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1 Cloud Analytics Platform Oyerings

Big data analytics platforms load, store and analyze volumes of data at high speed, providing timely
insights to businesses. Data-driven organizations leverage this data, for gample, for advanced
analysis to market new promotions, operational analytics to drive eliciency, or for predictive analytics
to evaluate credit risk and detect fraud. Customers are leveraging a mix of relational analytical
databases and data warehouses to gain analytic insights.

This report focuses on relational analytical databases in the cloud, because deployments are at an all-
time high and poised to expand dramatically. The cloud enables enterprises to diyerentiate and
innovate with these database systems at a much more rapid pace than was ever possible beforeThe
cloud is a disruptive technology, oyering elastic scalability vis-"-vis on-premises deployments, enabling
faster server deployment and application development, and allowing less costly storage For these
reasons and others, many companies have leveraged the cloud to maintain or gain momentum as a
company.

This report outlines the results from the GigaOm Analytic Field &st based on an industry standard TPC

Benchmark® H (TPC-H}to compare Amazon Redshift, Azure SQL Data Vdrehouse, Google Big Query,
and Snowyake Data WarehouseNfour relational analytical databases based on scale-out cloud data
warehouses and columnar-based database architectures. Despite these similarities, there are some
distinct diyerences in the four platforms.

Amazon Redshift

Amazon Web Services Redshift was the prst managed data warehouse cloud service and continues to
get a high level of mindshare in this category It indeed ticks all the table stakes boxes for a cloud
analytic database.

In terms of storage, Amazon Redshift has a tight coupling between compute nodes and storage; data is
stored on the compute nodes with a backup on AWS S3. While tight coupling leeps the data in close
proximity to compute resources, it creates diticulty when scaling. Changing the instance size requires
data movement to repartition and redistribute data on the new topology.

Amazon Redshift Spectrum can create an eternal table to store raw data on S3. Ybu would not want to
architect a steady diet of this form of data virtualization, but it is great to have it available for edge
gueries. Data virtualization has become very interesting for analyzing disparate data sets dispersed
across multiple clouds, on-premises, and edge devices. . Bdshift Spectrum has some future-proopng
that a modern data engineering approach might utilize

In support of diverse data, Amazon Rdshift has a few nice features like the
JSON_EXTRAT_ PATH_TEXT function for noSQL ky value databases. However key value nesting is
limited and does not support large text columns like BLOBS, so it cannot store raw data in a driable
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Character peld \MARCHAR) larger than 64K.

Amazon Redshift is a pt for organizations needing a data warehouse with little to no administrative
overhead and a clear, consistent pricing model. Amazon Wb Services supports most of the databases
in this report, and then some Redshift is not the only analytic database on ANS, although sometimes
this gets convoluted.

Azure SQL Data Warehouse

Azure SQL Data Warehouse storage is separate from the compute Data Wrehouse Unit (DNVU). This
enables Azure SQL Data Vdrehouse to scale columnar storage capacity and compute resources
independently. This capability adjusts to various workload demands, oyering potential cost savings
when demand is low. Azure SQL Data Vdrehouse can pause and resume compute billing, where only
storage is billed during the paused time. Azure SQL Data Vdrehouse achieves good balance in both
conpgurability and simplicity, in a way that is both easy to administer and yeible in handling almost
any usage pattern.

Azure SQL Data Warehouse is fully ANSI-SQL compliant and users familiar with SQL Server will be very
comfortable using this environment.

Azure SQL Data Warehouse can export data to a local ple the same way an on-premises SQL Server
can, eg., via the SQL Server Import and Export Wizard.

Although concurrency was not tested in the benchmark, Azure SQL Data \&rehouse supports 128
concurrent queries. This is many more than BigQuerywhich supports a maximumconcurrency of 50
per project. Snowyake® maximum concurrency is dilicult to calculate because it is a function of the
number of queries, the submitted queriesO gecution plan, the size of the warehouse, and the maximum
number of multi-cluster setting. In our experience we saw an XLarge (16 node) Snowyak warehouse
run 6 concurrent simple scan queries (SELECT with a single column plter WHERE clause) before
starting to queue. Thus, if we set the maximum multi-clusters at 5, we would ligly hit a max
concurrency of 30 in that scenario. Your results may vary

Google BigQuery

Google BigQuery is a managed cloud data warehouse service with some interesting
distinctions. Google abstracts the details of the underlying hardware database, and all conpgurations.

BigQuery is a hands-oy database without indexes or column constraints. Defragmentation and system
tuning are not required. It is truly serverless. Google Cloud manages the servers in a fully hands-oy
manner to the customer, dynamically allocating storage and compute resources. The customer does
not depne nodes and capacity of the BigQuery instance The provisioning of compute is particularly
fast and seamless.
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You pay for the amount of data you query and store Customers can pre-purchase yat-rate computation
QlotsO or units in increments of $1,000 per month per 500 compute units.

We simply consumed the results for this peld test, but should we have been looking to do more with
the data, such as eporting in diyerent formats, BigQuery has capabilities to do sa

Also although we did not time data ingest, this is an area of strength for BigQueryBigQuery ingest
does not impact the performance of queries because separate compute slots are used for loading
apart from the ones performing the SELECT statements for users. Ingest stats are auto-generated and
data with an unknown schema can be loaded using schema auto-suggestion. Alspthere is no charge
for ingest.

Snowyake Data Warehouse

As a cloud-only, fully managed solution, Snowyale has a clear separation between compute and
storage. For Snowyake on AWS, which is what we used for the queries, data is stored in WS S3 and is
cached when queries are executed to bring the data in closer proximity to compute resources.
Snowyake essentially oyers two conpguration Olever® N the size of the warehouse cluster and how
many clusters are permitted to spin up to handle concurrency Snowyake scales by cluster server

count in powers of 2 (ie., 1, 2, 4, 8, 16, and so on.) If enabled, Snowyakvill spin up additional clusters
to handle multi-user concurrent query workloads. If not enabled, it will place paused queries in a queue
until resources free up.

While simple and mostly abstracted for the user this lack of conpgurability is a tradeoy and, in our
experience, performance is impacted. In our estimation, Snowyak performance hinges greatly on
cache. If Snowyalke must access Amazon S3 for additional data, query gecution slows dramatically.
Historically, Snowyake has not disclosed the server class or size of its AVS EC2 instances. Thus, one
cannot calculate beforehand what conpguration would be most optimal for workloads N it is an
exercise in trial and error.

Additionally, Snowyake® multi-cluster option is quite expensive as costs multiply rapidly when multiple
clusters are employed. For example, if a customer is paying the $4 per hour rate for full support and
security, an X-Large 16-node cluster normally costs $64 per hour to run. If users hit Snowyak with a
high volume of concurrent query requests (for ekample, at the end of month), Snowyale will spin up an
additional four clusters to handle the workload. This would spike the cost to $320 per hour. Snowyake
would automatically spin the additional clusters down once demand has passed, which helps, but
predicting and budgeting cost for performance can be tricky with Snowyake.

Snowyake supports an ANSI-compliant form of SQL. Howeverwe experienced syntax diyerences
when converting existing queries to Snowyake.

Snowyake only supports data export to S3 (on ANVS). However it is possible to use the Snowyale
command line interface results to direct data to a ple in a Linux shell.
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Table 1. Platform Summary

Azure SQL Data Warehouse

Company Microsoft
1989 (SQL Server)
First Released 2005 (Analytics Platform System)
2016 (Azure SQL Data \&rehouse)
Current Version 12.02000.8
SQL Transact-SQL

Scale Out Cloud Data Warehouse

Columnar

Snowyake Data Warehouse

Snowyake Computing

2014

3.05

Snowyake SQL

Google BigQuery

Google

2010

October 11, 2018 release

DML

Amazon Redshift

Amazon

2014

1.01583

PostgreSQL 8

The time to reach all worldwide regions for this release of Microsoft Azure SQL DV is January-

February 2019

1Based on industry standard TPC-H benchmark at http://www .tpc.org/tpch/ .
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2 Benchmark Setup

The benchmark equivalency was established by price selecting the lowest, no support options across
the four platforms. DW30000C costs $362.40/hour to run. 4X-Large Snowyake @ $3.00/node costs
$384/hour. In the Price-Rerformance calculation below, we used the lowest, no support $2.00/node
price for Snowyake. The parameter values for the queries used across all vendors are informed by the

TPC Benchmark® H (TPC-I—?) spec validation queries. This is not an oucial TPC benchmark. The
gueries were executed using the following setup, environment, standards, and conpgurations.

To evaluate performance, we used a derivation of the industry-standard TPC-H benchmark, which we
call GigaOm Analytic Field Bst. This workload can be described as follows:

i. the schema and data are used from TPC-H

il. The queries used for the benchmark tests were compliant with the standards set out by the TPC-H
specipcation and included only minor query modipcations as set out by section 2.2.3 of the TPC-H
specipcation document. For example, minor query modipcations included vendor-specipc syntax for
date expressions. Also in the specipcation, queries 2, 3, 1018 and 21 require row limits and, thus,
vendor specipc syntax was used (eg., TOP, FIRS, LIMIT and so forth) as allowed by section 21.2.9 of
the TPC-H specipcation.

iii. no throughput runs (multi-stream) runs are performed

iv. three power runs (single-stream) are performed, using the query parameters depned for the TPC-H
gualipcations queries

v. The primary metric used was the aggregate total of the best execution times for each query. Three
power runs were completed. Each of the 22 queries was eecuted three times in order (1, 2, 3,E)
against each vendor cloud platform, and the fastest of the three times was used as the performance
metric. These best times were then added together to gain the total aggregate execution time for the
entire workload.

vi. The price-performance metric is dollars per query-hour ($/query-hour). This is depned as the
normalized cost of running the TPC-H workload on each of the cloud platforms. It was calculated by
multiplying the best on-demand rate (expressed in dollars) oyered by the cloud platform vendor (at the
time of testing) times the number of computation nodes used in the cluster and by dividing this amount
by the aggregate total of the best execution times for each query (expressed in hours).

Benchmark Data

The data sets used in the benchmark were a workload derived from the well-recognized industry
standard TPC Benchmark® H (TPC-I—?’)
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From tpcorg: OThe TPC-H is a decision support benchmark. It consists of a suite of business-oriented
ad-hoc queries and concurrent data modipcations. The queries and the data populating the database
have been chosen to have broad industry-wide relevance This benchmark illustrates decision support
systems that examine large volumes of data, execute queries with a high degree of complexity, and
give answers to critical business questionsO

To show the data model, the following diagram was talen from page 13 of the TPC-H Bvision 2173
specipcation document.
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Figure 1. TPC-H Data Model

To give an idea of the data volumes used in our benchmark, the following table gives row counts of the
database when loaded with 30TB of TPC-H data:

Table 2. TPC-H Database Pow Count given 30TB

TPC-H Table 30TB Row Count
Customer 4,500,000,000
Line ltem 180,000,000,000
Orders 45,000,000,000
Part 6,000,000,000
Supplier 300,000,000

PartSupp 24,000,000,000

Cluster Environments

Our benchmark included ten (10) diyerent cluster environments:

¥ three for Azure SQL Data Warehouse (DW5000C, DW15000C, and DNV30000C),

¥ three for Amazon Redshift (dc2.8xlarge 10N, dc2.8xlarge 30N, dc2.8xlarge 60N with (32 CPUs
244GB RAM each),

¥ three for Snowyake Data Warehouse (2X-Large, 3X-Large, and 4X-Large),

¥ and one for Google, for which the underlying architecture is unknown and the environment is
scaled automatically

Schema was aligned to be the same for both products as shown in the table below Nation, Region and
Supplier tables were distributed evenly (SQL W DISTRIBUTION ROUND _ROBIldand Redshift
DISTSTYLE ALD, all other tables were distributed using a hash ley on the same distribution
columns(SQL DV DISTRIBUTION HAH and Redshift DISTRIBUTION KEY).

Data Warehouse in the Cloud Benchmark 9


https://docs.microsoft.com/en-us/sql/t-sql/statements/create-table-azure-sql-data-warehouse?view=aps-pdw-2016
https://docs.aws.amazon.com/redshift/latest/dg/r_CREATE_TABLE_NEW.html

GIGAOM

Table
Nation
Region
Supplier
Customer
Part
Partsupp
Orders

Lineitem

Distribution Column
n/a

n/a

n/a

c_custkey
p_partkey
ps_partkey
o_orderkey

|_orderkey

SQL DW Distribution
ROUND_ROBIN
ROUND_ROBIN
ROUND_ROBIN
HASH

HASH

HASH

HASH

HASH

Redshift Distribution

EVEN

EVEN

EVEN

KEY

KEY

KEY

KEY

KEY

Text data ples were generated using TPC-H data generation DBGeriool. The ples were stored on
Azure Blob Sorage and copied to Amazon S3. The same ples were used to load Azure SQL BTA
WAREHOUSE withPolybase CTAS command, and Redshift using COPY command from their respective
cloud data stores. After the data ples were loaded, it was conprmed that the row counts were identical.

Queries

We sought to replicate the TPC-H Benchmark queries modiped only by syntax diyerences required by
the platforms. The benchmark is a fair representation of enterprise query needs. The TPC-H testing
suite has 22 queries, which are described by the table below The SQL substitution parameters used in

each query were TPC-H specipcation validation queries and are noted.

Data Warehouse in the Cloud Benchmark
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Table 3. TPC-H Query Rrameters

Q# Description

1 Pricing Summary Rport

2 Minimum Cost Supplier

3 Shipping Priority

4 Order Priority Checking

5 Local Supplier Volume

6 Forecasting Revenue Change
7 Volume Shipping

8 National Market Share

9 Product Type Propt Measure
10 Returned Item Reporting

11 Important Stock Identipcation
12 Shipping Modes and Order Priority
13 Customer Distribution

14 Promotion Eyect

15 Top Supplier

16 Parts/Supplier Relationship

17 Small Quantity Order Revenue
18 Large Volume Customer

19 Discounted Revenue

20 Potential Part Promotion

21 Suppliers Who Kept Orders Waiting
22 Global Sales Opportunity

Sub-
query

2 More can be learned about the TPC-H benchmark at http://www .tpc.org/tpch/ .
3 More can be learned about the TPC-H benchmark at http://www .tpc.org/tpch/ .
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3 Benchmark Results

This section analyzes the query results from the fastest runs of the three sets of 22 GigaOm Analytic
Field Test queries described in Table 3.

Table 4. GigaOm Analytic Field st Query 1: OPricing SummaryeRortO Ercution Times

Query 1 is the only query that uses only Sum, ¥erage, and Count. All Azure SQL Data \&@rehouse
conpgurations were faster than Google and each conpguration was faster than the analogous
Snowyake and Redshift conpgurations.

Table 5. GigaOm Analytic Field Test Query 2: OMinimum Cost SupplierO &ution Times

Query 2 was one of two queries that contained a Min/Max. Google had some challenge with the query

Data Warehouse in the Cloud Benchmark 12
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Each Azure SQL Data Vdrehouse conpguration was faster than the analogous Snowyak and Redshift
conpgurations.

Table 6. GigaOm Analytic Field Test Query 3: OShipping PriorityO &sution Times

Google and the 10N for Rdshift had some challenge with the query and each Azure SQL Data
Warehouse conpguration was faster twice by 3X+, than the analogous Snowyale conpguration.

Table 7. GigaOm Analytic Field Bst Query 4: @rder Priority CheckingO Excution Times

In Query 4, with a subquery and a count, we see the familiar pattern of relative performance gcept
Google performance is closer to the Snowyale 2X Large performance.

Data Warehouse in the Cloud Benchmark 13
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Table 8. GigaOm Analytic Field st Query 5: Ohcal Supplier VolumeO Egcution Times

Query 5, which only employs a sum aggregation, favored Azure SQL Data \&fehouse as well.

Table 9. GigaOm Analytic Field Bst Query 6: OForecasting Bvenue ChangeO Egcution Times

The simple SUM of Query 6 was a very high relative performer for Azure SQL Data Wehouse.
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Table 10. GigaOm Analytic Field Bst Query 7: Owlume ShippingO Egcution Times

Again, we see the familiar pattern of 2% performance between Azure SQL Data Vdrehouse and the

analogous Snowyake conpguration, improvement to the Redshift conpgurations and Google at a
diyerent level.

Table 11. GigaOm Analytic Field &st Query 8: ONational Markt ShareO Egcution Times

Query 8 performance was similar to Query 7

Data Warehouse in the Cloud Benchmark 15
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Table 13. GigaOm Analytic Field st Query 9: OProduct §pe Propt MeasureO Egcution Times

The Snowyake 2X-Large outperformed Azure SQL Data Warehouse 5000C in Query 9.

Table 14. GigaOm Analytic Field €st Query 10: O&urned Item ReportingO Ercution Times

W] 50 100 150 200

= ow s000C [ 76 sec
=_l ; pw1s000C [l 17 sec

B pw30000C [ 10 sec

& de2.8xarge 10N [N 107 sec
- % dc2.8xlarge 30N [ 36 sec

& de2.8xlarge 60N [l 18 sec

= 2X-Large —h 300 sec
%5 sxcLarge | 127 scc

£ ax-Large [ 61 sec
3 BigQuery I 186 sec

Query 10 uniquely has a Sum and a dp/Limit. Google, with a runtime of 186 seconds, outperformed the
Snowyake 2X-Large. Azure SQL Data Vdrehouse was the top performer.
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Table 15. GigaOm Analytic Field €st Query 11: Olmportant&k IdentipcationO Egcution Times

] 50 100 150 200 250

= pw s000C [N o9 sec
B A pwiscooc | s sec

% pwsoooo | o sec

g dcz.8xiarge 10N [N s9 sec
- % de2.8xlarge 30N [ 7 sec

= dc2.8xlarge 60N [ <0 sec

w
P 2X-Large ..630 sec
EXS ‘E 3X-Large w2l sec

& 4X-Large ...681 sec
O BigQuery I 196 sec

Query 11 (another sub-select and a sum operation) saw performance slightly favoringeBshift.

Table 16. GigaOm Analytic Field €st Query 12: OShipping Modes and Order PriorityO

E DwW 5000C
B3 v
g dc2.8xlarge 10N
- % dc2.8xlarge 30N
= de2.8xlarge 60N
. _E 2X-Large
XS E 3X-large
& 4X-Large
ca BigQuery

Query 12, another simple SUM, was another plus performance query for Azure SQL Dataakehouse,
with Azure SQL Data Warehouse outperforming analogous Snowyake conpgurations by 5, 14 and 10

0 20 40 &0 80 100

I 31 sec
B 6sec

B asec

I G sec
I 22 sec

B 11sec
— h ..163 sec

"
. :
I [ .10 sec

times, Redshift by appx. 2, 4 and 3 times and Google by 4 times (5000 C).
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Table 17 GigaOm Analytic Field Bst Query 13: Oustomer DistributionO Egcution Times

0 100 200 300
= pw s000C [N 222 sec
== g pwisoooc [ 73 sec
@ pw3ooooCc [ 39 sec
g dc2oarge 108 I 257 e
- .E de2.8xlarge 30N [ 73 sec
© dc2.8xlarge 60N [l 28 sec
2 2xctarge I 1 ;.
oJi- B
s ‘E ax-Large | 135 sec
S 4X-Large [ 70 sec
) BigQuery I 215 sec

Query 13 is the only GigaOm Analytic Field dst query with an explicit JOIN. Google outperformed the
low-end conpgurations of Azure SQL Data Vdrehouse, Redshift and Snowyake.

Table 18. GigaOm Analytic Field &st Query 14: OPromotion EyectOdeution Times

0 50 100

pw 5000 NN 51 sec
pwisoooc [l 7 sec

DW30000C . b sec
dc2.8xlarge 10N [ 53 sec
dc2.8xlarge 30N [ 19 sec
dc2.8xlarge 60N [ 9 sec

2x-Large — h 215 sec

-Large [ o soc
axtarge [ ¢ sec
A sigquery [N 52 sec

a¥e
TaY

Snowflake Redshift SQLDW

For Query 14, Azure SQL Data \fehouse took only an impressive 7 and 6 seconds on the 15000C
and 30000C conpgurations.
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Table 19 GigaOm Analytic Field Bst Query 15: Q¥ SupplierO Egcution Times

0 20 40 60 80 100

pw soooc I 31:sec

pwisoooc [l 8 sec
pw30000C i 6 sec
dc2.8xlarge 10N [ 36 sec
dc2.8xlarge 30N [ 16 sec
dc2.8xlarge 60N [l 9 sec
2X-Large 2309 s8¢
3X-Large ..159 sec
ax-Large [N -5 scc
O Bigauery [ s¢ <

Snowflake Redshift SQLDW

Another query with very fast performance from Azure SQL Data \Vdrehouse, Redshift being
competitive and Google being more competitive.

Table 20. GigaOm Analytic Field Bst Query 16: Odts/ Supplier RelationshipO Egcution Times

0 20 40 &0

pw soooc [ 69 sec
owisoooc [ 24 sec
ow3ooooc [ 16 sec
dc2.8xlarge 10N | 27 s-c
dc2.8xlarge 30N [ 12 sec
de2.8xlarge 60N [ 7 sec
2ctarge N <o
W%
A5 3x-Large [N 29 sec
aX-Large [N 21 sec .
2 BigQuery [ 51 cec
i

Snowflake Redshift SQLDW

For Query 16, The Snowyak 2X-Large outperformed Azure SQL DV 5000C, as did all of the Redshift
conpgurations.
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Table 21. GigaOm Analytic Field €st Query 17: O Small Quantity OrdereRenueO Egcution Times

o 100 200 300

ow so00C [ 63 sec
pwi1s000C [ 13 sec
DW30000C I 9 sec
de2.8xlarge 10N | 112 sec
de2.8xlarge 30N [ 40 sec
dc2.8xlarge 60N [l 20 sec
2X-Large — ﬁ 584 sec
3x-large [ ¢ soc
a¥-Large [ 142 sec

ar
' sigauery I B o1 ..

Query 17 yielded performance advantages for Azure SQL Data Wfehouse.

%

Redshift SQLDW

Snowflake

Table 22. GigaOm Analytic Field Test Query 18: Qdrge Volume CustomerO Eacution Times

o 100 200 300 400 500

pw s000C | 257 sec

pwisoooc [ 48 sec
pw30000C i 25 sec
de2.8xlarge 10N [ 217 sec
dc2.8xlarge 30N [ 63 sec
dc2.8xlarge 60N ] 26 sec
2x-Large I /50 sec
3¥-Large [ 155 sec
4X-Large [ 125 sec .
) igQuery I o6 sec

.l."'gl.
TAY

Snowflake Redshift SOLDW

It is worth pointing out that Snowyake 3X-Large and 4X-Large outperform the DW 5000C, but the
15000C and 30000C outperform all like conpgurations.
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Table 23. GigaOm Analytic Field Test Query 19: ODiscounted &enueO Egcution Times

0 50 100 150

pw so00C [ 43 sec

pw1s000Cc [ 13 sec
pw30000C [} 7 sec

de2.8xlarge 10N [ 115 s:c
dc2.8xlarge 30N [ 35 sec
dc2.8xlarge 60N [l 18 sec
2x-Large | 162 sec
3x-Large NN 51 sec
aX-Large [ 34 sec
O BigQuery I 9 <

2TL

Snowflake Redshift SQLDW

Query 19 a SUM, was another strong performer for Azure SQL Data Afehouse, with even the 5000C
outperforming all except the Snowyake and Redshift high specipcations.

Table 24. GigaOm Analytic Field Test Query 20: OBtential Part PromotionO Egcution Times

0 50 100 150 200

pw s000C N 54 sec

pwisoooc N 37 sec

pw3ooooc [ 50 sec
dcz.axiarge 10N [ G sqc
dc2.8xlarge 30N [ :s sec

de2.8xlarge 60N | 76 s=c

2X-Large w278 SBc
b
X 3-Large | 17 scc

Snowflake Redshift SQLDW

4¥-Large 134 S8C

O BigQuery —h 282 sec

Query 20 showed Azure SQL Data Warehouse to be 3X+ as fast or faster in analogous conpgurations
to Snowyake, faster than analogous conpgurations to Rdshift and, worst case 3X faster than Google.
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Table 25. GigaOm Analytic Field Test Query 21: OSuppliers Whodgpt Orders Waiting® Ercution Times

] 100 200 300 400 500

= pw so0oCc I 119 sec
|| g pwi15000C [ 25 sec

A pw3o0000C ] 17 sec

& dc2.8xlarge 10N NN 266 sec
. % dc2.8xlarge30N [ 62 sec

= dc2.8xlarge 60N [l 35 sec

2 2x-Large [ 7 sec
1!‘1"‘.,% E 3¥-Large | 251 sec

s 4X-Large [ 107 sec N
3 BigQuery _ Ml ...1,369 sec

Query 21 shows the familiar pattern of high performance diyerences between Azure SQL Data
Warehouse and the analogous Snowyale conpguration and Google at a diyerent level.

Table 26. GigaOm Analytic Field Test Query 22: @lobal Sales OpportunityO Escution Times

0 50 100 150
= pwsoooc [N a8 sec
=|I a pwisoooc [ 29 sec
3 pw3ooooC [ 22 sec
g dc2.8xlarge 10N NG 7: sec
. % dc2.8xlarge 30N [ 19 sec
= dc2.8xlarge 60N ] 8 sec
. %' 2X-Large [ 54 sec
X 'E 3X-Large [ 28 sec
= aX-Large [ 21 sec
O BigQuery [N 131 sec

Snowyake outperformed Azure SQL Data Warehouse in all 3 analogous conpgurations for Query 22, as
did Redshift.

Benchmark Observed Results

Azure SQL Data Warehouse outperformed the analogous conpguration of Snowyale in 62 of the 66
(94%) best times of the GigaOm Analytic Field 8st query runs. Azure SQL Data Vdrehouse
outperformed the analogous conpguration of Redshift in 54 of the 66 (82%) best times of the GigaOm
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Analytic Field Test query runs. Azure SQL Data Verehouse also outperformed Google BigQuery in all
100% of their respective GigaOm Analytic Field @st best times.

Google BigQuery Performance Considerations

As previously stated, Google BigQuery charges by the byte processed not by the houylike most cloud
analytics vendors. Even though performance does not inherently ayect how much you paywe still
made the price for performance calculations for BigQuery in order to understand how they compared
to Azure SQL Data Warehouse and Snowyale.

During our benchmark testing, we experienced a high variance in execution times with BigQuery. See
the included chart of the standard deviation of execution times in seconds.

As you can see, Azure SQL Data Vdrehouse and Snowyake® performance was relatively consistent on
the same queries from run to run. However BigQuery had very wide ranges. (V& chose best run
instead of the average among the competitors to give BigQuery the benept of the doubt.) For &ample,
BigQuery® best time was 42 minutes running GigaOm Analytic Field &st query #9. However, it® worst
time was 1 hour and 8 minutes. Wenty-six minutes is atypical for a query eecution range.

Figure 2. Sandard Deviation of Query Execution Times

Standard Deviation of Query Execution Times

BigQuery = Snowflake m=SQLDW
700
1,313
600
500
400

300

Standard Deviation

200

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
TPC-H Query Number

Data Warehouse in the Cloud Benchmark 23



GIGAOM

One possible hypothesis as to why BigQuery performance was so erratic could be the shared, multi-
tenancy architecture. Most cloud vendors allow you to choose (or only oyer) dedicated hardware for
your platform. BigQuery does not oyer dedicated hardware. Noisy neighbors can impact performance
To illustrate, see the following chart of the slot (or compute unit) utilization for BigQuery during our
benchmark runs. Please note that it would be very dilicult to map slots utilized with actual queries. V¢
also are not certain how noisy our same-rack neighbors were during the runs, but we speculate it
caused the high variance we experienced.

Figure 3. BigQuery Slot Utilization (during benchmark test execution)
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4 Price Per Performance

To measure price-performance we used the TPC-H metric of cost of ownership divided by composite
guery per hour. If you contiguously ran all 22 of these queries to completion of the set, the cost at an
hourly basis is indicated in the chart below Azure SQL Data Vdrehouse provided consistently best
price-performance in our queries.

For Azure SQL Data Wrehouse, Redshift and Snowyake, you pay for compute resources as a function
of time. With Google BigQuery you pay for bytes processed. During a single run of the GigaOm
Analytic Field Test suite, we processed roughly 113B of data at $5 per TB for BigQuery For the others,
we took the total execution time elapsed for all 22 queries and extrapolated the hourly rate we were
paying for each cluster class.

Figure 4. Price-Rerformance @ 30TB ($ per Query per Hour)

Price-Performance @ 30TB ($ per Query per Hour)
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In a direct comparison of Azure SQL Data Vdrehouse and Snowyake, Figure 5 aligns the following
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cluster classes:

Figure 5. Comparable cluster nodes for Azure SQL Data Vdrehouse and Snowyake

Azure SQL Data Warehouse Snowyake
DW5000C 10 nodes 2X-Large 32 nodes
DW15000C 30 nodes 3X-Large 64 nodes

DW30000C 60 nodes 4X-Large 128 nodes

Charting the comparison, Azure SQL Data \drehouse ran the GigaOm Analytic Field &st queries
roughly 3 times cheaper than Snowyale in terms of dollars per query per hour across all three clusters.
See Figure 6.

Figure 6. Azure SQL Data Warehouse Less Expensive Than Snowyale
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Since Google BigQuery does not have a scale factorwe could only compare the diyerent scaled SQL
Data Warehouse classes against BigQuery whose scale varies automatically with slot (compute unit)
allocation chosen by the Google engine.
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Figure 7. Comparable cluster nodes for Azure SQL Data Vrehouse and Google BigQuery

Azure SQL Data Warehouse

DW5000C 10 nodes

Google BigQuery
DW15000C 30 nodes

DW30000C 60 nodes

Charting the comparison shows Azure SQL Data \rehouse ran the GigaOm Analytic Field €st
queries between 12 and 17 times more cost-eyectively than Google BigQuery in terms of price per
query per hour across all three clusters. See Figure 8.

Figure 8. Azure SQL Data Warehouse Less Expensive Than Google BigQuery
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Charting the comparison shows Azure SQL Data \Wrehouse ran the GigaOm Analytic Field €st
queries between 8% and 31% more cost-eyectively than Amazon &ishift in terms of price per query
per hour across all three clusters. See Figure 9
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Figure 9. Azure SQL Data Warehouse Less Expensive Than Amazon Rdshift
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5 Conclusion

Cloud databases are a way for enterprises to avoid large capital &penditures, provision quickly, and
provide performance at scale for advanced analytic queries. Rlational databases with analytic
capabilities continue to support the advanced analytic workloads of the organization with performance
scale, and concurrency. In a representative set of corporate-complex queries from the GigaOm Analytic
Field Test, Azure SQL Data Vdrehouse consistently outperformed the competition.

Overall, the benchmark results were insightful in revealing query execution performance and some of
the diyerentiators for Azure SQL Data Warehouse, Snowyake Data Warehouse, Amazon Redshift, and
Google Big Query. Azure SQL Data Vdrehouse query response times on the 30TBGigaOm Analytic
Field Test data set were overall seven times faster than Snowyale across all cluster classes,
approximately twice the performance of Redshift across all cluster classes and 14 times faster than
BigQuery (compared to the SQL DNV15000C).

In terms of price per performance, Azure SQL Data Vdrehouse ran the GigaOm Analytic Field BEst
gueries roughly 3 times cheaper than Snowyale in terms of cost per query per hour, across three
examined cluster classes and 8-31% more cost-eyective in terms of cost per query hour across the
examined cluster classes for Rdshift. Azure SQL Data Vdrehouse also ran the GigaOm Analytic Field
Test queries between 12 and 17 times cheaper than Google BigQuery in terms of price per query per
hour across all three SQL Data Vdrehouse clusters.

Price and performance are critical points of interest when it comes to selecting an analytics platform,
because they ultimately impact total cost of ownership value, and user satisfaction. Our analysis
reveals Azure SQL Data Vdrehouse to be very powerful and comparative in value
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8 About Microsoft

Microsoft oyers Azure SQL Data WarehouseE

Learn more at https://azure.microsoft.com/en-us/services/sgl-data-warehouse!

© Knowingly, Inc.2019. "Data Warehouse in the Cloud Benchmark"is a trademark of Knowingly, Inc.
For permission to reproduce this report, please contactsales@agigaomcom.
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