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,W DOVR WDONV DERXW WKH IRXU FRUH SLOODUV RI GDWD PHVK 

DORQJ ZLWK LWV EHQHœWV, FKDOOHQJHV, XVH FDVHV, DQG 

LQGXVWU\ H[DPSOHV�

7KLV SDSHU LV D TXLFN LQWUR WR GDWD PHVK DQG KRZ 

LWĮV GLIIHUHQW IURP WUDGLWLRQDO FHQWUDOL]HG GDWD 

PDQDJHPHQW PHWKRGV OLNH GDWD ZDUHKRXVHV DQG 

GDWD ODNHV�

Abstract

�



'DWD PHVK LV D VWUDWHJLF DSSURDFK WR PRGHUQ GDWD PDQDJHPHQW DQG D ZD\ WR VWUHQJWKHQ DQ RUJDQL]DWLRQĮV 

GLJLWDO WUDQVIRUPDWLRQ MRXUQH\, DV LW FHQWHUV RQ VHUYLQJ XS YDOXDEOH DQG VHFXUH GDWD SURGXFWV� 7KH PDLQ 

REMHFWLYH RI D GDWD PHVK LV WR HYROYH EH\RQG WKH WUDGLWLRQDO FHQWUDOL]HG GDWD PDQDJHPHQW PHWKRGV RI XWLOL]LQJ 

GDWD ZDUHKRXVHV DQG GDWD ODNHV� 'DWD PHVK HPSKDVL]HV WKH LGHD RI RUJDQL]DWLRQDO DJLOLW\ E\ HPSRZHULQJ 

GDWD SURGXFHUV DQG FRQVXPHUV WR DFFHVV DQG PDQDJH GDWD, ZLWKRXW WKH WURXEOH RI GHOHJDWLQJ WR WKH GDWD ODNH 

RU GDWD ZDUHKRXVH WHDPV� 7KH GHFHQWUDOL]HG PHWKRG RI GDWD PHVK DOORFDWHV GDWD RZQHUVKLS WR 

GRPDLQ�VSHFLœF JURXSV WKDW VHUYH, RZQ, DQG PDQDJH GDWD DV D SURGXFW� 
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&HQWUDOL]HG
RZQHUVKLS

'HFHQWUDOL]HG
GRPDLQ RZQHUVKLS

0RQROLWKLF 'LVWULEXWHG

'DWD E\SURGXFW
RI FRGH

'DWD DQG FRGH
DV RQH XQLW

7RS�GRZQ
JRYHUQDQFH

)HGHUDWHG FRPSXWDWLRQDO
JRYHUQDQFH

'DWD DV DQ
DVVHW WR FROOHFW

'DWD DV D SURGXFW WR
VKDUH DQG FRQQHFW

)UDJPHQWHG SODWIRUP
�DQDO\WLFDO 	 RSHUDWLRQDO�

,QWHJUDWHG
SODWIRUP

Organizationally

Architecturally

Technically

Operationally

Principally

Infrastructurally

'DWD PHVK LQWURGXFHV PXOWLGLPHQVLRQDO WHFKQLFDO DQG RUJDQL]DWLRQDO VKLIWV IURP HDUOLHU DQDO\WLFDO GDWD 

PDQDJHPHQW DSSURDFKHV� 7KH EHORZ GLDJUDP VXPPDUL]HV WKH VKLIWV WKDW GDWD PHVK LQWURGXFHV, FRPSDUHG WR 

SUHYLRXV DSSURDFKHV�
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*OREDO SROLFLHV
DXWRPDWHG E\ SODWIRUP

Policies applied
to data products

Platform services
used by

data products

Data platform
service interfaces

)HGHUDWHG WHDP RI
GRPDLQ UHSUHVHQWDWLYHV

&URVV�IXQFWLRQDO GRPDLQ WHDP�
business, technology, and data

)HGHUDWHG FRPSXWDWLRQDO JRYHUQDQFH

%XVLQHVV GRPDLQ

'DWD SURGXFW $SSV3ODWIRUP WHDP

Data
sharing APIs

6HOI�VHUYH GDWD SODWIRUP

Data Mesh at a Glance
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7R XQGHUVWDQG GRPDLQ�GULYHQ GDWD, ZH PXVW NQRZ 

ZKDW D GRPDLQ LV� $ GRPDLQ LV DQ DJJUHJDWLRQ RI 

SHRSOH RUJDQL]HG DURXQG D FRPPRQ IXQFWLRQDO 

EXVLQHVV SXUSRVH� 'DWD PHVK PDNHV D GRPDLQ 

UHVSRQVLEOH IRU WKH PDQDJHPHQW RI GDWD UHODWHG WR 

DQG FUHDWHG E\ WKH EXVLQHVV IXQFWLRQ RI WKH GRPDLQ� 

7KH GRPDLQV DUH UHVSRQVLEOH IRU WKH DVVLPLODWLRQ, 

WUDQVIRUPDWLRQ, DQG SURYLVLRQ RI GDWD WR WKH HQG 

XVHUV� (YHQWXDOO\, WKH GRPDLQ H[SRVHV LWV GDWD DV 

GDWD SURGXFWV, ZKRVH HQWLUH OLIHF\FOH LV RZQHG E\ LW�

7KH FRQFHSW RI VHOI�VHUYH GDWD LQIUDVWUXFWXUH LV WKDW 

LW LV PDGH XS RI QXPHURXV FDSDELOLWLHV WKDW FDQ EH 

HDVLO\ XVHG E\ PHPEHUV RI WKH GRPDLQV WR FUHDWH 

DQG PDQDJH WKHLU GDWD SURGXFWV� 7KH VHOI�VHUYH GDWD 

SODWIRUP LV VXSSRUWHG E\ DQ LQIUDVWUXFWXUH 

HQJLQHHULQJ WHDP, ZKRVH SULPDU\ FRQFHUQ LV WKH 

PDQDJHPHQW DQG RSHUDWLRQ RI WKH YDULRXV 

WHFKQRORJLHV LQ XVH� 7KLV LOOXVWUDWHV WKH VHSDUDWLRQ RI 

FRQFHUQV� 'RPDLQV DUH FRQFHUQHG ZLWK GDWD, DQG 

WKH VHOI�VHUYH GDWD SODWIRUP WHDP LV FRQFHUQHG ZLWK 

WHFKQRORJ\� 7KH PHDVXUH RI VXFFHVV RI WKH VHOI�VHUYH 

GDWD SODWIRUP LV WKH DXWRQRP\ RI WKH GRPDLQV�

7UDGLWLRQDO GDWD JRYHUQDQFH FDQ EH VHHQ DV DQ 

LQKLELWRU WR SURGXFLQJ YDOXH WKURXJK GDWD� 'DWD 

PHVK HQDEOHV D GLIIHUHQW DSSURDFK E\ HPEHGGLQJ 

JRYHUQDQFH FRQFHUQV LQWR WKH GRPDLQ ZRUNŔRZV� 

7KHUH DUH QXPHURXV DVSHFWV WR GDWD JRYHUQDQFH, 

KRZHYHU, ZKHQ FRQVLGHULQJ GDWD PHVK, LW LV 

LPSHUDWLYH WKDW XVDJH PHWULFV DQG UHSRUWLQJ 

EHFRPH SDUW RI WKLV GHœQLWLRQ� 7KH DPRXQW RI GDWD

XVDJH DQG KRZ WKDW GDWD LV EHLQJ XVHG DUH NH\ WR 

XQGHUVWDQGLQJ WKH YDOXH DQG, KHQFH, WKH VXFFHVV RI 

LQGLYLGXDO GDWD SURGXFWV�

Self-serve
data platform

Federated computational 
governance'DWD SURGXFWV DUH SURGXFHG E\ WKH GRPDLQ DQG 

FRQVXPHG E\ GRZQVWUHDP GRPDLQV RU XVHUV WR 

FUHDWH EXVLQHVV YDOXH� 'DWD SURGXFWV DUH GLIIHUHQW 

IURP WUDGLWLRQDO GDWD PDUWV, DV WKH\ DUH 

VHOI�FRQWDLQHG DQG DUH UHVSRQVLEOH IRU DVSHFWV VXFK 

DV VHFXULW\, SURYHQDQFH, DQG LQIUDVWUXFWXUH FRQFHUQV 

UHODWHG WR HQVXULQJ WKDW WKH GDWD LV NHSW XS WR GDWH� 

'DWD SURGXFWV HQDEOH D FOHDU OLQH RI RZQHUVKLS DQG 

UHVSRQVLELOLW\ DQG FDQ EH FRQVXPHG E\ RWKHU GDWD 

SURGXFWV RU E\ HQG FRQVXPHUV GLUHFWO\, WR VXSSRUW 

%XVLQHVV ,QWHOOLJHQFH �%,� DQG 0DFKLQH /HDUQLQJ

�0/� DFWLYLWLHV�

Domain-driven data
ownership and architecture

Data as
a product
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HDFK DGGUHVVHV QHZ FKDOOHQJHV WKDW PD\ DULVH

IURP RWKHUV�

7KH IRXU SULQFLSOHV DUH FROOHFWLYHO\ QHFHVVDU\ DQG 

VXIœFLHQW� 7KH\ FRPSOHPHQW HDFK RWKHU, DQG 

Domain-oriented
Ownership &
architecture

Data as a
product

Self-service data
Infrastructure

Federated
Computational

Governance

Four Core Principles of Data Mesh

Interplay/Dependency of 
the Principles
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FRVW RI GDWD SURGXFW RZQHUVKLS, DQG ORZHUHG GDWD 

VKDULQJ SURGXFWLYLW\� ,Q WKLV FDVH, WKH VHOI�VHUYH

GDWD SODWIRUP HPSRZHUV WKH FURVV�IXQFWLRQDO 

GRPDLQ WHDPV LQ VKDULQJ DQG XVLQJ GDWD SURGXFWV� 

7KH SODWIRUP REMHFWLYH LV WR ORZHU WKH GRPDLQ 

WHDPVĮ FRJQLWLYH ORDG, UHGXFH XQQHFHVVDU\ HIIRUW, 

LQFUHDVH GRPDLQVĮ SURGXFWLYLW\, DQG ORZHU WKH WRWDO 

FRVW RI RZQHUVKLS�

)RU H[DPSOH, GHFHQWUDOL]HG GRPDLQ�RULHQWHG 

RZQHUVKLS RI GDWD FDQ UHVXOW LQ GDWD VLORLQJ ZLWKLQ 

GRPDLQV, DQG WKLV FDQ EH DGGUHVVHG E\ WKH GDWD DV D 

SURGXFW SULQFLSOH WKDW GHPDQGV GRPDLQV KDYH DQ 

RUJDQL]DWLRQDO UHVSRQVLELOLW\ WR VKDUH WKHLU GDWD ZLWK 

SURGXFW�OLNH TXDOLWLHV LQVLGH DQG RXWVLGH RI WKHLU 

GRPDLQ� 6LPLODUO\, WKH GRPDLQ RZQHUVKLS RI GDWD 

SURGXFWV FDQ OHDG WR GXSOLFDWHG HIIRUW, LQFUHDVHG 

'RPDLQ�RULHQWHG
RZQHUVKLS

'DWD DV
D SURGXFW

)HGHUDWHG
FRPSXWDWLRQDO

JRYHUQDQFH

6HOI�VHUYH
GDWD SODWIRUP

�� 3UHYHQW GDWD VLORLQJ

��� 0HVK�OHYHO FRQVLVWHQW
DQG UHOLDEOH SROLF\

HQIRUFHPHQW

��� 5HGXFH
WKH FRVW RI
RZQHUVKLS

��� ,QFUHDVH
HQJDJHPHQW,

UHGXFH GRPDLQ
LVRODWLRQ

��� *HW KLJKHU�RUGHU
YDOXH E\ LQWHUFRQQHFWLQJ

GDWD SURGXFWV

��� (PSRZHU
GRPDLQ WHDPV
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Connect to data sources 
where it resides

$V \RX EHJLQ \RXU GDWD PHVK MRXUQH\, WKH œUVW VWHS 

LV WR FRQQHFW WR GDWD VRXUFHV� $ NH\ GDWD PHVK 

LPSOHPHQWDWLRQ SULQFLSOH LV WR FRQQHFW \RXU GDWD 

VRXUFHV E\ OHYHUDJLQJ \RXU H[LVWLQJ LQYHVWPHQWV� 

ODNHV RU ZDUHKRXVHV, FORXG RU RQ�SUHPLVH, DQG 

VWUXFWXUHG ZDUHKRXVH RU D QRQ�VWUXFWXUHG ODNH� 

8QOLNH WKH VLQJOH�VRXUFH�RI�WUXWK DSSURDFK WR 

FHQWUDOL]H DOO \RXU GDWD œUVW, \RXĮUH OHYHUDJLQJ DQG 

TXHU\LQJ WKH GDWD ZKHUH LW UHVLGHV

2UJDQL]DWLRQV WKDW DUH UHDG\ WR LPSOHPHQW GDWD PHVK ZLOO QHHG KHOS 

FRQQHFWLQJ WKHLU GDWD VRXUFHV IRU D TXLFN ZLQ� 7KH IROORZLQJ SRLQWV 

KLJKOLJKW KRZ�

Create logical 
domains

$IWHU JHQHUDWLQJ FRQQHFWLYLW\ DFURVV DOO WKH YDULRXV 

GDWD VHWV, WKH QH[W JRDO LV WR FUHDWH DQ LQWHUIDFH IRU 

EXVLQHVV DQG DQDO\WLFV WHDPV WR œQG WKHLU GDWD� ,Q 

GDWD PHVK WHUPV, ZH FDOO WKDW D ORJLFDO GRPDLQ� ,WĮV 

FDOOHG ORJLFDO EHFDXVH GDWD GRHV QRW PRYH LQWR D 

UHSRVLWRU\ ZKHUH GDWD FRQVXPHUV FDQ DFFHVV LW� 

5DWKHU, D ORJLFDO SODFH LV FUHDWHG ZKHUH WKH\ FDQ ORJ 

LQWR D GDVKERDUG WR VHH WKH GDWD WKDWĮV EHHQ PDGH 

DYDLODEOH WR WKHP�

$OO WKH GDWD UHVLGHV LQ WKH GRPDLQ DORQJVLGH GRPDLQ 

WHDPV WKDW DUH HPSRZHUHG WR ZRUN DXWRQRPRXVO\� 

,Q HVVHQFH, WKH IRFXV LV RQ WKH FRQFHSW RI 

VHOI�VHUYLFH ZKHUH GDWD FRQVXPHUV FDQ 

LQGHSHQGHQWO\ GR PRUH RQ WKHLU RZQ� 

Getting Started with Data Mesh
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Enable teams to create 
data products

When the domain team is provided with access to 

the data they need, the next step is to teach them 

how to convert data sets into data products. Then, 

with a data product, create a library or a catalog of 

data products.

Creating data products is a powerful capability as 

you enable your data consumers to move quickly 

from discovery to ideation and insight. This 

further helps us quickly create and use data 

products across the organization.

Load (ETL) processes between operational and 

analytical systems struggling to change in time to 

support the business needs in the face of these 

drivers. The purpose of data mesh is to provide a 

more resilient approach concerning data to 

efficiently respond to these changes.

Data Mesh is a socio-technical approach that 

requires changes to the organization across all three 

dimensions of people, process, and technology. 

Organizations that adopt it may spend 70% of their 

efforts on people and processes and 30% on the 

technology to enable the future data mesh state.

The implementation of data mesh promotes 

organizational agility for organizations that 

want to thrive in an uncertain economic 

climate. All organizations need to be able to 

respond to changes in their environment with a 

low-cost, high-reward approach. Introducing 

new data sources, needing to comply with 

changing regulatory requirements, or meeting 

new analytics requirements are all drivers that 

will precipitate changes to an organization’s 

data management activities. Current data 

management approaches are based on complex 

and heavily integrated Extract, Transform, and 

Business Drivers and Benefits 
of Data Mesh
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Here are the key considerations:The main challenges of a data mesh 

stem from the complexities inherent 

to managing multiple data products 

(and their dependencies) across 

multiple autonomous domains.

Multi-domain data duplication

Redundancy, which may occur when the data of 

one domain is repurposed to serve the business 

needs of another domain, could potentially 

impact resource utilization and data 

management costs.

Federated data governance and quality 

assurance

Different domains may require different data 

governance tools, which must be taken into 

account when data products and pipelines are 

shared commodities. The resulting deltas must 

be identified and federated.

Change management

Decentralizing data management to adopt a 

data mesh approach requires significant change 

management in highly centralized data 

management practices.

Cost and risk

Existing data and analytics tools should be 

adapted and augmented to support a data 

mesh architecture. Establishing a data 

management infrastructure to support a data 

mesh, including data integration, virtualization, 

preparation, masking, governance, 

orchestration, cataloging, and delivery, can be a 

very large, costly, and risky undertaking. 

Cross-domain analytics

An enterprise-wide data model must be defined 

to consolidate the various data products and 

make them available to authorized users in one 

central location.

Data Mesh Challenges
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Data Mesh vs. Data Lake

typically have to liaise with the data lake team to 

understand and resolve data issues, which becomes 

a significant bottleneck to using the data to answer 

the initial business question.

In comparison, data mesh is more than just 

technology. It combines both technology and 

organizational aspects including the idea of data 

ownership, data quality, and autonomy. So 

consumers of data have a clear line of sight around 

data quality and ownership while issues can be 

discovered and resolved much more efficiently. 

Ultimately, this data can be used and trusted.

The data lake is a technology approach, whose 

main objective has traditionally been as a single 

repository to move data to in as simple a manner as 

possible, where the central team is responsible for 

managing it. While data lakes can provide 

significant business value, they also suffer from 

several issues. The primary issue is that once data is 

moved to the lake it loses context, for example, we 

may have many files containing a definition of the 

customer, one from a logistics system, one from 

payments, and one from marketing. Which one 

should we use? Furthermore, data in the data lake 

will not have been pre-processed, so data issues will 

inevitably arise. The data consumer will then 
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Arguably data fabric could be used as part of a data 

mesh self-serve platform, where data fabric exposes 

data to the domains that can then embed their 

business knowledge into a resulting data product.

As Darnell-Kanal, professor of Computer Science, 

College Park Daniel Abadi,  University of Maryland 

says, the difference between a data fabric and a 

data mesh is not obvious. He further advises that 

“ultimately, an optimal solution will likely take the 

best ideas from each of these approaches.”

Data fabric concentrates on a collection of various 

technological capabilities that collaborate to produce 

an interface for the end-users that consume data. 

Many of the supporters of data fabric espouse 

automation, through technologies like ML, of many 

of the data management tasks to simplify end users’ 

access to data. For simple data usage, there is some 

value in this. However, for more complex situations 

or where business knowledge needs to be integrated 

into the data, the limitations of the data fabric will 

become apparent.

Data Mesh vs. Data Fabric
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'DWD PHVK VXSSRUWV PDQ\ GLIIHUHQW RSHUDWLRQDO DQG DQDO\WLFDO XVH FDVHV, 

DFURVV PXOWLSOH GRPDLQV� +HUH DUH D IHZ H[DPSOHV�

Customer 360-degree view VXSSRUWV 

FXVWRPHU FDUH LQ UHGXFLQJ DYHUDJH KDQGOH WLPH, 

LQFUHDVLQJ œUVW FRQWDFW UHVROXWLRQ, DQG 

LPSURYLQJ FXVWRPHU VDWLVIDFWLRQ� $ VLQJOH YLHZ 

RI WKH FXVWRPHU PD\ DOVR EH GHSOR\HG E\ 

PDUNHWLQJ WR XQGHUWDNH SUHGLFWLYH FKXUQ 

PRGHOLQJ RU QH[W�EHVW�RIIHU GHFLVLRQV�

Hyper-segmentation HQDEOHV PDUNHWLQJ 

WHDPV WR GHOLYHU WKH ULJKW FDPSDLJQ WR WKH 

ULJKW FXVWRPHU, DW WKH ULJKW WLPH, DQG YLD WKH 

ULJKW FKDQQHO�

IoT device monitoring SURYLGHV SURGXFW WHDPV 

ZLWK LQVLJKWV LQWR HGJH GHYLFH XVDJH SDWWHUQV, WR 

FRQWLQXDOO\ LPSURYH SURGXFW DGRSWLRQ DQG 

SURœWDELOLW\�

Federated data preparation HQDEOHV GRPDLQV 

WR SURYLGH TXDOLW\ DQG WUXVWHG GDWD IRU WKHLU 

DQDO\WLFV ZRUNORDGV�

Data privacy management SURWHFWV FXVWRPHU 

GDWD E\ FRPSO\LQJ ZLWK HYHU�HPHUJLQJ UHJLRQDO 

GDWD SULYDF\ ODZV, OLNH 9LUJLQLD &RQVXPHU 'DWD 

3URWHFWLRQ $FW �9&'3$�, EHIRUH PDNLQJ LW 

DYDLODEOH WR GDWD FRQVXPHUV LQ WKH EXVLQHVV 

GRPDLQV�

Data Mesh Use Cases
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Without question, banks are investing heavily in 

digital and mobile technologies, from Artificial 

Intelligence (AI) powered virtual assistants to 5G 

apps that make it easy to conduct most, if not all, of 

your personal and business operations through your 

mobile phone.

Faced with fierce industry competition, leading 

banks are developing ways to keep their customers 

engaged and protected by offering the right 

products and services at the right time. The ML and 

AI engines that drive these solutions need data to 

generate optimal recommendations, but at most 

large banks, the data is distributed across multiple 

disconnected datasets. Moving all of this data into 

one place isn’t going to work, as projects like that 

take years. By that point, the target customers will 

have moved on to a new bank or AI-powered 

finance app.

By shifting to the data mesh approach, banks can 

feed their AI and ML models the data they need in a 

secure, efficient manner. And they can make this 

shift in a matter of months, not years. Before long, 

they’ll be regularly offering customers the products 

and services they need, when they need them.

As COVID research has made clear, pharmaceutical 

companies, university research groups, and 

government agencies need to collaborate and share 

data among themselves and with various labs and 

testing facilities. If all this data is stored in different 

siloed systems, these organizations aren’t going to 

be able to coordinate their efforts or share 

information effectively. But, if companies and 

research groups adopt the data mesh approach and 

start to treat datasets as products that can be 

shared both internally and externally, the potential 

for discoveries, research findings, and collaborative 

business partnerships grows tremendously.

Banking/financial firms: undergoing rapid digital transformation

Life sciences and pharma: driving discovery 

Data Mesh: What’s in it for 
The Business?
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recently reported COVID-19 symptoms from a wide 

range of sources and makes them available to 

researchers in real time. This wouldn’t be possible 

with a centralized, single source of truth model.

Data mesh isn’t merely changing things for data 

scientists and infrastructure teams but is opening 

entirely new opportunities for the business.

SOPHiA GENETICS is a great example. The company 

has created a global data-sharing network with 

customers from over 780 institutions in more than 

70 countries. They’re launching their own business 

data mesh, which enables them to connect regions 

and data sources while adhering to compliance laws 

and regulations. Another example is healthcare 

technology leader EMIS. The company collects 

Across industries, companies are adopting virtual 

distribution centers and other digital tools to help 

them manage complex, distributed networks of 

assets. Supply chain digital twins simulate and 

project what is happening and what might happen 

along your supply chain. They’re incredibly valuable, 

but like the customer-facing AI engines at banks, 

they only work effectively if they can access 

relevant, recent data. You need to constantly feed 

them information to make that possible.

If your approach to feeding these models is to move 

all the datasets from the relevant parties into one 

place, you probably won’t have a supply chain to 

manage anymore. The whole operation will take too 

long. A data mesh that allows these parties to retain 

control over their datasets, while also making data 

easily and rapidly accessible to other groups, is a far 

more efficient way to operate.

These are just a few examples from a handful of 

industries and application spaces. As data mesh 

interest and adoption grow, more companies will 

discover exciting new possibilities.

Supply chain logistics: supporting the digital twin
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