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Abstract
During financial crises or other unexpected events, investors often seek to include lower-risk assets in
their portfolios. Some assets are more sensitive than others to such phenomena. In the equities markets,
adjustments tend to be made to the shareholdings of companies that are associated with a higher level
of uncertainty. In this work, we explore the evolution of shareholder structure of various well-known
companies in the technology sector during the COVID-19 pandemic and beyond. We model, as graphs,
shareholder ownership data about twenty US-listed companies between 2020 and 2022. We use freely
available tools to explore the bipartite interactions and generate a wide range of topologies that facilitate
the identification of how shareholding structures have evolved during the pandemic. In addition, we
study the role that some nodes play in the network topology and the process of change that is observed.
Our findings include that (1) most investors reduced the amount invested in technology stocks during
the pandemic and that these investments tended to bounce back in the post-pandemic era; (2) Vanguard
Group, Inc., is the most influential investor in the network; (3) Apple has the highest market capitalization
of all technology stocks for all quarters in this study, Microsoft Corp has a significantly lower market
capitalization, but a significantly higher number of investors; and (4) While investors for Apple and
Microsoft tend to be from London and New York, companies such as Oracle have investors from a variety
of locations.
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1. Introduction

The crisis in early 2020 due to the COVID-19 pandemic affected various sectors of the world
economy. Financial markets absorbed government programs to counter the economic crisis
in the ensuing months. The technology sector took advantage of the circumstances, leading
to accelerated growth in market capitalization due to investments prior to the outbreak of
the pandemic [1]. Furthermore, governments’ monetary and fiscal programs throughout the
world resulted in increased liquidity in financial markets. This situation, in turn, increased
the correlation between the performance of various financial markets [2, 3, 4], which led to
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an increase in the valuation of assets in the technology sector. Shareholder support, whether
associated with a minority or majority stake, plays an important part in the success of a
company [5]. Consequently, companies seek to attract and maintain shareholders to strengthen
the company and achieve a collective benefit structurally. This situation is especially true in
challenging times such as financial crises, given that shareholder loyalty plays an essential role in
a company’s resilience so that it can absorb the shockwaves of an economic crisis. Therefore, it
is crucial to identify the interactions between companies and investors and understand changes
in investor shareholdings.

Several works analyze the evolution of technology companies during crises such as the
pandemic [6, 7, 8, 9, 10]. These works mostly focus on the increased use of technology required
to address the needs imposed by the health crisis. However, the changes these companies
made in their shareholder composition and how their ownership structure evolved during the
pandemic have not been explored in depth. Furthermore, we observe considerable variation in
Tech companies’ share prices during the analysis period. This situation raises questions: what
changes do shareholder networks exhibit throughout the pandemic? Were investors loyal? Were
the companies successful in attracting new investors? Beyond the pandemic, the World’s focus
has shifted to the cost of living crisis characterized by high inflation and the outbreak of the war
between Ukraine and Russia. Both situations influence financial markets from different angles.
Some financial assets were mainly affected by the increase in global inflation and the monetary
policies of the governments to counteract it. Others were primarily affected by the war, such
as the prices of essential commodities, such as oil, gas, maize, wheat, and nickel, to name a
few. The combination of events has resulted in significant volatility in the price of equities in
the Tech sector (see Figure 1a), as well as other assets. Also, those situations influenced the
price of technological shares like Apple (Figure 1b), Amazon (Figure 1c), Google (Figure 1d),
and Microsoft (Figure 1e). First, an affection during the first wave of Covid-19. Second, during
the implementation of monetary policies. Third, when the start of warming of the economy by
excess financial liquidity policies, and fourth, the combination of the Covid-19 omicron variant,
global inflation, and war.

As such, this work aims to analyze the shareholding structure of major technology companies.
We aim to study the evolution of the structure of the shareholders of some representative
technological companies during the COVID-19 pandemic and the subsequent events that ensued,
specifically the high inflation and war. We employ graph analytics techniques for this analysis.
We model the relationship between investors and companies as a bipartite graph that allows
us to visualize the graph topology representing shareholder structure. By comparing graph
topologies, we identify changes in the shareholder structure during the pandemic and beyond.

This paper is structured as follows: Section 2 describes the data set employed, using descriptive
statistics, comprising the financial data of companies during the 2020–2022 period. Relevant
concepts used throughout the work are also defined. In Section 3, the methods underlying the
document are presented. Subsequently, the graph data model is presented, which is loaded to
Neo4j[11], a graph database that allows exploration of the nodes and relationships present in
the graph. In Section 4, the importance of nodes in the network is studied through centrality
algorithms available in the Graph Data Science (GDS) library. Community detection algorithms
are also employed to identify groups of nodes in the graph and an analysis of the topological
changes of the networks during the analysis period is carried out. Section 5 concludes.
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Figure 1: Evolution of shares in the Tech sector, January 2020–June 2022. (a) Price volatility for all
twenty companies (b) Apple (AAPL) share price (including the latest split) (c) Amazon (AMZN) share
price (including the latest split) (d) Google (GOOGL) share price (e) Microsoft (MSFT) share price.

2. Materials

2.1. Dataset

The data set was obtained from Refinitiv Financial Platform, a well-known provider of financial
market data. Twenty companies from the technology sector listed in the United States markets
were selected with their quarterly shareholding structure (Table 1). The data includes investors’
participation in the companies during ten quarters beginning in January 2020 and ending in
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Table 1
Technology companies selected for this study

Ticker Company Category Shareholder count
AAPL Apple Inc Phones & Smartphones 6,710
AMD Advanced Micro Devices Inc Semiconductors 3,410
AMZN Amazon.com Inc Internet & Mail Order Department Stores 6,618
CRM Salesforce.Com Inc Cloud Computing Services 4,366
DBX Dropbox Inc Application Software 1,396
EA Electronic Arts Inc Application Software 2,764
EBAY eBay Inc E-commerce & Auction Services 2,724
META Meta Platforms Inc Social Media & Networking 6,016
GOOGL Alphabet Inc Search Engines 6,119
MDB MongoDB Inc Software & IT Services 1,332
MSFT Microsoft Corp Software 7,065
MU Micron Technology Inc Semiconductors 3,284
NFLX Netflix Inc Online Services 4.216
NVDA NVIDIA Corp Semiconductors 5,097
ORCL Oracle Corp Enterprise Software 4,150
PYPL PayPal Holdings Inc Internet Security & Transactions Services 4,908
TTD Trade Desk Inc Software 1,818
TWTR Twitter Inc Social Media & Networking 2,579
YELP Yelp Inc Online Services 809
ZM Zoom Video Communications Inc Software 2,161

June 2022. In addition to the bipartite relationships between investors and companies, the data
set integrates the geographic location (city and country of origin) and the type and subtype of
investor in which they are classified by Refinitiv. Furthermore, the categories of technology
companies such as e-commerce, Semiconductors, Cloud, Software, and IT Services, among
others, are shown.

2.2. Data Processing

Data pre-processing is carried out using Python with data manipulation libraries such as Pandas
and NumPy. The pre-processing step consists of identifying and correcting or replacing faulty
records in the data set. In this way, 77,542 refined records are obtained corresponding to the
participation in the twenty companies by the 8,730 distinct investors in the data set (see Table
2). Subsequently, the data in tabular format for all twenty companies are imported into Neo4j
using the Cypher language, which provides functionality to convert the data to the graph data
model described in Section 3.

2.3. Graph Databases

A graph comprises a set of vertices or nodes, denoting entities, connected by edges, which
typically denote relationships between entities [12, 13]. A graph database is a type of NoSQL
database [14] that represents data using a graph rather than tables, as traditionally relational
databases do. This way, neighboring vertices can be efficiently traversed by following the edges
in the graph. The graph model enables information from diverse domains to be represented,
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Table 2
Sample of the data set for Apple Inc
Investor Type SubType City Country Shareholding_Avg
The Vanguard Group, Inc. Investment Managers Investment Advisor/Hedge Fund Malvern United States 1,277.06
Berkshire Hathaway Inc. Investment Managers Insurance Company Omaha United States 912.31
BlackRock Institutional Trust Company, N.A. Investment Managers Investment Advisor San Francisco United States 701.29
State Street Global Advisors (US) Investment Managers Investment Advisor/Hedge Fund Boston United States 647.05
Fidelity Management & Research Company LLC Investment Managers Investment Advisor Boston United States 343.72
Geode Capital Management, L.L.C. Investment Managers Investment Advisor/Hedge Fund Boston United States 257.66
T. Rowe Price Associates, Inc. Investment Managers Investment Advisor Baltimore United States 216.83
Norges Bank Investment Management (NBIM) Investment Managers Sovereign Wealth Fund Oslo Norway 163.84
Northern Trust Investments, Inc. Investment Managers Investment Advisor/Hedge Fund Chicago United States 127.90
Legal & General Investment Management Ltd. Investment Managers Investment Advisor/Hedge Fund London United Kingdom 106.40
...

...
...

...
...

...

from biomedical data to financial fraud detection [15]. The graph data model is deemed well-
suited for domains that require the representation of complex relationships between entities, as
relationships are first-class citizens in a graph Database Management System (DBMS). This is
in contrast to the well-established relational model, in which relationships between entities are
implemented using foreign keys, and often computationally expensive joins are required to link
data from different entities [16].

Neo4j1 is a well-known example of a DBMS that implements the graph data model. It
is implemented in Java and developed by Neo Technology. It purportedly supports ACID
transactions, does not enforce a schema, and offers high availability[16]. Neo4j stores the
information by creating a directed graph between the vertices and the connections between
them [17]. An undirected graph can also be supported by ignoring the direction of an edge.
Each edge has exactly one type, and nodes may have zero, one, or more labels. The declarative
Cypher language is used to query or manipulate data in Neo4j. This is inspired by SQL and
SPARQL [18]. The Cypher query language makes use of pattern matching for the selection of
data from the graph. That is, it allows users to perform queries by specifying sub-graphs to
search for within the overall graph[17]. The syntax used to represent the graph’s topological
features can be represented solely using ASCII symbols.

3. Graph Data Model

3.1. Methods

The relationship between investors and companies shows a bipartite graph structure. A graph
𝐺 is bipartite if the vertex set 𝑉 (𝐺) can be partitioned into two disjoint sets 𝑈 and 𝑉 such
that every link connects a node in 𝑈 to one in 𝑉 and two vertices from the same set are not
adjacent [19]. That is, 𝑈 and 𝑉 are independent sets. In other words, a bipartite graph is a triple
𝐺 = (𝑈, 𝑉,𝐸) where 𝑈 and 𝑉 are two disjoint sets of vertices(the top and bottom vertices)
and 𝐸 ⊆ 𝑈𝑉 is the set of edges [20]. The bipartite network studies usually depend on the
one-mode projection of the original network, i.e., given a bipartite network 𝐺(𝑈, 𝑉,𝐸), where
𝑈 and 𝑉 as independent sets, the projection converts 𝐺(𝑈, 𝑉,𝐸) into 𝐺𝑈 and 𝐺𝑉 [21].

Although this projection method is simple and intuitive, it may generate a loss of information,
especially when the bipartite network 𝐺(𝑈, 𝑉,𝐸) is a large graph, and the same situation occurs

1https://neo4j.com/
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Figure 2: Neo4j data model

with the projection result. Additionally, if we project the original graph into the network of
all the investors, the meaningful information may be overwhelmed by the high link density
[22]. Another situation is that the weighting of edges is a critical problem in constructing a
bipartite network projection. To solve this situation, scholars implemented several methods to
use the weighted edge [23, 24], a relevant factor in our dataset. However, the goal of this paper
is about the shareholders’ dynamics in each company. Thus, we included other data to build
the communities, e.g., geographical data like city and country.

3.2. Data Model

The graph data model we designed for the data set in this study is presented in Figure 2. The
graph contains nodes labeled Company, which represent the companies in the data set. These
are connected by the edge type IN_CATEGORY to the nodes with the Category label, which
enables a company to be classified by category. The Company entity is connected to the
Country nodes through the DOMICILED_IN relation to determining the Country of origin
of the Company. The nodes labeled Investor contain data about the different investors. The
information about investors investing in companies is represented through the INVESTS_IN
edge type. As a property of this relationship, each shareholder’s investment amount in millions
of dollars in the quarters of 2020 to 2022 is stored. The average investment value of the ten
quarters for each shareholder is also a property of this relationship. Regarding the data relating
to the geographic information about investors, the nodes labeled City are connected by the
edge LOCATED_IN. The relationship CITY_IN is used to link cities to countries. There is also
the classification of the investors given by the nodes labels SubType and Type.

3.3. Graph Exploration

As mentioned previously, Cypher, a declarative query language, is used to query Neo4j databases.
The Neo4j Python driver may also be used to pose queries and integrate result sets from within
Python programs. The following Python code with embedded Cypher calculates the number of
nodes for each label in the data set:
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1 result = {"Labels": [], "Count": []}
2 with connection.session() as consult:
3 labels = [row["label"] for row in consult.run("CALL db.labels()")]
4 for label in labels:
5 query = f"MATCH (:‘{label}‘) RETURN count(*) as count"
6 count = consult.run(query).single()["count"]
7 result["Labels"].append(label)
8 result["Count"].append(count)
9

10 df = pd.DataFrame(data=result)
11 print(tabulate(df.sort_values("Count"), headers=’keys’,
12 tablefmt=’psql’, showindex=False))

Running this code reveals that the number of nodes per label type is as follows: 3 types,
13 categories, 15 subtypes, 20 companies, 69 countries, 1,525 cities, and 8,730 investors. In
an analogous way, the cardinalities of the relations are obtained, as follows: IN_TYPE 15,
IN_CATEGORY 20, DOMICILED_IN 20, CITY_IN 1,525, IN_SUBTYPE 8,733, LOCATED_IN
8,789, INVESTS_IN 77,542. Figure 3 shows the cardinalities of the nodes and relationships of
the graph.

Based on the previous results, it is apparent that the graph contains a substantial number of
investor nodes compared to other types of nodes. We subsequently pose a query to ascertain
which companies in the technology sector have the largest number of them:

1 MATCH (inves:Investor)-[:INVESTS_IN]->(comp:Company)
2 RETURN comp.name AS Company, count(inves) AS Count
3 ORDER BY Count DESC

The results show that the five largest technology companies (GAFAM or Big Five) have the
largest number of shareholders. Microsoft (MSFT) has the largest number of investors with
7,065, (Table 1) followed by Apple (AAPL) with 6,710, Amazon (AMZN) with 6,618, Alphabet
(GOOGL) with 6,119 and Meta (META- formerly Facebook) with 6,016. The others have between
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Figure 4: Investor Network for Meta (META)

1 MATCH (i : Investor ) −[: INVESTS_IN]−>(c:Company), (i)−[:LOCATED_IN]−>(ci:City),
2 ( ci ) −[:CITY_IN]−>(co:Country)
3 WHERE c.name = "Meta Platforms Inc" AND i . Shareholding_avg > 0
4 RETURN i, ci , co
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LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

A
T

E
D

_IN

LOCATED_IN

LO
C

A
T

E
D

_IN

LO
C

A
T

E
D

_IN

LO
C

A
T

E
D

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

A
T

E
D

_I
N

LO
C

A
T

E
D

_I
N

LO
C

A
T

E
D

_I
N

LO
C

A
T

E
D

_I
N

LOCATED_IN

LOCATED_IN

CIT
Y_I

N

LO
C

A
T

…

LOCATED_IN

LO
C

A
T

E
D

_IN

BlackRo…

London,
United
King

United
Kingd…

Handels…

Stockhol…

Sweden

Tyers
Asset
Man…

Austin,
United
Stat

United
States

Amalga…

New
York,

United
St…

Scout
Invest…

Kansas
City,

Unit…

T. Rowe
Price
Inves

Baltimore,
S…

Tiverton
Asset
Mana

Wilmingt…

Tremblant
G…

Sjunde
AP-fo…

B. Metzler
seel. So

Frankfurt,
Germ…

Germany

Standard
In…

Boston,
United
Stat

Palestra
Capital

Ma

Senvest
Mana…

Hastings
(Reed)

Unknown
U…

Alecta
pensio…

Ladenbu…

Sculptor
Capital

Ma

C
World…

Copenh…

Denmark

Saturna
Capital

Cor

Bellingh…

Bowen,
Hanes &

Comp

Atlanta,
St…

ClearArc
I…

Un…

Callan
LLC

San
Francisco,

Unit

Alphinity
Invest…

Sydney,
Austra…

Australia

Meadow
Creek
Invest

Ashmore
Wealth
Mana

Fidelity
Mana…

Central
(Hong
Kong)

Hong
Kong

Steadfast
M…

Voloridge
Invest…

Jupiter,
St…

Shapiro
Capital

Man

SCGE
Mana…

Menlo
Park,
Unit…

BNP
Paribas

M…

Waverton
Invest…

Trivest
Advisors

Li

SB
Mana…

Abu
Dhabi,
United

A…

United
Arab

Emi…

HL
Financial

Ser…

Louisville,
United

Elkfork
Partners

LL

Portland,
St…

Glen
Harbor
Cap…

San
Diego,
United

S…

Spears
Abacus
Advis

Merian
Global
Inves

HHLR
Advisors,

Ltd.

Third
LL…

Valiant
Capital

Man

Tybourne
Capital

Ma

Public
Invest…

Riyadh,
Saudi
Arabi

Saudi
Arabia

E.Öhman
J:or

Fon…

Ontario
Teachers'

P

Toronto,
Canada

Canada

Indepen…

PPM
America,

Inc.

Chicago,
St…

Duquesne
Of…

Parallax
Volatility

BP
Invest…

Cavalry
Mana…

HRT
Financial

LP

Munro
Asset
Man…

Melbour…

Matrix
Capital
Mana

Waltham,
St…

Exodus…

Meritage
LP…

Mn
Services

Ver…

The
Hague,
Net…

Netherla…

Elliott
Mana…

Peak 6
Capital
Mana

CTC LLC

Lone Pine
Capital,

Greenwi…

Echo
Street
Cap…

BlueSpr…

Maplelane
Capital,

H&H
Intern…

Holocene
Advis…

Jackson
Square

Part

Hardman
Johnston

Gl

Stamford,
St…

BMO
Asset
Man…

D1
Capital
Part…

ARK
Invest…

Atreides
Mana…

AMF
Tjänst…

BB&T
Securities,

LL

Richmon…

Mirova
US LLC

AJO, LP

Philadel…

Achmea
Invest…

Zeist,
Nethe…

Zevenbe…

Seattle,
St…

AMP
Capital
Inve…

USAA
Asset
Man…

San
Antonio,
Unit…

Riverbri… Minneap…

CastleArk
Mana…

LSV
Asset
Man…

Balson
Capital
Mana

Marina
Del Rey,

Uni

Lyxor
Funds
Sol…

Luxemb…

Luxemb…

Pzena
Invest…

Trillium
Asset
Mana

DBX
Advisors

LLC.

Hemenw…

Schwab
Charitable

F

ZWJ
Invest…

WEDGE
Capital
Man…

Charlotte,
S…

ACTIAM
N.V.

Amsterd…

Quoniam
Asset
Man…

Segall
Bryant &

Ham

NNIP
Asset
Man…

Houston
(Andrew

W)

Bahl &
Gaynor,

Inc.

Scharf
Invest…

Los
Gatos,
United

S…

Cubist
Syste…

Fiera
Capital
Cor…

Montreal,
Canada

ABN
AMRO
Inve…

Paris,
France

France

The
Haverford

Trust

Radnor,
United
Stat

Mairs
and

Power,
In…

St.
Paul,

United
St…

Evercore
Wealth

Man

Ayco
Asset
Man…

Saratoga
U…

Altshuler
Shaham

Lt

Tel Aviv,
Israel

Israel

Nomura
Securities

C

Chiyoda…

Japan

Tiedema…

M & G
Invest…

KCM
Invest…

San
Rafael,
Unit…

Capital
Wealth
Plan

Naples,
United
Stat

Kerrisdale
Capital

Miami,
United
State

Douglass
Winthrop

A

Degroof
Petercam

As

Brussels,
Belgium

Belgium

Barrow,
Hanley,

Mew

Dallas,
United
Stat

AGF
Invest…

Unigesti…

Geneva,
Switze…

Switzerl…

Hexavest
Inc.

Federated
MD…

Brighton
Jones
LLC

Rathbone
Tr…

Federated
In…

Brown
Brothers

Harr

Capital
Fund

Man…

Sit
Invest…

Eagle
Asset
Man…

St.
Peters…

Goldman
Sachs
Inter

BlackRo…

Edinbur…

Union
Invest…

TD
Water…

Ivy
Invest…

Overland
Un…

Carson
Wealth
Man…

Omaha,
United
State

BI Asset
Mana…

Morgan
Stanley

Inve

Capitalat…

The
Colony
Group,

L… Twin
Tree

Man…

Thomps…

Aegon
Asset
Man…

Jacobs
Levy

Equ…

Florham
Park,
Unite

Moody
National

Bank

Galvesto…

Ma…

Bradley,
Foster &

S

Hartford,
St…

Fiduciary
Co…

NNIP
Advisors

B.V.

HSBC
Global
M…

Skye
Global
Man…

In…

&…

Ca…

Houston,
St…

American
I…

O'Shaug…

Everett
Harris &

Co

Los
Angeles,

Unit…

Barclays
In…

Vontobel
Asset
Mana

Zurich,
Switze…

Clifford
Swan
Inves

Pasaden…

In…

Black
River,
Mau…

Mauritius

Whittier
Trust
Comp

Reno,
United
Stat…

Smith
Asset
Man…

R. H.
Bluestein

& C

Birmingh…

Sterling
Capital

Ma

Joel R.
Mogy
Invest

Beverly
Un…

Sumitomo
DS…

Minato-ku
…

JAG
Capital
Man…

St.
Louis,
United

S…

RegentA…

Morristo…

Wafra Inc.

Templeton
Invest…

Fort
Laude…

BBVA
Asset
Man…

Madrid,
Spain

Spain

Beacon
Pointe
Advis

Newport
Beach,

Unit

Wealthfr…

Redwood
U…

Natixis
Invest…

Northwe…

Milwauk…

Bank
Vontobel

AG

Central
Trust &

Inv

Kestra
Advisory

Ser

Aegon
Asset
Man…

Cedar
Rapids,
Unite

J.L.
Bainbr…

Sarasota,
St…

QS
Investors,

LLC

People's
United
Ban

Bridgep…

The
Dai-ichi

Life I

PIMCO
(US)

Aviva
Investors

Lon

Westbor…

Balyasny
Asset
Mana

AXA
Rosen…

Whittier
Trust
Comp

South
Pasad…

Huntingt…

Columb…

Cresset
Asset
Man…

Salem
Invest…

Winston-…

AE
Wealth
Man…

Topeka,
United
Stat

Markel-…

Glen
Allen,
Unit…

Credit
Suisse
Secur

Rafferty
Asset
Mana

CAPTR…

Raleigh,
St…

Liontrust
Invest…

Barrett
Asset
Man…

Russell
Invest…

Kentucky
Retire…

Frankfort,
S…

Sawgrass
Ma…

Jackson…

Nykredit
AS…

Atlanta
Capital

Man

La
Banque
Postale

A…

D.A.
Davidson

& Co.

Lake
Oswego,

Unit…

Cambrid…

Cambrid…

Badgley
Phelps
Weal

Hancock
Horizon

Inv

Gulfport,
St…

H. M.
Payson &

Co.

JPMorgan
Ma…

Senning…

The
Philad…

Logan
Capital
Man…

Newtown
Square,

Uni

Tocquevi…

Close
Brothers

Asse

NWI
Mana…

Westpac
Banking

Cor

Qube
Research

& Tec

Stacey
Braun
Ass…

Crossm…

Bank of
Oklah…

Tulsa,
United
State

Associat…

Green
Bay,

United
S…

CPR
Asset
Man…

DuPont
Capital
Mana

Washing…

Westerly,
St…

Mawer
Invest…

Calgary,
Canada

Gotham
Asset
Man…

Bartlett &
Comp…

PGB
Trust &
Inve…

Bedmins…

SRS
Invest…

Bridges
Invest…

AMI
Asset
Man…

UMB
NA…

Fiduciary
Co…

Kornitzer
M…

Shawnee
Mission,

Un

Stratos
Wealth

Part
Beachw…

OP
Varain…

Helsinki,
Finland

Finland

Stephens
Capital

Ma

Little
Rock,
Unit…

Lannebo
Fonder

AB

The
Glenview

Trust

Williams
Jones
Weal

Ashfield
Pa…

Quilter
Cheviot

Inv

Rathbone
Invest…

Arrowstr…

EP
Wealth
Advi…

Torrance,
St…

Azimut
Capital
Mana

Milan,
Italy

Italy

Nippon
Life

Glo…

Singapo…

Singapore

Vontobel
Asset
Mana

Ferguson
Wellman

Ca

Steward
Partners

In

Clearwat…

Groupa…

Zacks
Invest…

Indepen…

State
Street
Glo…

Eurizon
Capital

S.A

Lido
Advisors,

LLC

Gofen
and

Glo…

Boston
Trust
Wal…

As…

BMO
Nesbitt

I…

Wilmingt…

North
Palm

Beach,
U…

Busey
Wealth
Man…

Champa…

Maryland
Re…

J O
Hambro
Cap…

FCI
Advis…

Jupiter
Asset
Man…

Crestwo…

Wolverine
…

Schonfeld
Strate…

Clark
Capital
Man…

Pinnacle
Associ…

Cetera
Advisor
Netw

El
Segundo,

Unit…

Private
Advisor

Gro

HighMark
Capital

Ma

Bailard,
Inc.

Foster
City,

Unit…

New
Mexico
Edu…

Albuque…

Livförsä…

Maryland
Capital

Ma

Gilder
Gagnon

…

Comerica,
Inc.

Ibercaja
S.…

Zaragoza,
Spain

Elo
Mutual

Pension
…

Espoo,
Finland

Cetera
Invest…

Schaum…

Sigma
Planning

Corp

Ann
Arbor,
United

S…

Johnson
Invest…

Baron
Capital
Man…

Jay A.
Fishman,

Ltd

Troy,
United
Stat…

Avalon
Invest…

Great
Lakes
Advi…

Worldqu…

Regions
Invest…

Aristotle
M…

Synovus
Trust
Co…

Nicholas
Company,

I

Nippon
Life

Glo…

Morgan
Stanley &

Co

NS
Partners

Ltd.

Perfrom…

Hinsdale,
St…

Legal &
General

Inv

Squarep…

Prio
Wealth
Limi…

Citizens
Finan…

Providen…

INVESCO
Ma…

WesBan…

Wheeling,
St…

R. M.
In…

Lord,
Abbett &

Co.

Jersey
City,

Unit…

HSBC
Bank
USA,
N.…

Buffalo,
St…

Ziegler
Capital

Man

ARCA
Fondi
SGR
S.…

Bel Air
Invest…

Hosking
Partners

LL

Walter
Scott &

Part

Keskinäi…

Troy
Asset
Man…

Northeast
Invest…

Boston
Private
Weal

KeyBanc
Capital

Mar

Clevelan…

HOOPP
Invest…

First
Allied

…

Scottsda…

T. Rowe
I…

Wilmingt…

Lyxor
Intern…

Cantillon
M…

Scotia
Capital

Inc.

Assetma…

Concord,
St…

Coatue
Mana…

DSM
Capital
Part…

Palm
Beach
Gar…

Manulife
Invest…

Banco
Bilbao
Vizc…

RBC
Global
Asset
Ma…

Florida
State
Board

Tallahas…

Boston
Partne…

GWL
Invest…

Winnipeg,
Canada

JPMorgan
Ba…

Intermede
Invest…

Wellcome
Trust

Principal
In…

Des
Moines,
Unit…

Harris
Associ…

Zurich
Insurance

Gr

Metropol…

SG
Americas

Sec…

BNP
Paribas
Sec…

Sarasin
&

Part…

Union
Invest…

City
National
Roc…

Robeco
Institut…

Rotterda…

Mercer
Global
Advis

Santa
Barbara,

Unit

Allen &
Company

LLC

South
Dakota
Invest

Sioux
Falls,
Unit…

Pension…

Bessemer
Co…

Oak
Associ…

Akron,
United
State

Lyxor
Asset
Man…

Numeric
Investors

L

Frost
Invest…

Wells
Fargo
Advi…

Inverness
L…

Nordea
Oy…

Aberdeen
Stand…

State
Street
Glo…

Dublin,
Ireland

Ireland

GQG
Partners,

LLC

Michigan
Depar…

East
Lansing,

Unite

Northwe…

Morning…

UBS
Asset
Man…

Nordea
Invest…

Cerity
Partners

LLC

Royal
London

…

Compag…

HSBC
Global
M…

Artemis
Invest…

Deka
Vermö…

Berlin,
Germ…

TD
Securities,

Inc.

Aviva
Investors

Glo

Stoneha…

Liverpool,
S…

Asset
Mana…

Viking
Global
Inves

Ostrum
Asset
Man…

MacKay
Shields

LLC

Capital
Intern…

Franklin
Equity
Gro

BlackRo…

Greenw…

Shanghai,
(M…

China
(Mainl…

Manning
& Napier

Ad

Fairport,
St…

DWS
Invest…

National
Pension

Se

Seoul,
South
Korea

South
Korea

D. E.
Shaw &
Co., L

Brandyw…

Fidelity
Invest…

Creative
Planni…

Ca…

BlackRo…

Munich,
Germ…

NORINC…

Optimus
Prime
Fund

George
Town,
Cay…

Cayman
Islands

Adage
Capital
Man…

Cambrid…

Fairfield,
S…

Public
Mutual
Berha

Kuala
Lumpur,
Malay

Malaysia

Kovitz
Invest…

SEI
Invest…

Oaks,
United
Stat…

Vulcan
Value
Part…

Nikko
Asset
Man…

SunAme…

Deutsche
Asset
Mana

Foxhaven
Ma…

Charlott…

Mutual
of

America
C…

Fiduciary
Mana…

Unknown
City,

Unk…

Unknown
Country

TCW
Asset
Man…

UBS
Asset
Man…

Two
Sigma
Inve…

Calamos
Advisors

LL

Napervill…

Ardevora
Asset
Mana

PRIMEC…

Russell
Invest…

Ensign
Peak

Advi…

Salt Lake
City, Uni

Los
Angeles
Cap…

Migdal
Insurance

an

Petach
Tikva,
Israe

Dorsey
Asset
Man…

Vaughan
Nelson

Inve

RBC
Capital
Mar…

Fidelity
Institut…

The
Treasurer

of th

Argent
Capital
Mana

AQR
Capital
Man…

Principal
In…

First
Eagle
Inve…

Hartford
Invest…

PNC
Capital
Advi…

Columbia
Threa…

Danske
Bank
M…

Lyngby,
Denm…

Citadel
Advisors

LL

ING Bank
N.V.

Employe…

First
Republic

Inve

Atalanta
Sosnoff

Ca

CI Global
Asset
Man

Envestnet
Ma…

Capital
Guardian

Tr

Wells
Fargo
Inve…

IFM
Invest…

As…

Yousif
Capital
Mana

Hi…

Point72
Asset
Man…

PNC
Wealth
Man…

State of
Wisconsin

Madison,
St…

FIL
Invest…

Aperio
Group,

LLC

Sausalito,
S…

John W.
Bristol &

C

Handels…

Kayne
Anderson

Rudn

Glenmede
Invest…

Grantham
Va…

BMO
Harris
Bank
N.…

Jane
Street
Cap…

RBC
Wealth
Man…

Susqueh…

Bala
Cynwyd,
Unit…

Verition
Fund

Man…

Janney
Montg…

Menora
Mivtachim

In

Orbis
Invest…

Hamilton,
Bermu…

Bermuda

Invesco
Canada

Ltd.

Axiom
Invest…

AEGON
Invest…

Wells
Fargo
N…

Flossbach
St…

Cologne,
Germ…

State
Street
Glo…

Mizuho
Markets
Caym

CIBC
Private
We…

Zuckerb…

Maratho…

River
Road
Asset
Ma…

Melvin
Capital
Mana

Public
Emplo…

Denver,
United
Stat

Oppenh…

Mason
Street
Advi…

New York
State
Teac

Albany,
United
Stat

Burgundy
Asset
Mana

Fayez
Sarofim &

Co.

Theleme
Partners

LL

Goldman
Sachs
Bank

New
Jersey
Divi…

Trenton,
St…

Mitsubishi
K…

Rhumbli…

Eurizon
Capital
SGR

Carmign…

Nomura
Asset
Man…

Chuo-ku
(Tokyo),

Ja

CPP
Invest…

Australia…

Loring,
Wolcott &

C

Morgan
Stanley

Inve

Mar Vista
Invest…

KBC
NV…

State
Farm

Insu…

Bloomin…

Country
Trust
Bank

Clal
Insurance

Ente

Sustaina…

Mariner
Wealth

Advi

Van Eck
Associ…

J.P.
Morgan
Priv…

Chevy
Chase

C…

Bethesda,
St…

Macken…

Samsung
Asset
Man…

William
I…

Provident
Co…

Waukes…

PanAgora
Ma…

Welch &
Forbes

LLC

PointState
Capital

National
Bank of

Ca

Harding
Loevner

LP

Bridgew…

DWS
Intern…

Victory
Capital

Man

Brooklyn,
St…

Millenni…

Federated
Gl…

AXA
Invest…

MainStr…

Fred
Alger

Man…

Korea
Invest…

The
Baupost
Gro…

PSP
Invest…

Nuveen
Asset
Man…

Franklin
Advis…

San
Mateo,
United

S…

Thornburg
Invest…

Santa
Fe, United

St

Hightower
Advis…

J.P.
Morgan
Inve…

Kentucky
Teach…

Adams
Funds
Advi…

Jarislow…

Thrivent
Asset
Mana

Ruane,
Cunniff &

Go

Winslow
Capital

Man

Himalaya
Capital

Ma

BlackRo…

Crake
Asset
Man…

PineBrid…

Shelton
Capital

Man

MML
Investors

Servi

Springfie…

CIBC
World

Markets
…

Rockefel…

SEB
Invest…

Acadian
Asset
Man…

Milestone
Resou…

Dubai,
United
Arab

Schroders
B…

Commo…

PGGM
Vermo…

U.S.
Bancorp

…

Senator
Invest…

Mercer
Invest…

Morgan
Stanley &

Co

Mirae
Asset
Glo…

Guggen…

Rockville,
S…

Walleye
Trading,

LL

Plymouth,
St…Luther

King
Cap…

Fort
Worth,
Unit…

a.s.r.
vermo…

Utrecht,
Nethe…

Alaska
Retire…

Juneau,
United
Stat

PGIM
Invest…

Newark,
United
Stat

Ninety
One UK

Limit

JPMorgan
Ma…

UBS
Asset
Man…

DJE
Kapital

AG

Pullach,
Germ…

Dimensi…

Kinea
Investi…

São
Paulo,
Brazil

Brazil

BlackRo…

Artisan
Partners

Li

Renaiss…

Amundi
Asset
Man…

AXA
Rosen…

Orinda,
United
Stat

In…

Julius
Baer
Inte…

Greenbri…

Utah
Retire…

Credit
Suisse
Asset

Goldman
Sachs &

Com

Texas
Perma…

Bank of
Nova
Sco…

World
Asset
Man…

Detroit,
St…

Tredje AP
Fonden

Storebra…

Lysaker,
Norway

Norway

DWS
Invest…

Tesco
Pension

Inves

HS
Mana…

Aberdeen
Ma…

APG
Asset
Man…

Heerlen,
Nethe…

Deka
Invest…

Davenport
Ma…

BetaSha…

Putnam
Invest…

Vanguard
Invest…

Stifel
Nicolaus

Inv

Bank
Julius Bär

& C

GF Fund
Mana…

Guangz…

Ohio
Public
Em…

Raymond
James &

Ass

Epoch
Invest…

Nissay
Asset
Man…

NISA
Invest…

Marshall
LL…

J.P.
Morgan
Sec…

Manulife
Invest…

Ba…

Allianz
Global
Inve

Aberdeen
In…

BMO
Asset
Man…

Daiwa
Asset
Man…

Congress
Asset
Mana

Mercer
Global
Inves

Connor,
Clark &

Lun

Vancouv…

Banco
Santander

SA

Alta
Capital
Man…

Capital
Bank and

Tr

California
City, Un

Bo…

Tenness…

Nashville,
S…

Mediola…

T. Rowe
Price
Jap…

Louisiana
Em…

Baton
Rouge,
Unit…

Schroder
Invest…

The
Invest…

First
Manh…

MetLife
Invest…

Un…

Truist
Bank

Orlando,
St…

First
Found…

Irvine,
United
Stat

Alkeon
Capital
Mana

Oregon
Public
Em…

Salem,
United
State

Industrial
Alliance

Quebec
City,

Can…

Advisors
Asset
Mana

Monume…

Soroban
Capital

Par

First
Pacific
Advis

Altimeter
M…

Comgest
S.A.

Goldman
Sachs
Perso

Border to
Pe…

Leeds,
United
Kingd

Ma…

Vanguard
Global

Adv

Malvern,
St…

Westfield
M…

Securian
Asset
Mana

State
Teachers

Reti

Voya
Invest…

William
Blair &
Com

Mitsubishi
T…

Citi
Invest…

Tower
Research

Capi

Pictet &
Cie

(Eur…

Deccan
Value
Invest

Brown
Advis…

Fondsm…

Allspring
In…

Invesco
Capital

Man

Downers
Grove,

Unit

Advisor
In…

Factory
Mutual
Insu

Gulf
Intern…

Capfi
Delen
M…

Hasselt,
Belgium

Pictet
Asset
Man…

Amundi
Asset
Man…

Pennsyl…

Harrisbu…

Antipodes
Partne…

1919
Invest…

1832
Asset
Man…

DWS
Invest…

Neuberg…

Fideuram
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809 and 5,097 shareholders (see Table 1).
Finally, the Meta network (META) is explored through a query, which shows the relationship

between investors, cities, and countries, keeping only investors with a shareholding greater
than zero. Figure 4 presents the Cypher query and respective visualization for Investor, City
and Country nodes using red, green and blue nodes respectively. We have manually labeled
some of the clusters by the city for greater clarity.

This exercise makes it possible to identify the different topologies and their variations during
the analysis period for the selected companies. Some topological metrics and results are
presented in the next section.

4. Results

Some of the graph analytics algorithms available in the Neo4j Graph Data Science (GDS) library2

are used to explore the networks of shareholders for each of the companies. The centrality and

2https://neo4j.com/product/graph-data-science/
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community detection algorithms are executed on a projection of the graph data model, which
can be understood as a materialization of a view (or sub-graph) of the overall graph.

4.1. Graph projection

For the graph model described in Section 3, the shareholder participation is stored as a prop-
erty of the relationship INVESTS_IN, so a relationship projection is performed prior to the
application of the GDS library algorithms. The nodes labeled Investor and Company and the
relationship type INVESTS_IN are projected, resulting in the projections of a bipartite graph.
Several projections are defined using as property the participation of the shareholders in differ-
ent periods; the start of the pandemic (Q1 2020), the second peak of infections (Q2 2021), the
start of the Omicron variant (Q4 2021), the start of the Russo-Ukrainian war and inflation (Q2
2022), as well as for the average of all periods in the study. The following query shows the ad-
justment of the projection for the average participation for each Investor in the different periods:

1 CALL gds.graph.project(
2 ’InvestorAndCompany’,
3 [’Investor’, ’Company’],
4 {
5 INVESTS_IN:{ properties: ’Shareholding_avg’,
6 orientation: ’NATURAL’
7 }
8 }
9 )

10 YIELD
11 graphName AS graph,
12 relationshipProjection AS INVESTS_INProjection,
13 nodeCount AS nodes,
14 relationshipCount AS rels

The projections’ results for the different adjusted periods, and the average participation for
all periods of this study, are presented in Table 3.

Table 3
Projection of Investor to Company, including the shareholding over time.

Shareholding (USD Million)

Investor Company Q1 2020 Q2 2021 Q4 2021 Q2 2022 Avg
(all quarters)

The Vanguard Group, Inc. Apple Inc 1,346.91 1,264.94 1,261.26 1,270.00 1,277.06
Ellison (Lawrence Joseph) Oracle Corp 1,138.73 1,138.73 1,138.73 1,145.73 1,139.43
Berkshire Hathaway Inc. Apple Inc 980.62 887.14 887.14 890.92 912.31
BlackRock Institutional Trust Company, N.A. Apple Inc 749.42 671.03 675.69 676.87 701.29
State Street Global Advisors (US) Apple Inc 722.24 622.58 633.12 613.85 647.05
The Vanguard Group, Inc. Microsoft Corp 640.17 610.97 615.95 621.60 620.37
Fidelity Management & Research Company LLC Apple Inc 359.06 338.32 338.59 338.49 343.72
BlackRock Institutional Trust Company, N.A. Microsoft Corp 347.00 325.59 333.86 335.63 338.50
State Street Global Advisors (US) Microsoft Corp 314.77 294.82 302.54 300.10 302.20
Geode Capital Management, L.L.C. Apple Inc 256.71 254.16 264.35 272.08 257.66
...

...
...

...
...

...
...
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In Neo4j, although graphs are always directed, it is possible to traverse the connections of a
graph according to the direction stipulated in the data model (which is called natural orientation,
in this case, it would be from the nodes Investor to the Company nodes), or in the opposite
direction to that stipulated in the data model (which is called reverse orientation, in this case, it
would be from the Company nodes to Investor nodes).

4.2. Degree Centrality

Degree centrality is a metric that reflects the importance of the nodes. In turn, it allows the
number of incoming and outgoing relations to be measured, taking into account the direction of
the relationship in the graph projection. The higher the degree of a node, the higher its degree
of centrality, which implies that the entity represented by the node has greater importance [25].
In the following subsections, the degree of centrality algorithm is used to understand the most
important nodes within the networks.

4.2.1. Investor Degree Centrality

We compute the unweighted and weighted degree of centrality for nodes labeled Investor in
the graph projection InvestorAndCompany. The unweighted degree of centrality counts the
number of node connections without taking into account the weights. The query is shown
below:

1 CALL gds.degree.stream(
2 ’InvestorAndCompany’
3 )
4 YIELD nodeId, score
5 RETURN gds.util.asNode(nodeId).name AS Name, score AS degree_centrality
6 ORDER BY degree_centrality DESC

The results of Table 4 show the degree of unweighted centrality of the nodes labeled Investor,
which essentially indicates the number of companies that an investor invests in. There are
shareholders with participation from one to the total of the twenty companies in the study.

Table 4
Unweighted Investor degree centrality

Name Degree centrality
(unweighted)

The Vanguard Group, Inc. 20
Ellison (Lawrence Joseph) 1
Berkshire Hathaway Inc. 3
Capital World Investors 18
Capital Research Global Investors 19
Capital International Investors 17
PRIMECAP Management Company 15
Sanders Capital, LLC 5
Comprehensive Financial Management LLC 4
Edgewood Management LLC 8
...

...
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The following query shows the distribution of the degrees of centrality obtained:
1 MATCH (i:Investor)
2 RETURN count(i.degree_centrality) AS Count,
3 avg(i.degree_centrality) AS Ave,
4 (percentileDisc(i.degree_centrality, 0.25)) AS ‘25%‘,
5 (percentileDisc(i.degree_centrality, 0.50)) AS ‘50%‘,
6 (percentileDisc(i.degree_centrality, 0.75)) AS ‘75%‘,
7 (percentileDisc(i.degree_centrality, 0.90)) AS ‘90%‘,
8 (percentileDisc(i.degree_centrality, 0.95)) AS ‘95%‘,
9 (percentileDisc(i.degree_centrality, 0.99)) AS ‘99%‘,

10 (percentileDisc(i.degree_centrality, 0.999)) AS ‘99.9%‘,
11 (percentileDisc(i.degree_centrality, 1)) AS ‘100%‘

Count Ave 25% 50% 75% 90% 95% 99% 99.9% 100%
8,730 8.882 4 8 13 18 19 20 20 20

Thus, 50% of the investors only have connections with up to eight different companies.
Subsequently, to facilitate comparison, the degree of centrality is normalized. Thus, a weighted
projection is used, where the shareholding properties of the relation are considered. In this
way, the algorithms of the GDS library calculate the sum of the weights of the relation to
determine the degree of centrality of the nodes. The centrality indicator is calculated in each
period mentioned in Section 4.1, using the different adjusted projections. In this way, the query
is shown to determine the centrality metric for the average participation for each investor in
the different periods:

1 CALL gds.degree.stream
2 ( ’InvestorAndCompany’,
3 {
4 relationshipWeightProperty: ’Shareholding_avg’
5 }
6 )
7 YIELD nodeId, score
8 RETURN gds.util.asNode(nodeId).name AS Name, score AS

degree_centrality_weighted
9 ORDER BY degree_centrality_weighted DESC

The results obtained (see Table 5) reflect the weighted degree of centrality of the nodes
labeled Investor determined by the properties of the relationship INVESTS_IN. It is observed
that the investor The Vanguard Group, Inc. is the node with the highest degree of centrality,
both in each period and in the average of the investments for all periods. This is followed by
the investor BlackRock Institutional Trust Company, N.A., the second node with the highest
degree of centrality. As such, it may be interpreted that The Vanguard Group, Inc. is the most
influential investor in the network.

Subsequently, the distribution of the weighted degree centrality values obtained for the
average investments indicates that 90% of investors made investments of up to 1.66 million
dollars between 2020 and 2022.
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Table 5
Weighted Investor degree centrality

Degree centrality (weighted)

Name Q1 2020 Q2 2021 Q4 2021 Q2 2022 Avg
(all quarters)

The Vanguard Group, Inc. 3,241.68 3,087.13 3,080.65 3,787.76 3,258.07
BlackRock Institutional Trust Company, N.A. 1,801.86 1,670.75 1,692.31 2,066.42 1,806.21
State Street Global Advisors (US) 1,642.99 1,504.00 1,530.82 1,832.90 1,611.08
Fidelity Management & Research Company LLC 1,257.26 1,149.03 1,099.09 1,325.83 1,211.02
Ellison (Lawrence Joseph) 1,138.73 1,138.73 1,138.73 1,145.73 1,139.43
Berkshire Hathaway Inc. 981.16 887.67 887.67 901.59 914.87
T. Rowe Price Associates, Inc. 768.99 705.37 741.81 1049.21 808.87
Geode Capital Management, L.L.C. 595.45 617.72 642.82 806.67 647.81
Norges Bank Investment Management (NBIM) 396.58 398.65 398.65 427.53 404.86
Northern Trust Investments, Inc. 314.22 288.83 296.17 349.58 313.76
...

...
...

...
...

...

4.2.2. Company Degree Centrality

Using a graph projection similar to the one defined in Section 4.1, but with reverse orientation
instead of natural orientation, the unweighted and weighted degree centrality is computed for
nodes labeled Company. For this last metric, the periods defined in Section 4.1 are studied:

The degree centrality for the nodes labeled Company (Table 6) shows that Microsoft (MSFT)
has the highest unweighted degree centrality, that is, it has the highest number of connections
with the investor nodes. However, the weighted degree centrality suggests that Apple (AAPL)
is the most important node, that is, it is the company that received the most investments.

Table 6
Company Degree Centrality

Degree centrality (weighted)

Name Degree centrality
(unweighted) Q1 2020 Q2 2021 Q4 2021 Q2 2022 Avg

(all quarters)
Apple Inc 6,710 10,753.60 9,771.43 9,743.35 9,682.80 10,002.00
Microsoft Corp 7,065 5,661.58 5,419.21 5,408.00 5,390.45 5,454.89
Oracle Corp 4,150 2,730.44 2,440.21 2,308.70 2,303.48 2,479.28
Meta Platforms Inc 6,016 1,942.35 1,940.62 1,840.34 1,774.26 1,897.03
NVIDIA Corp 5,097 1,869.81 1,774.47 1,770.17 1,747.79 1,796.61
Amazon.com Inc 6,618 374.74 373.19 357.95 7,187.55 1,734.96
PayPal Holdings Inc 4,908 1,014.53 972.71 917.25 873.14 960.63
Advanced Micro Devices Inc 3,410 904.39 851.29 863.57 1,115.37 934.12
Micron Technology Inc 3,284 940.73 925.47 921.66 926.71 931.78
Salesforce.Com Inc 4,366 792.80 782.13 823.09 827.42 801.63
Twitter Inc 2,579 615.14 667.83 649.66 651.91 647.46
eBay Inc 2,724 718.32 641.85 571.39 522.38 628.00
Netflix Inc 4,216 377.92 370.41 373.89 364.87 371.42
Trade Desk Inc 1,818 339.13 296.48 317.25 337.15 321.71
Electronic Arts Inc 2,764 272.72 270.73 265.16 261.72 269.29
Dropbox Inc 1,396 218.64 294.39 257.85 250.78 266.70
Alphabet Inc 6,119 244.97 243.96 264.40 241.76 247.31
Zoom Video Communications Inc 2,161 83.29 176.44 183.09 186.03 151.61
Yelp Inc 809 72.52 72.16 67.73 68.01 71.21
MongoDB Inc 1,332 50.64 63.14 65.00 64.50 59.82
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The distribution obtained for average investments indicates that 50% of the companies have
connections with a maximum of 3,410 investors and, in turn, receive investments of up to 647.5
million dollars.

Ave 25% 50% 75% 90% 95% 99% 99.9% 100%
Unweighted 3,877.10 2,161 3,410 5,097 6,618 6,710 7,065 7,065 7,065
Weighted 1,501.37 266.70 647.46 1,734.96 2,479.28 5,454.88 10,001.99 10,001.99 10,001.99

4.3. Community Analysis

There are many large-scale complex networks in the real-world whose structure is not fully
understood by some methods [26]. By including the city and the country as other nodes in
the shareholders’ network, we identify new patterns that bipartite networks could not reveal
because of much-hidden information about shareholders’ networks that are not easy to detect by
simple observation. Although a bipartite network has different methods to identify communities,
we decide to use the richness of the data set because we can detect overlapping communities
and isolated communities

Communities are groups that are densely connected among their members and sparsely
connected with the rest of the network [27, 28]. Habitually, community detection allows nodes
in the graph to be grouped into clusters, in such a way that nodes in the same cluster are
more closely related than nodes in other clusters [29]. We employ the Louvain method, which
allows community detection in large networks. Louvain’s modularity algorithm detects clusters
by evaluating the density of node connections within a cluster, compared to how connected
they would be in an average or random sample [30]. This measure of community allocation
is known as modularity. Modularity takes values on a scale between -0.5 and 1, where -0.5
indicates a non-modular grouping, and 1 is a totally modular grouping. The algorithm optimizes
modularity locally on all nodes present in small communities and subsequently groups them
into larger communities.

As with the degree centrality computation described in Section 4.2, we use the InvestorAnd-
Company graph projection as the starting point for the Louvain community detection. Un-
weighted communities are determined using the number of node connections and ignoring edge
weights, using the Cypher query presented in Figure 5a. The result defines two communities
with 4,450 and 4,300 members respectively, and modularity of 0.104 for the entire graph, with
the modularity of the communities in the range [-0.032, 0.104]. with communities in the range
[-0.0044, 0.130], expressed by the weights of the average shareholding in the projection of the
graph. 96.83% of members are grouped into five communities with populations of 5,793, 1,088,
536, 530, and 526 respectively.

4.4. Network Topology

We have integrated metrics for two of the three companies with the highest degree of centrality,
viz., Apple (AAPL) and Oracle (ORCL) in the network visualizations. For each company, we
focus on four quarters: 𝑄1 2020, 𝑄2 2021, 𝑄4 2021, and 𝑄2 2022. For each case, we show the
number of Investor nodes (𝑁𝐼𝑁 ), the number of nodes in City (𝑁𝐶𝐼 ), and the number of nodes
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(a) Unweighted

1 CALL gds.louvain.write(
2 ’InvestorAndCompany’,
3 {
4 writeProperty: ’

louvain_community’
5 }
6 )
7 YIELD communityCount, modularity,

modularities
8

(b) Weighted

1 CALL gds.louvain.write(
2 ’InvestorAndCompany’,
3 {
4 writeProperty: ’

louvain_community_weighted’,
5

relationshipWeightProperty: ’
Shareholding_avg’

6 }
7 )
8 YIELD communityCount, modularity,

modularities
9

Figure 5: Louvain Community Detection using Neo4j GDS library

in Country (𝑁𝐶𝑂). The number of edges (𝐴), the weighted degree of centrality (𝐷𝐶𝑊 ), and
the number of weighted Louvain communities (𝐿𝐶𝑊 ). In both cases, we used the investors
with a weighted degree of centrality indicating greater investment than 1.66 million dollars.

The Apple network we analyzed contains, for Q1 2020, 734 investors, 207 cities in 25 countries,
and 941 edges. By Q2 2021, 731 investors, 216 cities in 32 countries, and 948 edges. By Q4 2021,
715 investors, 217 cities in 30 countries, and 933. While by Q2 2022, there were 812 investors, 245
cities in 33 countries, and 1,058 edges. The results show that topology and the weighted Louvain
communities evolved similarly to the stock prices. Until November 2021, the financial markets
recovered the impact of the first Covid-19 wave when the financial asset prices were down
almost 25% in March 2020. After that, the global inflation fear started to affect the asset prices,
and for December 2021, the NASDAQ index had down from its highest level of 16,057 points on
November 15 to 15,644 on December 27. Henceforth, technology stock prices continued down,
and the NASDAQ index by June 13, 2022, was at 10,798 points, a fall of 30%. However, June had
shown one of the best valuation performances of 2022 that would last until August 8, when
they began to fall again. As shown in Figure 6, we detected more communities when the prices
increase, i.e., the investment appetite changes the community levels. However, some long-term
investors did not change their position considerably.

Across each quarter, two crucial groups of investors are apparent: the first community
comprises those originating in New York City, and the second, those originating in London.
The topology evolution for Microsoft (MSFT) is very similar to Apple’s case. There are two
communities of investors, one originating in New York and the other in London. The number
of nodes and their relationships is lower in the fourth quarter of 2021 compared to the first
quarter of 2020.

Figure 7 presents the changes in the topology of the Oracle (ORCL) network for each period
in the study. Unlike Apple (Figure 6) and Microsoft, the number of nodes and relationships for
this company increased in 𝑄2 2021 compared to the 𝑄1 2020, then decreased, and in the final
quarter increased again. Although New York City continues to dominate as a place of origin
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𝑁𝐼𝑁 = 734, 𝑁𝐶𝐼 = 207, 𝑁𝐶𝑂 = 25

𝐴 = 941, 𝐷𝐶𝑊 ≥ 1.66, 𝐿𝐶𝑊 = 5
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Indepen…

CTC LLC

Echo
Street
Cap…

Maverick
L…

Coatue
Mana…

Maplelane
Capital,

AMP
Capital
Inve…

Sydney,
Austra…

Australia

Aviva
Investors

Asi

Peak 6
Capital
Mana

Point72
Asset
Man…

Stamford,
St…

AO Asset
Mana…

Burgundy
Asset
Mana

Mirova
US LLC

HHLR
Advisors,

Ltd.

Altimeter
M…

Pzena
Invest…

NISA
Invest…St.

Louis,
United

S…

AJO, LP

Redpoint
Invest…

Clough
Capital

Part

Berkshire
H…

San
Jose,
United
St…

BB&T
Securities,

LL

Richmon…

Eagle
Capital
Man…

Bill &
Melinda

Gate

Kirkland,
St…

AMF
Tjänst…

Friess
Associ…

Greenvill…

Key
Square
Cap…

Ca…

Piedmont
Invest…

Durham,
United

Stat

BP
Invest…

Shapiro
Capital

Man

ARK
Invest…

Mawer
Invest…

Calgary,
Canada

Alliance…

Davis
Selected

Advi

Magellan
Asset
Mana

Schwab
Charitable

F

William
I…

Aristotle
M…

Rice Hall
James &

A

San
Diego,
United

S…

SRB
Corpo…

Ma…

Platinum
Asset
Mana

National
Bank
Trust

Montreal,
Canada

Sustaina…

Balyasny
Asset
Mana

Morning…

Thornburg
Invest…

Santa
Fe, United

St

First
Pacific
Advis

Boston
Partne…

Scharf
Invest…

Los
Gatos,
United

S…

Barclays
In…

Dodge &
Cox

USAA
Asset
Man…

San
Antonio,
Unit…

Franklin
Mutual

Adv

Fidelity
Invest…

Provident
Co…

Waukes…

Capital
Fund

Man…

Simplex
Trading,

LL

Mercier
Vande…

Antwerp,
Belgium

Belgium

River and
Merca…

Zevenbe…

Seattle,
St…

Jarislow…

Markston
Intern…

White
Plains,
Unite

Kerrisdale
Capital

Miami,
United
State

Holocene
Advis…

Westside
Invest…

Santa
Monica,

Unite

Oberme…

Aspen,
United
State

Boston
Advisors,

LL

Barings
LLC

River
Road
Asset
Ma…

Schroders
B…

Sentry
Invest…

Stevens
Un…

Kayne
Anderson

Rudn

NWI
Mana…

Lyxor
Funds
Sol…

Luxemb…

Luxemb…

Gilder
Gagnon

…

Weiss
Multi-…

Templeton
Ma…

Tiedema…

Commer…

Frankfurt,
Germ…

Germany

Stoneha…

Liverpool,
S…

Picton
Mahoney

Asse

State
Street
Glo…

Minato-ku
…

American
I…

Galvesto…

Laurion
Capital

Man

&…

Vontobel
Asset
Mana

Ca…

Houston,
St…

Principal
Mana…

Des
Moines,
Unit…

ABN
AMRO
Inve…

Cubist
Syste…

Alleghany
P…

TD
Water…

Ossiam

Amundi
Ireland

Limi

Dublin,
Ireland

Ireland

Skye
Global
Man…

Mairs
and

Power,
In…

St.
Paul,

United
St…

McKinley
Capital

Ma

Anchora…

Edgewo…

Oak
Associ…

Akron,
United
State

M & G
Invest…

Morgan
Stanley

Inve

Loomis,
Sayles &

Co

Invesco
Canada

Ltd.

Renaiss…

Covingto…

Close
Brothers

Asse

Comgest
S.A.

Wedgew…

Gotham
Asset
Man…

Douglas
C. Lane &

A

JAG
Capital
Man…

LSV
Asset
Man…

HSBC
Global
M…

ZWJ
Invest…

Eagle
Asset
Man…

St.
Peters…

Fiera
Capital
Cor…

Lannebo
Fonder

AB

Ivy
Invest…

Overland
Un…

Credit
Suisse
Secur

MUFG
Securities

EME

AGF
Invest…

Thomps…

Montag &
Caldw…

Mercer
Invest…

USCA
L…

First
Found…

Irvine,
United

Stat

Allen &
Company

LLC

Harris
Associ…

TCW
Asset
Man…

Moody
National

Bank

WEDGE
Capital
Man…

Charlotte,
S…

ARCA
Fondi
SGR
S.…

Milan,
Italy

Italy

Sarasin
&

Part…

Seizert
Capital

Par
Birmingh…

HSBC
Global
M…

Düsseld…

Fuh Hwa
Securi…

Taipei,
Taiwan

Taiwan

Federated
Eq…

Pittsburg…

Hardman
Johnston

Gl

J O
Hambro
Cap…

Hexavest
Inc.

FIL
Invest…

Liontrust
Invest…

Tocquevi…

Loring,
Wolcott &

C

Argent
Capital
Mana

Synovus
Trust
Co…

Douglass
Winthrop

A

Capitalat…

Brussels,
Belgium

E.Öhman
J:or

Fon…

Waverton
Invest…

Groupa…

Degroof
Petercam

As

Advisors
Asset
Mana

Monume…

Alberta
Invest…

Edmont…

Capital
Bank and

Tr

California
City, Un

Clark
Capital
Man…

Davenport
Ma…

Sterling
Capital

Ma

Bel Air
Invest…

Nikko
Asset
Man…

UMB
NA…

Daiwa
Asset
Man…

Prio
Wealth
Limi…

Worldqu…

Credit
Suisse
Inter

Northeast
Invest…

Segall
Bryant &

Ham

Jay A.
Fishman,

Ltd

Troy,
United
Stat…

D.A.
Davidson

& Co.

Lake
Oswego,

Unit…

AEGON
Invest…

The
Hague,
Net…

Netherla…

Federated
Gl…

Central
Trust &

Inv

Greenbri…

Salem
Invest…

Winston-…

H. M.
Payson &

Co.

Portland,
St…

Capital
Intern…

Railpen

CastleArk
Mana…

Cambrid…

Cambrid…

BlackRo…

Edinbur…

Banque
de

Lux…

Hemenw…

South
Dakota
Invest

Sioux
Falls,
Unit…

Congress
Asset
Mana

Nikko
Asset
Man…

Lido
Advisors,

LLC

Country
Trust
Bank

Bloomin…

AMI
Asset
Man…

MAI
Capital
Man…

Clevelan…

SG
Americas

Sec…

Himalaya
Capital

Ma

Sumitomo
DS…

Crossm…

Veritable,
L.P.

Newtown
Square,

Uni

JPMorgan
Ma…

Senning…

First
Allied

…

Scottsda…

Axiom
Invest…

Greenwi…

Voloridge
Invest…

Jupiter,
St…

Quilter
Cheviot

Inv

Northwe…

Mn
Services

Ver…

Bank of
Oklah…

Tulsa,
United
State

Capital
Guardian

Tr

Clifford
Swan
Inves

Pasaden…

Barrett
Asset
Man…

The
Dai-ichi

Life I

WesBan…

Wheeling,
St…

Hancock
Horizon

Inv

Gulfport,
St…

Rathbone
Invest…

Barclays
Lu…

Kentucky
Retire…

Frankfort,
S…

Keskinäi…

Helsinki,
Finland

Finland

Banco
Santander

SA

Madrid,
SpainSpain

Ingalls &
LL…

Sawgrass
Ma…

Jackson…

ClariVest
Asset
Man

Ziegler
Capital

Man

O'Shaug…

MML
Investors

Servi

Springfie…

Securian
Asset
Mana

Fideuram
Asset
Mana

Gofen
and

Glo…

Pinnacle
Associ…

Ardevora
Asset
Mana

R. H.
Bluestein

& C

Compag…

Geneva,
Switze…

Switzerl…

Ferguson
Wellman

Ca

Bryn
Mawr
Trust
Co…

Bryn
Mawr,
United

S…

Columbia
Threa…

Nan
Shan Life

Insur

Nomura
Securities

C

La
Banque
Postale

A…

Migdal
Insurance

an

Petach
Tikva,
Israe

Israel

Shell
Asset
Man…

Rijswijk,
Nethe…

Sit
Invest…

Minneap…

Bridges
Invest…

Omaha,
United
State

Great
Lakes
Advi…

Stratos
Wealth

Part

Beachw…

Markel-…

Glen
Allen,
Unit…

Citizens
Finan…

Providen…

Brown
Brothers

Harr

PGB
Trust &
Inve…

Bedmins…

Trillium
Asset
Mana

Alta
Capital
Man…

Salt Lake
City, Uni

Unigesti…

Harding
Loevner

LP

Bridgew…

ACTIAM
N.V.

Amsterd…

Manulife
Invest…

NNIP
Asset
Man…

AXA
Rosen…

Washing…

Westerly,
St…

Strategic
Ad…

Sacram…

ProFund
Advisors

LL

Bethesda,
St…

Regions
Invest…

Associat…

Green
Bay,

United
S…

Windward
Ma…

Frost
Invest…

T. Rowe
I…

Aegon
Asset
Man…

Cedar
Rapids,
Unite

Fiduciary
Co…

Radnor,
United

Stat

Mid-Con…

Crestwo…

Stacey
Braun
Ass…

HighMark
Capital

Ma

Maryland
Capital

Ma

Baltimore,
S…

Gabelli
Funds,

LLC

Rye,
United
Stat…

Banque
Pictet &

Cie

Inverness
L…

NS
Partners

Ltd.

Quoniam
Asset
Man…

Baillie
Gifford &

C

Avalon
Invest…

Clal
Insurance

Ente

Tel Aviv,
Israel

Russell
Invest…

Hartford
Invest…

Hartford,
St…

OP
Varain…

Stephens
Capital

Ma

Little
Rock,
Unit…

Cetera
Advisor
Netw

El
Segundo,

Unit…

Kovitz
Invest…

Zacks
Invest…

Marsico
Capital

Man

Denver,
United

Stat

Ma…

Busey
Wealth
Man…

Champa…

Steward
Partners

In

Clearwat…

INVESCO
Ma…

Bahl &
Gaynor,

Inc.

HSBC
Bank
USA,
N.…

Buffalo,
St…

Assetma…

Concord,
St…

Johnson
Invest…

Bowen,
Hanes &

Comp

Van Eck
Associ…

FCI
Advis…

Caixa
Gestão de

Ati

Lisbon,
Portug…

Portugal

R. M.
In…

Union
Invest…

Eurizon
Capital

S.A

John W.
Bristol &

C

HS
Mana…

Tredje AP
Fonden

Spears
Abacus
Advis

Ashfield
Pa…

DBX
Advisors

LLC.

The
Invest…

Legal &
General

Inv

As…

Schroder
Invest…

BBVA
Asset
Man…

Mar Vista
Invest…

Wilkinson
As…

Ameritas
Invest…

Lincoln,
St…

MFS
Invest…

Bradley,
Foster &

S

Saratoga
Research

&

Saratoga,
St…

Goldman
Sachs
Asset

Wafra Inc.

As…

Wealthfr…

Redwood
U…

Adams
Funds
Advi…

The
Glenview

Trust

Nicholas
Company,

I

Aberdeen
In…

DuPont
Capital
Mana

NORINC…

Pennsyl…

Harrisbu…

Vaughan
Nelson

Inve

Nykredit
AS…

Copenh…

Denmark

New
Mexico
Edu…

Albuque…

People's
United

Ban

Bridgep…

BMO
Nesbitt

I…

Walleye
Trading,

LL

Plymouth,
St…

Personal
Ad…

QS
Investors,

LLC

Whittier
Trust
Comp

South
Pasad…

Joel R.
Mogy
Invest

Beverly
Un…

Epoch
Invest…

Intermede
Invest…

Westpac
Banking

Cor

Logan
Capital
Man…

BlackRo…

Azimut
Capital
Mana

Oregon
Public
Em…

Salem,
United
State

Comerica,
Inc.

Welch &
Forbes

LLC

Vantage
Invest…

IEQ
Capital

LLC

Foster
City,

Unit…

World
Asset
Man…

Detroit,
St…

GQG
Partners,

LLC

Citadel
Advisors

LL

BetaSha…

Nippon
Life

Glo…

Smith
Asset
Man…

Bartlett &
Comp…

J.L.
Bainbr…

Sarasota,
St…

DJE
Kapital

AG

Pullach,
Germ…

Frontier
Invest…

Louisiana
Em…

Baton
Rouge,
Unit…

Goldman
Sachs
Bank

Zurich,
Switze…

Kornitzer
M…

Shawnee
Mission,

Un

Alkeon
Capital
Mana

The
Colony
Group,

L…

BlackRo…

Winslow
Capital

Man

Bank
Julius Bär

& C

Capital
World
Inves

Invesco
Advis…

Amundi
Asset
Man…

D. E.
Shaw &
Co., L

JPMorgan
Ba…

ING Bank
N.V.

Irish Life
Invest…

The
Comm…

Clayton,
St…

Private
Advisor

Gro

Morristo…

Jane
Street
Cap…

Mellon
Invest…

BMO
Harris
Bank
N.…

Russell
Invest…

Candriam
S.…

Stifel
Nicolaus

Inv

Nissay
Asset
Man…

Boston
Trust
Wal…

SunAme…

Jersey
City,

Unit…

Teacher
Retire…

Raymond
James &

Ass

TD
Securities,

Inc.

PRIMEC…

Los
Angeles
Cap…

Millenni…

1919
Invest…

BNP
Paribas
Sec…

CPR
Asset
Man…

Lyxor
Intern…

Mirae
Asset
Glo…

Seoul,
South
Korea

South
Korea

Asset
Mana…

Envestnet
Ma…

Flossbach
St…

Cologne,
Germ…

Fidelity
Mana…

Morgan
Stanley &

Co

American
In…

Alliance…

H&H
Intern…

Menlo
Park,
Unit…

Jensen
Invest…

New York
State
Teac

Albany,
United

Stat

Goldman
Sachs &

Com

First Trust
Advisor

Wheaton,
St…

BlackRo…

PIMCO
(US)

Newport
Beach,

Unit

MetLife
Invest…

Un…

The
Haverford

Trust

LPL
Financial

LLC

Mason
Street
Advi…

Northern
Gl…

Berkshire
Hathaway

Norges
Bank

Inve…
Oslo,

Norway

Norway

Aberdeen
Stand…

Tenness…

Nashville,
S…

Citi
Invest…

Two
Sigma
Inve…

Bank of
Nova
Sco…

BlackRo…

J.P.
Morgan
Priv…

DWS
Invest…

Manulife
Invest…

CAPTR…

Raleigh,
St…

CIBC
World

Markets
…

Banco
Bilbao
Vizc…

Principal
In…

Nomura
Asset
Man…

Chuo-ku
(Tokyo),

Ja

Acadian
Asset
Man…

City
National
Roc… PineBrid…

Neuberg…

New
Jersey
Divi…

Trenton,
St…

Mercer
Global
Advis

Santa
Barbara,

Unit

BNP
Paribas

M…

Northern
Gl…

In…

Fiduciary
Co…

Morgan
Stanley

Smit

UBS
Asset
Man…

Ma…

Brown
Advis…

Schroder
Invest…

Fidelity
Institut…

Rafferty
Asset
Mana

KLP
Fonds…

Wells
Fargo
N…

Nuveen
LLC

Handels…

William
Blair &
Com

BMO
Capital
Mar…

Michigan
Depar…

East
Lansing,

Unite

Ohio
Public
Em…

Paramet…

Raymond
James
Finan

BNY
Mellon
Asset
Ma…

Ostrum
Asset
Man…

CIBC
Private
We…

Franklin
Advis…

San
Mateo,
United

S…

Caisse
de Depot

et

Sumitomo
Tr…

Susqueh…

Bala
Cynwyd,
Unit…

T. Rowe
Price
Ass…

First
Republic

Inve

Amalga…

Commo…

Waltham,
St…

Menora
Mivtachim

In

Williams
Jones
Weal

Kentucky
Teach…

State
Street
Glo…

Chevy
Chase

C…

Ensign
Peak

Advi…

The
Retire…

Montgo…

Aviva
Investors

Glo

National
Pension

Se

Newton
Invest…

Macken…

Wells
Fargo
Advi…

Thrivent
Asset
Mana

PSP
Invest…

Renaiss…

BlackRo…

JP
Morgan
Asset
Ma…

BMO
Asset
Man…

Xact
Kapita…

PanAgora
Ma…

CI Global
Asset
Man

HSBC
Global
M…

Nordea
Invest…

RBC
Dominion

Sec…

Gateway
Invest…

Guggen…

Rockville,
S…

Sanders
Capital,

LL

BNY
Mellon
Wealth

M…

Mirae
Asset
Glo…

Hightower
Advis…

Gulf
Intern…

UBS
Financial

Servi

Weehaw…
AE

Wealth
Man…

Topeka,
United

Stat

Calamos
Advisors

LL

Napervill…

Geode
Capital
Man…

New York
State
Co…

Federated
In…

The
Treasurer

of th

Mitsubishi
K…

Dimensi…

ClearBri…

BNP
Paribas

M…

Wellcome
Trust

BlackRo…

Melbour…

Oppenh…

Korea
Invest…

Fayez
Sarofim &

Co.

Charles
Schwab

Inve

Truist
Bank

Orlando,
St…

SEB
Invest…

CIBC
World

Markets
…

Invesco
Capital

Man

Downers
Grove,

Unit

Union
Invest…

Employe…

Lazard
Asset
Man…

Fidelity
Intern…

Storebra…

Lysaker,
Norway

IFM
Invest…

Managed
Account

Adv

PGGM
Vermo…

Zeist,
Nethe…

DWS
Invest…

State of
Wisconsin

Madison,
St…

Arizona
State
Retir

Phoenix,
St…

Levinson
D)…

Unknown
U…

Columbia
Threa…

Allianz
Global
Inve

New
England

M…

Farmingt…

First
Manh…

Voya
Invest…

Rockefel…

Legal &
General

Inv

Metropol…

Saturna
Capital

Cor

Bellingh…

Victory
Capital

Man

Brooklyn,
St…

Aperio
Group,

LLC

Sausalito,
S…

Florida
State
Board

Tallahas…

Alaska
Retire…

Juneau,
United

Stat

Morgan
Stanley

Inve

RBC
Capital
Mar…

Santa
Barbara
Asset

Utah
Retire…

State
Farm

Insu…

Mediola…

Fisher
Invest…

Un…

Bessemer
Co…

BlackRo…

Assenag…
Munich,
Germ…

KeyBanc
Capital

Mar

CIBC
Asset
Man…

Eurizon
Capital
SGR

Principal
In…

Lyxor
Asset
Man…

Calvert
Research

an

Boston
Private
Weal

Goldman
Sachs
Perso

Deutsche
Asset
Mana

Polar
Capital

LLP

Credit
Suisse
Asset

Connor,
Clark &

Lun

Vancouv…

Artemis
Invest…

Australia…

Baird
Invest…

Aegon
Asset
Man…

Mutual
of

America
C…

Texas
Perma…

BMO
Global
Asset
Ma…

Goldman
Sachs
Asset

Franklin
Equity

Gro

GWL
Invest…

Winnipeg,
Canada

Factory
Mutual

Insu

Eaton
Vance
Man…

British
Columbia

In

Victoria,
Canada

Balson
Capital
Mana

Marina
Del Rey,

Uni

State
Street
Glo…

Jennison
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Northern
I…

Dimensi…

Danske
Bank
M…

Lyngby,
Denm…

Glenmede
Invest…

Vanguard
Global
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Malvern,
St…

Robeco
Institut…

Rotterda…
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Research

Gl

Nuveen
Asset
Man…

UBS
Asset
Man…

APG
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Man…

Heerlen,
Nethe…

PNC
Wealth
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Wilmingt…

Arrowstr…

AXA
Invest…

Evercore
Wealth

Man

CPP
Invest…

Wilmingt…

North
Palm

Beach,
U…

Pictet
Asset
Man…

DWS
Invest…

UBS
Asset
Man…

Fort
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Cresset
Asset
Man…

Amundi
Asset
Man…
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Nordea
Oy…

Schweiz…

Capfi
Delen
M…

Hasselt,
Belgium

Janus
Hende…

The
Vanguard
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California
State Te

West
Sacra…

KBC
NV…

Grantham
Va…

HOOPP
Invest…

JPMorgan
Ma…

1832
Asset
Man…

Vanguard
Invest…

Virginia
Retire…

Marshall
LL…

BlackRo…

Atalanta
Sosnoff
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Aberdeen
Ma…

Ro…
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Mana…

Zurich
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Scotia
Capital
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PGIM
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Newark,
United
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Everett
Harris &

Co
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Global
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Adage
Capital
Man…
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One UK

Limit
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Co…

State
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Glo…

J.P.
Morgan
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Northwe…

a.s.r.
vermo…

Utrecht,
Nethe…

MacKay
Shields

LLC
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California
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RBC
Global
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Ma…
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Deka
Invest…

AXA
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Orinda,
United
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Zürcher
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Fjärde
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Emplo… BlackRo…

Mariner
Wealth

Advi

USS
Invest…

Fred
Alger

Man…

U.S.
Bancorp

…

Royal
London

…

Huntingt…

Anima
SGR

S.p.…

Luther
King

Cap…

Fort
Worth,
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SEI
Invest…

Oaks,
United
Stat…

AQR
Capital
Man…

Cincinnati
Finan…

Fairfield,
S…

Cambrid…

ProShare
Advis…

BlackRo…

Princeton,
S…

DNB
Asset
Man…

Cook
(Timothy

D)

State
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Reti

Jacobs
Levy

Equ…

Florham
Park,
Unite

Lord,
Abbett &

Co.

DWS
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Allianz
Global
Inve

Manulife
Invest…

Westfield
M…

Putnam
Invest…

BlackRo…

Allspring
In…

PNC
Capital
Advi…

Numeric
Investors

L

MFS
Invest…

NNIP
Advisors

B.V.

BlackRo…

Barclays
PL…

Investor (𝐼𝑁) City (𝐶𝐼) Country (𝐶𝑂)

(a) Q1 2020

𝑁𝐼𝑁 = 731, 𝑁𝐶𝐼 = 216, 𝑁𝐶𝑂 = 32

𝐴 = 948, 𝐷𝐶𝑊 ≥ 1.66, 𝐿𝐶𝑊 = 7
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Investor (𝐼𝑁) City (𝐶𝐼) Country (𝐶𝑂)

(b) Q2 2021

𝑁𝐼𝑁 = 715, 𝑁𝐶𝐼 = 217, 𝑁𝐶𝑂 = 30

𝐴 = 933, 𝐷𝐶𝑊 ≥ 1.66, 𝐿𝐶𝑊 = 4
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B.V.
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Investor (𝐼𝑁) City (𝐶𝐼) Country (𝐶𝑂)

(c) Q4 2021

𝑁𝐼𝑁 = 812, 𝑁𝐶𝐼 = 245, 𝑁𝐶𝑂 = 33

𝐴 = 1058, 𝐷𝐶𝑊 ≥ 1.66, 𝐿𝐶𝑊 = 10
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Figure 6: Network Metrics and Topology for Apple (AAPL)

for investors, it is more diversified for Oracle, including communities from Boston, Chicago,
London, and Toronto as well (see Figure 7d). A relevant aspect in both cases is that Apple and
Oracle had a similar percentage growth in shareholders. However, the community growth for
Apple was 150%, while Oracle was 50%. Namely, the investment appetite was more diversified
for the first than the second.
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Seoul,
South
Korea

South
Korea

Strategic
Ad…

Sacram…

Virginia
Retire…

FCI
Advis…

Bridges
Invest…

Trillium
Asset
Mana

Morgan
Stanley

Inve

Bahl &
Gaynor,

Inc.

&…

QS
Investors,

LLC

Close
Brothers

Asse

Moody
National

Bank

State
Street
Glo…

Van Eck
Associ…

Voloridge
Invest…

Jupiter,
St…

Ameritas
Invest…

Lincoln,
St…

Logan
Capital
Man…

Newtown
Square,

Uni

Ashfield
Pa…

Lyxor
Funds
Sol…

Banque
Pictet &

Cie

Washing…

Westerly,
St…

Groupa…

Platinum
Asset
Mana

Assenag…

Munich,
Germ…

Thornburg
Invest…

Santa
Fe, United

St

MAI
Capital
Man…

Clevelan…

Handels…

BlackRo…

Fiduciary
Co…

Dimensi…

Segall
Bryant &

Ham

Twin
Tree

Man…

Cetera
Advisor
Netw

El
Segundo,

Unit…

Veritable,
L.P.

NNIP
Asset
Man…

The
Hague,
Net…

Netherla…

Unigesti…

Azimut
Capital
Mana

World
Asset
Man…

Detroit,
St…

UMB
NA…

ACTIAM
N.V.

Amsterd…

Bank of
Oklah…

Tulsa,
United
State

Ninety
One UK

Limit

Goldman
Sachs
Bank

Scotia
Capital

Inc.

Argent
Capital
Mana

Credit
Suisse
Inter

Fayez
Sarofim &

Co.

HSBC
Bank
USA,
N.…

Buffalo,
St…

South
Dakota
Invest

Sioux
Falls,
Unit…

Regions
Invest…

Sit
Invest…

ARCA
Fondi
SGR
S.…

Stratos
Wealth

Part

Beachw…

Gofen
and

Glo…

NORINC…

Bryn
Mawr
Trust
Co…

Bryn
Mawr,
United

S…

AJO, LP

Lyxor
Asset
Man…

Ma…

Numeric
Investors

L

Private
Advisor

Gro

Morristo…

The
Invest…

E.Öhman
J:or

Fon…

Union
Invest…

Joel R.
Mogy
Invest

Beverly
Un…

New
Mexico
Edu…

Albuque…

Tredje AP
Fonden

OP
Varain… Helsinki,

Finland

Finland

Epoch
Invest…

Citizens
Finan…

Los
Angeles
Cap…

DBX
Advisors

LLC.

AE
Wealth
Man…

Topeka,
United

Stat

Securian
Asset
Mana

Principal
In…

Des
Moines,
Unit…

Thomps…

Prio
Wealth
Limi…

Sumitomo
DS…

La
Banque
Postale

A…

Seizert
Capital

Par

Tocquevi…

Mutual
of

America
C…

PanAgora
Ma…

Shell
Asset
Man…

Rijswijk,
Nethe…

Daiwa
Asset
Man…

Cresset
Asset
Man…

BlackRo…

Comerica,
Inc.

WesBan…

Wheeling,
St…

Amundi
Asset
Man…

Eurizon
Capital

S.A

Schroder
Invest…

MML
Investors

Servi

Springfie…

BBVA
Asset
Man…

Madrid,
Spain

Spain

Welch &
Forbes

LLC

Union
Invest…

Kentucky
Teach…

Frankfort,
S…

BMO
Nesbitt

I…

Westpac
Banking

Cor

Lido
Advisors,

LLC

Johnson
Invest…

Pennsyl…

Harrisbu…

Aberdeen
Stand…

TD
Water…

River and
Merca…

Barrett
Asset
Man…

Columbia
Threa…

The
Colony
Group,

L…

Tiedema…

First
Allied

…

Scottsda…

Hartford
Invest…

Hartford,
St…

Ariel
Invest…

City
National
Roc…

Stephens
Capital

Ma

Little
Rock,
Unit…

D.A.
Davidson

& Co.

Lake
Oswego,

Unit…

HighMark
Capital

Ma

Eagle
Capital
Man…

Jensen
Invest…

Whittier
Trust
Comp

South
Pasad…

Thrivent
Asset
Mana

Davenport
Ma…

Principal
Mana…

GQG
Partners,

LLC

People's
United

Ban

Bridgep…

Gotham
Asset
Man…

Aegon
Asset
Man…

Cedar
Rapids,
Unite

Legal &
General

Inv

Fideuram
Asset
Mana

Kovitz
Invest…

Goldman
Sachs
Asset

Wealthfr…

Redwood
U…

Cambrid…

Cambrid…

Adams
Funds
Advi…

Candriam
S.…

Brussels,
Belgium

Nuveen
Asset
Man…

Cubist
Syste…

Capital
Intern…

Sawgrass
Ma…

Jackson…

Boston
Private
Weal

IEQ
Capital

LLC

Foster
City,

Unit…

Manulife
Invest…

Ba…

Hong
Kong

Ingalls &
LL…

Steward
Partners

In

Clearwat…

Frost
Invest…

San
Antonio,
Unit…

Bessemer
Co…

William
Blair &
Com

Balyasny
Asset
Mana

Mason
Street
Advi…

Northwe…

Connor,
Clark &

Lun

Vancouv…

USCA
L…

Synovus
Trust
Co…

Nissay
Asset
Man…

Employe…

Kentucky
Retire…

USAA
Asset
Man…

Evercore
Wealth

Man

Cambrid…

Fairfield,
S…

Advisors
Asset
Mana

Monume…

Nykredit
AS…

Copenh…

Denmark

Louisiana
Em…

Baton
Rouge,
Unit…

Williams
Jones
Weal

Fiduciary
Co…

Radnor,
United

Stat

Aberdeen
Ma…

Russell
Invest…

MetLife
Invest…

Un…

Citi
Invest…

HSBC
Global
M…

Central
(Hong
Kong)

Mitsubishi
K…

Asset
Mana…

Nomura
Asset
Man…

Chuo-ku
(Tokyo),

Ja

Deka
Invest…

RBC
Capital
Mar…

Northern
Gl…

Mirae
Asset
Glo…

Alliance…

Aviva
Investors

Glo

Susqueh…

Bala
Cynwyd,
Unit…

BMO
Harris
Bank
N.…

Rhumbli…

Fjärde
AP-Fo…

ProShare
Advis…

Railpen

Citadel
Advisors

LL

D. E.
Shaw &
Co., L

Hexavest
Inc.

CI Global
Asset
Man

Storebra…

Lysaker,
Norway

Norway

Caisse
de Depot

et

Fiera
Capital
Cor…

BlackRo…

Eaton
Vance
Man…

PineBrid…

Robeco
Institut…

Rotterda…

Barrow,
Hanley,

Mew

Janney
Montg…

Florida
State
Board

Tallahas…

BlackRo…

Wilmingt…

Henley
O)…

Unknown
U…

Mellon
Invest…

Tenness…

Nashville,
S…

Pinnacle
Associ…

Rockefel…

SunAme…

Jersey
City,

Unit…

U.S.
Bancorp

…

Mariner
Wealth

Advi

The
Vanguard

Gro…

Malvern,
St…

Ellison
(Lawrence

J

Charles
Schwab

Inve

Lazard
Asset
Man…

California
Public E

TD
Securities,

Inc.

State
Teachers

Reti

Mirova
US LLC

BNP
Paribas
Sec…

Franklin
Equity

Gro

Clifford
Swan
Inves

Pasaden…
PGB

Trust &
Inve…

Bedmins…

Brown
Advis…

KLP
Fonds…

Oslo,
Norway

Yacktman
Ma…

Indepen…

Longview
Partne…

ZWJ
Invest…

Public
Emplo…

Denver,
United

Stat

Geode
Capital
Man…

Baillie
Gifford &

C

Morgan
Stanley &

Co

Millenni…

Fort
Washi…

Vanguard
Invest…

Melbour…

PIMCO
(US)

Newport
Beach,

Unit

Brown
Brothers

Harr

HSBC
Global
M…

Arrowstr…

Janus
Hende…

Putnam
Invest…

Factory
Mutual

Insu

Waltham,
St…

JPMorgan
Ba…

ING Bank
N.V.

The
Glenview

Trust

Voya
Invest…

NISA
Invest…

Burgundy
Asset
Mana

Schroder
Invest…

Pzena
Invest…

Northern
I…

Sound
Shore
Man…

Degroof
Petercam

As

Gulf
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Zürcher
Kanto…

Arizona
State
Retir

Phoenix,
St…

Bradley,
Foster &

S

BNY
Mellon
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M…

BlackRo…

a.s.r.
vermo…

Utrecht,
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Columbia
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BlackRo…

Princeton,
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As…

PNC
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DWS
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MacKay
Shields

LLC

Quoniam
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Banque
de

Lux…

PGIM
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Newark,
United
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JPMorgan
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Oppenh…

Manning
& Napier
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Fairport,
St…

Deutsche
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Downers
Grove,
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Acadian
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CIBC
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Wells
Fargo
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BNY
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DWS
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Sigma
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Comgest
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Crossm…
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J O
Hambro
Cap…

Bel Air
Invest…

Manulife
Invest…

Xact
Kapita…

Morgan
Stanley

Inve

Great
Lakes
Advi…

BMO
Global
Asset
Ma…

Fisher
Invest…

Un…

Nuveen
LLC

Ca…

O'Shaug…

Boston
Partne…

British
Columbia

In

Victoria,
Canada

JP
Morgan
Asset
Ma…

First
Republic

Inve

Paramet…

Seattle,
St…

Korea
Invest…

Ma…

Nordea
Oy…

Dimensi…

Guggen…

Rockville,
S…

CPR
Asset
Man…

KeyBanc
Capital

Mar

Wilmingt…

North
Palm

Beach,
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UBS
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Man…
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Bilbao
Vizc…
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ClearBri…
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1919
Invest…
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Santander

SA
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CIBC
World

Markets
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Truist
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St…
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SEI
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SG
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St…
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CIBC
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AXA
Rosen…

Orinda,
United
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SEB
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Co
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State
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Albany,
United

Stat

Första
AP-Fo…

Legal &
General

Inv

Lord,
Abbett &

Co.

PGGM
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Zeist,
Nethe…

UBS
Financial

Servi

Weehaw…

State
Street
Glo…

Peak 6
Capital
Mana

Ca…

Credit
Suisse
Asset

Franklin
Advis…

San
Mateo,
United

S…

USS
Invest…

Mn
Services

Ver…

BlackRo…

DWS
Invest…

State
Street
Glo…

Bank of
Nova
Sco…

Principal
In…

Macken…

Ostrum
Asset
Man…

Irish Life
Invest…

BlackRo…
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Franklin
Mutual

Adv

Short
Hills,

Unit…

Eurizon
Capital
SGR

MFS
Invest…

Scharf
Invest…
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Gatos,
United
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BMO
Asset
Man…
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Treasurer

of th

Raleigh,
St…

PRIMEC…

Lannebo
Fonder

AB

Douglas
C. Lane &

A

CPP
Invest…

INVESCO
Ma…

American
In…

Boston
Trust
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TD Asset
Mana…

IFM
Invest…

The
Retire…

Montgo…

Sterling
Capital

Ma
Charlotte,

S…

Teacher
Retire…

APG
Asset
Man…

Heerlen,
Nethe…

The
Haverford

Trust

KBC
NV…

River
Road
Asset
Ma…

Spears
Abacus
Advis

Allianz
Global
Inve

T. Rowe
Price
Ass…

Mercer
Invest…

Calamos
Advisors

LL

Napervill…

MFS
Invest…

First
Eagle
Inve…

Invesco
Advis…

Manulife
Invest…

ABN
AMRO
Inve…

Victory
Capital
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Brooklyn,
St…

BlackRo…

First
Manh…

New York
State
Teac

Davis
Selected

Advi

Aperio
Group,

LLC

Sausalito,
S…

Jane
Street
Cap…

Baird
Invest…

Norges
Bank

Inve…

MainStr…

BMO
Capital
Mar…

Saturna
Capital

Cor

Bellingh…

Raymond
James &

Ass

Bank
Julius Bär

& C

Renaiss…

Capitalat…

State of
Wisconsin

Madison,
St…

In…

Alaska
Retire…

Juneau,
United

Stat

Allspring
In…

Schweiz…

Morning…

J.P.
Morgan
Sec…

Commo…

Pictet
Asset
Man…

Envestnet
Ma…

The
Comm…

Clayton,
St…

Morgan
Stanley

Smit

Chevy
Chase

C…

Texas
Perma…

WEDGE
Capital
Man…

Luther
King

Cap…

Fort
Worth,
Unit…

DWS
Invest…

Neuberg…

Oak
Associ…

Akron,
United
State

Royal
London

…

RBC
Dominion

Sec…

Glenmede
Invest…

Huntingt…

State
Street
Glo…

Northern
Gl…

California
State Te

West
Sacra…

GWL
Invest…

Winnipeg,
Canada

Goldman
Sachs
Asset

Oregon
Public
Em…

Salem,
United
State

The
Dai-ichi

Life I

HOOPP
Invest…

BlackRo…

Saratoga
Research

&

Saratoga,
St…

CAPTR…

Adage
Capital
Man…

Sumitomo
Tr…

Stifel
Nicolaus

Inv

PSP
Invest…

Jarislow…

UBS
Asset
Man…

National
Pension

Se

Grantham
Va…

Creative
Planni…

Danske
Bank
M…

Lyngby,
Denm…

Allianz
Global
Inve

H. M.
Payson &

Co.

BofA
Global
Res…

M & G
Invest…

Goldman
Sachs &

Com

Amundi
Asset
Man…

BNP
Paribas

M…

DNB
Asset
Man…

CIBC
World

Markets
…

Busey
Wealth
Man…

Champa…

Managed
Account

Adv

Screven
(Edwa…

LPL
Financial

LLC

Walter
Scott &

Part

Calvert
Research

an

AXA
Rosen…

Raymond
James
Finan

New
Jersey
Divi…

Trenton,
St…

Barclays
PL…

Mercer
Global
Advis

Santa
Barbara,

Unit

Australia…

RBC
Global
Asset
Ma…

First Trust
Advisor

Wheaton,
St…

AGF
Invest…

LSV
Asset
Man…

NNIP
Advisors

B.V.

Investor (𝐼𝑁) City (𝐶𝐼) Country (𝐶𝑂)

(a) Q1 2020

𝑁𝐼𝑁 = 671, 𝑁𝐶𝐼 = 205, 𝑁𝐶𝑂 = 28

𝐴 = 877, 𝐷𝐶𝑊 ≥ 1.66, 𝐿𝐶𝑊 = 5
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(b) Q2 2021

𝑁𝐼𝑁 = 659, 𝑁𝐶𝐼 = 205, 𝑁𝐶𝑂 = 26

𝐴 = 865, 𝐷𝐶𝑊 ≥ 1.66, 𝐿𝐶𝑊 = 4
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Asset
Mana

Exodus…

Principal
In…

Des
Moines,
Unit…

Prio
Wealth
Limi…

Sumitomo
DS…

La
Banque
Postale

A…

Tocquevi…

Mutual
of

America
C…

PanAgora
Ma…

Shell
Asset
Man…

Rijswijk,
Nethe…

Daiwa
Asset
Man…

Cresset
Asset
Man…

BlackRo…

Nippon
Life

Glo…

Comerica,
Inc.

WesBan…

Wheeling,
St…

Amundi
Asset
Man…

Eurizon
Capital

S.A

Illinois
Munici…

Oak
Brook,
United

S…

Schroder
Invest…

MML
Investors

Servi

Springfie…

BBVA
Asset
Man…

Madrid,
Spain

Spain

Welch &
Forbes

LLC

Union
Invest…

Kentucky
Teach…

Frankfort,
S…

BMO
Nesbitt

I…

Westpac
Banking

Cor

Lido
Advisors,

LLC

Johnson
Invest…

Pennsyl…

Harrisbu…

Aberdeen
Stand…

Barrett
Asset
Man…

GuideSt…

Toroso
Asset
Man…

Columbia
Threa…

First
Allied

…

Scottsda…

Beacon
Pointe
Advis

Newport
Beach,

Unit

Hartford
Invest…

Hartford,
St…

National
Bank of

Ca

Montreal,
Canada

City
National
Roc…

Stephens
Capital

Ma

Little
Rock,
Unit…

Caixaba…

Exchange
Co…

Oklahoma
U…

D.A.
Davidson

& Co.

Lake
Oswego,

Unit…

HighMark
Capital

Ma

Eagle
Capital
Man…

Jensen
Invest…

Whittier
Trust
Comp

South
Pasad…

Thrivent
Asset
Mana

Davenport
Ma…

GQG
Partners,

LLC

Fort
Laude…

People's
United

Ban

Bridgep…

Aegon
Asset
Man…

Cedar
Rapids,
Unite

Brinker
Capital

Inv

Berwyn,
United

Stat

Legal &
General

Inv

Fideuram
Asset
Mana

Dublin,
Ireland

Ireland

Kestra
Advisory

Ser

Austin,
United

Stat

Kovitz
Invest…

Goldman
Sachs
Asset

Wealthfr…

Redwood
U…

Cambrid…

Cambrid…

Adams
Funds
Advi…

Candriam
S.…

Brussels,
Belgium

Nuveen
Asset
Man…

Cubist
Syste…

Capital
Intern…

Boston
Private
Weal

IEQ
Capital

LLC

Tower
Research

Capi

Cetera
Invest…

Schaum…

Manulife
Invest…

Ba…

Hong
Kong

Ibercaja
S.…

Zaragoza,
Spain

Whittier
Trust
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Reno,
United
Stat…

Steward
Partners

In

Clearwat…

Frost
Invest…

San
Antonio,
Unit…

Wolverine
…

Bessemer
Co…

William
Blair &
Com

Balyasny
Asset
Mana

Bank
Vontobel

AG

Mason
Street
Advi…

Northwe…

Connor,
Clark &

Lun

Vancouv…

Schonfeld
Strate…

Industrial
Alliance

Quebec
City,

Can…

Synovus
Trust
Co…

B. Metzler
seel. So

Vontobel
Asset
Mana

Nissay
Asset
Man…

Employe…

Kentucky
Retire…

Pacer
Advisors,
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United
State

Evercore
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Cambrid…

Fairfield,
S…

Advisors
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Mana

Monume…

Shelton
Capital
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Denver,
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Louisiana
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Rouge,
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Williams
Jones
Weal
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Raiffeisen
Kapitala

Vienna,
Austria

Austria
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Radnor,
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Stat

Aberdeen
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Russell
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MetLife
Invest…

Un…

PGIM
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Newark,
United
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Mitsubishi
K…
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Mana…

Nomura
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Deka
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RBC
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Aviva
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N.…
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Fjärde
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Railpen

Citadel
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LL

D. E.
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Co., L

CI Global
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Storebra…
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Norway

Norway
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Vance
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S…
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Jersey
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U.S.
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…
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Overland
Un…
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Vanguard
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St…
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J
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Public E

Sacram…
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Mirova
US LLC

BNP
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Franklin
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Pasaden…
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Inve…

Bedmins…
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Advis…
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C
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Stanley &

Co
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PIMCO
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HSBC
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Putnam
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Factory
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Waltham,
St…
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N.V.
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Northern
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BlackRo…
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T…

ClearBri…
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CIBC
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Markets
…

Michigan
Depar…

East
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St…
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SEI
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Goldman
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Sec…

BlackRo…
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AXA
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SEB
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Nordea
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Suisse
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Franklin
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BlackRo…
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State
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Bank of
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Hills,

Unit…
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St…
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Lannebo
Fonder
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CPP
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MainStr…
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Saturna
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Julius Bär
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St…
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Retire…

Juneau,
United
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BI Asset
Mana…
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Schweiz…
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St…

Morgan
Stanley
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Chevy
Chase
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Texas
Perma…

Luther
King
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Worth,
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DWS
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Oak
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United
State

Royal
London

…

RBC
Dominion

Sec…
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Invest…
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Gl…

California
State Te
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Winnipeg,
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Goldman
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Life I
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Invest…
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&
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St…
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PSP
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H. M.
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Co.
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DNB
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…
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Berlin,
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Screven
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Financial
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& Tec

Walter
Scott &
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Antipodes
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HRT
Financial
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Calvert
Research
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AXA
Rosen…

Raymond
James
Finan

New
Jersey
Divi…

Trenton,
St…

Barclays
PL…

Mercer
Global
Advis

Santa
Barbara,

Unit

Australia…

UBS
Switze…

RBC
Global
Asset
Ma…

Yousif
Capital
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Hi…

First Trust
Advisor

Wheaton,
St…

AGF
Invest…

RBC
Wealth
Man…

LSV
Asset
Man…

NNIP
Advisors

B.V.

Investor (𝐼𝑁) City (𝐶𝐼) Country (𝐶𝑂)

(c) Q4 2021

𝑁𝐼𝑁 = 749, 𝑁𝐶𝐼 = 236, 𝑁𝐶𝑂 = 30

𝐴 = 986, 𝐷𝐶𝑊 ≥ 1.66, 𝐿𝐶𝑊 = 6

LOCATED_IN

CITY_IN

LO
C

AT
ED

_I
N

CITY_IN

LO
C

ATE
D

_IN

C
ITY_IN

LO
C

AT
E

D
_I

N

C
IT

Y_
IN

LO
C

ATED
_IN

C
ITY_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LOCATED_IN

C
ITY_IN

LO
CATED_I

N

LOCATED_IN

CITY_IN

LOCATED_INCITY_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LOCATED_IN

C
ITY

_IN

LOCATED_IN

C
IT

Y
_I

N

LOCATED_IN

LOCATED_IN

C
IT

Y
_I

N

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

LO
C

ATED
_IN

C
ITY

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOC…

LO
C

ATE
D

_IN

C
IT

Y
_I

N

LOCATED_IN

LO
CAT

ED_I
N

C
IT

Y
_I

N

LO
C

AT
ED

_I
N

C
IT

Y
_I

N

LO
CATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
CAT

ED_I
N

C
IT

Y_
IN

LOCATED_IN

C
IT

Y_
IN

LOCATED_IN

LO
CATED_I

N

CIT
Y_I

N

LOCATED_IN

L…

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LO
CATED_IN

C
ITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

CITY_IN

LOCATED_IN

C
ITY

_IN

LO
C

ATED
_IN

C
ITY_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

CIT
Y_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

C
IT

Y_
IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LOCATED_IN
CITY_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LO
C

ATED
_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LO
C

ATED
_IN

C
ITY

_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
E…

LOCATED_IN

C
IT

Y_
IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

C
ITY_IN

LOCATED_IN

C
IT

Y_
IN

LO
C

ATE
D

_IN

CIT
Y_I

N

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_IN

C
IT

Y_
IN

LO
C

AT
E

D
_I

N

LOCATED_IN

C
IT

Y
_I

N

LOCATED_IN

CIT
Y_I

N

LO
C

A
…

LO
C

ATE
D

_IN

CITY_IN

LO
C

ATED
_IN

C
ITY_IN

LOCATED…

LO
C

ATED
_IN

CITY_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

CITY_IN

LO
CATED_I

N

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

C
IT

Y_
IN

LOCATED_IN

CITY_IN

LOCATED_IN

CIT
Y_I

N

LO
CAT

ED_I
N

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATED
_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LO
CATED_IN

LO
C

ATE
D

_IN

C
IT

Y
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LO
CATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

C
ITY

_IN

LO
C

AT
E

D
_I

N

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

C
IT

Y
_I

N

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

AT
ED

_I
N

C
IT

Y
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
CATED_IN

LO…

LOCATED_IN

LOCATED_IN

C
IT

Y_
IN

LO
C

AT
E

D
_I

N

C
ITY

_IN

LOCATED_IN

LO
C

AT
ED

_I
N

C
IT

Y_
IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LOCATED_IN

LO
C

AT
ED

_I
N

LO
C

ATE
D

_IN

C
ITY

_IN

LO
C

AT
ED

_I
N

C
IT

Y
_I

N

LO
C

AT
E

D
_I

N

C
ITY

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

C
IT

Y
_I

N

LO
C

ATE
D

_IN

C
ITY_IN

LO
C

ATE
D

_IN

CITY_IN

LOCATED_IN

LOCATED…

LO
CAT

ED
_I

N

LO
CAT

ED_I
N

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
CATED_IN

LO
C

AT
ED

_I
N

LO
C

AT
E

…

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LO
CAT

ED
_I

N

CIT
Y_

IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

CITY_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

C
ITY

_IN

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
CAT

ED_I
N

CIT
Y_IN

LOCATED_IN

CITY_IN

LO
C

AT
ED

_I
N

CIT
Y_I

N

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

CITY_IN

LO
C

ATED
_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LO
C

ATED
_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATED
_IN

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

LO
CATED_IN

CITY_IN

LOCATED_IN

C
IT

Y_
IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
CAT

ED_I
N

CIT
Y_IN

LO
C

AT
E

D
_I

N

C
IT

Y_
IN

LO
C

AT
E

D
_I

N

LO
C

A
…

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN
LO

C
AT

ED
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN
CITY_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

ATE
D

_IN

CIT
Y_

IN

LOCATED_IN

CITY_IN

LO
CAT

ED_I
N

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LO
C

ATED
_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N
LO

C
AT

E
D

_I
N

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

C
IT

Y_
IN

LOCATED_IN

CITY_IN

LOCATED_INCITY_IN

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

LO
CAT

ED
_I

N

LO
C

ATED
_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
CAT

ED_I
N

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LOCATED_IN

LO
CATED_IN

LO
C

AT
E

D
_I

N

LO
C

ATED
_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

C
IT

Y
_I

N

LOCATED_IN

C
ITY_IN

LO
CAT

ED
_I

N

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_INC
ITY

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
CAT

ED_I
N

CIT
Y_IN

LO
C

ATED
_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LOCATED_IN

CIT
Y_

IN

LO
CAT

ED_I
N

CITY_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LO
C

ATE
D

_IN

C
IT

Y
_I

N

LO
C

AT
ED

_I
N

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LOCATED_IN

LO
CAT

ED_I
N

C
IT

Y_
IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

LO
CATED_I

N

CITY_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LO
C

ATE
D

_IN

C
IT

Y
_I

N

LOCATED_IN

LO
C

AT
ED

_I
N

CITY_IN

LO
CATED_I

N

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

AT
ED

_I
N

CIT
Y_IN

LO
C

AT
ED

_I
N

C
IT

Y_
IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LOCATED_IN

LO
CAT

ED_I
N

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LO
C

ATE
D

_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

AT
ED

_I
N

C
IT

Y
_I

N

LOCATED_IN

LO
C

AT
E

D
_I

N

C
IT

Y_
IN

LO
C

AT
ED

_I
N

CIT
Y_

IN

LOCATED_IN

C
IT

Y
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

C
ITY

_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LO
C

ATE
D

_IN

CIT
Y_I

N

LOCATED_IN

LOCATED_IN

C
ITY

_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LO
CATED_I

N

CITY_IN

LOCATED_IN

CITY_IN

LO
C

ATED
_IN

C
ITY

_IN

LO
C

ATE
D

_IN

C
IT

Y
_I

N

LOCATED_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
CAT

ED_I
N

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

C
ITY_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATED
_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

C
IT

Y
_I

N

LO
C

AT
ED

_I
N

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

C
ITY_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

CITY_IN

LO
C

ATED
_IN

CITY_IN

LO
C

ATED
_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LOCATED_IN

LO
CATED_I

N

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

…

LOCATED_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LO
C

ATED
_IN

C
ITY

_IN

LO
C

AT
ED

_I
N

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LO
C

ATE
D

_IN

CITY_IN

LO
CATED_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LOCATED_IN

LO
CATED_I

N

L…

LO
CATED_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LO
C

AT
E

D
_I

N

LO
C

AT
ED

_I
N

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCAT…

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LOCATED_IN

LO
C

AT
ED

_I
N

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LO
CAT

ED_I
N

LO
C

ATED
_IN

LO
C

ATE
D

_IN

C
ITY

_IN

LOCATED_IN

LO
CATED_IN

LOCATED_IN

LO
CATED_IN

CITY_IN

LO
CATED_IN

LO
C

AT
ED

_I
N

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

ATED
_IN

CITY_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LO
CATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

C
IT

Y_
IN

LO
C

ATE
D

_IN

C
ITY_IN

LO
C

AT
ED

_I
N

LO
C

AT
E

D
_I

N

C
IT

Y
_I

N

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN
LO

C
ATE

D
_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

ATED
_IN

C
ITY_IN

LO
C

ATE
D

_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN
CITY_IN

LO
C

ATE
D

_IN

LO
C

ATED
_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LO
CATED_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

LO
C

ATED
_IN

C
ITY_IN

LO
CATED_IN

LOCATED_IN

CITY_IN

LO
…

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

LOCATED_IN

LOCATE…

LO
CATED_IN

LOCATED_IN

LOCATED_IN

LO
CATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
CATED_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LO
CATED_IN

LOCATED_IN

LOCATED_IN

LOCAT…

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LO
CAT

ED_I
N

LOCATED_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
CATED_IN

CITY_IN

LO
CAT

ED_I
N

LO
C

ATE
D

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_IN

LOCAT…

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
ED

_I
N

LO
CATED_IN

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_IN
CITY_IN

LOCATED_IN

LO
C

…

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LO
C

AT
ED

_I
N

LOCATED_IN

L…

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

LO
CATED_I

N

LO
C

AT
ED

_I
N

LOCATED_IN

CITY_IN

LO
C

AT
ED

_I
N

C
IT

Y
_I

N

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN
LO

CAT
ED_I

N

LO
CAT

ED
_I

N

LOCATED_IN

LO
C

AT
ED

_I
N

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
CATED_I

N

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LO
CATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN
CITY_IN

LOCATED_IN

LO
CAT

ED
_I

N

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
CATED_IN

LOCAT…

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATE…

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
CATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LOCATED_IN

LO
C

ATED
_IN

LOCATED_IN

LO
C

ATE
D

_IN

LOCATED_IN

LO
C

AT…

LO
C

AT
E

D
_I

N

LOC…

LOCATED_IN

LO
C

AT
ED

_I
N

C
ITY

_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

LO
CAT

ED_I
N

LOCATED_IN

LO
C

AT
E

D
_I

N

LO
C

ATE
D

_IN

LOCATED_IN

LOCATED_IN

LOCATED_IN

CITY_IN

LOCATED_IN

LO
CAT

ED_I
N

CITY_IN

LOCATED_IN

LOCAT…

LO
C

AT
E

D
_I

N

LO
C

AT
ED

_I
N

LOCATED_IN

LOCATED_IN

LOCATED_IN

LO
C

AT
E

D
_I

N

LOCATED_IN

LOCATED_IN

CITY_IN

LO
C

ATE
D

_IN

LO
CATED_I

N

CIT
Y_I

N

LOCATED_IN

LOCATED_IN

LO
CAT

ED_I
N

LO
CATED_I

N

C
IT

Y
_I

N

LOCATED_IN

CITY_IN

LO
CATED_IN

LO
C

AT
ED

_I
N

LO
C

ATED
_IN

LO
C

AT
ED

_I
N

AQR
Capital
Man…

Greenwi…

United
States

United
Super Pty.

L

Melbour…

Australia

Windward
Ma…

Los
Angeles,

Unit…

Amalga…

New
York,

United
St…

Waverton
Invest…

London,
United
King

United
Kingd…

T. Rowe
Price
Inves

Baltimore,
S…

Union
Invest…

Luxemb…

Luxemb…

Harvest
…

Zurich
Insurance

Gr
Zurich,

Switze…
Switzerl…

Baillie
Gifford

Ove

Edinbur…

Scotia
Fondos,

S.A.

Mexico
City,

Mex…

Mexico

Cetera
Advisors

LLC

Denver,
United
Stat

Royal
London

…

Handels…

Stockhol…

Sweden

SP Fund
Mana…

Helsinki,
Finland

Finland

Atria
Wealth
Soluti

Bain
Capital
Pub…

Boston,
United
Stat

Nippon
Life

Glo…

Westfield
M…

SVB
Wealth

LLC

Winslow
Capital

Man

Minneap…

Barclays
Lu…

Klingens…

Federated
In…

Capfi
Delen
M…

Hasselt,
Belgium

Belgium

Impax
Asset
Man…

Abeille
Asset
Man…

Paris,
France

France

FIL
Invest…

Minato-ku
…

Japan

Alyeska
Invest…

Chicago,
St…

Aristotle
M…

Whale
Rock

Cap…

AMF
Tjänst…

Berkshire
Hathaway

Omaha,
United
State

Menora
Mivtachim

In

Tel Aviv,
Israel

Israel

Ardevora
Asset
Mana

Templeton
Invest…

Fort
Laude…

Capital
Research

Gl

Aristotle
Atlantic

Diamond
Ca…

Columb…

Vontobel
Asset
Mana

Worldqu…

Simplex
Trading,

LL

Jackson
Square

Part

San
Francisco,

Unit

Veritas
Asset
Man…

Federated
Gl…

Intermede
Invest…

Impax
Asset
Man…

Portsmo…

Vaughan
Nelson

Inve

Houston,
St…

Aegon
Asset
Man…

Tesco
Pension

Inves

OMERS
Admin…

Toronto,
Canada

Canada

Morgan
Stanley

Inve

Singapo…

Singapore

Vulcan
Value
Part…

Birmingh…

DJE
Kapital

AG

Pullach,
Germ…

Germany

Smith
Asset
Man…

Dallas,
United
Stat

Stoneha…

Liverpool,
S…

J.P.
Morgan
Priv…

Artisan
Partners

Li

Milwauk…

Samlyn
Capital,

LLC

Artemis
Invest…

RBC
Invest…

St.
Peter
Port,
Gu…

Guernsey

Itaú
Unibanco

S.A.

São
Paulo,
Brazil

Brazil

Marshall
LL…

IMC
Chicago,

LLC

Mawer
Invest…

Calgary,
Canada

ClariVest
Asset
Man

San
Diego,
United

S…

Holocene
Advis…

Atalanta
Sosnoff

Ca

Mar Vista
Invest…

Phoenix
Holdings

Lt

Givatayi…

Point72
Asset
Man…

Stamford,
St…

AXA
Invest…

Laurion
Capital

Man

First
Pacific
Advis

Alta
Capital
Man…

Salt Lake
City, Uni

LGT
Capital
Part…

Pfäffikon,
Switzerl

Fidelity
Intern…

Fiduciary
Mana…

Unknown
City,

Unk…

Unknown
Country

INVESCO
Ma…

Henley-…

Meeder
Asset
Man…

Dublin,
United
Stat

Kiwi
Wealth
Inve…

Wellingt…

New
Zealand

MUFG
Securities

EME

Contour
Asset
Man…

Achmea
Invest…

Zeist,
Nethe…

Netherla…

Maverick
L…

JPMorgan
Ma…

Senning…

Jacobs
Levy

Equ…

Florham
Park,
Unite

Beutel,
Goodman

& C

Migdal
Insurance

an

Petach
Tikva,
Israe

Country
Trust
Bank

Bloomin…

Mid-Con…

Magellan
Asset
Mana

Sydney,
Austra…

Meitav
Dash

Inve…

Cathay
Securities

I

Taipei,
Taiwan

Taiwan

PNC
Capital
Advi…

Fidelity
Invest…

State
Farm

Insu…

Lazard
Frères
Gesti

T. Rowe
I…

Congress
Asset
Mana

Federated
MD…

abrdn Inc.

Philadel…

William
I…

Loring,
Wolcott &

C

Fred
Alger

Man…

Fidelity
Institut…

Providen…

Quilter
Cheviot

Inv

BetaSha…

Kornitzer
M…

Shawnee
Mission,

Un

JAG
Capital
Man…

St.
Louis,
United

S…
Perfrom…

Hinsdale,
St…

Riverbri…

Everett
Harris &

Co

Badgley
Phelps
WealSeattle,

St…

Pictet &
Cie

(Eur…

Rathbone
Invest…

Goldman
Sachs
Inter

Invesco
Canada

Ltd.

Compag…
Geneva,
Switze…

New
England

M…

Farmingt…

Schroders
B…

Lyxor
Intern…

Frankfurt,
Germ…

Polen
Capital
Man…

Boca
Raton,
Unit…

Newton
Invest…

The
Philad…

Ontario
Teachers'

P

Capitolis
Advis…

Ferguson
Wellman

Ca

Portland,
St…

Flossbach
St…

Cologne,
Germ…

Motilal
Oswal
Asset

Mumbai,
India

India

Barclays
Bank
(Suis

Stonegate
Invest…

La
Financière

de l'

Associat…

Green
Bay,

United
S…

Barclays
In…

Northeast
Invest…

Avalon
Invest…

Carnegie
Invest…

Pepper
Pike,
Unit…

Heritage
Invest…

Bethesda,
St…

Douglass
Winthrop

A

Mayflower
Advis…

Zacks
Invest…

Liontrust
Invest…

Becker
Capital
Mana

Nomura
Securities

C

Chiyoda…

Ayco
Asset
Man…

Saratoga
U…

Edmond
de

Rot…

Advisors
Capital

Ma

Ridgewo…

The
Mass…

Enfield,
St…

R. M.
In…

NS
Partners

Ltd.

Salem
Invest…

Winston-…

First
Found…

Irvine,
United
Stat

Harding
Loevner

LP

Bridgew…

Penserra
Capital

Ma

Korea
Invest…

Seoul,
South
Korea

South
Korea

Barton
Invest…

West
Consh…

Anima
SGR

S.p.…

Milan,
Italy

Italy

F. L.
Putnam
Invest

Capital
Fund

Man…

Kestra
Private
Weal

Natixis
Invest…

Kinea
Investi…

Central
Trust &

Inv

Hemenw…

Polar
Capital

LLP

Northwe…

Personal
Ad…

Ossiam

Lindsell
Li…

Indepen…

Charlotte,
S…

Crestwo…

Private
Wealth

Part

Mill
Valley,
Unit…

Bartlett &
Comp…

Un…

ProFund
Advisors

LL

EP
Wealth
Advi…

Torrance,
St…

HSBC
Global
M…

Düsseld…

Eagle
Asset
Man…

St.
Peters…

KCM
Invest…

San
Rafael,
Unit…

Maryland
Capital

Ma

TCW
Asset
Man…

Bailard,
Inc.

Foster
City,

Unit…

Jennison
Associ…

Gabelli
Funds,

LLC

Rye,
United
Stat…

Jay A.
Fishman,

Ltd

Troy,
United
Stat…

Chicago
Capital,

LL

Echo
Street
Cap…

Hancock
Horizon

Inv

Gulfport,
St…

Avantax
Advisory

Se

Irving,
United
Stat

Mairs
and

Power,
In…

St.
Paul,

United
St…

Mirae
Asset
Glo…

Wedbush
Securi…

Strategic
Ad…

Sacram…

Spire
Wealth
Man…

Reston,
United
Stat

Virginia
Retire…

Richmon…

Morgan
Stanley &

Co

Steel
Peak

Wealth
M…

Woodland
Un…

FCI
Advis…

Kansas
City,

Unit…

Bridges
Invest…

Trillium
Asset
Mana

NorthCo…

Morgan
Stanley

Inve

Bahl &
Gaynor,

Inc.

&…

QS
Investors,

LLC

Close
Brothers

Asse

Cornerst…

Asheville,
S…

Van Eck
Associ…

Voloridge
Invest…

Jupiter,
St…

National
Asset
Mana

Sigma
Planning

Corp

Ann
Arbor,
United

S…

Ameritas
Invest…

Lincoln,
St…

Logan
Capital
Man…

Newtown
Square,

Uni

Ashfield
Pa…

Capital
Wealth
Plan

Naples,
United
Stat

Capstone
Invest…

Banque
Pictet &

Cie

DZ Bank
AG

Deu…

Washing…

Westerly,
St…

Samsung
Asset
Man…

Groupa…

Platinum
Asset
Mana

Assenag…

Munich,
Germ…

Harel
Insurance

Inv

Ramat-…

Eastspri…

Townsqu…

Provo,
United
State

J.P.
Morgan
Sec…

MAI
Capital
Man…

Clevelan…

RegentA…

Morristo…

Covington
M…

Fiduciary
Co…

Dimensi…

Segall
Bryant &

Ham

Allstate
Invest…

Northbro…

Twin
Tree

Man…

Cetera
Advisor
Netw

El
Segundo,

Unit…

Veritable,
L.P.

NNIP
Asset
Man…

The
Hague,
Net…

Unigesti…

Azimut
Capital
Mana

World
Asset
Man…

Detroit,
St…

Cohen
Klinge…

UMB
NA…

ACTIAM
N.V.

Amsterd…

Bank of
Oklah…

Tulsa,
United
State

Ninety
One UK

Limit

Goldman
Sachs
Bank

Scotia
Capital

Inc.

Argent
Capital
Mana

Cerity
Partners

LLC

Credit
Suisse
Inter

FDX
Advisors,

Inc.

Connect…

Fayez
Sarofim &

Co.

Pinnacle
Finan…

Nashville,
S…

HSBC
Bank
USA,
N.…

Buffalo,
St…

South
Dakota
Invest

Sioux
Falls,
Unit…

Regions
Invest…

Sit
Invest…

Sheaff
Brock
Invest

Indianap…

ARCA
Fondi
SGR
S.…

Stratos
Wealth

Part

Beachw…

Maryland
Re…

Gofen
and

Glo…

Wilmingt…

NORINC…

Nordea
Invest…

Lyxor
Asset
Man…

Ma…

Jyske
Invest
M…

Silkeborg,
Denm…

Denmark

Numeric
Investors

L

Private
Advisor

Gro

The
Invest…

E.Öhman
J:or

Fon…

Union
Invest…

Joel R.
Mogy
Invest

Beverly
Un…

Brighton
Jones
LLC

New
Mexico
Edu…

Albuque…

Tredje AP
Fonden

Pathstone

Englewo…

OP
Varain…

Elo
Mutual

Pension
…

Espoo,
Finland

Metzler
Asset
Man…

Epoch
Invest…

Citizens
Finan…

Los
Angeles
Cap…

DBX
Advisors

LLC.

Advisor
Partners,

L

Walnut
Creek,
Unite

AE
Wealth
Man…

Topeka,
United
Stat

Raymond
James
Trust

Securian
Asset
Mana

Atria
Invest…

Principal
In…

Des
Moines,
Unit…

Erste
Asset
Man…

Vienna,
Austria

Austria

Prio
Wealth
Limi…

Sumitomo
DS…

JustInve…

Oakland,
St…

BMO
Family
Offi…

Palo
Alto,

United
S…

La
Banque
Postale

A…

Tocquevi…

Mutual
of

America
C…

PanAgora
Ma…

Shell
Asset
Man…

Rijswijk,
Nethe…

Daiwa
Asset
Man…

Cresset
Asset
Man…

BlackRo…

Banque
Cantonale

Va

Sw…

Nippon
Life

Glo…

Comerica,
Inc.

WesBan…

Wheeling,
St…

Amundi
Asset
Man…

Eurizon
Capital

S.A

Illinois
Munici…

Oak
Brook,
United

S…

Schroder
Invest…

Freestone
M…

State
Street
Glo…

Montreal,
Canada

MML
Investors

Servi

Springfie…

BBVA
Asset
Man…

Madrid,
Spain

Spain

Snowden
Capital

Adv

Welch &
Forbes

LLC

Union
Invest…

Kentucky
Teach…

Frankfort,
S…

BMO
Nesbitt

I…

Westpac
Banking

Cor

Lido
Advisors,

LLC

Johnson
Invest…

Pennsyl…

Harrisbu…

Aberdeen
Stand…

Cannell &
Co.

Barrett
Asset
Man…

GuideSt…

Toroso
Asset
Man…

Columbia
Threa…

The
Colony
Group,

L…

First
Allied

…

Scottsda…

Beacon
Pointe
Advis

Newport
Beach,

Unit

Hartford
Invest…

Hartford,
St…

National
Bank of

Ca

Coldstre…

Bellevue,
St…

Argenta
Asset
Man…

City
National
Roc…

Group
One

Trading,
…

Stephens
Capital

Ma

Little
Rock,
Unit…

Exchange
Co…

Oklahoma
U…

D.A.
Davidson

& Co.

Lake
Oswego,

Unit…

HighMark
Capital

Ma

Eagle
Capital
Man…

Jensen
Invest…

Whittier
Trust
Comp

South
Pasad…

Thrivent
Asset
Mana

Davenport
Ma…

GQG
Partners,

LLC

Danske
Invest
Man…

People's
United
Ban

Bridgep…

Gotham
Asset
Man…

Aegon
Asset
Man…

Cedar
Rapids,
Unite

Brinker
Capital

Inv

Berwyn,
United
Stat

Fideuram
Asset
Mana

Dublin,
Ireland

Ireland

Kestra
Advisory

Ser

Austin,
United
Stat

Kovitz
Invest…

Goldman
Sachs
Asset

Wealthfr…

Redwood
U…

Fort Pitt
G…

Pittsburg…

Cambrid…

Cambrid…

Adams
Funds
Advi…

Candriam
S.…

Brussels,
Belgium

Nuveen
Asset
Man…

Cubist
Syste…

Capital
Intern…

IEQ
Capital

LLC

Tower
Research

Capi

Cetera
Invest…

Schaum…

Manulife
Invest…

Ba…

Hong
Kong

Ibercaja
S.…

Zaragoza,
Spain

Whittier
Trust
Comp

Reno,
United
Stat…

Steward
Partners

In

Clearwat…

Swiss
Life Asset

Ma

Frost
Invest…

San
Antonio,
Unit…

BNP
Paribas

M…

Wolverine
…

Bessemer
Co…

William
Blair &
Com

Palladium
Partne…

Norfolk,
St…

Balyasny
Asset
Mana

Bank
Vontobel

AG

Mason
Street
Advi…

Advisory
Services

N

Atlanta,
St…

Wetherby
Asset
Mana

Northwe…

Connor,
Clark &

Lun

Vancouv…

Schonfeld
Strate…

Industrial
Alliance

Quebec
City,

Can…

Synovus
Trust
Co…

B. Metzler
seel. So

Vontobel
Asset
Mana

Nissay
Asset
Man…

Employe…

Kentucky
Retire…

Pacer
Advisors,

Inc

Paoli,
United
State

Evercore
Wealth

Man

Cambrid…

Fairfield,
S…

Advisors
Asset
Mana

Monume…

Shelton
Capital

Man

Nykredit
AS…

Copenh…

Greenleaf
Trust

Kalamaz…

Livförsä…

Louisiana
Em…

Baton
Rouge,
Unit…

Williams
Jones
Weal

Squarep…

Raiffeisen
Kapitala

Fiduciary
Co…

Radnor,
United
Stat

Aberdeen
Ma…

Russell
Invest…

MetLife
Invest…

Un…

PGIM
Invest…

Newark,
United
Stat

Citi
Invest…

HSBC
Global
M…

Central
(Hong
Kong)

Mitsubishi
K…

Asset
Mana…

Nomura
Asset
Man…

Chuo-ku
(Tokyo),

Ja

Deka
Invest…

RBC
Capital
Mar…

Northern
Gl…

Mirae
Asset
Glo…

Alliance…

Aviva
Investors

Glo

Jupiter
Asset
Man…

Susqueh…

Bala
Cynwyd,
Unit…

BMO
Harris
Bank
N.…

Rhumbli…

Fjärde
AP-Fo…

ProShare
Advis…

Railpen

Citadel
Advisors

LL

D. E.
Shaw &
Co., L

CI Global
Asset
Man

Storebra…

Lysaker,
Norway

Norway

Caisse
de Depot

et

Fiera
Capital
Cor…

BlackRo…

Eaton
Vance
Man…

PineBrid…

Robeco
Institut…

Rotterda…

Barrow,
Hanley,

Mew

Janney
Montg…

Florida
State
Board

Tallahas…

BlackRo…

Wilmingt…

J.P.
Morgan
Inve…

Henley
O)…

Unknown
U…

Mellon
Invest…

Tenness…

Pinnacle
Associ…

Rockefel…

SunAme…

Jersey
City,

Unit…

U.S.
Bancorp

…

Mariner
Wealth

Advi

Overland
Un…

The
Vanguard

Gro…

Malvern,
St…

Ellison
(Lawrence

J

Charles
Schwab

Inve

Lazard
Asset
Man…

California
Public E

TD
Securities,

Inc.

State
Teachers

Reti

Mirova
US LLC

BNP
Paribas
Sec…

Franklin
Equity
Gro

Clifford
Swan
Inves

Pasaden…

Border to
Pe…

Leeds,
United
Kingd

PGB
Trust &
Inve…

Bedmins…

Brown
Advis…

KLP
Fonds…

Oslo,
Norway

Yacktman
Ma…

Indepen…

Longview
Partne…

Public
Emplo…

Geode
Capital
Man…

Baillie
Gifford &

C

Morgan
Stanley &

Co

Millenni…

Fort
Washi…

Vanguard
Invest…

PIMCO
(US)

Brown
Brothers

Harr

HSBC
Global
M…

Arrowstr…

Janus
Hende…

Putnam
Invest…

Factory
Mutual
Insu

Waltham,
St…

JPMorgan
Ba…

ING Bank
N.V.

The
Glenview

Trust

Louisville,
United

Voya
Invest…

NISA
Invest…

Burgundy
Asset
Mana

Schroder
Invest…

Pzena
Invest…

Northern
I…

Sound
Shore
Man…

Degroof
Petercam

As

Gulf
Intern…

Zürcher
Kanto…

Arizona
State
Retir

Phoenix,
St…

Bradley,
Foster &

S

BNY
Mellon
Wealth

M…

BlackRo…

a.s.r.
vermo…

Utrecht,
Nethe…

Columbia
Threa…

BlackRo…

Princeton,
S…

As…

PNC
Wealth
Man…

DWS
Invest…

MacKay
Shields

LLC

Quoniam
Asset
Man…

Banque
de

Lux…

PGIM
Quanti…

Amalga…

Wells
Fargo
Inve…

Barclays
Capital

Carson
Wealth
Man…

JPMorgan
Ma…

Oppenh…

Manning
& Napier

Ad

Fairport,
St…

Deutsche
Asset
Mana

Invesco
Capital

Man

Downers
Grove,

Unit

Acadian
Asset
Man…

CIBC
Asset
Man…

Wells
Fargo
Advi…

BNY
Mellon
Asset
Ma…

DWS
Intern…

Two
Sigma
Inve…

Comgest
S.A.

Crossm…

BlackRo…

J O
Hambro
Cap…

Bel Air
Invest…

Manulife
Invest…

Morgan
Stanley

Inve

Great
Lakes
Advi…

BMO
Global
Asset
Ma…

Fisher
Invest…

Un…

Nuveen
LLC

O'Shaug…

Boston
Partne…

British
Columbia

In

Victoria,
Canada

JP
Morgan
Asset
Ma…

First
Republic

Inve

Paramet…

Korea
Invest…

Ma…

Nordea
Oy…

Dimensi…

Guggen…

Rockville,
S…

CPR
Asset
Man…

KeyBanc
Capital

Mar

Wilmingt…

North
Palm

Beach,
U…

UBS
Asset
Man…

Banco
Bilbao
Vizc…

Ensign
Peak

Advi…

Mitsubishi
T…

ClearBri…

Ro…

1919
Invest…

Banco
Santander

SA

Hotchkis
W…

Hightower
Advis…

CIBC
World

Markets
…

Michigan
Depar…

East
Lansing,

Unite

Harris
Associ…

Truist
Bank

Orlando,
St…

Ohio
Public
Em…

Brandyw…

Gateway
Invest…

SEI
Invest…

Oaks,
United
Stat…

Alberta
Invest…

Edmont…

Credit
Suisse
Secur

Goldman
Sachs
Perso

Wells
Fargo
N…

SG
Americas

Sec…

BlackRo…

Kayne
Anderson

Rudn

Assetma…

Concord,
St…

AEGON
Invest…

Utah
Retire…

Xponanc…

1832
Asset
Man…

Walleye
Trading,

LL

Plymouth,
St…

Fidelity
Mana…

CIBC
Private
We…

Mediola…

AXA
Rosen…

Orinda,
United
Stat

Rafferty
Asset
Mana

Metropol…

Aberdeen
In…

Russell
Invest…

SEB
Invest…

Nordea
Invest…

Maratho…

UBS
Asset
Man…

Loomis,
Sayles &

Co

Vanguard
Global

Adv

As…

New York
State
Co…

Albany,
United
Stat

Första
AP-Fo…

Legal &
General

Inv

Lord,
Abbett &

Co.

PGGM
Vermo…

UBS
Financial

Servi

Weehaw…

State
Street
Glo…

Credit
Suisse
Asset

Franklin
Advis…

San
Mateo,
United

S…

USS
Invest…

Mn
Services

Ver…

BlackRo…

DWS
Invest…

State
Street
Glo…

Bank of
Nova
Sco…

Principal
In…

Macken…

Ostrum
Asset
Man…

Irish Life
Invest…

BlackRo…

Advisor
In…

Franklin
Mutual

Adv

Short
Hills,

Unit…

Evenlode
Invest…

Oxford,
United
King

Eurizon
Capital
SGR

MFS
Invest…

Scharf
Invest…

Los
Gatos,
United

S…

BMO
Asset
Man…

The
Treasurer

of th
Raleigh,

St…

PRIMEC…

Lannebo
Fonder

AB

Douglas
C. Lane &

A

CPP
Invest…

INVESCO
Ma…

Mercer
Global
Inves

American
In…

Boston
Trust
Wal…

TD Asset
Mana…

IFM
Invest…

The
Retire…

Montgo…

Sterling
Capital

Ma

Teacher
Retire…

APG
Asset
Man…

Heerlen,
Nethe…

The
Haverford

Trust

KBC
NV…

River
Road
Asset
Ma…

Allianz
Global
Inve

T. Rowe
Price
Ass…

Mercer
Invest…

Calamos
Advisors

LL

Napervill…

MFS
Invest…

First
Eagle
Inve…

Invesco
Advis…

Manulife
Invest…

ABN
AMRO
Inve…

Victory
Capital

Man

Brooklyn,
St…

BlackRo…

First
Manh…

New York
State
Teac

Davis
Selected

Advi

Aperio
Group,

LLC

Sausalito,
S…

Jane
Street
Cap…

Baird
Invest…

Norges
Bank

Inve…

MainStr…

BMO
Capital
Mar…

Saturna
Capital

Cor

Bellingh…

Raymond
James &

Ass

Bank
Julius Bär

& C

Renaiss…

Capitalat…

State of
Wisconsin

Madison,
St…

In…

Alaska
Retire…

Juneau,
United
Stat

BI Asset
Mana…

Allspring
In…

Schweiz…

Morning…

J.P.
Morgan
Sec…

Commo…

Pictet
Asset
Man…

Envestnet
Ma…

The
Comm…

Clayton,
St…

Morgan
Stanley

Smit

Chevy
Chase

C…

Texas
Perma…

Luther
King

Cap…

Fort
Worth,
Unit…

DWS
Invest…

Neuberg…

Oak
Associ…

Akron,
United
State

Royal
London

…

RBC
Dominion

Sec…

Glenmede
Invest…

Huntingt…

State
Street
Glo…

Northern
Gl…

California
State Te

West
Sacra…

GWL
Invest…

Winnipeg,
Canada

Goldman
Sachs
Asset

Oregon
Public
Em…

Salem,
United
State

The
Dai-ichi

Life I

HOOPP
Invest…

BlackRo…

Saratoga
Research

&

Saratoga,
St…

CAPTR…

Adage
Capital
Man…

Sumitomo
Tr…

Stifel
Nicolaus

Inv

PSP
Invest…

Jarislow…

UBS
Asset
Man…

National
Pension

Se

Grantham
Va…

Creative
Planni…

Danske
Bank
M…

Lyngby,
Denm…

Allianz
Global
Inve

H. M.
Payson &

Co.

BofA
Global
Res…

M & G
Invest…

Goldman
Sachs &

Com

Amundi
Asset
Man…

BNP
Paribas

M…

DNB
Asset
Man…

CIBC
World

Markets
…

Busey
Wealth
Man…

Champa…

Managed
Account

Adv

Deka
Vermö…

Berlin,
Germ…

Screven
(Edwa…

LPL
Financial

LLC

Qube
Research

& Tec

Walter
Scott &

Part

Antipodes
Partne…

HRT
Financial

LP

Calvert
Research

an

AXA
Rosen…

Raymond
James
Finan

New
Jersey
Divi…

Trenton,
St…

Barclays
PL…

Mercer
Global
Advis

Santa
Barbara,

Unit

Australia…

UBS
Switze…

RBC
Global
Asset
Ma…

Yousif
Capital
Mana

Hi…

First Trust
Advisor

Wheaton,
St…

AGF
Invest…

RBC
Wealth
Man…

LSV
Asset
Man…

NNIP
Advisors

B.V.

Investor (𝐼𝑁) City (𝐶𝐼) Country (𝐶𝑂)

(d) Q2 2022

Figure 7: Network Metrics and Topology for Oracle (ORCL)

5. Conclusions

Due to the global health crisis experienced by the COVID-19 pandemic and its variants, as
well as different unexpected events such as the Russian-Ukrainian war, various sectors of the
world economy were affected, so investors sought to keep their capital in funds of lower-risk
investment, generating strategic movements in the structures of the different companies in the
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market.
In this paper, we focus on particularly examining the evolution of the stock and share data

of the largest companies in the technology sector in the United States during the COVID-
19 pandemic and beyond; employing a study of some graph analytics techniques. Graphic
representations of the bipartite interaction between shareholders and companies are presented,
which allow us to determine the evolution of the shareholder structure in different quarters
between 2020 and 2022, reflecting the influence of the changes produced by the COVID-19
pandemic and by subsequent events, given that investment decreases each quarter, as shown by
the degree of centrality of the figures obtained.

The unweighted investor degree centrality tells us about the number of companies invested
per investor. We observe that overall, most investors reduced the amount invested in technology
stocks during the pandemic (Q1 2020 to Q4 2021) and that these investments bounced back in
the post-pandemic era (Q2 2022). It is also the case that The Vanguard Group, Inc., is the most
influential investor in the network, as it invests in all 20 companies and also has the highest
shareholding across all companies. On the other hand, the company degree centrality figures
show that, while Apple has the highest market capitalization of all technology stocks for all
quarters in this study, Microsoft Corp has a significantly lower market capitalization but a
substantially higher number of investors.

The Louvain method yields two communities with 4,450 and 4,300 members, respectively,
and a modularity of 0.104 for the unweighted graph. For the weighted graph, we find that
96.83% of members are grouped into five communities. The network topology analyses for
both Apple and Oracle reflect the reduction in technology prices during the pandemic and the
post-pandemic rebound. We also observe two noteworthy communities of investors in London
and New York for Apple. In contrast, for Oracle, we keep that the location of investors is more
diverse.
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