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Abstract

The aim of the thesis was to uncover the underlying factors of NVIDIA’s graphics card
shortage besides the COVID-19 pandemic effects. Moreover, proposing solution tech-
niques and methods to the identified issues based on selected literature. In this way, it
was expected to reach a comprehensive understanding of the shortage from a supply
chain risk management perspective.

In a case study setting, archival and documentary research was conducted to gather rel-
evant information on the subject, relying on data from secondary sources such as journal
articles, organizational reports, magazine articles, etc. The gathered data was processed
using the pattern matching method to identify risks and vulnerability drivers, and to pro-
pose applicable solutions from the literature.

As the result of data analysis, it was discovered that the pandemic acts as a triggering
event, and exploited vulnerabilities in the supply chain risk design, which have become
risks such as supply capacity issues, transportation difficulties and unforeseen demand
spike.

Solutions to address these problems were developed by using common literature sugges-
tions in the topics of Supply Chain Resilience and Agility. There is a consensus in the
literature on utilization of backup suppliers and shortening supply chains to limit the
exposure and to be able to substitute the disrupted supplier.

In view of the findings, it can be concluded that shortage is a complex situation that is
not only caused by the COVID-19 pandemic, but vulnerability drivers in the supply chain
design contributed to the manifestation of the risks as well.
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1 INTRODUCTION

The thesis will examine the effects of the COVID-19 pandemic on Nvidia Corpora-
tion’s supply chain, particularly the supply of their latest product generation, the Ge-
Force RTX 30 series graphic cards. The thesis will focus on supply chain risks in the
aforementioned context, and it will propose management concepts in response to the
pandemic generated risks. The intention of this thesis to create a better understanding
of such event’s effects in supply chains and uncover suitable methods to manage the
impact. The COVID-19 pandemic has severely impacted global supply chains and
contributed to the emergence of semiconductor chip shortage that has been affecting
many industries.

Semiconductor material is used to create integrated circuits (or chips), that are able to
behave as a transistor to execute logical computations. Semiconductor material has the
electrical resistance halfway between a conductor and an insulator, and through the
process of doping it is possible to achieve the electrically controlled switching function
(to act as either conductor or insulator), which way they become the transistors
(MOSFET) in modern computer chips. In other words, semiconductors are the basic
building blocks of processor units, and their presence is critical in other electronic
devices (Ho 2014; Website of Advanced Micro Devices 2021).

Nvidia Corporation’s products, such as their graphic cards are based on semiconductor
technology. The company has been struggling to provide sufficient supply to their

partners, delivering to retailers, and the result is a worldwide shortage of their products.

The emphasis of thesis is on gathering information on the matter rather than providing
a concrete plan for business recovery. Coping with the disruptions caused by pandemic
must be planned meticulously, tailored to individual circumstances. In the absence of
information on Nvidia’s operation details, a general recommendation of a set of strat-
egies that will be developed which might be of some use. The thesis will focus on
facilitating the understanding of risks in the context of pandemic and describing ways

to manage them as opposed to creating a risk management plan.

The principal product in thesis is the Nvidia GeForce RTX 30 series graphic cards,
specifically the graphical processing unit (GPU). The difference can be found in spec-

ification regarding performance.



These graphic cards are typically a part of computing devices with purpose of render-
ing images, and the main fields of applications are video gaming, video editing and
lately  cryptocurrency  mining  which  utilizes the GPU’s  power.
The scope of the thesis is limited to the Nvidia’s supply chain of manufacturing these

products and delivering to final customers.

2 MAIN OBJECTIVES AND METHODOLOGY

It is a unique opportunity to examine an external threat effects on a global supply chain,
especially when effects arise on such a massive scale and period, as during the
COVID-19 pandemic. The project examines the effect of the pandemic and its relation
to supply chain risks, and overall underlying factors that lead to the shortage of this
particular product. Furthermore, the project proposes management concepts that are
designed to address these risks. By doing so, it is expected to reach a better contextual
understanding of situation that can be utilized to manage the threats. The result should
contribute to a richer theoretical perspective of supply chain risk management, when

an external threat, similar to the pandemic occurs.

The objectives of the research are as follows:
e What vulnerabilities the pandemic exploited in the supply chain? — To explore
the underlying factors besides the pandemic.
e What are the effective management techniques for managing the threats con-
ceived by the pandemic? — To suggest concepts and techniques to interested
individuals affected by the pandemic for business survival based on selected

literature.

2.1 Research process

Case study is defined as the empirical examination of a phenomenon in its real-life

context, while reviewing evidence from multiple sources. The purpose of a case study



is to understand the relationship between the subject of the case within the context.
Utilizing case study strategy would enable an in-depth view into the phenomenon in
its real-life context, resulting in broader descriptions and expansion of theory. The
thesis follows the orthodox case study approach, where theory is established first, fol-
lowed by the preparation for the conduct of the research undertaken and data are col-
lected, analyzed, interpreted and reported (Saunders, Lewis & Thornhill 2019, 196-
197).

The thesis applies qualitative research design, which aims to create an interpretation
of a phenomenon by using different data collection techniques and analytical methods
(Pathak, Jena & Kalra 2013, 192; Teherani et al. 2015, 669). Qualitative data are non-
numeric information in nature and derived from variety of sources such as publica-
tions, interview transcripts, figures etc., and the collected data is analyzed to uncover
underlying reasons and motivations (Pathak et al. 2013, 192). The emphasis is on ex-

amining the situation in order to interpret the relationships between variables.

Considering the research strategy, using archival and documentary research within a
case study is the appropriate method, taking the available resources into account. Ar-
chival and documentary research is based on utilizing secondary data sources, materi-
als that can be accessed online (Saunders, Lewis & Thornhill 2019, 195). Since the
lack of access to NVIDIA’s internal data, the necessary information needs to be gath-
ered from secondary sources to formulate the results. Secondary data means that the
material was collected for different purposes than research (Saunders, Lewis & Thorn-
hill 2019, 816). However, they can be further analysed to gain different knowledge,
interpretation or conclusion. Saunders, Lewis & Thornhill (2019, 351) summarizes the
advantages and disadvantages of secondary sources, Table 1. contains the headlines of

these.

Advantages Disadvantages

Quick access to data with less resources | Collected for different purposes than the

invested researcher’s need




Longitudinal studies may be feasible Access can be expensive

Can provide comparative and contextual | No control over data quality

data

New insights and discoveries are achiev- | Initial purpose can impact the perception

able of data validity and reliability

Can be accessed by others to verify

Table 1. Advantages and disadvantages using secondary sources (Saunders, Lewis &

Thornhill 2019, 351).

The main data sources include the subject company’s material such as annual reports,
website data, and press releases. Furthermore, market reports and analysis, news arti-
cles that report on the subject, information published by partners in the supply chain
are also assessed. All the sources were evaluated to ensure overall suitability to the

research.

2.2 Data analysis

The qualitative analysis method being applied in thesis is the pattern matching specif-
ically, which is part of the broader category of Explanation Building and Testing
(Saunders, Lewis & Thornhill 2019, 666). Using the pattern matching approach, the
applicability of the conceptual framework will be tested as a means to interpret the
findings. The conceptual framework is based on the previously established theoretical
review, and it is supposed to provide explanations to the pattern in the analyzed data.
The advantage of this method is that it enables the researcher to initiate with a clear
framework to guide the research process. It is also a deductive method, since the path-

way to results is linear, theoretical implications lead the evaluation of the results.

It is suggested that route from the predicted explanations to the research objectives and
questions should be well-defined and clear enough to understand the connection. There
are two factors that play major roles in establishing a clear linkage (Saunders, Lewis

& Thornhill 2019, 668):



e Level of thoroughness in applying the existing theory to define the conceptual
framework and theoretical propositions

e Suitability of the above for the data is being revealed

The framework that will be applied in the data analysis is a slightly modified version
of the one that van Hoek (2020, 344) used in his research of post-covid-19 supply
chain management practices, and applying the literatures suggestion of environmental
risk being the triggering event. In addition, risk identification will be carried according
to the work of Tang and Musa (2011, 27), who categorized risks into material flow
risks (with subcategorizes of source, make, deliver, SC scope), information flow, and
financial flow. The patterning matching method would enable the identification of sup-
ply chain risks according to sources, and appropriate management practices are se-

lected with respect to source categories as presented in Figure 1.

Suggested
management
practices for

handling risks and
increasing
resilience in the
supply chain

The form as the
risk manifested in
the case

Environmental risk

Figure 1. Conceptual framework applied in the research (van Hoek 2020, 344).
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3 PRODUCT AND COMPANY PRESENTATION

NVIDIA Corporation (NVIDIA) is a Taiwanese — American global technology com-
pany that designs graphics processing units, mobile computing chips and develops dif-
ferent software applications to support the products. Their clients range from automo-
tive players to governmental organizations. The number of employees is around
19,000 and headquartered in Santa Clara, California, United States (Website of Nvidia
2021). Major suppliers and customers are presented in Figure 2. (Ma 2021; Ma 2017).

SUPPLIERS

Electronics ompute

TSMC

NVIDIA CORP =

Keysight

er
Gigabyte
Technology

Micran
Technology

CUSTOMERS

Figure 2. Major suppliers and customers of Nvidia (Ma 2021; Ma 2017)

The major brands target the following markets (Website of Marketline 2021):
e GeForce series GPUs for personal computer (PC) gaming
e Tegra processors (system on a chip units) for mobile gaming, gaming con-
soles, autonomous robots, vehicles
e Quadro for designers and professional visualization
e DGX and Tesla for Al and machine learning in big data research

e GRID for cloud-based computing services
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Their latest financial figures (Website of Marketline 2021):
- Fiscal 2021 revenue was a record $16.68bn — 53% growth
- $7.76bn from gaming - 41% growth
- $6.7bn from data center — 124% growth
- $1.05 from professional visualization — 13% decline

- $536 million from automotive — 23% decline

One way to explain the growth is the work-from-home (WFH) trend. In the last year,
people sought out different forms of indoor entertainment, hence the gaming gained a
lot of attention. The new graphics promised a dramatic performance boost compared
to previous product generation, and this performance boost will result in better visual
presentation in the upcoming video games (Ma 2021).

Data center growth is parallel to the growth of servers and cloud-computing services,
which is also partially a side effect of the WFH. Table 2. contains an SWOT analysis
of NVIDIA.

Strengths Weaknesses

e Diversified operational pres- | ® Increase in accounts receiva-

ence helps to mitigate risks bles hinders the company’s fi-
connected with region depend- nancial status
ence

e Strong focus on R&D fortifies
technological leadership in
visual computing

e Strategic partnerships assists

with providing better services




Opportunities

The company has introduced
several new products recently
Positive outlook for
semiconductors

Growing autonomous tech in
automotive manufacturing in-

dustry

Growing data center market

Threats

High competitive pressure that
comes with the ever evolving
technological industry
Cybersecurity risks in data
center

Policies and regulations on

technology have been gaining

higher emphasis by authorities

12

and high performance net-

working technology

Table 2. SWOT analysis of Nvidia (Website of Marketline 2021).

Nvidia’s role in the graphics card development is designing the GPU. The actual man-
ufacturing of GPUs is carried out by their partner, Samsung Electronics Co. LTD. The
GPUs are forwarded to AIB partners (card manufacturers) such as ASUS, Gigabyte,
MSI etc. that place the GPU in a printed circuit board and equip their custom designed
cooling solutions, graphical connectors ports (HDMI, Displayport). They also make
adjustment regarding the GPU’s performance as they see fit. The naming of a graphics
card that is available for purchase looks like e.g. Gigabyte GeForce RTX 3090. This
particular product is shipped in the following package dimensions: 41x23.6x9.1 cm

(LxWxH), and 2.075 kg.

Picture 1. Printed circuit board with ports on the left and the commercial product of

RTX 3090 by Gigabyte (Website of Wikimedia Commons 2021; Evanson 2020)
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Nvidia also make full-scale graphics cards, so called founder’s edition or reference
model. These products are usually intended for testers, clients and partners to test ca-
pabilities of the GPUs. It is not meant for consumers and usually not available at re-

tailers.

L L

P

RTX 3080

Picture 2. The founder’s edition of RTX 3090 (Website of Wikimedia Commons
2021)

As previously mentioned, the main market for graphics card is the video gaming mar-
ket where real time 3D image rendering is necessary. There are application opportuni-
ties for professional markets such as video editing (exporting) and 3D visualization
(Solidworks, Autocad, VFX etc.). Al research, Deep Learning and supercomputing are
based on GPU’s power as well. In the recent years, cryptocurrency mining participants
has been dominating the GPUs sales, since the mining efficiency is greatly increased

by the GPU’s power.

4 UNDERSTANDING SUPPLY CHAIN RISK MANAGEMENT

The earthquake and tsunami that occurred in Japan in 2011, generated huge losses all
along the supply chain of automakers and electronics manufacturers. As being one of
the major manufacturing hubs in the world, including companies that provide crucial
raw materials for semiconductor chips and supplying dynamic random access memory

and flash memory in logic controllers, liquid crystal parts. After the disruptive event,
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the prices of such components increased by 20% in the global market, affecting global
automakers and electronic manufactures that are dependent on the Japanese suppliers

(Park, Hong & Roh 2013, 76).

Supply chain disruptions caused by an external event are difficult to anticipate due to
supply chain’s increasing complexity and interconnections, but they pose a severe
threat that could damage businesses harshly. Certain practices in the industries such as
outsourcing, just-in-time and shorter product life cycles have contributed to the in-
creased exposure to supply chain risks (Heckmann, Comes & Nickel 2015, 1).

In order to understand the COVID-19 impact on NVIDIA’s supply chain, specific con-
cepts and terms need to be clarified. In the following section, a theoretical overview is

presented in the topic of supply chain risk management (SCRM).

4.1 Necessary concepts

Because of the complexity of SCRM, it is reasonable to break down the concept, start-
ing with the definition of risk. Since the implication of risk is broad, the organizational
context needs to be added in order to be relevant to the case. Hopkin (2017, 16) sug-
gests that risk should be considered as an event that is able to affect the efficiency of
the core process of an organization. According to Khan & Zsidisin (2011, 2) risk com-
prises the possibility of both negative and positive outcome. However, organizations
tend to navigate towards the negative connotation of risk in their business operation
considerations. This also resulted in that cases with negative emphasis have received
more attention from the research community, and theoretical knowledge is richer in

regard to this particular aspect.
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High

Medium

Impact

Low

Low Moderate High

Likelihood

Figure 3. Risk matrix is a common tool in risk assessment (Website of Goverment of

Canada, 2013)

When it comes to risk management, the approach can vary based on the context of
application. A general definition is proposed by Hopkin (2017, 46), which follows as
the set of activities that focus on acquiring the positive outcome and reduce the likeli-
hood of the occurrence of the undesirable. Risk management is considered being con-
cerned with uncertainty, hazards and opportunities, and it is constantly evolving. Nu-
merous organizations employ professionals in several branches such as tax, procure-
ment, finance, human resources to assess the risk in their respective operations and
develop assurance against disruptions (Hopkin 2017, 49). Figure 3. exhibits a simple
risk matrix, that is used to assess the likelihood and impact of a given risk that might

affect the company’s operation processes.

Considering risk and risk management from a supply chain perspective, defining sup-
ply chain is necessary in the first place. It can be defined as “A network of connected
and interdependent organisations mutually and cooperatively working together to con-
trol, manage and improve the flow of materials and information from suppliers to end
users” (Christopher 2016, 3). It involves a company, a supplier and customer, and be-
tween these entities there are upstream and downstream activities dealing with prod-

ucts, services, finances and information (Jiittner 2005, 121).
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Supply chain management (SCM) focuses on planning, monitoring and controlling the
supply chain network, and facilitates different types of flows among the producers to
the final customer while maintaining high efficiency and customer satisfaction (Heck-
mann, Comes & Nickel 2015,123). Common activities within a supply chain showed

in Figure 4.

Supply Chain Management

[ Procurement > [ Operation Management > [ Consumer

@ W O 7 R S fw

[ Raw materials » [ Inbound Lonistic> [Goods in »‘Jaref‘ous} [ Ivlar'u’ac-.urmg> [ outbound ‘v‘c'arer'ous; [_Outbound L:g\stics> Consumer >

Demand

Figure 4. Simplified presentation of a supply chain (Website of Chartered Institute of
Procurement and Supply, 2020)

4.2 Supply chain risk identification

Interpreting risk in this context, the definition should be revised according to supply

chain characteristics. Heckmann, Comes & Nickel (2015) identified the core charac-

teristics of supply chain risk based on reviewing existing literature in their develop-
ment of their proposed definition:

e Objective-driven risk: concerns the objective of supply chain management, in gen-
eral these are efficiency and effectiveness, which refer to executing supply chain
activities with minimal waste and cost. On the other hand, inefficiency leads to in
a form of loss for the organization.

e Risk exposition: involves the occurrence of a triggering event, affected supply
chain characteristics and time-based characteristics (Heckmann, Comes & Nickel
2015, 123-126).

o Disruptive triggers: It is the combination of probability and event. Proba-
bility distribution based on available information (certainty, risk and un-

certainty) govern the input and output of decision making. Triggering
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events are perceived and assessed based on their severity of impact on sup-
ply chain goals and frequency of occurrence. Uncertain events indicate lack
of probability information, but they pose a high impact on the supply chain.

o Affected supply chain: On one hand, it refers to vulnerability of supply
chain, which is the extent to a supply chain exposed to a risk. On the other
hand, there is supply chain resilience, that describes the ability to overcome
vulnerabilities.

o Time-based characteristics: it comprises time related aspect of manage-
ment activities such as detection and designing solution to disruptive trig-
gers, length of recovery etc.

e Risk attitude: the subjective perception of the importance of risk. Risk-averse or

risk-neutral are present in the literature.

Therefore, applying the characteristics in the definition, the following is the result:
“the supply chain risk is the potential loss for a supply chain in terms of its target
values of efficiency and effectiveness evoked by uncertain developments of supply
chain characteristics whose changes were caused by the occurrence of triggering-
events”(Heckmann, Comes & Nickel 2015, 130).

In simple terms, risks manifest in the form of disruption of flows in supply chains,
where flows are interrelated and they can be information, product, raw material, capi-
tal. The main distinguish factor is the plural implication by the supply chain, the dis-
ruption can affect multiple nodes in the chain (Jiittner 2005, 122).

Within supply chain risks, a categorization can be established according to sources.
Supply chain risk source is defined as any variables that are unpredictable and con-
ceives disruptions. Jiittner (2005, 122) describes environmental, supply, demand risk
sources, and considers process and control as either amplifier or absorber with respect
to organizational resilience. It is suggested that these risks overlap (Figure 5.) , and
environmental risk can induce supply and/or demand risk, and considered as a disrup-
tive or triggering event (Jittner 2005, 122; Heckmann, Comes & Nickel 2015, 130).
e Environmental risk : external uncertainties emerging from the supply chain in
the form of disruption caused by political, natural or social uncertainties

(Juttner 2005, 122).
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e Supply risk: risk events on the supply side that contain supplier defaults or
different unanticipated changes. In addition, overall uncertainty with supplier
activities and relationships (Jittner 2005, 122). Supply risk can include sup-
plier failure, supply commitment, outsourcing, supply cost (Sodhi & Tang
2012, 23).

e Process/operational/control: there is no concrete definition for this category,
but it refers to resilience of processes within the supply chain, how vulnerable
operational processes such as supply chain bottlenecks or IT system stability
etc. Sodhi & Tang (2012, 24) describe it as internal supply chain risks that
concern design, manufacturing and distribution.

e Demand risk: uncertainty surrounding product demand in terms of volume and
product mix (Sodhi & Tang 2012, 26). It can occur by inbound disruptions or
by seasonality, new product adoptions, short product life cycles etc. (Jiittner

2005, 122).

[
[ [
[
[ [ [
[ [— [— |
|
[ [
— — j—
o =
[
—— —— ——
Supply risk . N or " Demand risk

Environmental risk (COVID-19)

Figure 5. Overlapping relationships between risks (Jiittner 2005, 123)

Christopher and Peck (2004, 6) considered external and internal supply chain risks.
They differentiate between internal company and cross-company-based supply chain
risks within internal risks. Internal company risks refer to problems that lie within or-
ganizational boundaries e.g. machine breakdown, IT system malfunction. Cross-com-

pany based supply chain risks are separated to demand and purchasing risks. External
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supply chain risks are circumstantial, environmental risk sources that are barely con-

trollable and can disturb supply chain activities directly or indirectly.

Tang and Musa (2011, 27) emphasize the importance of integrating activities, as they
should be merged with main supply chain processes, and not functioning on their own.
For example, the risk concern of stable flow of raw material should start with careful
supplier selection. According to their literature survey, they identified three major risk
issues and broke down further each to individual flows (Table 3.):
e Material flow: refers to the physical movement between the nodes within the
supply chain.
o Source: acquiring goods and services.
o Make: it centers around the execution of production and product devel-
opment, and operational support
o Deliver: concerns the forecasting ability to meet customer demand and
coping with technological change
o Supply chain scope: includes interconnected activities that are present
in the previous categories
¢ Financial flow: risk involves the mishandled investments and payment unful-
fillment.
e Information flow: the authors refer to it as the bonding element between finan-

cial and material flow.

Material flow Financial flow Information flow

Source

Single sourcing risk

Sourcing flexibility risk

Supply product monitoring/quality
Supply capacity

Supplier selection

.
. g

2,

’.

.
D3

2,
. g
X3

’0

Exchange rate risk & Intellectual
Price and cost risk

*,
o
e

Make M property
<+ Product and process design ** Financial stfrength of 4+ Information
<+ Production capacity risk . Sl.Jpp|y.ChaIn pafmers accuracy
<+ Operational disruption * Financial handlmg <+ Information system
Deliver and practice security and
< Demand volatility/Seasonality disruption
“* Balance of unmet demand and excess
inventory
Supply chain scope
%+ Logistics

<+ Price volatility of commodity and
alternative energy

Environment degradation and awareness
Political risk

Cultural and ethics

Supply chain partners relationship

3

.Q

e

’0

e

’.

.
D3

Table 3. Main flows and risks elements (Tang and Musa 2011,28-30).
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Thun and Hoenig (2011, 245) presented a set of supply chain risks in a probability-
impact matrix with regard to internal and external risk categorization. In their empiri-
cal analysis of automotive supply chains, they found that internal supply chain risks
have a higher chance to occur compared to external risks. In addition, external supply
chain risks do not necessarily have higher impact than internal risks. Furthermore, one
of their hypotheses was that complexity and efficiency should be regarded as key driv-
ers for risks in the supply chain context. As the result of the analysis, they also identi-
fied drivers that would increase the vulnerability of supply chains to disruption (Figure

6.) such as outsourcing, globalization, central distribution, reduction of suppliers etc.

< external supply chain risks
& internal supply chain risks

grave

P supplier(failure

.maIfL nction of IT system

sPpsupplier gyality

problems

Oac:d denf (e.g. fire) ’change al
transportation failure * custo r demand

&> < machine increasing raw

<>l"l trike breakdowns  matetial prices

import restriction  gedelivery chain|disrupts.

IMPACT
&

éech nological change
il ©

isis

; ‘(ﬁ'uzreaslr}g custgms duty
NN
weak IR

low high
PROBABILITY

Figure 6. Supply chain risks with impacts and probability (Thun and Hoenig (2011,
246).

4.3 Defining SCRM

The process of performing SCRM includes risk identification, risk assessment, risk
treatment and risk monitoring in the form implementing SCRM  strategies.
Furthermore, external coordination and cooperation between supply chain
participiants are also necessary, and these participants are expected to implement the

strategies internally as well (Fan & Stevenson 2018, 6).
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The objectives of SCRM can be comprised of two main activities (Fan & Stevenson
2018, 7):

e (Cash-flow management in order to save cost and maintain profitability

e Securing business continuity and reducing vulnerability
It is indicated that efficient SCRM can lead to better market position, in case it is more
successful than competition (e.g. Lenovo’s acquisition of Motorola Mobility). Thus,
potentially longer-term growth is one of the benefits of well-executed SCRM (Fan &
Stevenson 2018, 7).

Fan & Stevenson (2018) developed a comprehensive definition of SCRM, which is
considered to be internally consistent, that comprises the relationship among risk man-
agement and SCM, and the versatile nature of application. So the definition is “the
identification, assessment, treatment, and monitoring of supply chain risks, with the
aid of the internal implementation of tools, techniques and strategies and of external
coordination and collaboration with supply chain members to reduce vulnerability and
ensure continuity coupled with profitability, leading to competitive advantage”(Fan &

Stevenson 2018, 7).

The definition is connected to a conceptual framework, the objective-process-outcome
based SCRM (Figure 7.), that is designed to address the supply chain risk, ensure a
positive outcome, and generate a competitive advantage for the supply chain partners.
It is also intended to clarify objectives of SCRM, choosing appropriate strategies
meanwhile examining the external and internal pathways’ impact on the process and

inspecting the results utilizing a holistic perspective (Fan & Stevenson 2018, 7-8).

Pathways to SCRM

Internal pathway External pathway
selecting and . _| extemnal coordination
implementing N | and collaboration with

SCRM strategies supply chain partners

SCRM process

Objective of Risk Risk Risk Risk SCRM
SCRM identification assessment treatment monitoring outcome

Figure 7. Proposed SCRM conceptual framework by Fan & Stevenson (2018, 7).
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4.4 COVID-19 pandemic — Supply chain effects in general

According to the OECD’s Economic Outlook (Website of OECD, 2020), the COVID-
19 pandemic has caused one of the most severe recession in nearly a century, affecting
people’s health, jobs and well-being in a damaging way. 94% of the Fortune 1000
companies were experiencing some form of disruption in their supply chains (Chow-
dhury et al. 2021, 2). The merchandise trade was down 7% in 2020, and commercial
services exports fell 20% (Website of World Trade Organization, 2021).

The uniqueness of this pandemic is that it has impacted all the supply chain members
(nodes) and their ties to each other simultaneously. Therefore, the flow of goods and
services in supply chains has been interrupted significantly by the pandemic. One of
the bases of disruptions is the containment measures that governments were forced to
deploy in order to slow the spread of the virus and stop the increasing death toll (Chow-

dhury et al. 2021, 2).

However, these measures also resulted closures of businesses and services in several
sectors and major economic hardship begun emerging. Figure 8. presents the world
merchandise trade volume in the indicated time interval, and projects two scenarios
based on success of vaccination efforts and economic response (rate of growth, trade

and debt).
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Figure 8. Two scenarios of outcome (Website of World Trade Organization, 2021).
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The main challenges that supply chains have to overcome in their operations originate

from these occurrences are shown in Table 4.

Border closures

Lockdown in the supply mar- Supply unavailability

ket Demand fluctuation
» Transportation difficulties « from

Disruption in international panic buying and

trade and vehicle movements Production challenges stockpiling behavior

Labor shortage

Physical distancing in facili-

ties

Table 4. Factors affecting supply chain operations during COVID-19 (Chowdhury et
al. 2021, 2)

Supply challenges emerge to a certain extent from the full or partial lockdowns around
world, the restriction of movement makes it difficult to deliver products to customers
in agreed time of arrival. According to Guan et al. (2020, 581), prolonged labour and
transportation constraints in Germany and in those countries where the suppliers are
located could result in significant drop (approx. 28%) in the German automotive sector
during the period of the lockdown. Furthermore, the PwC (2020) reports that global
supply chains in the manufacturing sector are likely to be impacted on Tier 2 and Tier
3 level, making it difficult to deliver components and raw material to the manufactur-

ing plants.

Besides the uncertainty in supply, production side of supply chains faces workforce
capacity constraints. Labour shortage and temporary plant closures due to infections
significantly disrupted the material flow, suppliers working at reduced capacity lead
to longer final product lead times (Ivanov & Das 2020, 91). Reduced capacity led to
placing certain machinery, facilities and different capital assets in idle, which can be

considered as waste of resources (Dente & Hashimoto 2020, 2).
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When it comes to transportation and logistics management, the pandemic has impacted
the ability to deliver and obtain products on time due to shortages and logistics bottle-
necks (Kumar et al. 2020, 4). The COVID-19 caused the diversion or disruption of
trades routes. Even though port operation is an essential service, the throughput sig-
nificantly declined due to labour shortages and weak material flow. Consumers’ in-
creasing preference of online shopping challenges the capacity of supply chains to ship
products on time. The phenomenon prompted retailers to reduce the number of stores
and establish distribution centers, that solely serves the online orders (Mollenkopf,

Ozanne & Stolze 2020, 6).

As aforementioned, the consumers’ purchasing behavior massively impacted the de-
mand side of supply chains. Essential products such as food, medicine, sanitary have
been under huge demand and some cases it led to temporary product shortages (Chow-
dhury et al. 2021, 10). Panic buying of storable goods commonly occur during natural
disasters and crises situations (Keane & Neal 2021). According to Chua et al
(2021,18), the panic buying is affected perceived scarcity and anticipated regret. Con-
sumers want to get hold on the product which is in limited supply, in order to avoid
regret of not purchasing it while they still can. Demand fluctuation creates places sup-
ply chains in uncertainty, making forecasting activities extremely complicated and

causing hardships decision-making related to price of the product.

Last but not least, supply chain relationship management has been also affected, spe-
cifically the social interactions. The lack of interaction resulted in information incom-
pleteness and inaccuracy, and supplier engagement has been also less effective which
might reflect on collaborative efforts (van Hoek 2020). Gupta et al (2021) studied the
supplier and retailer relationship in regards to competitive pricing under supply dis-
ruption, and they found the disruptive situation increases the opportunistic behavior of
the non-disruptive supplier e.g. strengthened negation position, setting prices, higher

order quantity, promotion activities etc.

In the next section, supply chain risks related to the pandemic and vulnerability drivers

will be discussed as they manifested in the case.
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5 RISKS IN NVIDIA’S SUPPLY CHAIN

5.1 Recognizable vulnerability drivers in the case

There are certain supply chain characteristics that can influence vulnerability, the latter
is regarded as the exposure to an impactful disturbance. These characteristics some-
times referred to as drivers, that result in vulnerabilities of supply chain (Wagner &
Neshat 2010, 122). Examining NVIDIA’s supply chain, there are identifiable drivers
present in their case. The list is established based on the work of Thun & Hoenig
(2011, 246), Wagner & Bode (2006, 305) and Wagner & Neshat (2010, 126):

e Outsourcing

e Supplier dependence

e Lean inventory

e Supplier concentration

e Global sourcing

e Supply chain complexity

Supplier dependence is one of the drivers because of NVIDIA’s reliance on SEC’s
foundry. The availability of their products is affected by foundry’s production effi-
ciency and capacity. Lack of in-house production comes with lower-level control over
the production process, resulting high dependence on the vendor’s manufacturing ca-
pabilities. There is only one alternative manufacturer, Taiwan Semiconductor Manu-
facturing Co. (TMSC) that is capable to deliver the necessary process node (8nm/7nm).
However, TMSC is already at their maximum capacity, currently only producing one
type of GPU to NVIDIA, A100 GPU, which is intended to industrial partners (Al re-
search and cloud computing) (Website of NVIDIA, 2021). In this case, NVIDIA is

exposed to supply-side disturbance with no option to substitute.

Supplier concentration and global sourcing can be considered drivers as well, due to
fact that semiconductor manufacturing is highly specialized and sophisticated industry
with well-established suppliers. Examining manufacturing locations, it can be con-

cluded that most of the are based in East Asia, and with some exceptions in the USA.
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Graphics card distributors are scattered around the globe but ASUS, MSI wholesalers
centralized in mainland China (Shenzhen, Wuhan, Guangzho) (Website of Alibaba,
2021; Website of Global Sources,2021). There are complicating factors that need to
be considered in transportation, for example extensive lead-time because of long
routes, border crossing (taxes, duties) and material handling on the top of an external

disturbance (Wagner & Bode 2006. 306).

Supply chain complexity is high in NVIDIA’s case, working with several subcontrac-
tors, suppliers. Therefore, coordinating supply chain processes are particularly diffi-
cult. NVIDIA uses fabless manufacturing strategy, that means it is only concerned
with design and software support. On the other hand, manufacturing, testing, packag-
ing and distribution belong to other companies, in other words high level of outsourc-
ing is observable, which they explain with focusing on solely on core competence and
staying profitable (United States Security and Exchange Commission, 2018). In addi-
tion, NVIDIA’s products are distributed worldwide, which further increases the com-
plexity and necessity of outsourcing such as after-sale and service support. Hence, high
supply chain visibility can be challenging to achieve when there are so many nodes to

follow.

Lean production is applied at SEC’s manufacturing (Website of Samsung, 2021; Suh
& Kim 2009, 107), and the concept has gone under re-evaluation since the pandemic
emerged by professionals and researchers (Bryce et al. 2020, 883; Fonseca & Azevedo
2020, 429; Garnett, Doherty & Heron 2020, 315). The argument is that approaches
such as just-in-time logistics and lean inventory tend to overlook the systematic risks
posed by supply chain disruptions (Garnett et al. 2020, 315). However, there is a lack
of evidence that supports the claim that lean production is a direct contributor to short-
age situations. A counter argument is that lean production does not imply zero-stock
policy, but it rather works with minimized inventory, and poor implementation what
causes the problem e.g focusing on lowering cost, lack of supply chain visibility and
inefficient coordination (Netland 2021). Furthermore, lean thinking advocates for
continuous improvement, which indicates that rethinking and adjusting supply chains

to the circumstances should be considered by the management.
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5.2 Transportation difficulties

Van Hoek (2020, 346) discusses several experienced supply risks by supply chain ex-
ecutives that are related to delay of shipping pipelines, long lead times due to plant
closures, and overall failure of logistics networks. These do not only affect NVIDIA

and its partners, but global supply chains as well that use maritime transportation.

The most significant form of supply disruption is the transportation difficulties of
goods and services. The surge in freight rates and shortage of shipping containers af-
fected several industry sectors (Website of UNCTAD 2021; Attinasi, Bobasu & Geri-
novics 2021). The disruption in global trade and sharp bounce back, companies rushed
to reduce the built-up inventories and order backlog that were created in the first half
of the year (Figure 9.). Furthermore, there has been an unprecedented number of empty
containers, due to the lack of warechouse workers and truckers, ports and stevedore

companies are unable to meet the demand.
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Figure 9. Fluctuation of demand, supply and costs in shipping in 2020 (Attinasi et al.
2021).

The GPU manufacturing is carried out in Hwaseong, South Korea. The finished prod-
ucts are expected to shipped to AIB partners, where the graphics cards are actually
assembled for commercial use. Most of these facilities are located in mainland china,

one Taiwan and USA (Website of ASUS; GIGABYTE; MSI; Palit; ZOTAC; 2021).
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From Hwaseong, the transportation mode is most likely either air transport or maritime
shipping, probably the latter considering cost and volume. There is a logistics center
located in Hong Kong (Website of Bloomberg, 2021), however it is unclear whether
NVIDIA use it for distribution to AIB partner plants or wholesale of finished products

(data center, automotive etc.).
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Figure 10. Shipping from South Korean to the AIB Partner plants.

If the logistics center is utilized in the flow to the AIB partners plants, the GPUs should
be arrived in Port of Hong Kong (Figure 10.). Since the emergence of the pandemic,
the movement of goods and service between mainland China has been restricted. The
port struggled with low worker capacity throughout 2020, limiting the stevedoring ser-
vices, due to high number of infection cases (Cheng et al. 2020; Schwerdtfeger 2020).

In the second scenario point-to-point transportation network seem to be applied (Esmi-
zadeh & Mellat Parast 2021), which means the GPUs go straight to AIB partners’ fa-
cilities. To mainland China, the products would enter through Port of Shanghai and
Port of Shenzhen. Both of these ports experienced restrictions, workers were quaran-
tined etc. resulting in limited throughput (Wallis 2021). There is no public report on
disturbance regarding Port of Taipei.

Considering the manufacturing plant in New Jersey, the GPUs can be transported

through Port of New York and New Jersey, and Port of Los Angeles. The route from
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Los Angeles is faster, the cargo would be transferred onto truck in the rest of journey
to New Jersey (NJ), whilst the shipping route to NJ would be significantly longer.

About truck transport efficiency during COVID-19, The American Transportation Re-
search Institute (2020) reported that long-haul truck movements with international
containers decreased by apprx. 10% in the first half of 2020, due to the road freight
carrier prioritized towards local transportation of essential goods and lower volume of
incoming material China. The road freight industry generally benefited from the situ-
ation, because of the low oil prices and less-congestions on the road. However, loading

and unloading time are perceived to be increased by drivers.

Shipping industry had been expected to recover in the early 2021, because of the Chi-
nese New Year holidays production facilities usually suspend their operation. How-
ever, Chinese factories pressured employees to keep working during the holidays to
meet the global demand (Liu & Hale 2021). Even though NVIDIA itself does not have
any manufacturing going on in mainland China, their supply chain does operate several

facilities all over the country, manufacturing of PCB, connectors, VRAM etc.

Surge in shipping costs is commonly transferred to consumers, which reflect on retail
prices. It is reported that EVGA, MSI and Zotac partners have increased their prices
of their graphic cards, assuming partly due to supply constraints (Hollister 2021; Casas
2021a). In order to return to manageable prices, the capacity supply of shipping has to

meet the demand and overcome bottlenecks (Attinasi, Bobasu & Gerinovics 2021) .

This section corresponds to the logistics risk element in material flow (Tang & Musa
2011, 28). It does not affect only one node, but the whole supply chain experiences the
impact. On the other hand, van Hoek (2005) mention transportation difficulties among
supply risks, because the movement of goods and services can be associated with sup-
pliers. However, el Abdellaoui and Youssef (2017) discuss transportation risks of up-
stream and downstream of the supply chain, but only as micro risk that arise from

minor disturbances and impacts logistics performance i.e. within internal risk.
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5.3 Capacity bottleneck

The process side risk that NVIDIA is facing is the insufficient capacity from Samsung
Electronics Co. Ltd (SEC) (Hagedoorn 2020). The demand was not anticipated cor-
rectly which also led to shortage of wafer (raw material) supply at SEC’s foundry.
There is also struggle with availability of components and different substrates. Fur-
thermore, NVIDIA was not satisfied with the SEC’s low process yield rate, and con-
sidered it as one of the main reasons of shortage situation (Hwang 2020). Moreover,
SEC’s foundry already operated at maximum capacity (Figure 11.)

Therefore, expanding the production capacity at SEC’s production facilities is not pos-

sible in the current circumstances.

(Hours)

2020
Division Item Utilization rate
Potential production time Actual production time
DS Memory 73,248 73,248 100.0%
Display Panel 70,272 70,272 100.0%

Figure 11. The DS division includes foundry operations (Website of Samsung, 2020).

Sodhi & Tang (2012, 38) considers both uncertain yield and capacity as part of process
risks, because it indicates that plant is unable to provide the desired output to its de-
mand. According to the categorization of Tang and Musa (2011), production capacity
and sourcing related risks are recognizable in this section. Furthermore, the low-yield
rate indicates product and process design risk, which can be related to supplier selec-
tion risk, as it is not able to deliver the desired amount of acceptable product on the

line.

SEC’s foundry is located in Hwaseong, South Korea (Website of Samsung, 2020). The
pandemic did not affect significantly the throughput of the foundry in 2020. Only one
of the many domestic plants was forced to shut down for a few days, but no related
operation takes place to the GPU production. The major problem SEC faces is the
access to supply, since tier 2 and tier 3 are mostly located in Japan, USA and China
(Website of Samsung 2021). 90% of the raw wafers are provided by FST, GlobalWa-
fers, SEH, Siltronic, SUMCO, and SEC has to compete with Taiwan Semiconductor
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Company (TSMC) to reach sufficient supply (Website of TSMC, 2020). TSMC is cur-
rently the largest semiconductor manufacturer with higher investment in the foundry
sector, and possess larger production capacity than SEC (Eun-jin 2021a). Hence, in-

creasing procurement of raw material is also a troublesome effort.

The shortage also caused some disturbance in supplier relationships. Asus considered
the shortage as the result of lower yields upstream from NVIDIA compared to previous
years (Coberly 2021; Casas 2021). On the other side, as mentioned before NVIDIA
called out SEC’s inability to ensure uninterrupted silicon wafer supply and lower yield
rate (Hagedoorn 2020). MSI partially reasoned the price increasing due to the short
supply (Casas 2021a). The tension hinders the effectiveness of supply chain relation-
ship management, and partners expect solutions to the problem from NVIDIA, which
is constrained by the SEC’s capacity and unable to substitute the production of their
GPU.

5.4 Overwhelming demand

The demand spike is considered being the major factor by the side of NVIDIA (Hage-
doorn 2020). There are two sub-categories of demand risks that are present in the case:
forecasting, change in technology and in consumer preference (Sodhi & Tang 2012;
Tang & Musa 2011). Forecast risk refers to the misalignment of a company’s forecast
and actual demand experienced. Lockdowns and movement restrictions increased peo-
ple’s interest in indoor entertainment, which from the gaming industry benefited heav-
ily (Figure 12. shows the US market). Indeed, the revenue from gaming services and
software grew approx. 22% in 2020, approx. 20% increase in PC gaming sales, where
NVIDIA’s graphics cards are utilized (Xue 2021). The new products promise signifi-
cant performance boost compared to the previous versions and includes some of the
latest visual enhancing technology developed by NVIDIA (ray tracing), hence the high

interest by individuals in the gaming sphere.

Cloud service market segment is also benefited from the restrictions, which is the foun-

dation for videoconferencing, online shopping, video gaming and streaming. Cloud
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computation takes places in large centralized data centers, where NVIDIA made their
largest Year-on-Year (YoY) revenue growth (Waters 2021). Data centers use differ-
ently built GPUs, but similar resources used in the production and it also occupies

capacity at SEC’s foundry, reducing the RTX 30 series output.

The effects of shortage are the most apparent at retailers. Some decided to apply dif-
ferent techniques to control the demand such as bundling with other components
(motherboard, cpu) or organizing raffles to distribute purchase rights (Casas 2021b).
But since the supply is limited, prolonged stockouts are unavoidable. Finnish local
retailer Jimm’s (Website of Jimm’s, 2021), can only receive the graphics cards in small
batches, assuming they experience challenges to secure supply. The small quantity
disappears quickly, which leads to frequent orders, increasing transportation cost sig-
nificantly. Further motivation for charging much higher prices compared to the MSRP.
The recently released RTX 3070TI and RTX 3080TI models got sold out on launch
day at several US retailers (Widder 2021). As an example, one of the biggest consumer
electronics retailers in the USA, Best Buy received 5000 pieces of RTX 3080TI for
launch day, which were distributed all over country. Best Buy limited the sale to only
in-store, but the supply still came short whilst the demand was overwhelming e.g. 64
pieces available in the whole city of Los Angeles, while approx. 200 consumers lined

up for store opening to purchase a graphics card (Kan 2021b).

Year-over-year % increase in US video game sales

April May June July August

Figure 12. Video game sales in the US market in 2020 compared to the previous year

(Epstein 2020).
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Another unanticipated phenomenon is the cryptocurrency mining which also mas-
sively impacted the availability of NVIDIA’s graphics card (Kim, T. 2021). In the
recent years, crypto miners have actively invested in high-end GPUs that are faster
more efficient at completing the mining process. In fact, crypto mining has been
blamed by the gaming community for the shortage, and NVIDIA decided to limit min-
ing capabilities in their RTX 3060 card, announced it would limit RTX 3080 and 3070
in mining as well (Warren 2021a). Furthermore, they released the NVIDIA CMP HX
product group in the first quarter of 2020, which is specifically designed for efficient
mining (Website of NVIDIA, 2020). The intention with the mining card is presumably
to capitalize on the coin market expansion, and shift the demand from the RTX 30

series cards that are intended for gamers.

In summary, the combination of these factors resulted in the worldwide RTX 30 series
graphic cards shortage. The retail prices of these graphics cards are often double or
triple the manufacturer recommended sale price (MRSP), even from second hand

sources (Figure 13.).

COVID-19 pandemic has had the largest the impact on the demand risks, and re-
strictions related to performing production and transportation (WFH, limiting move-

ment, distancing etc.) prevented supply chain nodes to respond to the shortage.
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Figure 13. Median pricing of RTX 30 Series on the website of ebay (Kan 2021a).
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6 PROPOSED SOLUTIONS FOR NVIDIA

In this section, strategic approaches are discussed that are considered being effective
in response to the experienced risks. It is necessary to highlight the importance of Sup-
ply Chain Resilience (SC Resilience), as the discipline derived from SCRM and SCM.
Ideally, a resilient supply chain is expected to be prepared for disturbances, and it is
able to respond and recover from negative events. In addition, it is able to steadily
continue their operation in a reasonable cost and time. According to Jiittner & Maklan
(2011) there is an identifiable relationship between Supply Chain Vulnerability (SCV),
SC Resilience and SCRM, and these concepts go hand in hand with each other. SCM
decisions can be made in consideration with SC Resilience, and the use of strategies
can result in less exposure to risk or the impact of the disruptive event. Ribeiro &
Barbosa-Povoa (2018, 116) notes that SCRM has to deal with several challenges and
often poses insufficient information which renders traditional methods of managing
risks might be inadequate in the supply chain context. SC Resilience tools and

knowledge should be taken into consideration with the traditional methods.

Besides supply chain resilience, the concept of supply chain agility (SCA) can be ap-
plied as an extension. SCA can be defined as a strategic capability that enables a firm
to quickly to respond to external and internal uncertainties, disruptions and convert
them into competitive opportunities by utilizing assets, knowledge and relationships
(Ngai et al 2011, 235; Shukor et al 2020,5).

Gligor et al. (2019) distinguishes SCA from SC resilience by highlighting three themes
(Figure 14.):

e Quickly changing direction: In case of sudden changes in the market, the firm
is able to strategically and rapidly respond in a cost-efficient manner with co-
operation with partners (Ngai et al 2011, 234).

This approach could be applied as working with SEC’s and AIB partners in

order to secure an interrupted supply flow to the production facilities.
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Empowering the customer: Recognizing the central role of customer in the sup-
ply chain and adjusting product and services to meet their changing expecta-
tions (Gligor et al 2019, 9).

NVIDIA’s recognizes the importance of the gaming and their customer base,
therefore prioritizes the availability of products to them.

Integrating processes: Supply chain integration involves close
alignment and coordination with suppliers and customers within a firm’s sup-
ply chain, sharing activities such as demand forecast, inventory and production
plans (Shukor et al 2020, 5).

This would mean higher visibility for NVIDIA in their supply chain, quick

allocation of resources with prioritization towards customers.

/ Agility Themes / Common Tht:mtk\ Resilience Themes \
Ability to quickly change Ability to Ability to resist/survive
direction speed/accelerate disruptions
operations
Ability to empower the Ability to scan the Ability to avoid the
customer/customize environment/anticipate shock altogether
Ability to integrate Ability to adjust tactics Ability to recover/return
processes within and and operations to original form
(flexibility) / following disruption

\ across firms

__

Figure 14. Distinguishing and common themes across SCA and SC resilience (Gligor

etal 2019, 14)

Whilst SC resilience is mainly associated with disruptive events and risk management,
SCA is often mentioned in lean management. Effective SCA is something that organ-
ization should strive for due to benefits provides not only in disruptive scenarios, but

it has positive influence on competitive advantage and business performance as well

(Al Humdan, Shi & Behnia 2020, 307).
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In the followings, selected resilience efforts and strategies are presented with respect
to the risk categories and recognized patterns in the results. It is important to note that
the effects of the presented strategies can reflect on other dimensions, not limited to
only one category. For example, responsive pricing can regulate demand and conse-
quently reduce pressure on supplier and transportation of goods, hence both supply

risk and demand risk are addressed to a certain extent.

6.1 Addressing transportation difficulties

It is indicated that logistics and supply chain networks are needed to be redesigned in
order to limit the consequences of disruptive event and exploited vulnerability (Chow-

dhury et al. 2021, 13).

One network type seemed to be effective for disruption management is the hub-and-
spoke network with routing flexibility (Esmizadeh & Mellat Parast 2021, 17). Hub-
and-spoke network is described as connecting suppliers and customers via indirect
links to hub centers, instead of using several directing links (Point-to-Point) (Website
of The Geography of Transport Systems, 2021). Hub facilities act as switching and
transhipment points for example airlines and cargo delivery systems. Three types of
hub networks are distinguished in the literature (Figure 15.):

e Pure hub-and-spoke network: products go through a single hub center

e Hybrid hub-and-spoke network: delivery process includes more hub centers

e Hierarchical hub-and-spoke network: higher level hubs provide air transporta-

tion, and lower-level hubs provide ground transportation
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Figure 15. a) pure network, b) hybrid, c¢) hierarchical hub-and-spoke network (Esmi-
zadeh & Mellat Parast 2021, 8)

Esmizadeh & Mellat Parast (2021, 17) suggests these network design for shipping
companies (e.g. FedEx, UPS), due to the storing possibilities over long distances as it
reduces travel cost with economies of scale. It is also considered to be more flexible
than point-to-point network regarding demand fluctuation because of the storing fea-
ture, but on the expense of inventory and labor cost. In a point-to-point network, the
supplier locations are connected directly even if the route may not be direct, and with-
out any mediation services (i.e hub) that would interrupt the connections (Website of
The Geography of Transport Systems, 2021).

They also mention the vulnerability to disruption, as disruption in one hub center in-
terrupts the flow of goods to the destination points assigned to the hub. It is possible
to avoid the impact, if there are multiple hub centers and the load can be transferred
from the disrupted one to an unaffected one. Therefore, routing flexibility has to be
included in this type of network design, which allows alternate routing between the

origin and the destination utilizing the available hubs.

For example, NVIDIA could benefit from the hub-network design is creating a distri-
bution hub in Shanghai. The major AIB partners, ASUS and MSI could be supplied

through the hub. If necessary, products can be transport using trucks to the Shenzhen
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factories, and shipped to Taipei. The road freight transportation mode is more advan-
tageous than shipping during pandemic due to the less congestion on the road and
faster as well, which is an important factor when the demand is high. If there is already
a logistical hub for AIB distribution in Hong Kong, the second hub can be still consid-
ered in order to bypass the movement restriction between the city and mainland China
and a backup inventory to secure material flow to the factories. In addition, it enables
flexibility of transportation modes, as it is Shanghai International Airport is located
nearby if a shipment needs to be rushed.

However, NVIDIA must calculate the higher cost of inventory and transportation that
come with operating a distribution center. Furthermore, political risk is also need to be
considered due to US-China trade war already affected SEC’s operation (Website of
Samsung, 2021).

Hub-and-spoke type of network also enables the implementation of faster delivery
modes such as air transport. Emergency transportation is necessary to mitigate the im-
mediate effect of the pandemic (Chowdhury et al. 2021, 15). For example, Samsung
rushed the component supply from China to the Korean facilities by choosing air
transport instead of trucking, after lockdowns and restrictions had gotten announced

(Patchett 2020).

Controlling transportation costs and fair policies are mentioned as well for allocating
resources by Chowdhury et al. (2021, 15), which corresponds to the United Nations
Conference on Trade and Development (UNCTD) policy briefing (2021) that high-
lights the following key points:

e Facilitation and digitalization of trade: Custom procedures, port operations,
and ships movement are required to be performed with reduced physical con-
tact. Facilitation solutions proposed by the UNCTD for maintaining connec-
tivity are dependent on the digitalization of trade processes.

e Tracking and tracing: Transparency and collaboration in the global maritime
supply chain needs to be promoted such port call optimization and liner sched-
ules, and potential market power abuse is needed to be monitored and pre-

vented if necessary.
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e Competition in maritime transport: Policymakers need to reinforce national
competition authorities in the maritime transport, so the operations are in com-
pliance with regulations and they have the means to provide the regulatory
oversight. For example, shippers have complained about the high fright rates
and empty containers, indicating power abuse by the carriers. The issue is un-
dergoing investigation by the competition authorities.

As a summary, high freight rates issue is not something that NVIDIA could specifi-
cally address. However, their supply chain could raise awareness by informing regu-
latory bodies to introduce sanctions or price-cap regulation to limit how much a carrier

could charge for their services.

6.2 Facilitating production

In response to copy with high demand and shortage of raw material supply, Paul and
Chowdhury (2020) created a production recovery plan in manufacturing supply chains.
The plan includes recovery strategies and optimized production plan to manage the
dual disruptions. The recovery model has two pillars (Paul & Chowdhury, 2020, 6):

e Increase in production capacity: It can be achieved by increasing number of
shits, investing in additional machinery, utilizing idle time and extra human
resources. The additional cost of increasing capacity is considered in the
model.

e Emergency sourcing and collaboration: Backup suppliers or new suppliers are
needed to be established to increase the raw material supply by leveraging sup-
ply chain partners. Emergency sourcing cost is considered in the model, as the
price of raw material should be higher than usual.

They developed a constrained mathematical model which is designed to determine the
optimal production plan in the recovery window meanwhile maximizing the total
profit. A lost sales cost function is also included for unmet demand to ensure meeting
the increased demand. Their study contains two mathematical models (Paul &
Chowdhury, 2020, 6):

e Ideal production system — Calculation of Economic Production Quantity (EPQ)
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e Model for recovery plan - COVID -19 related parameters e.g. average cost of
increasing production, sourcing cost per unit of raw material etc. The recovery
plan includes equations for different costs e.g. capacity increase, sourcing, lost
sales etc.

The models were tested by using hypothetical data, comparing them to a no-action
taken scenario. Summarizing findings of their study, simultaneous implementation of
the strategies resulted in positive effect on recovery. Furthermore, improvement in to-
tal profit was a consequence of using the models as well (Paul & Chowdhury, 2020,
12).

This model should support SEC’s production to meet the demand. Although, SEC has
to address two crucial elements before the model could be placed into action:

e Production capacity: SEC announced that they would expand their foundry ca-
pacity with a new production in Pyeongtaek. It is expected to start operating in
June, 2021 (Website of Samsung 2021; Eun-jin 2021b).

In the long term, they are planning to build an additional foundry in Austin,
Texas, USA. The facility is expected to go into production in the second half
0f 2023 (Kim, S. 2021).

e Supplier diversification: It is reported Samsung begun sourcing silicon wafers
from SK Siltron, and hydrogen fluoride (chemical in chip production) from
Soulbrain, which are both South Korea based companies (Boe-eun 2021). The
sourcing policy is not known, whether dual-sourcing is in place or they act as

backup suppliers.

In addition, Japanese chip raw material producers have also been pressured to increase
their supply capacity in South Korea (SK) e.g. Tokyo Ohka Kogyo doubled their pro-
duction capacity in their Korean factory; Daikin Industries will build a factory in SK
too. It is suggested that Japanese restriction on chemical material export to SK is one
of the reasons behind the investment. Furthermore, South Korean promotes domestic
production and provides incentives (subsidies, tax breaks) to the industry (Website of

Nikkei Asia, 2021).
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SEC’s decision to source from local suppliers and shortening supply chain networks
is consistent with literature suggestions of nearshoring and introducing backup suppli-
ers to reduce the exposure to risks (Chowdhury et al. 2021; Paul & Chowdhury, 2020;
van Hoek 2020).

Nearshoring or back shoring production facilities refers to shortening supply chains,
utilizing a combination of domestic production and international trade to reduce vul-

nerability (Chowdhury et al. 2021, 16).

Backup suppliers mean the company provides orders for the suppliers in turns, if there
is disruption in the first delivery, then the second supplier steps in to compensate
(Golmohammadi & Hassini 2020, 11). The involvement of the backup supplier highly
depends on the disruptive scenario at the primary supplier, and it should be chosen
according to the capacity and lead time as it affects the total cost of production e.g.
limited capacity with no lead time, or increased capacity with positive lead time. The
capacity flexibility of the backup supplier is considered to be effective in disruption
scenarios, but keeping varying lead time in my mind (Golmohammadi & Hassini 2020,

14).

6.3 Demand management

Sodhi and Tang (2012, 212) describes strategies to manipulate uncertain demand with
consideration of uncertain supply.

e Demand postponement: customers are required to accept shipments at a later
time (Sodhi and Tang 2012, 217). This is commonly known as “pre-order”
method, already implemented at several retailers.

e Shifting demand across market: Utilizing information to determine the pricing

and ordering decisions. Throughout the seasons, the company collects selling
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data from primary and secondary markets, and improves accuracy of forecast-
ing by modifying stocking level and selling price by allocating resources from
one to another. It is expected to establish optimal pricing and ordering deci-
sions for both markets (Sodhi and Tang 2012, 218). This method can be useful
for NVIDIA’s to manage data center and gaming market segment.

e Shifting demand across products:

o Product substitution: selling product with similar features. This method
has been applied by NVIDIA with crypto mining graphics card men-
tioned above. They also relaunched production of an older graphics
card GTX 1650, which is efficient for mining, therefore they anticipate
that only video gamers would be interested (Zhiye 2021).

o Product bundling: when products are sold in bundles, customers are
expected to respond reluctantly to purchase when they see the higher
price as they are forced purchase all the products within the bundle.
This method is also used at retailers e.g. RTX 3070 is built in a whole
personal computer (PC). The customers who already own a PC, and
they are only interested buying the graphics card itself, will be reluctant

to order the PC due to the other components included.

Golmohammadi and Hassini (2020, 3) highlights simultaneous pricing and lot-sizing
method, in the form of cross functional integration sales and operations planning. One
of the main strategies they mention is responsive pricing, where the company uses
price as a tool to practice control over demand. Strategies such as shifting demand
across product can be also considered as responsive pricing e.g. offering discounts for
products that have components sourced from different suppliers, that are unaffected
by the disruptive event. They also mention that in case of a disruptive event, the pricing
policy follows a list-price policy (MSRP) that depends on the level of raw materials
and finished product inventory. In case of dual sourcing in disruption context, retailer
risks are reduced and leads to a lower selling price. However, applying second suppli-
ers does not consequently mean lower order quantities from the first supplier, as the
disruption can be cumulative pandemic (Golmohammadi and Hassini 2020, 3) , which
is the case considering the effect of a disruptive event. Therefore, choosing the

backup/second supplier need to be carefully performed to ensure reliability.
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7 EVALUATION AND CONCLUSION

7.1 Overview

In conclusion, this thesis provided insights to the shortage of NVIDIA’s graphics card
and its relation to the COVID-19 pandemic. It offered a deeper understanding into
supply chain risk management from the perspective of the NVIDIA’s shortage, uncov-
ering the nature of supply chain risks and drivers that perceivable in this particular
scenario. The proposed managements techniques and concepts are expected to target
the mentioned risks, but they can be utilized in the development of customized tech-

niques that are designed to handle individual issues.

Based on the findings, it is reasonable to regard the NVIDIA’s graphics card shortage
a complex issue which does not only stem from the COVID-19 pandemic. Its supply
chain structure contained certain vulnerabilities, that later have become risks due to
the triggering event i.e pandemic. The direct contribution of pandemic to the risks is
the limitation in workforce as people are forced to stay at home with the sickness to
avoid spreading the virus. The rest of pandemic effects are restrictions that authorities

employed to contain the spread of the virus.

The thesis identified supply chain vulnerabilities drivers that made NVIDIA’s supply
chain particularly exposed to disruptions. As NVIDIA applies fabless manufacturing
and outsources most operations but design and software development, it is difficult to
practice high control over these vulnerabilities without reviewing supply chain design

variables (Wagner & Bode 2006, 310).

The effects of the shortage reflected as risks in the case, which were categorized based
on the selected literature. It was observable that the risks can be differentiated by their
sources, but they were still interlinked and one often influences the other e.g. difficult
production planning in high-demand fluctuation scenario. The shortage had put a strain
on the supply chain and the relationship between the nodes, customers considered the
shortage as the supplier’s fault (Coberly 2021; Hagedoorn 2020), making it compli-

cated to execute coordinated recovery in the supply chain.
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Nevertheless, there are promising management techniques for addressing risks and re-
gain control over supply chain processes. The pandemic related risks have gained a lot
of attention from researchers and supply chain professionals, and extensive literature
has been established by the scientific community as the thesis demonstrated. There are
useful concepts such as supply chain agility and resilience that might gain more atten-
tion in the future. It should be noted that several of the articles reviewed in the thesis
highlight the necessity of collaborative strategies from the supply chain partners, as
addressing problems in a supply chain requires supplier engagement and effective re-
lationship management in mutual projects (Chowdhury et al 2021, 15; Mollenkopf et
al. 2020, 2; Paul & Chowdhury 2020, 15; van Hoek 2020, 350).

Furthermore, the pandemic has long-lasting effects in supply chain trends. The shift
towards nearshoring, utilizing backup suppliers and overall shortening supply chains
are already observable in SEC’s reaction to the shortage (Boe-eun 2021; Eun-jin
2021b). These are necessary responds in order to reduce the exposure and ensure un-

interrupted material flow (Chowdhury et al. 2021, 21; van Hoek 2020, 351).

The outlook of the semiconductor sector and NVIDIA is bright, as the pandemic facil-
itated developments of this industry, it has seen above-trend growth, and demand for
chip will remain high (Cao & Sundstrom 2021). However, the shortage is expected to
last in the near future, no sight of full recovery before 2022-23. The date corresponds
to the awaited capacity scales up, when the new foundries are planned to go into oper-

ation (Machkovech 2021; Warren 2021b; Website of Samsung 2021).

7.2 Limitation to the thesis

One constraint of the thesis mainly lies in the research process. There might be further
underlying factors and effects that are not shared online, or not have been exposed to
public, for example information related to how NVIDIA handled the restrictions inter-
nally, how effective workers' performance has been during the pandemic etc. For this

reason, the list of identified vulnerability drivers and risks might be incomplete.
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Despite focusing on scientific and professional articles, there were magazine and
newspaper articles processed in the thesis, where there was no alternative. The validity
of these sources is questionable and might not be as accurate.

Furthermore, the proposed managements techniques were deduced based on the avail-
able information which lacked the specifics of transportation and production. There-
fore, they might not be completely suitable for NVIDIA’s case and it is most likely

need to be further reviewed to be applicable.

7.3 Research opportunities

For future research in this topic, it would be interesting to examine how the planned
capacity increase will have impacted the shortage, whether the capacity scales up will
be enough to address the problem entirely, or there will have been other changes or
implementations besides it. NVIDIA and SEC’s are expecting the solution to the
shortage from the new production facilities (Kim & King 2021), but there could be

additional developments in their operations.

Another topic that should be considered researching is the lean thinking in disruption
scenario, whether the foundations of the concept are still as beneficial as during unin-
terrupted periods, and how SC resilience and agility can be combined with lean prac-
tices. There is lack of scientific research, but ongoing dispute over the effectiveness of
lean principles after the emergence of the pandemic. In practice, this can be observed
at companies that apply lean methods in their operation. Furthermore, Ivanov (2021)
developed a conceptual framework so called AURA (Active Usage of Resilience As-
sets) where lean and resilience models are emphasized, and transforms resilience as an
active and value-creating element of firms’ operations, while maintaining the ad-
vantages of lean thinking. This AURA model can be examined in supply chains and

review its applicability.

7.4 Own evaluation of the thesis project

The process of completing the thesis project was a beneficial experience, as the

knowledge gained during one’s studies had to be utilized to recognize patterns and
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create sense from practical events. Searching for relevant sources and materials was
quite challenging, especially without any assistance from the case company. Relying
on own resources revealed difficulties of conducting this type of study, particularly the
aspect of working from insufficient amount of material, which can be hard to over-
come.

Fortunately, receiving a lot of support and guidance from the thesis supervisor assisted
in finding relevancy in the source materials, creating coherence in the text and improve
the overall image of the thesis. The supervising factor was also motivating and helped
to stay on track with the tasks.

Even though sticking to the initially planned schedule was not achievable, the duration
of the thesis project did not overextend extremely and it was completed in reasonable

interval.
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