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Executive Summary

Google
For generations, organizations leveraged Enterprise Data Warehouse (EDW) s BigQuery
to consolidate, store, analyze, and report business intelligence. A wehddrad
launchedthe first parallebata warehousing siem and the first DW system over 41_52%
1TB in scalhashadsuccesslelivering the hardware, software, and services that
enabled largescaleon-premisesdata warehouse solutions for decades. These Reduction in TCO
systems, though extremely costly to purchase and maintain, provided a busines when migrating EDW
advantage to those organizati® that could afford it. Today, the exponentially deployments
increased variety, volume, and velocity of data call for a data warehouse solution
that ismore agile, global, and cesffective.¢ K2 43S ¢K2 KI @S LINBQOA2dzaf & NBf A:
with a question: continue to make investments in rigid;premisessolutions, or face the oréme cost of migrating
to an agile, cloutbasedEDWsolution.

ESG created a thregear totatcostof-ownership (TCO) model that compared the expected costs anditiseief
upgrading an opremises EDW solutionrbm the leading vendor mentioned above, migrating to a cloased
solution provided by this vendor on AWS, or redesigning and migrating the EDW function to Google BigQuery
costs and assumptions used iistmodeled scenario were validatdalough indepth interviews wittorganizations
that had previously migrated their operations off of the legacpr@mises EDW solution and into BigQUESG
found that our modeled organization can reduce their ovénadle-yearcostsby 52% when compared to the en
premises solution and 1% when compared to the solution on AVit® elimination of the hardware investment
and related operations and maintenance costs contriblaegkelyto the decreaseMoreover,ESG atssaw that the
underlying architecture of Google BigQuery, decoupling processing capability and storage capacity, also cont
to lowering overall expenses.
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Theon-premisesenterprise data warehouse (EDWJs been the backbone of many of the top enterprises over the past
few decades. Organizations that possess the scale and IT budget to operasear &DW have reaped the tangible
business advantages provided through tyreahd well correlated intelligence, making the extraordinary expense well
worth the large capital and operational investmédie vendor emerged as a leader in providing the hardware and
software technologies and accompanying services to successfuley delive of the largest and most scalatite
premisesEDW solutions. These solutions were perfect for consoliddwindata provided by legacy operational systems.
Significant planning was reqeit to design, implement, managend maintain the hardware dnigid structure of the
extract, transfer, and load (ETL) functions, but chaurgsources of dataere not common, and the solutions performed
great for the function they were designed for.

Today, organizations are collecting data form a much largetyaf devices and data is growing at a much faster velocity.
Monthly reportsgenerated from legacy data sources offgnvide a historical data point rather than competitive
advantageandintelligencelt is no longer enough to simply correlate the sactional records of sales and marketing, but
also a variety of other sources from emser habits, reaime mobile and IoT feeds, and a diversity of other meat time
unstructured sourceshe traditionabn-premisesEDW is simply not agile or scatabhough to keep up with the ever

OKI yaAay 3 RSYI y-geaerafichdatd arehodtsBli) rggBiterients. For IT agility and effective global
consolidation of data sources, organizations must look to the cloud.

The large, expensive EDW that onaavjited a competitive advantage has become a business obstruction. The largest
organizations understand that something must be done. Modernization of data analytics and business intelligence (BI)
systemsrea top priority This involves designing Bl systethat are flexible enough to quickly adapt to new sources of
data, quickly scalep or down, and provide intelligence that is as close totima as possibleESG research reveals that
improving data analytics foeaHime Bl and customer insight isag priority, with 3% of organizations reporting thaist

one of the initiatives thawill drive the mosbf theirtechnology spenidgin the nextl2 months. In fact, 54% of
organizationglan to increase spend in support of Bl, analytics, and big data

Cloudfirst strategiedor analytics, DW, and Bte becoming prevalenBl/analytics and database workloads are on the list
of top workloadgshat organizations believae most likely to movi the cloud.Forty-seven percenof organizations who
leverage laaS/PaaS services in the cloud do seef@urpose ofunning Bl querieSEven the leading atcale legacy EDW
vendor described above has realized ffatrderto continue to deliver modern, agile, and scalable solatitmey must
focus on their software and services and partner with cloud service providers rather than cont&lyetmn-premises
solutions.

/ dzat2YSNR (KIFG KIF @S Odpfetniséd2WV shlitibnFace? cfioicé Updatethed SuyfeRBrNI) &
premisedDWsolution, move this solution tmn oninfrastructureasa- service @asg, orconsidera modern, next
generation solutiorfior DW.

Google BigQuery iscdoud-based, fully managed, serverless enterprise data warehouse that supports analytics over
petabytescale data. It delivers higipeed analysis of large daatswhile reducing or eliminatingvestments in onsite
infrastructure or database administoas. BigQuery scales its use of hardware up or down to maximize performance of
each query, adding and removing compute and storage resources as required.

1SourceESG Researéteport 2019 Technology Spending Intentions Surizepruary 2019.
2bid
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Google BigQuery, part of the Google Cloud Platform, is designed to streamline big data analgseganavhile
removing the overhead and complexity of maintaining onsite hardware and administration resources. Some of the speci
advantages of Google BigQuery for businesses that work with big data include:

Time tovalue¢ Users can get their data wdreuse environment online quickly and easily, without requiring
expertlevel system and database administration skills by eliminating the infrastructure and reducing the
YFEYF3SYSyid o V2% y2-MiEE 4DRp

Simplicityc Complete all major tasks atéd to data warehouse analytics through an intuitive interface without
the hassle of managing the infrastructure.

Scalabilit; Scale up to petabytes or down to kilobytes depending on your size, performance, and cost
requirements.

Speed; Ingest, queryand export PBized dataets with impressive speeds using the Google Cloud Platform as
the underlying cloud infrastructure.

Reliabilityc Ensure alwaysn availability and constant uptime running on the Google Cloud Platform with geo
replication across (bgle data centers.

Securityg Protect and control access to encrypted projects and da$al & § K NP2 dz3 KwidDidedtilyf S Qa
and access management (IAM).

Costoptimization¢ Predict costs with transparent flat rate and/or gggyou-go pricing and contain costs
through the use of project and user resource quotas.

Google BigQuery is ssltaling; it identifies resource requirements for each query to finish quickly anengffieind

provides those resources to meet the demand. Once the workload has completed, BigQuery reallocates those resource
other projects and other userg/hile loth transferring data in, and processing that data for results, BigQuery delivers
tremendous speeds even at petabyte scales. For enhanced data durability, BigQuery provides high availability and
reliability through geographic replication that is completely transparent to its users, without the requirement to obtain the
physical resources angace to house it all.

Ultimately, Google BigQuery enables organizations to address the cost and complexity challenges associated with build
FYR YFAYGFIAyAy3 | FLadz aoOltlofST yR NBAaAf Ab&ydi oA3 R
approach, the time and cost traditionally dedicated to protecting data and guaranteeing uptime is nearly eliminated. Witt
Google handling scalability, replication, protection, and recovery, organizations can focus more on gaining valuable
insights, a®pposed to infrastructure management.

ESG comparedGgioS . A 3v dzSNE Qa & SNIIS NI leatiagle§aby’EDW prdvidei disugsediithe( K I
executive summary ar@hallengesection of this papeCurently, this competitor offes bothon-premisesand cloud
basedversiors of its flagship solution.

Legacy EDWnpremises¢ K S O 2 Y bifpiehisedietng is comprised @ommodity servers and dlash storage,
powered hyits proprietaryEDWsoftware. Organizationsust plan for a very large capital expefsidlions to tens of
millions of $USD) to covére upfront costs in both hardware and softwde the initial deployment, as well as any
upgrades required to satisfy thmanticipated growthri storage or compute requirementélthough it varies, a typical
investment in thion-premisesEEDW solution is sized to handle the expected requirementsaoeeeyear period. As

with other hardwarebased solutions, organizations must plan, deployntaia, and configure the physical hardware and
software required to store the data and power the queries. They also must spend considerable efforts configuring,
administeringand optimizing this solution as data volumes and users scale over the liéedefployment.
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Legacy EDWh Amazon Web Service8WS laaS The cloud versiois deployed as virtualized instances of the ve@dor

EDW software running on A#aSand sold in the AWS marketplace. ARSstic Compute CloyEC2)nstancesand

Elastic Block Storage (EB®)deployed and managed in the same manner as physical adagshe on-premises

solution. While there is no cost of installing, deploying, managing, and maintaining physical hardware, the logical node
based system must bdgmned, deployed, maintained, upgraded, and operated by an administrator in the same manner a
the on-premisessolution. This solution is not sekfalingnor selftuning. To scale this cloud solution, organizations must
addadditionalinstances. Howevencorrectly sizing the requirements of the system, or handling bursty or seasonal
behaviormay result in provisioning more storage and/or compute capacity than wiyatdallyneededat steady state

resulting in significant overprovisionjriggher coss,and complexity.

Google BigQuery Serverless EDVW:2 3f SQa . A 3 v dzS NEseriefdssjzetcaling, sélifaaint@iging,LandS S f ¢
selftuning. There are no nodes to plan, configure, or scale. The complexity of sizing, managing, and mah#aining t
physical infrastructure is handled behind the scenes by Gaegieying the burderfrom the organizationEndusers gain

the benefit of all theautotuned and optimizedesources working simultaneously. Customers can either pay by the total
amount of dita processed per month oropttopayafit §S FSS ol aSR 2y ydhedauBteio2 ¥ da
parallel queriesinade availabléNhile $ots can be allocatet a particulardepartmentto process queriesunused slots

may beallocated to othedepartmensto handle burstsoptimiang slot utilizationlmprovements to optimizqueries are

being added monthly with a goal of shortening query execution time and minimizing the amount of data prottessed
minimizing orddemand costs to thend-user.

Figurel depicts the three solutions compared in this analysis and how they each implémstages of the DW process.

Figurel. Comparison of Legacy EDSulution (Onpremises, In the Cloud) and Google BigQuery

Legacy DW Solution (On-premises) Legacy DW Solution (on AWS laaS) Google BigQuery
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industry analysis, forwaf@oking research, angchnical/economic validation. To validate the assumptions and costs
included in the analysiESG conducted-gepth interviewswith and reviewed casgudies oforganizationshat had
previouslymigratedtheir operationff of thelegacyon-premisesEDWsolutionand into BigQuery. This helpshetter
understand and quantifijow the change t@igQuenhad impactedr affectedtheir organizationsWe used our findings

to createa detailedeconomic model amparing the expected costgd benefit® ¥ . A Iv dzSNE | A anya b i

premisesand cloudbasedsolutions.

9{DQa SO02y2YAO IBfgRiedcanpdvidsBgacantdagta? and dperational savingsdtangible
benefits when comparedith a leading legadgDW solution deployed eithen-premises oron cloudinfrastructure ESG
found thatBigQuenyprovided customers with significant savings and beneftteeisecategories

Elimination otip-frontinvestmentc. A 3 v dzS NE Qa aishNdd Srohthigaad@imR&es hanged to make
up-front investments in hardware or signnualcontracts toreduce clougspend.

Elimination obn-premisegelated operational expenseBigQuery eliminates the need to spend on
power/cooling/floorspace, maintenance, license management, and hardware and software upgrades.

Reduction in cost of daily administratipBigQuery eliminates the need to manage physical or vED®hodes, as
well as the need to monitor, troubleshoot, update, tune, and plan for grobmh.solution also helps &iminate or
reducethe time spent on database administratj@&i Lmanagemaet, andnew schemamodification

Improved agility, scalability, and availabiifigQuery is able to scale up or down as needed to meet the changing
businesslemand;, enabling organizations to quickly act on new opportunities, provide faster time to insight, and

performqueriesthat are not easily accomplishedith legacy EDW solutions.

J

ESG found that customers whad migrated their EDW to BigQuempoidedsignificant ugiront capital investment in new

hardware when compared to am-premisesEEDW solution. This is perhaps the most obvious and significant savings that

organizations will encounter. Deployingupgradingalegacy EDW solution at scale represents afrat investment of
millions to tens of millions of US dolld@®ame estimates of thegacy EDW provider solutions were as higbla®0Q TB.
An investment of this magnitugeessuresupporting teamso sizethe deploymentorrectly and provide metrics to
justify the investrant on a regular basi®ne customer reported:

Eliminaton of EDWhardware spend altogetherESG found that customers that migrated to BigQuery eliminated their

HW spend foan EDW solution altogetheThere may ben-premiseshardware required for stagingtc.z 6 dzii
model assumes these will be similar regardless of EDW used.

© 2019by The Enterprise Strategy Group, Inc. All Rights Reserved.
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Eliminaion ofthe needto overbuyEDWcapacityand capabilitg, Customergonfirmed thatBigQueryeliminatedthe

need to project, procure, deplpgnd maintain excess capacity to handle spikes, seasonal requirearetgsowth.

The organizations no longer hadsizend on buying technology thataybecome outdated in twéo three yearsin

fact, one organization stated that the need to begin the painful process of having to plan for growth in capabilities is
what ultimately led them to consider migrating away from the legacy EDW solution.

Legacy EDW Gupremises Legacy EDW on AWS Google BigQuery

Option to lower effective rate
throughannual contractPay
allinstancecostsfor the year
up-front.

Millions totensof millions of

$USD NEmS

Up-front Investment

Addinstancesstorage, and

Substanial capitalinvestment Add slots or storage on

r rowth : EDW r new n
il G to grow by a@dingnew nodes. S°‘.°twa DES Y LS demand.
are required
Must overprovision enough
Must purchase the hardware instances to handle worst cas
L . with the ability to handle wors scenario or increase
Overprovisioning forapacity . :
case scenario or pay the operational overhead of None

growth orperformance spikes

penalty in timeto complete, or

scaling up and down nodes a:

needed.Annual contracts
cannot be scaled down.

lost opportunity.

:3 Elimination oOnpremisesRelated Operational Expense

Eliminating the need to operate hardware-premisesrought about substantial operational savings for the
organizations thaswitchedto BigQuery. Deploying thegacy DW solution on AWgrastructue eliminates the need to
manage and maintain hardware, mode-based AWS solutiastill introducessome operational overhead verghe
truly serverless desigsf BigQuery.

Eliminag infrastructurerelatedcostsg By deploying your EDVilIstion in the toud (AWS or BigQuery),
organization®liminated the need to pay monthly bills to power, cool, and houseBbB&hardware.

Redue support andmaintenancecontracts¢ CSRenterprisesupport contracts aréypicallyless expensivihan

those required to support then-premiseshardwarebased solutiopasthere is no hardware to maintaiAs

cloud spend goes ughe Google Enterprise support rate (as a percentage of total cloud spend) is reduced to as
low as 3%Customers deployindpe kegacy EDW on AWS must manage two points of suppdxtill need to
purchase support from both theEDWvendor and AW.S

© 2019by The Enterprise Strategy Group, Inc. All Rights Reserved.
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Eliminage time spent performingupdates andipgrades; BigQuery customers reported not having to perform
updates and patching for afmardware, software, or security tools. All updates happendismuptively behind
the scenes at Google. The-premisessolution required disruptive upgrades with a requirement to reboot the
nodes several times per yeélpdatingthe EDW software runnimgn the AWS instance, or upgrading to a more
powerful instance type also requirsgnual stepsincurringdisruption to thebusiness

Eliminae licensemanagement; Thelegacy EDVEn-premisessolutionrequires management of licensesike
cloudbased solutions.

Eliminaé up-front capacityplanningg Customers revealed this (along with unpredictable performancejogs
reason for switching to BigQuemheyreported painful months of planning, ptsing, installing, testing, and
troubleshooting when increasing tleapacityor capabilities of theion-premisesEDW. While running the legacy
EDW solution on AWS instandegsreduce some burden of installing and testing hardweumstomers must still
deploy additional instances, consuming time and resouiigQuery completely eliminates the need to plan for
capacity beyond the number of slots you wish to resefae number oflotscan be adjusted in hours instead of
weeks or months.

Legacy EDW Quremises Legacy EDW on AWS

Google BigQuery

1 Power kooling floorspace
I Maintenance contracts None. None.
1 Licensemanagement

OngoingOperational
Expenses

1 EDWsupportbundled
Typical legacy support contracts aroun into subscription
Support Contracts 6% of HW/SW cost annually, increase: § AWS: Minimum of $15k
substantially aftethree years. as low as 3% of cloud
spend.

Minimum of $15k, as low as
' 3% of cloud spend.

9 Similar planning process

Capacity Planning  q

1 Must plan to grow the capabilitie
and capacity of the system.

Process takes months of plannir

purchasing, installingesting, and

tuning.

to scale up nodesr
moveworkloadso more None
powerful nodes.

1-2 weeks of planning,
installing, testing, and
tuning,

Adjust slots as needed.

© 2019by The Enterprise Strategy Group, Inc. All Rights Reserved.
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DailyEDWadministrationoften consists ofasks such amanaging the ETL process bedwesystems, configuration,
management, and monitoring of the platform and database, troubleshooting, access control, security, develoment of ne
services, collaboration with business analysts, providing data for reports and dashboards, and applicatitarinte

ESG found that BigQuery can eliminate stasksaltogether, and make otheaskssimpler and quicker through

automation and integration.

Eliminaé hardwarecentric administrativetasksg BigQuery customers saved time by not havingdminister the
hardware, provision resourcesnont, allocate storage, run vacuum processgs,

Eliminate the need tmonitor and remediateapacity angerformance IssuesESG found that administrators do

not need to spend time monitoring the capacity and performance of the systdrtuning or rebalancing for
optimal performance or capacity utilization. For those that do wish to monitor the BigQuery environment, there
are many functions that allow for insight into query performance, trends, billing, and system audits with the
ability to create automated alerts based on thresholds.

Simpliff ETL processThe customers that ESG spoke with reported that there were flexible options available to
them that allowed them to stage data eith@n-premiser in the Google cloud, and store data in a variety of
options within the Google Cloud (Cloud Spanner, BigTaldad Storagetc.). These flexible options allow for
greater possibilities and capabilities through the use of other Google products.

Smplify legacy EDW related task8igQuery customers reported saving timesbginatingbackupsandsystem
maintenance tasks, simplifying onboarding, managing workload priorities, maintaining partitions, etc.

Achievegreaterflexibility of SQfueriesandschemas;, BigQuery often does norequire any schema change from
most existing DW solutions, but also provides for some enhanced functions that can help optimize schemas an
make queries faster and more powerful.

Simpliff accesscontrol andsecurity¢ GoogleCloud Deploymeriflanager an help automate creation oAM

custom roleghat provide simplified project management and access control by providing the flexibility to quickly
manage access to resources to functional raeganizationsgata lifecycle stage, or by projeBiqQuery

eliminates the need to manage individual users and organize and grant permesstbhassecurity and

encryption features buiin.

© 2019by The Enterprise Strategy Group, Inc. All Rights Reserved.
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Legacy EDW Quremises Legacy EDW on AWS Google BigQuery

LegacHardware Manage nodes, allocate and
. S Manage nodes, allocate anc
centric EDW provision resources, run clegmu . None.
. : provision resources
Administration processes, backup/restaretc.
Monitoring / Correlation between multiple interface No hardware issues or None required, but advancec
Troubleshooting / and technologiestune capacity and interfacesbut nodelevel monitoring and reportings
Tuning performance ohodes. tuning may be required. available.
9 Onpremisesor cloud ETL .
3 . Onpremisesor Cloud
9 OnpremisesETL 9 Tasks to maintain and T ETIEJ
9 Tasks to maintain and protect protect system 0 Eiedlie, aofies
Legacy EDW Task:  system 1 Rigid schema, inflexible Schema, P
9 Rigid schema, inflexible options options L
. . . 1 Maintain user access anc
1 Maintainuser access and security 9 Maintain user access anc 3
security security

|II|I AutomatedScalability Availability, andrgility

A direct comparison betwedhe legacy EDVEn-premisessolution and BigQuery is difficult as the two solutioftsn do

not provideequivalentfunctionality ESG learned that after organizasamade the switch to BigQuery, they found that
they could achieve things that they never would have been able to do usileg#ogon-premisessolution. Thignriched
functionalityleads to other benefits that directly impact business operations atitefuincrease the value of BigQuery as
a nextgeneration EDW solution.

Ability to scale up or dowto handle peaks and valleySustomers reported that once other areas of the business
began to expantleyond traditional queriegsheycouldeasily scaleputhe number of slots to increase the
organizatio® capabilities. Providing resources to hamde projectsvould take months of planning for a legacy
premisessolution resulting in missed business opportigstandrevenuestreams.

Improvedqueryperformancéfasterinsight¢ Query performance was a top concern for organizations relying on their
legacyon-premisesEDW solutios Poor query performance was the number one reason for one organi@atimve

to BigQuery. BigQuery leverages massively parallel procedsiagontinuously optimiing algorithms and data
layouts, resulting in faster and more predictable query time.

Ability toquicklyact onnew opportunities¢ Faster querieandresponsivescalabilitymeansthat queriescan be
completed sooner, informed decisions can be made faataf resources teatisfy timesensitivebusiness
opportunities ae available at all times. BigQuery customers reported that they were much more agile and able to act

© 2019by The Enterprise Strategy Group, Inc. All Rights Reserved.
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on opportunities much faster with no impact to the business. Organizations relying on legacy EDW willutitass
out on these opportunities or arrive late to the paotyceresourcedhave beenallocatedto satisfy new workloads

Crosgunctionalorganizationaéfficiencyg Organizations reported that they were impressed with how BigQuery helped
to make operations rumore smoothly Organizationaotedimproved ETL processéise benefit of seHserviceand

the abilitesto manage access using the organizational hierarchy, quickly enable new functions within the organizatior
simplify billing and reporting, limit and share resources across divisions, and séaimkesgate their EDW with other

data servicesWhile each of theseenefits can be accounted for in areas already discuBsgQuerymproves and
streamlineghe entire EDW process, resulting in a more efficient organization.

Migratingon-premisesEDW workloads to BigQuery provides significant advantages and opportunities for cost savings, bt
this cannotbe realistically achieved overnigrganizatiors should analyzevhat tasks are involveahddevisea solid plan

for decidingvhento move thei® 52 G2 . A3JvdzsSNBESP® 2KAfS 9{DQ&a Y2RSft odzf i
based on blended reports, actual costs will vary dramatically depending on your current environment, plan of execution,
and additional capabilities you wish to add.

Migration strategy for EDW Organizations should consider if they wish to migrate data all at once and flip the
switch onexistingoperations or migrateperationsslowly over a period of yeanghile phasing out then-
premisesEDW Organizations should csider the costs involved to migrate in termgiofe, physical transfer of
data, professional services, potential downtime, etc.

Development andlestingcostsg Organizations should consider the costs involved-iaakng applications,
transforming datanto new schemas, rewriting optimized queries, testing, vatigatioubleshooting, creating
custom applications, retraining developers, etc.

Process redesignChangepresentsthe opportunity to improve many processes and systédnganizations
shouldconsider the cost in terms of time and money to make changes to the ETL process, include streaming
capabilitiesintegratingwith other cloud productsand educatindpusiness teams and IT resources on the new
process and tools.

Server andoftware costs; Organizations shouldosiderthe costs associated with supplemental resources such
ason-premisesor cloudbased staging serveos software and/or SaasS licenses, bbuldnot forget tobalance
these new costs against any potential savgajeedby migrating to BigQuery

© 2019by The Enterprise Strategy Group, Inc. All Rights Reserved.
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ESG leveraged the information collected through vespdovided material, public and industry knowledge of economics
and technologies, and the results of customer interviews to create a-yie@el CO/ROI model that compaifes costs
FYR 0SySTAGA 2F al (A aEDWegtiEmentswire@& ke BigQuawhiEidegakybripiehigey Q a
and cloudbasedEDWsolutions9 { Drieé&views with customers who havecently made the transitioltom onpremises
to BigQuerycombined withexperience and expertise economic modeling and technical validatioglped to form the
basis fothe assumptions used our modeled scenario.

To reflect the size and scale of the customers intervie®w8¢ consideredsaenario in whiclhlarge organization (over

10,000 employeeshaddeployedan onpremiseEEDW using previous generation solution suppliedtbg legacy EDW

vendor. The organizatidristoricallyhad supported hundreds of databasasd sources of dateollected frommultiple

locations across the UBut the solution no longer met their performance and capacity demands. The organization
operated with about 380B of usable data in their EDW and was looking to migrate this data to a solution that would offel
greater peformance and flexibilityThe organization was rapidly growing its analytics capabilities and planned to rapidly
expand both the compute and storage capacity annually. The initial deployment would consist of 24 compute nodes anc
380TB of usable storagendther 12computenodes and 190 B of usable storage would be added in year 2, followed by

8 more data nodes and 128 of storage iyear 3.

ESGestimatal the costs for migratinthe existing data and satisfyittge EDWequirements described above eachof
three options 1)the latestall-flashbased versionf the onpremisesEEDWsolution 2) the cloudbased EDVgoftware
running onAWSlaaSprovided bythe samelegacy EDW vendpand 3) Google BigQueneSG creatednd leveraged
detailedcostingmodelsfor each of the categories describedtie table belowo satisfy the requirements of the modeled

organization.
Legacy EDW @wemises Legacy EDW on AWS Google BigQuery

1 Cost ofhardware 1 AWScompute pne-year all

Up-front Capital 1 Cost ofsoftware. up-front RI)

Investment

Cost of Deployment and
Migration

Monthly Cloud Costs

Administrative Costs

Operational Costs

1 Maintenance/ support
contracts

9 Capacityplanning

1 Nodeplanning

9 Orderingpurchasingegtc.
1 Onprem datamovement
9 Schema updates

1 Feature enhancements
9 Devtest

9 None

9 Hardwareadministration
9 EDW/DBadministration
9 Queryadministration
9 Userfprocessadmin.

i Powert
9 Cooling
9 Floorspace

9 Oneyearannual EDW
license andupport.

1 Capacityplanning

9 Nodeplanning

9 Move data to the cloud
9 Schema updates

i Feature enhancements
9 Devtest

1 AWSstoragecosts
9 Supportingdoud services
1 AWSsupport

1 AWSadministration

9 EDW/DBadministration
9 Queryadministration

9 Userfprocessadmin.

9 None

9 None

9 Plan # oflots (no risk)
1 Move data to the cloud
9 Schema updates

9 Queryupdates

1 Retooling

9 Devtest

1 BigQuernyflat-rate pricing
9 Cost ofstorage
9 Supportingdoud services
9 Googlesupport.

9 Queryadministration
9 Userfprocessadmin.

9 None
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Figure2 shows theestimatedthree-yeartotal cost ofownership for each of the three solution&hen estimating these
costs, we accounted for discounts that both the legacy vefidodware, software, suppomnd annual agreement
discountsiand Googldflat-rate pricing)can offer its enterprise customers.

Figure2. Estimded Threeyear Data Warehouse Solution Total Cost of Ownership (TCO)

Expected 3-Year Total Cost of Ownership
$16,000,000

$14,000,000

$12,000,000
52% Lower TCO

s (versus on-premises)
10,000,000
41% Lower TCO
(vs EDW on AWS)
$8,000,000

$6,000,000
$4,000,000

$2,000,000

Legacy EDW On-Premises Legacy EDW on AWS Google Big Query
m Up-front Capital Investment M Planning/Deployment/Migration m Monthly Cloud Spend

Administrative Costs m Power/Cooling/Floorspace

SourceEnterprise Strategy Grou

Not surprisingly, the opremises EDW solutidrad the highest expected T@Othe three deployment option15.1M),
followed by the EDW softwaranningon AWSnfrastructure($12.3M). Google BigQuery ($7.2M) provided the lowest
expected threeyearTCO at a savings of 52% versus thpremises EDW and 41% versuslégacy EDW on AWS
infrastructure.

Up-front Capital Investment

To migrate the existing EDW to the latest release of thgremises EDW solution, we assumed that the organization
replaced its existing hardware nodes (comprised of compute and storage capacity) with an equivalent number of active
nodes (nodes that house the databases) from the latest solution release. Over our analysis period, the madbsr of

and storage capacityrewto supporta greater number of business functiofiise organization also had to purchase

passive nodes to protect against hardware failure of the active nodes (ESG asseapestive node for every 12 data
nodes in a cabinet).

ESGound that the legaciEDW solution required a significantfupnt capital investment while Google BigQuery required
zero upfront investment2Much of the up-front investment would be paid in year 1, lsatme would be paidt the start

of each absequent year (growth and areluagreements). ESticed the required hardwarg4.7M), software ($4.4M)
and support ($3.6M) for the epremises solution conservatively. ESG also noted that software costs can accumulate
quickly, depending on organizational requirements. When purchésngquired software to operate the epremises

SESG' s analysis did n o t-premisds bardivare pchaseotmaswouwdebe reduired for staging thedEA L process, assuming
these costs would be equivalent across the three solutions. If required by your BigQuery implementation, there may be-sontényestment.
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EDW, the organization must purchase both the operating system and the base software for each active and standby no
For database features that are not available in the base software, the organizatigounchstse individual licenses for
each node as well (e.g., data security, system management, etc.).

To provide thdargest savings available to customers for EDW on B84 chose to price the options for paying all up

front annual agreements for both tHeDW software and maintenance (23% discount versus hourly) and AWS EC2 reserve
instances (RI) (42% savings dwairly). ESG did not choose further EC2 discounts providethibgesyear RI price, as
hardware must be added in each year, and to keep thearagreements in loeitep. The expectedip-front investments

are shown in Figurg

Figure3. Estimated Ugront Investment @aid at Time of Purchase onVia Annual Gontract)

Google Big Query

Legacy EDW on AWS

Legacy EDW On-Premises

s $2,000,000 $4,000,000 $6,000,000 $8,000,000 $10,000,000 $12,000,000 $14,000,000

m Hardware Acquisition m Software Acquisition m Up-front Maint/Support m Up-front AWS Compure Costs (RI) m Up-front EDW Cloud Licenses
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Cost of PlanningDeployment, and Migration

ESG considered tlexpected time spent to plan for, purchase, and deploy the required hardware, software, support, and
services for each of the deployment options along with the number of internal and/or professsmates thawould

be required to take part in the activitisSG assumed a cost of $50 for each internatiman and $250 for each

professional service man hour required. Costs were an analyzed for both the initial deployment and for annual expansio
The EDW depyments (both physical and in the cloud) involved time to correctly size and deploy the nodes and storage
and rebalance and tune where need@édter initial migration, BigQuery planning and deployment only involved growing
the number of slots when needeligure4 compares the expected costs for each solution for planning, purchasing,
deployment, and installation.
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Figure4. Estimated Cost of Planning, Purchasing, and Hardware Deployment

Google Big Query

Legacy EDW on AWS

Legacv o _

$50,000  $100,000 $150,000 $200,000 $250,000 $300,000 $350,000 $400,000 $450,000 $500,000
H Planning & Purchasing m Deployment & Installation
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As expectegthe onetime cost of migration to BigQuery required a larger investment than did migrating to the legacy
EDW ormpremises or on AWESG modeled the expected costs ofdbtualphysical transfer of data, schema updates,
feature enhancements, developnmteand test, and training both administrators and ewmskrs in the new technology and
processes. ESG based the assumptions of man hours required for these stages on a blendetiimesulepbrted in

customer interviewsWe assumed the modeled organizattas a team ofwo general IT admins to handle the data
movement andour developers to handldevelopment and test work (schema updates query modifications, feature
enhancements, dev/testfigure5a K264 9{ DQ&a SadAYIGSR O02ai 2F YAINI GAZ2Y

Figureb. Estimated Cost of Migration from Gerfll Legacy Oipremises EDW

Google Big Query

Legacy EDW on AWS Note: One-time investment for change in

technology is more than offset by savings and

benefits.
Legacy EDW On-Premise
S0 $50,000 $100,000 $150,000 $200,000 $250,000
B Physical Data Movement H Schema Updates B Feature Enhancements Dev / Test ® Training / Change in Process
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The bulk of the ondime coss depicted in Figure 5 results from migrating code fromigigeacy EDW to BigQuery and from
training staff in the new environment. This additional investment is to be expected when doing a migration to cloud and
making a change in a vendor, but the reader should notice that this cost is more than offset byosttofainanpower
(deployment, migration, and administration) that is 1.6X to 2.2X lower thdaghey EDW solution options.
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Monthly Cloud Costs

Cloud costs for AWS consist of costs paid for software, licenses, and support to the EDW veoadopatedand storage
costs paid to AWS. ESG sized ther@misess EDW on AWS using m4.16xlarge EC2 nodes (to match up best with the
vendorprovided performanceating of the deployed physical nodes) and EBS st¢aa§®.12/GB/monthas described
by the requirements on the AWS marketplade.provide the most advantageous costs to the AWSWE2ssumed that
all costsverepaid up front annually rather than monthiy. Figure 6 below, these dpont costs areamortizedasmonthly
costs depicted agatterned boxes for illustrative purposes.

BigQuery cloud costth(ee-yearcumulativespend of $6.3Mxonsist of increasing annual slot counts of 5,000 (Y1), 7,500
(Y2), and 10,000 (Y3) as well as BigQuery cloud storage costs. Active data storgleodoudstorageis billed at
$0.02/GB/month and any cold data (data that was not used in the last 90skay®)maticallybilled at a 50% discount as
longterm storagechargel at $0.01/GB/month. ESG assumed that 50% of all data would be active, and 50% wifyld qua
for longterm storage. Théreakdown of the expected (normalized) effective monthly cloud spesiebven in Figuré.

Figure6. EstimatedMonthly Cloud SpendUp-front Costs Shown are notPaid Monthly)

Google Big Query

NN Y

L EDW AW \\\§ I P;id IJp?fr\o\n\t h \\\\\\\:\\\\{X\S Paid Up-front 2

egacy on AWS \ \ (Annual Agreement)\\‘\\\\\\“QQ\}\\\ % (1-YrRI)
TN, '\':l\.\,“ NN I

NN \\\ NN //////

MMMk 7777

$- $50,000 $100,000 $150,000 $200,000 $250,000 $300,000 $350,000
N EDW SaaS License / Maint. M BigQuery Flat Rate Pricing Cloud Storage Costs  # Cloud Compute Costs (EC2) Support Costs
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Administrative and Operational Costs

The costs required to opeathe EDW hardware, @tuding power, cooling, and data center floorspace, were calculated
based on the published specs and an average cost of electricity of 13 cents/ kWh and a floorspace cost of $12K per 421
rack per month resulting inthree-yearexpectedoperational cost 0$387K.

ESG modeled the expected daily administrative costs of managing each of the three solutions ovgeartipeyed in

each of five administrative categories. Theppemises EDW solutioequired hardware administratiomhich included

time to nonitor, maintain, update, replace, and configure servers, storage, and networking resources. The EDW solution
on AWS required roughly half of this effort to monitor, maintain, configure, tune, and perform billing and licensing tasks ¢
virtualized computénstances. Both of the EDW solutions required a similar effort to administer the EDW software and
databases. In contradBigQuery is completely serverless and required none of this administrative overhead.

For ETL and Query administration, ESG modeéetinhe required to manage the batch ETL process and manage queries
and generate reports. While some of the cloud toolpdelower this cost for the EDW on AWS over theommises
solution, BigQuery provided further savings based on the fact that queriebe written simpleandcan be optimized to
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execute faster, and there is more opportunity for automation andseglfice capabilitie3.he breakdown of the estimated
three-year costs to administer the three DW solutions are shown in Figure 7.

Figure 7. Estimatedhreeyear Administrative Costs

Google Big Query

Legacy EDW on AWS

Legacy EDW On-Premises

S- $200,000 $400,000 $600,000 $800,000 $1,000,000 $1,200,000 $1,400,000 $1,600,000
m Hardware Administration m Cloud Server Administration m EDW Software / DB Administration
ETL and Query Administation m User / Process Administration
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Additional Savings and Benefits

In addition to the TCO savings summarized above, ESG notes that a typical large organization such as the one modele
here could potentially realize millions of dollars in additional savings and benefits brought about by the operatignal agilit
of BigQueryBigQuery provides the ability to scale up and down to address new or changing business opportunities,
deliversimproved query performance for faster insight and competitive advantegkeenablesrossfunctional

operational improvements arebamless intgrationwith othercloudservicesWhen all of this is taken into consideration,

the opportunity for additional savings and benefits are astounding. Through the newfound ability to provide more
comprehensive intelligence to the organization in a fastemamie agile manner, largaterprise organizations could

easily expect overall savings and benefits in the millions to tens of millions of dollars by migratinggremiss EDW
solutions to Google BigQuery.
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Legacy oipremises EDW solutions have served as the backbone for business intelligence for decades. The insight
produced justified the extraordinary dpont capital investment and ongoing operational costs. As new streams of
information are made availabbind consolidated frora variety of internal and external sources, business requirements
change dynamically, yet the operational rigidity of traditional EDW solutions are proving to be a roadblock to
modernization, ultimately placing organizations atalcd®i A G A S RA &l Rl yil 3S® ¢2RI 8 Q4
repository of information, provide the agility to scale up or down with demand, and seamlessly integrate with other
analytic and operational functions.

Once a leader in EDW deploymentg, agacy EDW vendor referenced here is increasingly hampered by the constraints o
offering an orpremisescentricEDW solutionWhile running virtualized instances of the legacy solution on laaS certainly
removes the burden of managing and maintainingspaf hardware, the limitations of managing and maiimgia legacy
node-based EDW remain. Google BigQuedesignedo remove all of the physical and logical burden of managing,
monitoring, and maintaining EDW infrastructure, allowing organizatios@lirees to focus on obtaining intelligence

rather than the process of generating it.

ESG validated the cost savings and operational advantages that organizations have seen since migrating their legacy E
implementations to Google BigQuery through a serigsterviews with the organizations and their supportingtomer
engineeringeams.Theinformation collected through thesatensive interviews helped form the bagi2 NJ 1 KS Y2 R:
assumptions around sudactorsas the size and costs of deploymemwtgerating costs, administrative man hours required,
time and effort spent to migrate to BigQuery, and the operational benefits seen since making the switch to BigQuery
among othes. Using the knowledggainedin these interviewsESG created a thrgear modeled analysis that shows that
organizations can save up ta8%by using BigQuery ovanon-premises EDW and up 44%overan EDW deployed in the
cloud

Your organization may have made large investments in legapyemisesEDW solutions in the past, but this technology
may no longer provide the business advantage and operational flexibility that you need from your enterprise data
warehouse. The infrastructure, people, and processes are most likely well established, hadghedf disruption
ONRdzZAKG | 02dzi 6& OKFy3aS YIF& 0SS AYydAYARL ddiverbwbridirisk be@ S N&
placed at a significant competitive disadege.One of the customers involved in the study haigrated one othe

largest legacy opremises EDW deployments in the United States to BigQuetynly didBigQuerymeet the needs of

the organization, but it was also able to easily sgaland extend the capabilities of the organization beyond what could
have been ehieved with an opremises EDW

If your organization is struggling to overcome the burden ajacleorpremises EDW iis certainly time to inveshia
more agile solutior® { DQa | yI f & & A & igQuénifess a el dxped@el FGDE sBbstantially streamlines
operations, andilelivers far more agility and flexibilfyr bringing the valuef nextgenerationactionable insight across
the organization.
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