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About Morningstar

Empowering Investor Success 40 Years and Counting
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Integrating Diverse Datasets: Morningstar Data Catalyst

() | Data Catalyst - EQY

Admin View | Home Office Insights - Misfit Risk | Home Office Insights - Perform... Portfolio Holdings

Complex Name Branch Name Adyvisor ID Portfolio ID Metric

Admin View 1 N R TN -t
Branch View e |

0.000 1.000
DENVER WASHINGTON D.C. - 1700 DES MOINES OMAHA ST. CLOUD PORTLAND, SAN FRANCISCO  SAN EL
BRANCH PENN BRANCH BRANCH BRANCH ME BRANCH BRANCH JOSE
DENVER WASHINGTON D.C. KANSAS CITY KANSAS ST PAUL BOSTON
LEAWOOD ol DULUTH
ROCKVILLE BRANCH BRANCH LINCOLN : BRANCH
WASHINGTON D.C. BRANCH ERANCH
PORTLAND,
OR BRANCH
CHEVY CHASE BRANCH TUCSON MILWAUKEE
WASHINGTON D.C. BRANCH 3T€x§SKEE
PHOENIX
||
ST.
MINNEAPOLIS BRANCH MIDLAND SAN SCOTTSDALE PHOENIX BROOKFIELD
MINNEAPOLIS BRANCH BRANCH BRANCH BRANCH
DALLAS
ANNAPOLIS SEATTLE KIRKLAND WEST
DALLAS BRANCH BRANCH BRANCH STO
EXECUTIVE SEATTLE SEATTLE BRANCH NEW FLORHAM
EDINA BRANCH WAYZATA HOUSTON YORK-MIDTOWN PARK
MINNEAPOLIS BRANCH H COMPLEX BRANCH
UNT VALLEY BRANCH
PLANO BRANCH
0 BRANCH NEW FLORHAM

Fund Fixed Income Equity Industry/Category Client Portfolio
Data Data Data Averages Data

Security Reference
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Fragmented Data Sources -> Handoffs

£

Research Phase Productionizing Phase Product

Manual
Manual Extracts
Extracts

Manual ?

Extracts ®

Fund Fixed Income Equity Industry/Category Client Portfolio Security Reference
DRI Data DRI Data DRI Data Averages Data y
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Started our data journey by centralizing data

Mornlngstar S data lake

Research Phase Produét‘ionizing Phase Product

Data Lake

Fund Fixed Income Equity Industry/Category Client Portfolio Security Reference
DRI Data DRI Data DRI Data Averages Data y
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Making Data Consumer Friendly

Morningstar’'s Lakehouse

Redshift

addresses query speed

Data Lake
efleap

MORNINGSTAR

Modeling

addresses data ambiguity

New Insight and Data Product Generation
Batch Distribution, On Demand Provisioning, API's

Derived and Enriched Data for Securities, Portfolios and Enterprises

External Data Sources Entity Reference Reference Security Reference




Realization of Problem - Technology Alone is not the

NORNINGaTA

Solution

Technology

Supported by:
People and Research

People & Researc

Supported by:
Technology

MORNINGSTAR

Apple Inc AAPL Hk

Rating as of Feb 22, 2022

—
Quote StockAnalysis News Pricevs fairValue Sustainability Traiing Retums Financials Valuation ~Operating Performance  Dividends  Dwnership
Show Full Chart > Afte o $159.71 0.36 | 0.22% =
Key s rading Information
Last Close Sector Industry Investment Style
16432 Technology  Consumer [ Large
T m Electronics Growth
Day Range Year Range Market Cap Trailing 12-mo Rev
ey g @ 1597516615 11621-18213 2613Til 37832
TR PricelSales Price/Book Forward Div Yield  Trailing Div Yeld
10a 12 2 7.26 3728 0.58% 054%

| Buls Say/Bears Say

Morningstar's Analysis © (CEERE

Valuation Jan ?

werinuso - Apple Overcomes Supply Chain Constrain
Mg FVE to $130

AAPLs at a 26% Premium

Executive

\Wavriad ahout
market volatility?

- aon ov oo on oo o o o=

-

* ok \
Fair Valuo lpdated Jan 2
130.00 Narrow-moat Apple reported stellar fiscal first-quarter results that came in substantially ahead
ety of our estimates despite supply chain constraints and the ongoing chip shortage. Demand for
the firm's latest iPhone 13 and MacBook Pro drove record iPhone and Mac revenue for the
Price 5-Star Price December quarter. We remain positive on Apple's ability to extract sales from its installed base
50 <7800 via new products and services. While we are raising our fair value estimate to $130 per share
Eaaic o Copital Allocation from $124 to account for the stronger results, we think the recent stretch of double-digit
revenue growth will be difficult to maintain as COVID-19-related Mac and iPad demand

& Narrow Exemplary
. subsides.

First-quarter sales of $124 billion were up 11% year over year thanks to growth in iPhone (3%),
Mac (25%), services (24%), and wearables, home, and accessories |13%). Apple’s iPhone sales
grew %% year over year to $71.6 billion. Greater China sales were up 21% year over year, and we
believe Apple has gained mobile market share due to Huawei being blacklisted. We were
Analyst Not surprised by the magnitude of Mac sales growth, which we attribute to the launch of the Apple
4 Outlook M1-powered MacBook Pro. Gross margins of 43.8% were up 160 basis points sequentially due
to leverage from higher product volume and a more favorable mix, partially offset by higher

Business Strats

Economic Moat

Technology

Research
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Journey to a Democratized Mesh: Self-Service

Morningstar

Leading Financial Centralized Data Self-Service Data Mesh
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Data Solutions and Lakehouse
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Problem - How Do We Scale Through Our People?

Y Y Y
Data Ingestion Data Quality Data Modeling
P | Content specialists and Business analyst, domain Content specialists and
eopie > developers create ETL SME’s and developers DBAs define modeling...
Processes pipelines.. set validation rules...
How? } ... back and forth communication and handoffs
1000s of lines of ETL Validation rule volume is Keeping methodology
code to write unruly to manage and code in sync is
Scallng > « Sheer volume is an issue problematic
Issues «  But validation rules can 1000+ views

change as market does
10’s of 1000’s of tests

MORNINGSTAR 10



Benefits - Data Ingestion J etleap

Self-service beyond the specialists

root
|-- role: string eﬂeap Home  Activities ~ Connections ~ Search v
|-- seats: int

|-- org_name: string

|-- links: array

n | |-- element: struct
| | |-- note: string @event type @ referrer @ipaddress  @joindate @ cookie Bevent Q % script
S . 3 Click https://www.doggyswag. com/about 67.234.12.43 2016-03-19 NLDWBHYZLCL9ZX1UC6V8  2019-85-07T18:42:55-07:0€
| | | url: string @ Soiit data repeatediyon newline
< ) https://www.doggyswag. con/catalog/ rubbe . )
|-- type: string Click Thails 67.234.12.43  2019-03-16 GTIWEOSDQ3QPSSFXXYDX ~ 2019-05-07T16:24:30-07:0¢
t . stri o Split data onceon space character
sort_name: string pageload 67.234.12.43  2015-12-12  9DJOCUENOXFBHECD37FA  2019-05-87T05:52:42-07:0¢

id: ri i
ar‘ea—ld st lng Pageload 213.34.56.96 2017-01-13 MOTG7RKXXN@DC684C56F  2019-05-07T16:43:31-07:0€ o Rename column pIf] to EVenEype
images: array . rali
g = Aw Iu e Pageload 39.43.233.2 2016-03-10  SKRMQHKGT1IFOHDCWESV ~ 2019-85-07T07:31:58-07: 0¢ o Flatten JSON objectin split1 with all fields

ge | |-- element: struct

Click nttps://u.dogoyswag. con/catalog/plush 13 34 56 o5 2015-04-30  ZKHFKPZYZKPMHPSVEKGI  2019-05-07T20:35:39-07:0¢ e Interpret joindate as date with

SR Wi COde + A" “0W it format MM/
B . ormat Yy
s s P: 1 67.234.12.43 2015-12-09 CE7WMXONS3LX2N2MMB9B ~ 2019-05-07T17:37:53-07:0€
|-- on_behalf of_id: string soetess ’ e

. Pagel 4.193.30.3 20150219 ELDIDCULTHFFKLTBHAIN  2019-05-07T00:41:20-07:
|-- other_names: array ageload 54.193.3 015-02-19 20Cu ToMAIN | 2013-05-0700:1:20-07:0 |

°
| |-- element: struct Co m p I exlty Click https: //www. doggyswag. con/account 12.13.200.32  2016-01-08  HMP2QSGGAZXXHR2KNTDQ ~ 2019-85-07T12:03:39-07:0¢
| | |-- note: string Pageload 54.193.34.3 2016-01-05  WGAWSDWQZBKNOF39ZAME = 2019-05-07T07:08:47-07:0¢ “
| | |-- name: string

+ ADD SCRIPT STEP

Pageload 39.43.233.2  2017-12-20  GRIKQXJAFGOYBBCFOJRX  2019-05-07T19:23:23-07:0
| | |-- lang: string

> Pageload 39.43.233.2 2018-12-02 LHLIRBOIAPOFXJIYH3UH  2019-05-07T17:49:57-07:0¢
| -- contact_details: array
| |-- element: struct
| I |—- type: string
| | |-- value: string

|-- name: string

|-- birth_date: string

| -- organization_id: string
|-- gender: string
classification: string
death_date: string

legislative_period_id: string

identifiers: array
| |-- element: struct

MORNINGSTAR "



'§ great_expectations
in

Benefits - Data Quality

Increased input, visibility, integration ﬁ"ﬁ'ﬂ'ﬁ"ﬁ"ﬁ"
TR MRl Tl e it

JupyterLab

N —]1=
Fix = '
Update ei.l
Test Suite
» OR L4
Data SME / « [& 928 Reporting
Client g@ o V' v \ Dashboard
¢ | T

LT IE I T
MOMINGSTR ,



Benefits - Data Modeling Upyter

Data SMEs informing data relationships

11l frsiics ab provews File Edit View Run Kemel Git Tabs Settngs Help Anslytics Lab

Security Reference - BEE

Entity Reference

+ ¢ ¢ & Launcher x ESG PAI POC.ipynb X | [ ESG Impact POC.ipynb X
. B + X O O » m C » Code v 0O & Python 3 (ipykemel) O
Asset Managers « Prices ° ter fles by name a -
Index Providers - Equity Assets & Fundamentals B shared - Morningstar | Peter N / 2) pai.dictionary implemented a5 areference guide
. N use it to create a dictionary that will include the lakehouse target table and target column
Fund Companies « Fixed Income & Loans & Nme - Last Modified
Clients « Private Equity, IIquuids, Real S:::Tmm::::"e"?Mmm ::ayszsm z:;_::;::;:::fpmmum-pauumnary.(;w, encoding= 'unicode_escape')
. . . mpact POCpyni oys a0 x
Custodians & Services Assets insicotor_ige1
Providers « Public/Private Derivatives g 9 fixed_income_issue_corporate_or_sove. 11 days ago O L T i (07
Portfolio Manager » Funds and ETFs B untitiedpyn> 6 daysag0 indicator_id.append(1)
W utilipynb 5 days ago else:
i indicator_id.append((int(i)))

pai_dictionary['indicator_id'=indicator_id

pai_dictionary

Lakehouse Consumer View Target Table

i Is
Lakehouse Consumer View Target " " Field Value
Cotunn OstaType. primary defi Fieldtype fanoe Data Lak

0 principal_sduarse_inicators_mandatoy._for_an s oo Twe  LhouseUnaue o NN company_ssa_pra sustanabl.fie

Portfolio Reference 1 principal_adverse_indicators_mandatory_for_ent. date_valid_from dte Tue NaN Date NaN company_esg_prd.sustainable.fin:

NULLmin. 000
2 principal_adverse_indicators_mandatory_for_en... scope_1_areenhouse_gas_emissions decimal(172)  NaN  C¥PONZSCORe T g \nmax.  company_ssg_prd.sustainable_finc
999999985365
* Managed Products
- o NULLmin. 000
« Client Accounts 3 principal_adverse_indicators_mandatory_for_ent... scope_2_greenhouse_gas_emissions decimal(172)  NaN Carbon - SCOpO 2\ meric \nmex.  company_esg_prd.sustainable.fint
9999999999.95

* Managed Portfolios

NULL|min. 0.00
P Carbon - scope 3

4 principal_adverse_indicators_mandatory_for_ent... scope_3_greenhouse_gas_emissions decimal(172)  NaN Numeric company_esg_prd.sustainable._fin:
« Fund Holdings P . e_3g o 17,2) pany_eso_p

Emissions 9999999999.99
Fund Performance
This metric assesses ot osuso
62 principal_scverse_indicatos_sddional_socal, human_rights_score  decimal94)  NaN  the sverage human  Numerie NULLIMI 00000 oyt oo o sustinablefne
s -
¢ - ontrol of NULLmin. 00000 ]
63 principal_adverse_indicators_addtonal_soc controLof_comuption docimal9)  NaN I CoNONOT i NULLIMID 00000 oy gsq gt sustinabl.fine
Binary flag signaling
64 principal_sdverse_indicators_sddiional_social..  non-cooperaive_twx_jurisdctions  boolean NN jurisdictions neuded  Binary NULLITRUEFALSE  couniry_osg_prd-sustainable.fnc
1€ - PolticalStabilty- NULLmin. 00000 ]
65 prinipal_sdverse_indicators_addiional_socia, poltica_stabilty decima(94)  NaN B umeric NULLIMIN 00000 oy esgpra.sustainable_fin
NuLLmin 00000 .
86 principal_adverse_indicators_additional_saci (leotiaw decimallsd) NN IC-Ruleof Law-Score  Numeric 00000 ountry_esg._pra.sustainatle_fin:

Tie model

3) Apply logic to create target tables from source tables

d e V e I O p m e n t 3-1) create de-duplicated list of entity_id and date_valid from

company_profile_dateval=company_sustainable_finance_disclosure_regulation_profiles_indicators[['entity_id’, 'date_valid_fron']].drop_duplicates()

.
W I t h m et h O d O | O country_profile_dateval=country_sustainable_finance_disclosure_regulation_profiles_indicators(['entity_id", 'date_valid_fron']].drop_duplicates()

3-2) Take data lake source tables and convert veritical data into horizontal data, store data into dictionary organized by target tables and their respective target columns. Referencing the
pai_dictionary to perform the task.

.
dictionary={}
for i in pai_dictionaryl'Lakehouse Consuner View Target Table'].unique():
sub_dictionary={}

for J,k Lin zmipax di ary \o(lpax dxctmnary[ ouse Consumer View Targefgble']==i] ['indicator. m‘ dictionary. loc [pai_dic ryl Lakehous

; able. l ureamsgulation at
ate_va

LI STt T

MORNINGSTAR 13
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Making Data Consumer Friendly

Morningstar’s Lakehouse

Redshift Modeling

addresses query speed addresses data ambiguity

Entity Reference Portfolio Reference Security Reference

« Asset Managers « Managed Products * Prices
« Index Providers « Client Accounts  Equity Assets & Fundamentals

» Fund Companies » Managed Portfolios « Fixed Income & Loans
- Clients « Fund Holdings « Private Equity, llliquids, Real
« Custodians & Services « Fund Performance Assets

« Providers + Public/Private Derivatives
« Portfolio Manager » Funds and ETFs

Data Lake
etleap

MORNINGSTAR
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Making Data Consumer Friendly

Morningstar’s Lakehouse

Redshift Modeling

addresses query speed addresses data ambiguity

Entity Reference Security Reference
« Asset Managers Prices

« Fund Companies + Fixed Income & Loans
« Clients « Private Equity, llliquids, Real
« Custodians & Services Assets

« Providers + Public/Private Derivatives
« Portfolio Manager » Funds and ETFs

Data Lake

« Managed Products
« Client Accounts
» Managed Portfolios

» Fund Holdings
e e a p « Fund Performance

MORNINGSTAR

« Index Providers  Equity Assets & Fundamentals

15



Benefits

Solution >

Results >

MORNINGSTAR

Data Ingestion

s eom c Bmom

ETL onboarding from
weeks to minutes

Total production pipelines:

2900 and counting

Dozens of teams
producing ingestion

- Scaling Through Self-Service

Data Quality

Update Data # i
==
0=
I

toR -
nan
%)
. ﬂ{ E % “4.‘ i
Data SME / Client ting Dashboard

Report

lllll

Current tests: 24k+
Current executions:
15mil, with 2.2% failure
rate

Data Modeling

Models: 600+ by core
team, POC’ing Finance
team

BA’s: Hundreds
scattered across the
organization

16



Journey to a Democratized Mesh: Self-Service

Morningstar

Leading Financial Centralized Data Self-Service Data Mesh
Research and Lake Platform Operating Model
Data Solutions and Lakehouse

1984 2018 2021 2024
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Hueler + Morningstar Analytics

MORNINGSTAR

Morningstar Acquires Hueler
Analytics' Stable Value Data

and Index MAORNINGSTAR

The addition of stable-value product data to Morningstar data
increases visibility for assets in defined-contribution (DC) retirement
plans

NEWS PROVIDED BY SHARE THIS ARTICLE

e 000000
03 Feb, 2020, 09:00 ET

CHICAGO, Feb. 3, 2020 /PRNewswire/ -- Morningstar, Inc. (Nasdaq: MORN), a leading provider of independent
investment research, today announced its acquisition of Hueler Analytics' Stable Value Comparative Universe Data and

Stable Value Index. Terms of the transaction were not disclosed.

Founded in 1987 in Minneapolis, Minn., Hueler is the

premiere independent data and research firm

providing reporting and systems designed for the
annuity and stable-value marketplace. Hueler
Analytics' distribution encompasses advisors,

investment managers, product providers, plan

m HUELER

comrPANIES

fiduciaries, and consultants. Hueler Analytics' Stable
Value Comparative Universe Data provides broad
market coverage of stable-value investments,

including stable-value pooled funds, insurance



A siloed operating model

&

Data Lake

m HUELER

CoOomPRANIES

Morningstar
Products

Business

\ Collected Data J
?

Data engineers,

\ Content Specialists J

MORNINGSTAR



Introduce data mesh

g

Product Engineer

Central @@

Data Team Data

Engineer Owner
Data Product Data Product

Domain Domain

“‘Data mesh is a decentralized sociotechnical approach to share, access,
and manage analytical data in complex and large-scale environments—within or across organizations”
- Dehghani, Zhamak

20



Solution - Data Mesh Architecture

Data Mesh Architecture

MORNINGSTAR

21



Key Lessons from lack of data mesh

. Lack of transparency in Lack of consistency in
(-\O Siloed Data Data Data

MORNINGSTAR

Lack of true ownership

22



Our approach

Progress is impossible without change, and those who cannot change their minds cannot change anything
— George Bernard Shaw

" M RNINGSTAR



Key metrics to measure success /E\

C\ b

Type of data and how Of the data we have,

much we absorb what is investable Costs

MORNINGSTAR

Gl

Measuring the
Consistency of Data

24



Partnering Metrics with Mesh

Success Metrics

Metrics Measurement

\ 4

N

MORNINGSTAR

Data Mesh

Operating Model

25



Measuring Maturity

The organization has reached its

Data Governance
Maturity Model - Gartner

Level 5: Effective goal in terms of information
management.

; EIM standards & policies are well understood &
Level 4: Managed )
implemented.

; Information management system is accepted & adopted.
Level 3: Proactive
Data governance becomes a part of every project.

Sharing of information takes place between the teams. The level
of adherence to the information management system is low.

Business and IT leaders start to understand and acknowledge
the value of information and EIM.

There is no ownership, security, or any system defined for

data in the organization.

An Example — Data Quality (Availability)

Level n+1: my data is available in all software products
Level n: my data is available in Lakehouse
Level 1: I am verifying the accuracy of my data in the lake

Level 0: my data is being published to data lake

26
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Our Maturity Model

uondopy wiopeld

sjonpo.d o] uondopy

jJuswsabeuey
suoljesadg

Juswabeuel ejepejsly

juswabeuey 1509

jJuswabeuely
919423j17 el

Level 5: Effective

Level 4: Managed

Level 3: Proactive

Level 2: Reactive
Level 1: Aware

Level 0: Unaware

MRNINGSTAR
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Measuring maturity

Level 3: Proactive

+ @ Level 4 Managed

Level 1: Aware

Level 4: Managed

tashared...  Portiolio Multilevel PortfoSo Drill Down

Investment Analysis Service
Level 5: Effective

END GOAL:
measure
domains/product
maturity across
against
cost/value of
procuring the
data

M RNINGSTAR



29

Changes in responsibilities within domain teams

Traditional Agile Product Owner

Data Product Owner

What are the workflows | need to build for my users?

What are the data views | need to build for my users?

This user wants access to my software product — let me ensure
they have an account

This user wants access to my data product — let me ensure they
are entitled properly

| will sign-off after every release my workflows are still
functioning properly

| will sign-off after every release my data exists in all products
properly

| need to open a P1 because no users can login to my platform

| need to open a P1 because my latest data is not available for
users in Lakehouse to query




Improvements and Benefits

lemocratizing Data / Scalable. Agile and Reduction in repet
omoting a Culture of » NG Enhanced Data Quality Foster Innovation costs across th
. Autonomous e
Data Literacy organization

N M RNINGSTAR



Hueler and Morningstar- a siloed operating
model Before

MORNINGSTAR



Hopeful improvements example: Moving to a
collaborative operating model

MORNINGSTAR



Democratized Data Mesh Journey

Morningstar

ningstar
| Morningst

ar
L -

Leading Financial
Research and
Data Solutions

1984

MORNINGSTAR

0100101001010010100101
0101001001001011001001

Centralized Data Self-Service Data Mesh
Lake Platform Operating Model
and Lakehouse

2018 2021 2024
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Thank you!

We are looking to collaborate and exchange ideas:

Annie Homsy-Harris Anusha Dwivedula

M RNINGSTAR



