$+!"("5' @VIV
S,8%9"5KVS#!-"5 'FV<\J#$$, 153VG\R,975<V>"0I"0E,&5 '6V@V
S"$+1"&(1,"5 '"&( 'RVRICH+'b,($VCAB(2A™*8?,. 1a3*&,8_*3?7852 1(38 !
@ b5'F.Uh. la:N. IX(2A™*8?, la3*+'-*&4l' -9 |

ZIXX. IX9XQ":<RIII(38MN3IZIXX 1:0,)*(1 L,05'& 1531X1*2(&,IX6(3?,. !
f,-,'&*7*)(&*53.1d(38 If, ?'(8(&*53. :/-&(*3(A1, d(38 IH(3(?,2,3&. 0558
- )/*&4. 1(381B',365/-, IB(- !101/%,1Z3C," -&*(1 1$)5-4-&,2- 'D";<RE9

gN:$.  1g9::C$aC$’. IX9IL$'$:. !L9INNLC:. I'9!n!dNH.!CY'<;9 !
f,AI3F*3? 186,24&657866('8 @E5()6 !7(2,'M !,77,)&*+])522/3%)(&*53 !
531/88, 16,(1&6ED%.1&" 1%8)"#17 <0#,&0,FRB<"R=G";=9!

gNLZddY IqIX9<RUUY3!-&'(&,7%)!13,&@5'F-&+!"+ 24#0-"8"2, -,&+ '=%.1&" 158
N @®)<9

qQYW:Y'. IHISO.IXWLZ:C$:$. IXIHIn! NBSLHN. IWo';;U9 !
L,*3+,3&*37145/' 1A/-*3,-- 1258, 19IM"19"I( '4.$#&,$$ |, 9# ASIU=BHVGU9

_NdN'CNLZ.!0%IN_WbN'Z.I'91":"<9 1X522/3*&4 1()),0&(3), !-&/8*- 1*3&6)
75187+, '&)(17(2*372, NIY*&*)(1(38 1-4-&,2(&*) |(3(14-*- 1&%(8+(3), !
&6,)53),0&/(1*-(&*53157)522/3*&4 1()),0&(3), *3_/(1( 'd/20/'9 !

&+ 18 +HY&IIY%. 18 1%814"8, '<.$+"#&"41,Q,9,1%]- &+ B<G=9

_Zd$da.!X9S9.! d$L_€. !dIn!d$$asSz:. X9":<9 1a3'(+,11*371&6,'51,157
*335+(&*5M1(&75'24*3- /005'&*37)5 G+51/&*5357*335+(&*53M
X53&*A/&*53(38 1&,3-*53-1*3( 1-2(116518,'18(*'4 18,+,1502,38. !
0'52'(22,9 1321#0.1+.1"1<7$+,-$5 I<<UB=#G/VO

_Z7a$.  1q9<RR=MB(A™,11C(8, !(- I(175/38*377(&6,157*335+(&*5B*77/-*53
- ()69 130+ $960#%1%2AREY < ®Q"9

_ZLSN'. Ig9n!HNb$. If91":<"Q I0558-,)/*&4 17'(2*37- |@*&6%86)a_ (38 1&6,
*38,2'(&*585715)(17558-4-&,2-9 1D%.1&"19688.1"1' <+.(#,$5"RBR<G::;9 |

_d$Z° ISYYdCWaz:. IL9JdN"_Wazj$. 'HIn!BZd:Z'B. Ih9";:#9 INI-4-&,2 |
7(*1/,17'(2, @5'F 1751*335+(&*5051)4 18,-+2391?,0C&I%69"+#W&EB=R G
=<R9

Cd$L_€. 1d9""9 INS+*-5'4l- %) - 1(381&/(3-75'2(&*53.101/(1*&438 18*-'/0&*53
5A(?*)/1&/", (38 17558-4-&,2-MI&5@('84(13,@",-,()6  !(?,38( 75"
(?"%)/1&/'(1 1,8/)(&*53 (38 !,%8&,3-*53-&/8*,-91C(415'n10'(3)*-9!

_d$L_€. !d9INNLC:. I'9In!d$$aSz:. IX9";<;9 IN8(0&*+]2(3(?,2,3& !*3
(?"%)/1&/'(1 1*335+(&*5B4-&,2-MIC6, 1*3&,'()&*534A,&@,,31*335+(&*5B
3,8&@5'F{(38 1&6,1,3+*532,3891321#0.1+.I"1$7$+,-$5!<:* B'R; @®;:9!

_d$L_€. !dan!K$BSHN. 1:91"™9 1:/005'&*37 17558-4-&,2- 1&'(3- 75'2(&*53M
C6, |@6(J@64.@65'@6,, (38 165@572*--*53 G'*,3&,81(?*)/1&/'(1 !
*335+(&*584-&,2-9 1321#0.1+.1"1<7$+,-$5 <U@<;"R;<9 |

_d$L_€. 1dan!d$$asSz:. IX9":U9 'K(1(3)*3?12/1&*011*3&,' -&-NB2A,88*37 |
*335+(&*583&,'2,85(&*531*3&6,1(?%)/1&/'(1 'F35@8?, *37'(-&/)&/',9 !
2,0C&%9"+#%8 5B =QBVU9

_d$L_€. !dan!d$$asSz:. IX9":UAQ IH(&)6*3718,2(38 (38 !1-/00141*3&6)
(?'%)/1&/'(1 [F35@1,8?)*37'(-&'N&/ M!$%0,*,3),- |@*&6335+(&*5B
*38,'2,8%(*,-9 IBU%YE%IHOTSB'=; GV=9

Nl



|

!

_d$L_€. !d9N$CCSL :CLyC$. !$9!_h NH.!BOEIb:CNf. !$9n!KaCdZ
WFL:CNf. ILIHI":<VOIN)6* +*3?1A,-&G*8637*2/ (&*53-186'5/76!
(8+*-5'4 1-/A-4-&2- 1IN _Z:N)(-, 1-&/8* - I5A(8+*-5'41-'+¥) |
0'5+*-*53*327518%+,"-, 1&40,-1577(2,- I 5'@(4912C, 'D%.1&"1%8
321#0.1+.1"1F(.0"+#%&"&( 'FU+ &S &5 B'<A G'RI!

_d$L_€. !d9!N" IHZ$LAY. K9n!d$$asSz:. 1X9";<"9 1$+51/&*567-4-&,2- |
(00'50)6,- '&B(?*)/1&/'(1 1*335+(&*53)83),0&-. (3(14-*- (38!
*38,'+,38*53-B"I-#82 '<7$+,-$ ' @,$,"10C "H&AHC!WX$0,&+.17;'2C, '&A "
(7&"-#0V1:0'*32,'9 |

Z$LZH. INOIKY$“Z "B. |_9IXNBBZN'Y. IHOIXLZ:Ceh,Y. INO!
fZLZHN'YhN. 'h9! Y$W'$". ICIUdNKNLCWS!9In!IILNBSL. | 9";<#9!
C6,IN_Z:1)53),0& 1(38 *&*,1,+(3), 3-,1,)&,8 '$a12,2A 1-&(&,-9
L.+1%%®H&3S@:\R\@F5 'Q@'RG=9

aftY'. 1S9.Sb:iYX_Z. INOIXWNHINB'$. !g9n!I$CSLY.  'WeXg';:Q9 !
$3&',0',3,/-6*0 (38 1*335+(&*5B83&6,/(?"™* G558-4-&,29 13-, 1#0"& '
D%.1&" 19%@B21#0.1+."1F0%&%-#0HBB<M; G =9

_Y:XWNCj_b. | 9":<9 I' &@5'F- *3*335+(&*58,-,()6 (38 1*335+(&*5B
051%)4 (3 *3&'58/)&*5IREY69"+HIGE+AYIES\D'*3?,'9 |

_LNHS$L. 'HIL9N!OZCj$L. IHISI!":<=91CB, !,)5-4-&,2 '57-6(,8 +(1/,9!
M"9"I( 'K.$#&,$$ @,9#,ABR@U; WRD

_aLNC_Y. 9!09HYLLZ:. IHAWS!XWZ f$WaCC$. HI";<#9 1a38,'-&(38*3? !
&6)843(2%)- 157,3&',0',3,/-6*0  1&6'5/?6!7'(2,@5'F 1(00'5()6,-9 I<-"11'
K.$#8&,$% FO%&%-#OFDHB<GN]

_aCC$L. ICICZ$HN. 1:9.1:Z$K$LC. ILIn!OYa' CN:. 1:91":<<9IC6, !'51,157
)522/3%)(&*53 (38 1)5 G0, (&*53!*3&6,/(850&*53570',)*-*53 17('2*329
6!, 0#$#Y6@21#0.1+.1 5<" B' GV/9

dNKNLCWS$!19.1:aCWSLANf.  1d91$dj$". IKININFNH:Y'$  ®Z: YhZXN.IN9
N8++-5'4I'51, 14317('2,-z 12%)'5 1-4-&,2- 157(?'%)/1&/'(1 IF35@1,87)(38 !
*335+(&*5M2*%)'5N_Z:EQ<A&BZ0:N:4205-*/2. 1":<U9I<@Q

dNCSL. 1f9. IWZL:XW!:91n10Z BSL. IL9I":<U9!I'57*&(A*1*4E8 1X520,8*&*583
$a 10558L,&(*1*379

d$!BNd.!I9®9!faBa.... '19.!0NaL$. !BInIYhN_. 1:91": <<9W5@85,- I'-,()6 !
(88'-- 186,8,-*?3 157*335+(&*+(?™)/1&/ (1 10'58/)&*53!-4-&,2- 1(&I&6)
7(2 11,+,1dNV +* @9I3214#0.1+.1"1<7$+-$5 1<:QBV<QV"UY

d$NOI":<U9IdSNOH('T/, 1:&(38('89 !

d$$aSZ:. IXAnINNLC:. I'91":<<91L,&6*3F*3PX522/3*)(&*53 1*3Z335+(&*53
I' 5),--M IX',(&3?1:0(), !751X6(3?, *3IX5201,%1:4-&,2-9 12C,"
D%.!&"106B21#0.1+.I"1F (.0"+#9%&"'&( ' FU+, & $H#YI&SB"< B=9

d$qY’. '$9n!OLN"_$dZa:. 19!";<#9!:@,8,3 1*335+(&*5M5@,, N?'*&,)63%)(!
"<#9 IF1-#'5De&Ee/#&28A,(,& 9

dz$'. IKIboGVaINad$$'. !f91q9l_aY .Ib9BIn!SN'B. !CEI";<QIICE, !
'(&*53(1*&(B8 I5A],)&*+* &' 71,)&*53*306,352,351527%)(1 I'-,()69 !
H."1#+ 7P H."&+#+ 19 B<URZR=9

dZ . IKIKQ":<<9IL,-+1*3), *3(?*)/1&/, 1&6'5/761)'50 8%+ '-*7%)(&*5INB(0&*+, !
2(3(2,2,3& 1751,3+*532,3&(1 1)6(37,9 |K#%<0#,&0!5<B<UNZR"Y

dY'B. ICHKIIKAY . !han!XY Z'€. 1Z8;<=91K(", - 1&5&6)(8508*53(38 !
8*77/-*5351&,)635157*)(1*335+(&*535751)1*2(&, G2('& 1(?'*)/1&/", 1*3
$/'50,M 1,+*8,3), 17'521&6),&6,'1(38-. 10'(3),. :@*&c,'1(38(38 !Z&(149
D%.1&"19681,"&,! '6!%(.0+#%&E<" BRG<I

dY'B. ICIKIIAYYZg$ . INONIKAY . 1hA":<UQIX*&*) (L),  17()&5'-1751&6
&'(3-*&*SBBA/-*3,-- 1258,1- 1751-/-&(*3(A*1+&43&617558(38 IA +,(?, !
*38/-&'41*3&6,,&6,'1(38-9 1D%.!&"196D1,"&, '/1%(.0+#%&EVHBU" RH#9

A |



|

!

dYY:. 1gOINKY". 1f9Iq9IXWNII$dd. 'HIGOIWN :INXW. !q9IHZ adXN_.!09.
CZXWZEIIN!0Z:XWS$L.1q9":<QO!/&&*322,(3*3? 1A()F *3&B-/-&(*3(A1, !
*38,3-*7%)(&*53@I%&+#,188F0%1%2R( '+C! F&I#I%&-,&9

dYS$KSLB  ISKYSL. 1gan!$LZX_:Y". IKI":<R9!,&&*3286,)')5'8 I-&(*?6&
5310',)*-*53 1(?*)/1&/", (850&*538821%8%-7 D%.!&" IS <<B<##" GH#=R9

dYS$:. 1dan!iLYS:$. 'HANG":;<9 1:&(38*3?15/&-*8, 1&6,*3&,'+*@0'5),--0 !
C6, *11/-*5815A),)&*+*8806,352,35157%)(1 18(&(1?,3,'(&*539!

&+, |8 +HYO &P 1 & DRI SH&2$+. (#,$FUBQV®RU; 9

dif$ $ ®L$af. OMUSHKS . | 9":<VOl/-&(*3(AL, IA/-*3,-- 12581 !
506 1(3810'0)&%),M$2,'2*3? 17*,18'10(--*3? 17(3)40!D%.!&"1%8
11,"&,! '61%(.0+#%6&5=UB<==UZx=VUD

dff$ $ 'OL$af. 1099 I/-&(*3(Al, !,3&,0',3,/-6%0. 1*335+(&*53(38 !
Al-+3,-- 1258,1-MZ3&,?'(&*47'(2,@5'F (38 10'505-*&*5347517/&/", |
()69 K SH&,$F <"+ 27 &( '+C!F&OHI%&-, & HERB==#GU<9

HNBL$CCN. 1q9";;"9 1S64 1A/-*3-- 1258,1- 12(&&,'d

HN_Y'$. WaginlgYW:CY'. 1S91g9";<Q91Z335+(&*588508*53(38 !
8*77/-*583IAI-*3,— @BN-*3,- 12(F,&*3?912C, 'D%.1&" 6K $#&,$%$"&( "
&($HHI"E, +#8 25 RB'QGA<Y

HNA$LKN. 10979 1:)&5'(1 1-4-&,2- '57*335+(&*5§38 10'58/)&*539@,$,"10C '
1%1#07% B'QVG=Q9

HN'Y:. 1f9G9!nl€bfZ:. |BY";<RIIWAS'5053%)-N(, !@,125+*3?1&5@('8&6(&
8*)&*535314A)(/-, !57&6,,3+*532,3&0 INI8*-)/--*53 153175 )(-&*37!
(38 1(1-4-&,2- I'+* @IF&IHI%&-,&+"KO#,&0, "&( '6%11.+#9GES,"10C5!
"= B<"==" G"=\/"9)

HNL...XWNJINOIKNAFYX_. 'f9.1$LgNh$X. 1$91gahN X1ZXt Id9ILNX. 129,
fSb$L. 1gan!WNLC! 9":<U9IC5@('8-!(:&,0 IX6(3?, 175'$36(3),8 !
f,1*+,'4 157$3++532,3&(1!(38 1:5)(1 IK,3,7+&17'52 I$a 10('2*3? 1(38 !
O5',-&' 49F.19|CY%#0,$E<\VB<<G#9

HNDb$. 19 I";<UQI$9%(2*3*321*335+(&*5F 51-/-&(*3(A*1*&%'52 186 | A5&&5ZOM(3 !
(3 (14-*-15786)0,20/1&/", 1)522/3*&4 *3$371(389<%0#%61%RH1HSS
HUBM< B#:;9)!

HNDbY. IHIXInIKLYS . BY:9!<RRR&(&,7*) 11(33*3?NIC6, IK/-*3,-- IH58,1M
L,1*,8 1/053 17514, (-. 1&6,& (8*&*53(A/-*3,-- 12581 I*-1531-6(F4 1?'5/389!
19,7 'K.$#&,$$ D%.1&" 15 B<UGN9!

HXXYS™. 1L9":<9 1d,('3*3? 1&BA™*8?,186)2(0 IA,&@,,3!-)*3), @\(-8 !
8,)*-*53 1-/005'& (38 1&6,0'()&*), 577('2*37M,+51/&*53-30('(8*?2- 57
2581 \(-,8 !'-,()6 (38 1*3&,'+ 3&*587'5218,-*?3 1&38*(15?/,9!11%/ '
"&('6"$+.!, '<O#,&0,3#" BHQREV"Y

HXBLNCW.ILIIBY":<;9 IK/-*3,-- 1258,1-M( 18*-)5+,'4 18"+ 31(00'5()69 'R%&2
82, '/1"8&&H#&IRB'QVG=<Y

H$'NLb. 1q9IXYddZS$L.IL9n!:$$L:. | 9":<R91Z335+(&*533&6/a_!7',-6 !
0'58/), !-,)&5'M*8,3&*74*32-&,2%) 10'5A1,2- 1(38 186,25+, 1&5@('8-
-4-8,2%) 17()*1*&(&*ERBHAL+.1"T <T$+,-$5 I<V=B<;"= V49!

HZXW$d:.!H9I10$X_$. 1S9.10$Zdiq@WIHa:WYOO. Y9IZBZ:XW.1gan!
CLY'$. 1:91""9 1:2(&0653, !(850&*53(38 /-, *I(?'*)/1&/',M1,20%*)(1 !
+*8,3), 17'521B,'2(349 16!, 0#$#%6&@21#0.1+.1 5"< BQ; ®"#9

HZd$:. IHIKANWaK$LHN'. INIHI<RRQBI."1#+"+#9("+" "&"17$#$3&'

UM&G( '$%.10,4%%E(?,9 |

HZzdd:. !q9'BN:_$dd. !19.1Z’BLNH. !g9n!XWNIdZ . :9!":<U9!a38,-&(38*37 !
7(2,-> 125&*+(&*537510'5+*8*32/3-/A-*8*-,8 1 3+*532, 3&(1 |A,3,7*&-9
R'&('\$, '6%I1#0REB=R\:VY

NN\ |



|

!

HZdd:.1q9!BN:_$dd. !19.1Z°BLNH. !q9!fSb$L. !qOIL$$f. 'HINL:WYLC. IXg
"<VQI$32(2%3717(2,- 1¥3,3++532,3&(1 12(3(?,2,3&  1&6'5/26!( 1A &&,!
/38,-&(38*3? 157A,6(+*5/'0 1321#0.1+.1,""&( 'M.-"& 'Z"1.,$5"QB'U"GRRY

HYYLS. 1OING"<:9 I'(22(&*) I-/-&(*3(A*1*&IE"2-"+#0 '$.$+"H&" MH1H+T;
1C, %!, +#0"1&( ' /1"0+#0" 1+ %% 1@6.+1,(2, RY&(YB<G"Y!

HYL$d. ! 9ILShYbLY . 1$9LN" IXLZ:CYKNd. 'HINIKNL$C.191hg";"9 |
Z335+(&*IW*&6!3 15/8-*8, 1852*3(3&17558-4-&,2-0 1177,',3&1)6(11,3?,- !
751)53&'(-&*37)'50 18%+,'-*7+)(&*58-&'(&,2*,- *3$/'50,9 161%' %&, 5<#B
"RR<:Q |

HYLLZ:. IX9IgNLL$CC.!:9.1dYKd$bh. IHINISWSSASL. ILI":<VIIK(-,1*3, !
O(2 /'+4 KkO*3(IL,05'&9L,05'& 175, 7'( 10'5],)&dH:A"  1/-&(*3(Al, !
73&,3-*7%)(&*83-,()6  N11(&75'21'5J,)& "MY005'&/3*&* 4(38 IL*-F- 175!
0('2*37 1(38 1&6/$3+*532,3& (&d(38-)(0, ':)(1,-9 !

HYLLZ:. HO9I:XWZ f$WaCC$. 'HIn!Ndd$'. 1q9";:#9 IC6,1,3&',0',3,/'z- !
Al-+3,-- 1258,1M&5@('8( 1/3*7*,810,-0,)&*+,9 1D%.1&" 1968} $#& $$
1,$,"10C5 #UBV"=G/ 49

HYLLZ:. HOI:XWZ f$WaCC$. 'HIILZXWNLEY'. 1g9n!Ndd$. !q9";=9 1Z-
&6AI-*3,-- 1258 11( 1/-,7/1 1-&'(& ?*)1)53),080 1X53),08&/(1. 1&6,5',&*)(1]
(38 1,20%%)(1 1*3-*268MD%.1&" %6%-"11' K. $#&,$$ <+!"+ 273<\VB'VY

HYa:N. 5OI":RO IL*+ - 157157 1@6-- &H#+7 N"$,( ""("/+"+H%E&+ID1#-"+,
0C"&2,5=; B<UN®=9

“$aHNDSL. 1$9":79 1J"E '9,1$.$ '$+106&S S+ H& AH1#1D]1%#&2 C, 1#-#4%8
+AYRL/%SHED "(#2-$  I1$8@ (8 1$1?( /AL*-6*379

"Z$aS$'Waz:. 1d909::"9 17335+(&*5838 I1,('3*3? *3(?*)/1&/,9 1D%.!&"1%8
F.1%/,"& ":&(.$+1#"171"#&#82% B'U" GR<9

‘ZZ°$. 1Y9IKaWNIZ: 19 InTHNLXW.IL9";:VO IX/-&52," 1,205@,'2,3& '*3
&5/*-2 1&6'5/761)53-/2,"  1),3&%) 12('F,&*3?9IH. " 1#+"+#3>"IE, +#&2
@,$,"10C; '3&":&+,1&"+#%&M%.1&" 1I5; B< " GVA#"9!

'YLCY'. 1BISOININISN'B. 1q9%":9 IX6(37,- *I(?*)/1&/'(1!,%&,3-*53(38 !
*201%)(&*53L7517(2, 1(8508*53573,@!0'()&*),- 93//1#,( 'FO%&%-#0
6,1$/,0+#9,$ ""&( '6%1#0TBBUG;9 !

Y$L_$. 1$9X9"::=9 IX'50 115, 1&50,-&-917C, 'D%.!&" 106B21#0.1+.1"1<0#,&0,5
<Q@'<®"9

Y:C$LSNAf$L.  INOn!ZB'$aL. !b9"<:9 IK/-*3,-- IH58,1!B,3, (&*53MIN!
W(38A55A05Ih*-*53(*,-. 1B(2, IX6(37,-. IN38IX6(11,3?,- IN/&65'M
N1,9(38,'1Y-&, ' @(18,". Ib+,-9!

Y:CSLSNdf$L.  INOIZB'$aL. 'bIn!CaxXXZIXdda";;#9 IX1(*74*3R/-+3,- |
258,1-MY"™*?2*3-.10' - 3&. (38 17/&/", 157&6)53),0&9!1%--.&H#0"+#%6&S$ %8
+C!"$$Y0H" +HOBBEI&BY0!-"+HUET $+ -$5 1<=B<9

YS$. INON!HZCXWSddBI";<#9 1Y/&-*8, 1371/,3), k:52, 177,)& 57" &'57*&
*3-&(11,4(38 1(8+*-5'- 1531,3,'24 1A,6(+*5/- 1*365/-,6518-9 1:&(%6I&( "
4 #1489 % &, 8+BQBR"#RN=9

YS$. INOIHZCXWS$ddIBIn!BYadf:Y'.  IN9":<Q9a3-,3 *371/,3),, C6,!
'51,15715@(A53 I' &'57+E8+*-, -1(38 1¥3-&(11,1*3&6,(8508*53(38 I/-, !
57852,-&*) 1,3,'24 1&,)63515245F&,127 '6%1#0¥8B<=RXVRD

INf$d. 1:91";:<9 IX53+,'-*53 1&85'2(3*) 17('2*3?M( 1&40%)(1%(201, |57&6
8*77/-*5357(3 1*335+(&*530x%604% 1 %RE1 #$5QBQ; G:<9

INL'$dd. 'K9::CY'$. !HInINLNhYlYadYa. !$9";<UQIW5@L,(8,- 12(3(?, !
&6,¥1A/-*3 - 1258,1- 1/-+3? I*375'2(&*53C, 'K%-++YiR#& B<B<# G=V9

INCWN_.IW89.IKLYS". 19!n1K$:C. ICY";<RIINI-4-& 2(&*) 11*&,(&/' ', +*,@ 57
&6,)170&5'-1(77,)&*3%86,/0',)*-*53 1(?™)/1&/, (850&*530'5),--9 16! 0H$HYE&
321#0.1+.,9

/\<Q



|

!

ISNCCZ$.! In!K$dj. 'OWB9";<;9 11/-&(*3(A*1*&L('F,&*3?, N3*335+(&*H,
)53),0&*53!572('F,&*3?9!>"E,+#&2 @,9#,A'<+\6"11,&5'V BUE#9

ISLNdS$:. f9!19.ThNdS$LY. 'OWN9fLaHHYf. IXan!YLCZj. '$9";<R9!
C5@('8-!(!-/-&(*3(A1, !(?™ G558-/0014)6(*3 1258,19!C6, !)(-, '57dSNO9
F&2#&,,1#&2Q#2#+71"&$8%!-"+#%&V'*3?,'9 |

IWZddZL:Y". 1q9IBYLCY'. !'H9!LNd$b. 'HIn!HY€3$b. IN9";;Q9 !C',(&*3?!7('2- !
(- 17*'2-0!C6, !,+51/&*53577('2 |A/-*3,-- !-/005'& 17'5210'58/)&*53*-4&%
,3&',0',3,/*(1 1258,1-9'F&I#!1%&-,&+'&( '61"&&H#&2, 'S%9,!&-,&+ ""&( "
6%1#075 B < &Q9

IZBOYLf. INGWNI$OIWZX $b!BIHIAN! d$L_ €. 1d9";<U9!K,4538 |(?™*)/1&/'(1!
*335+(&*5B4-&,2-0 1$%015*3173 1(?*)/1&/'(1 *335+(&*58)5-4-&,2- !
(00'5()6 !75'3*)6, !8,-*?3 1(3818,+,1502,3& *3-/-&(*3(A*1*&4&'(3-*&*539
321#0.1+.1"1<7$+,-$5 I<=B<<=E"<9

1ZddZ ' B. 'BI<RV"9IC6, 11(@57+(1/, *3L*)('85 (38 'H('%IAF0%&%-T"&( "
<%0#,+T8B"'U<G; V9!

IZ° fNfY.  1$9nl:F' XWS$j. HI";<VIIL,-,()6*3? !&6),3&',0',3,/*(1 !
A,6(+*5/" I573,@!(38 !,%*-&*3*,3&/',- *3$/'50,(3 (?*)/1&/'9!<-"11"
K.$#&,$% F0%&%-#08RMBQ"<®@QQ9

1Z'BNdZ. 'I9!<RR#Z20()&!570,-&*)*8,- 153!7('2," !6,(1&4(38 !&6,'*), !
,3+*'532,3&M(3 15+,"+* @ 57" ,-/1&- 17'52 1( 12/1&*8*-)*01*3('#&/841*3 &6
16*1*00*3,-9:-/"0+ '%8,$+#0#(,$ %&3"!-,! 'C,"1+C'&( '+C,#0,
,&O#108 - &+ B G<9l

IYLCS$L. 'HI$I<RUHRC,)63515?4!(38 1)520,&*&*+)(8+(3&(?,9 'D%.!&"1%08
4.$#&,$$ $+!"+,27HB=; YUD

IYLC$L. 'HI$9n! LNHS$L. 'HILI";<<9!X'(&*3?!-6(',8 !+(1/,9!M™9"I( '
4.$#&,$%' 1,94, ASIURB="G/V9

IYLC$L. 'HI$9n! LNHS$L. 'HILI";<RIIX' (&*3?!-6(', 8!+(1/,9!>"&"2#&2'
$.$+"#&"41,4.$#&,3$V.0'%3?,'9 |

IL$CCb. !1q9";;U9 IN?*)/1&/'(1-/-&(*3(A*1*&4MNE3),0&-. !0'*3)*01,-!(38!,+*8,3),9 !
6C#1%3$%/CHRI"ES$"0+#%&B08-C, @% 7"£%0#,+PoIR% & (% &;' K#%1%2#0"1
<0#,&0,$3"=" BQQ®)=#9

IL$CCb. Iq9IKNLCY". 1q9U$Lh$ j IKWNLaXWN!j9.!KLNBB. L9
I$XWSY". [f9.ISYYf. IX9n!f$Id$BS. IHOAW9';<=91720'5+*32
6,(1&6(38'@,1®\,*3?!*38,0,38,3&1457BfIM !8*+*8,38-1577',,3," (38!
0'5-5)*(1!,)5352*,-9 :&+,1&"+#%&%.!&"1%F &9#!%&-,&+"M,"1+C
@,%,"10C5!"= B<<@G=9

IL$CCb. 1q9'K$™ CY'. ICIBOIKWNLaxXWN!Ij9!19.1fZX :. 1d9h9lOdYLN.!X9K9!
BYfOLNb. W&d9q9'BYad:Y". !f9.!WNLCd$b.:9.!dNHI_Z". "9!n!
HYLLZ:. 'X9";<U9!IB15A(1(--,--2,3& '574(?*)/1&/'(1!-4-&,2 !",8,-*?3 175!
-/-&(*3(A1, 1*3&,3-*7*)(&*5R89'+.!, '<.$+"#&"A# 1 #HTEI Q<9

ILSCChb. !q9n!'KWNLaXWN!j9!19!";<Q(9 !:/-&(*3(Al, !*3&,3-*7*)(&*33
(?™)/1&/)'(1 1-4-&,2-9 13&& K%+8<@B<#HVR=9

ILSCChb. !q9n!'KWNLaXWN!j9!I9!";<QA9:/-&(*3(Al, !*3&,3-*7*)(&*33
(?™)/1&/)'(1 1-4-&,2-9 13&&"1$%81%+"& TE8<(B<#V<GEHR=9

ILSCChb. !q9n!'KWNLaXWN!j9!I9!" :<UI<.$+"#&"41, :&+,&S#BHO"+1%BR
321#0.1+.1,;'S!,,&#&2 '+C; %! 1(f$ B% % F0%&%-7!L5/&1,87?,9!

IL$CCb. g9 9!<RRQBI1&,"3(&*H;4-&,2- '5*3T/*41751( 1-/-&(*3(AL, !
(?™)/1&/',9 :Q<'4.11,+#&B B"VE®RR9

IL$CCb. 1q9°9!C6, !-/-&(*3(Al, *3&,3-*7*)(&*337(?"*) /1&/' 9" (&/'(1 !',-5/),- !
75'/2. '<RRV$*1,41Y31*3 \d*A'('4. "QVGCH=9!

b $. '9!1C6*+*3P3(1?15A(I@5'18335+(&*53)5 GO, (&*53!(38 !1,(8,'-6*09 !
‘530, !'.+*@,8 !0(0,'-9 'Z335+(&*3838 !/0&(F, |573,@!&,)63515?4*3

A<



&6),@ j,(1(38 !((Al, *38/-&'49II'5),  8*3?-157&6,Z3&,'3(&*53(D('2 !
H(3(?,2,3& IN--5)*(&*53GU&EZ3&,'3(&*53(D('2 H(3(?,2,3& !
X537 -, H,&6+3.1,@ j,(1(38. !":<<9!

L$$f. 'HOIOLN:SL. 1$979. IHYL:$. 1:9InlfYaBzdd. IN9g9";:#9 173&,7'(&*3P
2,8658- 17518, +,150%371-/-&(*3(A*1*&438%)(&5'-1&57 ()*1&(&!1,('3*37 (38 !
(&*539F0%1%2&( ' $%0#,+759!

L$$f. 'H9:9.IOLN:SL. 1$979 In!fyaBZdd. IN9G9";:=9 IN3!(8(0&*+,!1,('3*37!
0'5),- 17518,+,150*37!(38 |(0014*32-/-&(*3(A*1*&438*)(&5'-| @*&E5)(1
)522/3*&* -9 1F0%1%2#00%&%-#0BRBQ;=@<U9

LYK$LC:. 1qIHO!KLaX$. !CIqOIHY NBWN'. 1q9HOIIYI$. !CIS9.Id$NCWSL.!
‘91ILINIKSNXWNH.INIHI":™9 1h,'&*)(117(2*37 1-4-&,2- IA*373,@!
)53-+8,'(&*53- 17510,-&!(38 18%-,(-, 12(3(?,2,389 13&&"1$%B//1#,( '
K#%1%RABB"= GN'O !

LYB$L:. I$IHI<R="IW5@,-,()6 !)(3 *20'5+, 10')&*),MN))(-, !-&/849
2C,%!7:&+96!"0+#0,5<BURR"9

LYBSL:. !$IHI";"O 1Q#88. $HYMEBI&&YQ" +HHUESS3 1(38 1:)6/-&,'9 !

LYBS$L:. !$9HI":;:Q9 INI0'5-0,)&*+, (38 I',&'5-0,)&*+, |155H&I&6,18*77/-*53
258,191D%.1&" 196, "1 +C1%--.&#0"+#%&IRB<AGRY

LYB$L:. !$9HAn:WYSHN_$L. !0B0RV<X522/3%)(&*53 157Z335+(&*53!R!
X'5-- GX/1&/'(1IN00'5()69 !

LYQY BZH$'Y. IX9IhN" f$L 'hYYLC. IHOIZ$HZ.!q9 9ldNaS$L:. !do!
_LZ:C$:$.  INILIN!ISNaC$L:. !$9";<ROIN----2,3& !57&6,)+(1/, 57
*375'2(&*53570',)*-*53 11%+,-&5)F7('2*3?MN!)53),0&/(1 17'(2, @5'F9!
GD3<NI"2,8#82,& 'D%.1&"1%6R#8<0#,80,$9R; B<:;/<<9 |

L|dZ'B. '9I<RR:9C6, (?*)/1&/'(1"-,()6  @,)63515?24&'(3-7,' 1*3&,'7(),M(!
F35@1,8?1-4-&,2- 10,-0,)&*+,9 I>"E#&2+C! 1#&B21#0.1+.1"1,$,"0C
"&('+,0C&Y%1%RT&SS,1#8&(,9,1 Yo/#&D%.&+1# B<®"9

LY:$. 1f9I1XInIXWZdhSL:. 1g9":<U9IN?"*)/1&/", 1Q9;:NK'5(8,3*3? I'-053-*A1, !
*335+(&*583(31,'( 157-2('& 17('2*3?9IB10%6&+#, 18&<. $+"#&" 41, BY%YS(
<7$+,-$5!" BUVD

LY:$. 1f91X91:aCW$LAN'f. 1S9IQOIKNL'$:. IN9I9.IKYLCWSZX_.!09.
OOYad_$:. 'X9IWNddIX9IHYYLKb. 1g9H9IZXWYdN: GNhZ$:. 119.!
CSZ'Z'B. :9'n1iZX_:. 1d9h9":<R91Z3&,?'(&,87(2 12(3(?,2,3& 75!
-&(*3(A1, [(?%)/1&/ M!d,-53- 175'F35@1,8?),%)6(3?, (38 1051%)49
R'&('\$, '6%1#0TEBUNARIQ"9

LY:$. 1f9!1X91:aCWS$LAN'f. 1S9IqOUNL_S$L. IX9!dYKd$b. IH9ISZ'CS$L. !H9!
HYLLZ:. IX9!CSZ'Z'B. 1:9.100Yad_$:. 'X9INHN'Y. ICOn!fzX_:. !d9hd
"<=9If )*-*53 1-/005'& 1&551751(?*)/1&/ MIC5@('8-!,77,)&*+18,-*?3 |
(38 18,1*+,'49321#0.1+.1"1$7$+,-$51<QMB<=#GV QD

LbN". IK9n!BLY::. I'9IX3<RQME6,!8*77/-*587164A%8l-,8 1)5'3 *IL@Z5@Y
)522/3*8*-9 1@.1"1' $%0#% 1 HBEHCQI

‘NB$. IX9":<"9 IN88',--*3? 1&6,]0(/-&*(3'A('?(*3 157&6,258,'3 17558-4-& 2M!
)533,)&*371-1-&(*3(AL, 1(?*)/1&/", |@*886-&(*3(Al, )53-/20&+539!

&+ |8 +HY &Y. 18 I%6B21#0. 1+.1" 1< $+"#& "4#1HH<: B":Q G:VO!

‘NWZ.178;:=9 1f,&(*1,8 I'+* @ I57L5?,'z 18*77/-*58571*335+(&*53:€:6,5'4!(38 |
8/)(&*53(1 1&,)635152451(&,8 1-&/8* - IA(-,8 1531L5?,'-z 1&6,5'49?.E#$C
L&1#&.D%.1&" 1% (.0"+#%&"?,0C &Y% 1% AL DF ?5I#B< QBN

‘N'CNL$ddZ. 'BINIIHZBAZYLNCZBI!IYHZdZY.IOIHNLOYBAZN.X9!
X$'CYLNHS$. 19.1fzNBY:CZ'Y. INOIfzNaL$dZY. ILOLXNLIY'S.  IL9!
KNCCZ:C$ddZ:9!In!fZ1:ZHY'$. 109;<U9IN--,--2,3& !570,-&*)*8, !

' *8/-  1(38 12%)5A*(11)53&(2*3(&*53*3(@!1,(747',,3 1+,2,&(AL,- !
2(F ,&,8 *AZ&(1HEP6Y(%&+ 10N EB H; BHUI

/\<:!



IN'CY:. O9INXWS. INZXIn!KZL WYd]. IX9";<#9 IH(F*3?!64A*8-|@5'FM
N1*?3*3A/-*3,-- 1258,1- (38 15'?(3*c(&*53(18,-*?3 1751-5)*(1!
,3&,'0'*-,-9 1I"1#8%!&#"&"2,-,&+ '@,9#% AHVB =GU9

XWNIC$BBS$L. !:9.!dto!f$ $ kOL$a f. IOMIWN":$'. !$9BI";<"(9 !
K/-*3,-- D(-,- 1751-/-&(*3(A*1*&486,'51,!57A/-*3,-- 1258,1 1*335+(&*58
7515'05'(&, !-/-&(*3(A*1*&4B+,!&"+#%&[1%.!&"1%08& &% "+HYR( '
<$+"#&"41,Q,9,1%/-,&+5!=BR#Z<R9

XWNAC$BBS$L. !'19.1d{f$_$ @®@L$%af. !'OMIWN:$. !$9BI";<"A9 !
K/-*3,-- D(-,- 1751-/-&(*3(A*1*&486,'51,!57A/-*3,-- 1258,1 1*335+(&*58
7515'05'(&, !-/-&(*3(A*1*&4B+,!&"+#%&[1%.!&"1%08& &% 9" +HYR( '
<$+"#&"41,Q,9,1%/-,&+5!=BR#Z<R9

XWNIC$BBSL. 19.1d{f$ $ @®@L$%af. 'OMWN:$. [$9BI";<=9!K/-*3,-- |
2 58,1-1751-/-&(*3(A*1*&4ANA)5 G+51/&*53('4(3(14-*- 157-/-&(*3(Al, !
,3&',0',3,/'-6*0.  1*335+(&*53(38 !&'(3-75'2(&*539L12"&#["+#% &
F&9#1%&-,&H5RB'=QGURY

XWNIC$BBS$L. 19!nISNB'$L. HI9";<<9!/-&(*3(A1, !,3&',0,3,/-6*0 (38!
-/-&(*3(A*1*&A335+(&*53M &,?5'*,- 1(38 1*3&,'()&*53-K.$#&,$$ $+!"+,27
"&('+C,,&9%#'%&-,&+5; B"" G VI

XWSLSL. 1d9'h$LKaLB. '9!'Wth!:XWadl. 'X9g9";<U9!Y005'&/3*&*,175!
-/-&(*3(Al, 1*3&,3-*7*)(&*3%3%$/'50,(3 1(?™)/1&/',9 'S1%4"F&I#%&-,&+"1
IC"&2,5 IQUBQ"&E#9

XWaHISCSL.  'gINI<RMQ®PC, '+C,%!P080%&%-#0(,9,1%/-,&+; '3&'#&T.#!7
H#HE&A U OBH+EB/H+" 1D, (#+5H#&+,!, $+5&( '+C,;4.$#&,$$ 0701,!C'(3-()&*53 !
I/A1*-6,'-9 !

'WN'B. d9IW$X_$d$z.!C9B$LaddZ:. 'HI_9IK|L'$L. !qIn!LN:XW. 1:9!
""<9 IN850&*5%38 18*77/-*58 A8*?*&(1('2*3? 1&,)635157*,-B3&,?'(&*37P
7(2 @,+,1,+*8,3), !(38!-4-&,2 1*3&,'()&*53B2!#0.1+.!"1<7$+,-$5!<R; B
<;MVQ9!

:ZddzZB!X3";™9 1C6,!'51,157*8,515?4*37?'(--'55&- 1*335+(&*53M3!(001*)(&*587
&6)(',3(- !578,+,1502,3& !'7'(2,@5'F '&35'?(3*) *3%$/'50,9 'F0%1%2#0"1
F0%&%-#0$SRB<;V"#"9 !

:ZdhN:CZ.!C9%';;79 1C6, 1)/1&/'(11258,1 15M&6,1?558!7('2,'[ (38 !&6)
,3+*532,3&(1 'T/,-&*531*30*31(3832!#0.1+.!,"'&( 'M.-"& 'Z"1.,$5!"; B

<Q"#;9!
:dbSYCj_b. IN9qI<RR=Z"1., '-#2!"+#%&M%A+%-C#&£9,!"1 '-%9,$ '"C,"( '
%8-C,0%-/,+#+#%0&V('+('8 'K/-*3,-- !I'--9 |

:‘HZCWIN9";;V9 IC'(3-1(&*32-/-&(*3(A*1*&* 'A,&@,,3!?',,3 13%)6,- (38 I-5)*5 G
&,)63%)(1!',2*2,-9 1?,0C&%1%2R"17$HP $+!"+ 2#0"&"2,-,&+5 I<RB
Q"V®#,9

‘HZCWINOL NI 1:9.IXWZ_YSY.IL9ICWYL'$. 119.1K$ a'fN. !HIn!
BdYh$L. !1q9"; <VOH,(-/*3? I-/-&(*3(Al, 1*3&,3-*7*)(&*3%3-2(116518,'!
(?'5,)5-4-&,2-M  INI' +* @91S1%4"B%Y%K,0.1#+753<" B<"V GAU9

‘HZCWINOIhY:. 1q@9!n!BLZ . 1q9";<;9 1Z335+(&*338&/8%,- (38 I-/-&(*3(A*1*&4
&'(3-*&*53426, 1(11/', 157&612/1&€,+,10,"-0,)&*+, 1(38 1*&!)6(11,3?,-9!
@,%$,"10C ' /%1 #07RBQM®QU9

HZCWII91";<1Q If 1%+ 37 17558- )/*&4 |@*&65I183)',(-*3? 10',--/',  15311(389
S1%4"B%Y%K,0.1#+75" B<UG 9!

YN, IH9ICL$hZ'bY GYfL~Ba$j. !L99!n'h$dNHaLZ. :91L91";<;9 !
K/-*3,-- 1258,1 1*335+(&*5@6'5/76!&*(§ 38G'5' 11,('3*3?MCS6, !
(&1'65/-, (-9 'R%&2'&2, '/1"&&#&IDB U ®);VI

ASXWC. | 91:Z$KSLC. IL9IWNLCHN™. 1Z90L$Z:Z'B$L. !1a9K9:NSZX_N. !
HOISSL'SL. INIICWYHNZSL!:9.IW$ X_$d. !f9.I1SNd_. W IfZ$SLZXW !

A<V



N9";<"9 Ia'A(3 (?*)/1&/", 157&6/)7/&/1' \M(3 15+,'+*, @57-/-&(*3(A*1*&4
(-0,)&- 15775580'58/)&*531*3(38 153!A/*18*3?-B2!1#0.1+.1,""&( 'M.-"& '
Z"1.,$ B<ER9

ASXWC. 1 91:Z$KS$LC. IL9ICWYHNZSL!:9.10L$Z:Z' BSL. 1a9KILNSZX_N. !
HOMZSLZXW.INOIWS X _$d. 'f9InlKa::$. 'HI";<#9!),'5 &), (?, !
0O('2*3? *3&6,X*&B 7K, '1*3M3IN??',?(&,8 :&(F,6518," 1,'-0,)&*+, 153!
15&,3&*(1K,3,7*&-(38 1X6(11,3?,-9!<.$+"#&"A# 1 H#INIEBH < @®Q#""9

ASXWC. 1 9ljydd. 1O XW{HN". 'WIKS$dN.!q9! NXW$S$d.!q9n!
LYKZ:XWY". HI";<RIW5@@*1@,!,(&!(38 !0'58/), !*3&6,)*&*,157&6,!
7/&/',0 10'52 I,8*A1)*3-))&- 1&%+,'&*)(17('2*3?, (!-&/84!153!&6)!
0,,0&*53 (38 1()),0&(A*1*&%H 73, @!(00'5()6,-9  <.$+"#&"A#1HFBQN<#I

:CHIWS Y. IB9";;"9 1C6,!-52,@6(& '71(@,8&6,5',&*)(175/38(&*5357&6 !
,%&,3-*53-,"+%),9 1D%.!&"1%F U+,&$#HYI&EB<E;9!

:C$SNLC. 'f9!S In!jWNY.t91!1";;;9 123&,'3,82('F,&*3?. |A/-*3,-- 1258,1-. (38!
0/A1*)051*)49D%.!&"1%%.41#06%1#07' >" E,+#&23%<RB"UVGR=9

:CLZ'B$L. !'dIX9!OLN:$L. !$9f9. IWNLLZ:.1f9.!dbY". !X9I$LSZLN. !d9!
SNLf. IX90M!:ZH$dCY". 1$9";";9 IN8(0&(&*5838!18,+,1502,3& !
0(&6@(4-17518*77,',3&840,-1577('2,-9 IF&9#1%&-,&+"K0#,&0,'P'6%1#075
<;QB<V(xURD

:CLazZ_. 19!X9n!_abl$L. !C9S9!";<V9l:/-&(*3(Al, '*3&,3-*7*)(&*3%3
(?™)/1&/',M1&6,1*)6," 1-6(8, 157?',,39 INI'|+* @9132!%&%-7 8%!
<$+"#&"41,Q,9,1%/-,&+5"VB"RY

:afz’B.  f9InljZdK$LHN". f9!1";:<9 IC6, !(?'*)/1&/'(1 1*335+(&*5@'5),--M !
- ()6 1(381&,)63515?4(850&*53*3(1)6(3?7*3? I(?*)/1&/'(1 !-,)&5'9!
M"&(4%%ER082!#0.1+.1"1,0%&%-#045B";V G=<9

:aCW$LAN'f.  1dIBN9IKaLCY'. !L9q9!Z'BLNH. Iq9IKdNX_:CYX_. ! 91:d$$. !
Kan!BYCC: .I'9!1";<"9 IC*??,*3?1)6(3?,M!1&5@('84(!)53),0&/(1*-(&*53!57
2(J5' )6(3?, '0'5),--,- 1*37('2 18,)*-*53 @(F*379!D%.!&"19%8
,&9#1%E&-,&+"1-"&"2,-,&+5 I<;QB<Q"G#<9

:aCWS$LAN'f.  IdIBNOUNL'WYOSL. 179SZd:Y". !BIn!jNBNCN. !d9";<#9!
?N"&SHHHAUG CA" TS +%A" ($S. S+ H& " A# 1H#Z 21#0.1+.1,;'0"$, "$+.(#,9'
81%-'F.1%/, .IXNKZB

:aCW$LAN'f.  1dIBN9!HZdd:. !g9!Z'BLNH. !q9KaLCY". !L9q9!fSb$L. !q9In!
KANX_:CYX_. ! 9";,<"9 IX53-*8,*3? 1&6,-5/'),M 1X522,")*(1*-(&*53 (38!
&'[-&*3(?™* G3+*'532,3&(1 1*375'2(&*53(38 !(8+*-5'4 I-,'+*),- 1*3$3?71(389
D%.!&"1%8&9#!%&-,&+"1-"&"2,-,&+5 I<<IBR=;#9!

C$$X$. 1f9199";<;9 K/-*3,-- 1258,1-. IA/-*3,-- 1-&'(&,?4!(38 1*335+(&*53B%&2
I"&2, '/11"&&#&2B)"B<V"ERQ9

CEXW'SL. 'OINOIYL$ :C$Z'. If9I$9L:WNIZLN. !Z5!_$N:NL. !C9';<VI!
:5)*5 G5157*)(1",-,(" )6!(38 1&6,)&'(3-*&*5SH5@('8-/-&(*3(AL, !
(?%)/1&/)',9 1:&+,1&"+#%&0%.!1&"1%B2!#0.1+.1"1<.$+"#&"4# 1 #HHBRFG
<:<9l

CWYHNZS$LE9. LISXWC. |_9IW$ X_$d. 'f9. fZSLZXW.INIL:Z$KSLC. IL9.
OL$Z:Z2'B3$L. 'a9KIn:NSZX_N. IHI";<Q9lO('2*3? *3(38 I53!/'A(3 !
A/*18*3?M',-,3& 10'()&*), (38 !-0,)*7*) 135+,1&*,457},'5 &), (?, !
0('2*3? IDjO('2*3?E9@,&,A"41, '32!#0.1+.1,""&( 'B%YK7$+,-$ B<E"9

CZdHN'.If9. IKNdj$L. 'X9!WZddgIn!K$OYLC.!KId9";<<9!B15A(175588,2(38 !
(38 1&6,)-/-&(*3(AL, *3&,3-*7*)(&*BB7(?"*)/1&/',9 16!%0,, (#&2%$%8C,
G"+#%&'3A0"(,-7 '%80#,&0,$9<;UB";"=; G"=Q9!

CZHHS$L:. lI9!<RRUB/-*3,-- 1258,1- 1751,1,)&'53*) 12('F,&-9 !F1,0+!1%&%#0
-"IE,+$5 1B @9

A<U



|
!

CZCCY $dd.N91":<QOI$)5157*)(1*3&,3-*7*)(&*BBA(?*)V/1&/)", , -I-&(*3(Al, 'A4
3(&/,9 11.1,&+ 'LIH&HYGEF&IHYO&- &+"1 < $+"H& AH1HITBI G<9
CYd_NHI. 'q9'WazZgK$'.1qo!HYaLZ_. IL9Jh$LKY'B. !BIn!KYaS "$BC. L9
m<U9la-,' G,3&,8 --&(*3(Al, IA/-*3, 1258,118,-*23MC6, )(-, !57
3,24 1,77%)*3)4-'+%),- 1*3&6)°,&6,1(38-9 1D%.1&"1%81,"&,!

61%6(.0+#06&8U" BVHHE=QO

CYHN.!d9IKNL'$:. IN9:aCWSLAN'f. 1dGNIICWYH:Y". !:9.1KaL'$CC. !OmMm!
HNCWS$S:. | 9":<U91Z20()&57*375'2(&*53&(3-7, 15317('2,-> 1/0&(F, 57
*335+(&*H)'50 1&,)635157*,-M 1-&/)&/'(1 |, T/(&*531258,1 1(001*,8!&5
'+,4 18(&(9?C, 'D%.1&" 1%%,0C&%1%2M"&$8,!5! Q" BU=GRIU<H

CYHZ Z%al$_. ! 911ZWZLIZB'!0aLgN'. 'HICICB, IL51,!571,'),08*53 1*3&6)
N850&*5E A*2*&(111(&75'2- *AN?*)/1&/",911""  1QN'81Z38&,'3(&*53(1
X53+,38*53531Z375'2(&*53X522/3*)(&*53 1(38 1$1,)&'53*)!C,)6351574!
DHZILYE!"";9 1Z$$$./<Q"RZQ" Q9

CYaKYadzZX. IN9IXWZX_:N'f. f9InISNd_S$L. 'WE';<QIIH(3(?*3? *2A(1(3),8 !
-/00141)6(*3 I', 1(&*53-6*0-751-/-&(*3(A*1*&ANIO5@,'10,'-0,)&*+,9 |
Q,0#$#96€0#,&0,$5QHBHV VG <RY

CYadZNCY:. 9. fYff,  1ZEXIn!HXNZ :W. IHI":<=9 Ih,'&*)(117('2*32 1*3)',(-,- !
1,&&/))4*,180," 1/3*&(' ,( 1)520(,8 1&%)53+,3&*53(165*C53&(1L
648'5053*)-91B%96(&( ',&,127 '$,0.1#+7THB<U@ER<9

CYadZNCY:. 1f91f9. IK$b'Y"  1fNhZ$:. 'LINIHXNZ :W. IH9":"9 Ih, '&*)(1!
0('2*379!,R< B<®9

C:XWNL'C_$. !CIXdYaBW. Ib9ISN'BSL. ICIX9IGNX_:Y. 1d9IHYC] $. 1Z9.
ISLOSXCY. 1ZOhNFSLHSSL.  !g9n!SWZCKL$NF. IN9";<"9 IB15A(17558
- )I*&4. IAYEG*+ ' *&H53- ' +(&*53 (38 1&6,7/&/", 15(?+)/1&/1'( 1
*38,3-*7%)(&*5BGHY% 196 2HMES, 19"+ #00 &EH<BH GRY

CafB$. IXIn!HYaKNLNX. 1q¥X9":<"9 1S 1X522,3&('49 1J%!1(3® =<GR:9

CaL'$L. !q9'WYLZCNNOIOZ$d_$1:9.! d$L_€. Id9IKANX_$CC.19.!
K$S:$dd. 1f9.1:HNdd. 'KIn!KYbX$. IS9I":":9 IL +,(1*3? 105@,'!
843(2%)- (38 1-&(?*37)5371:)8*3(?*)/1&/'(1 1-4-&,2 1&'(3-*&*53M(-, !
-&/8*,- 157+335+(&*5M1(&7524*3",@ j,(1(389 'D%.1&" 1%68D.1"1' <+.(#,$5!
V=B<#" G="0

hNd$ C$. !1CIS9INILYBS$L:. $AHI<RRHTE, I5*2*3-1(38 18,+,1502,3& 15786
8*77/-*5351*335+(&*5310((8*?2 I(- 1( 3!,%(201, 157-)* 3&*7*?'5@&89
<0#,80,' 0%-- &H#0"+#%&5=B"Q" GV 9

hN® 1f$df$.  1:9.LWNLNCW_aHNL. 'H9]KaCCalZ Z.!H9IBLNNHN:. 1d9!
W$ah$dz™ . 1$9] NXZLNIH9! NZ:$L. !$9! dNHS$L. L9 d$L_€. !dan!
_YYC:CLN. 1B9";"<9 IX/" 3& I-&(&-1(3817/&/', 1)6(11,3?,- *3
*201,2,38*371(38 1/0-)(1*3? 1+,'&*)(17(2*3?1-4-&,2-9 1G"+.], 'B%%(5B
RQQR#=9

AN If$L 'W$Zqf$. INONIXLNHSL. 1g9HI":<VOIX6(3?, !(?,3&- (38!
-&(*3(A1, 1-/00141)6(*3 1)511(A5'(&*53M 1532*&/8*3(48/841*3 &6 {/&)6 !
0*A7('2*37 1-)&5' 17'521(1-,3-,2(F*3? 10,0,)& *+,9D%.!&"1%6®1,"&,! "
11%(.0+#%&8==BR=\GRUV9

AN ISHI$.  IWEOMIWNLLZ BCY . 1L9";<VOI3/CH($'"$ 01%//,$+$ IX(A*9

hN' IYY:C. 1Z3!B$$LdZ'B GZOQOY;<RI!I',0(*3? !7517/&/, IN_Z:1*3
$/'50,9 1$a9!

AN' IYY:C$. IWON5'&*)/1&/(L-,()6 *3&6),&6,1(38-M 1)6(37,- (38!
)6(11,37,- 1751";<;9 ISXWL (85'181X537,,3), !53IW5'&*)/1&/'(1
L-()6 QR#A<RRUD"VE@" U

SNC:Y'. IBIWO:"9 11,&,' IOF/)F,M If,1%+*32 1+(1/, 1&%)/-&52,-9 IH."1#+7
619621, $$5Y BHHG <9

/\<R!



|

!

S$ACZ’. IHIJN:NFN. 1Z9ZYLL. IN9IfSKYdZ Z. 'H9!B$ ZNa€ .IBO!ISLS]. !YI
HOLXWSLSL. !'d9'HNLXY. !d9CIn!:XWadl. !X9q9";<U9!
X53),0&/(1*-*3?17*,1857()&*53751-/-&(*3(AL, *3&,3-*7*)(&*KN!
-4-&,2(&*) 11*&,'(&/",!",+*,@ (38 !(001*)(&*58&%,?*53(1 (-, !-&/8*,-9!
32!1#0.1+.1,5,0%%$7%+,-$'P',&9#!%&-,&+5#VB=ULJ;9

SWZCOZ$df:9.1K$' CY". ICIBIINdAdZHSL. 'HOIOZLKN" .!daB9!llYllb. !'B9Y
H9l:Ndda. :9!HIn!:CLZ'BS$L. !d9X9";<#9!:/-&(*3(A*1*&#0(),- 75!
)5201,%!(?"* @558-4-&,2-9 'B%%K,0.!1#+73VB<"R<E"RV9Y

SZd:Y". N9IH9NI$CCZXLSS. 'HIIXNA'N'. HISIINn!I"NjNLSCW. 1Z8;< ;9!
f*--,2*3(&*3? !',-,(N6  17*38*3?Id6(&65/18",-,()6,'- 1850!N!
-4-&,2(&*) 1-)50*3? ' +* @ !57)53),0&/(1 '7'(2, @5'F-9 !:-/1,-,&+"+#%& '
<0#,80,9#B<&=9

SZLCj. '1K9S9.11Z:CYZN.IN9laddLZXW!:9!InIB|CC%$d. 'h9";<=9!K/-*3,-- !
258,1-MY'*?*3.8,+,1502,3& (38 !7/&/', I',-,()6  '0,-0,)&*+,-9 IR%&2
I"&2, '[1"&&#&I2ADB=GQ9

SLZBWC.!d9C9HYaCZ'WY. !dan!:CY'$. 'HI";"<9 I?C,' @%.+1,(2,1%-/"&#%& "
+%"IE,+#&2 @,3$,"10C .!'L5/&1,87?,9!

bN'B. 'HOI$hN™:. 1:9.tThdNfZHZLYhN. 'f9In!LN"N. !l9!";<Vv9!h(1/, !/3)(0&/',8 !
0,-0,)&*+, 175'-/-&(*3(A 1,!A/-*3,-- 1258,1 *335+(&*53D%.!&"1%8
11,"&,! '6!%(.0+#%&%);B<VRGU;Q9

bz .1L9 9";;"9 1Q,$#2&"&( '-,+C%($.1:(?, WAL1*)(&*53-9

bYa'B. !S9n!CZdd$b!09%';;=9 !X(3 !A/-*3,--,- 125+, IA,4538!,77*)*,3)40!C6, !
-6*7R5@('8,77,)&*+,3,-- (38!, T/*&41*3&6,)5'05" (&, !-/-&(*3(A*1*&4
8,A(&,9'K.$#&,$$ <+!"+,27"&( '+C, F&I#1%&-, & H5#BQ;" @<#9

j$d$’b.  HIA";<"9 IW*?6C,)6351574!(38 IK("*,'- 1&5Z2335+(&*58M52 !
B15A(1*c(&*38%L,15)(1*c(&*530&+,!&"+#%&M%.!& " 19688 8%!-"+#%&
?,0C&% 1% Q,0#$#HUE ' E#&2<<BQQ®#-9

JYCC. IXa9nINHZCIL9";<;9 IK/-*3,-- 1258,118,-*?3M(3 ) &*+*&H-&,2 !
0,-0,)&*+,9 'R%&2"'&2, '/1"&&#&2B'<=G"=9!

JYCC. IX9INHZCIL9n!HN::N. !d9";<<9!C6, !A/-*3,-- 1258,1M')),3& !
8,+,1502,3&- (38!7/&/', I',-,()69 'D%.!&"19%8"&"2,-,&+5 "VWB<;<RG
<;Q"9

\URB



