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|. Introduction

At the start of this year 2020, cloud computing is a large and mature industry, always growing
and creating new models of computers’ resources consumption. Despite a large adoption by
enterprise and governments, from a consumer prospective, the cloud market still tends to

appear to be hard to decrypt.

To answer to this problematic, Cloud Mercato designed this report gathering the 10 most
interesting cloud service providers in North America. This document aims to brings a neutral
and objective evaluation of CSPs’ capabilities. It provides a state-of-art of cloud industry made

by a third-part analysis team.



ll. Executive summary

Across providers, there’s a multitude of offering and ways to evaluate cloud vendors, in this
document we focus on classical cloud computing services. Virtual machines, containers, VPS,
whatever the name is, the principle is selling on-demand an amount of CPU and RAM with a
network availability directly on the Internet. This kind of service is one of the most basic laaS
offers provided by CSP and generally called “Compute”.

Due to its essential nature and being also one main component of VM offering, block storage

is part of evaluation in our study.

The subject of this document is efficiency measurement of compute services by the following

questions:
e How do they perform?
e How much do they cost?

e Which is the most valuable?



I1l. Methodology

According to the nature of analyzed components, definition of performance varies. CPU and
storage express their efficacity very differently, so tests and analysis are way different from
one component to the other. Cloud Mercato regularly launches tests on many cloud products

and for this report we picked few of our existing usual methodologies.

1. Provider criteria

Among vendors tested by Cloud Mercato during year 2019, 10 providers have been selected
for this ranking. More candidates were available and we picked only the best performers filling
the following requirements:

e Presence with several datacenters in North America

e Offer VMs with at least 2 up to 16vCPU

e Offer CPU/RAM ratio at least 1:2 up to 1:4

e Offer block storage with volume at least 100 up to 500GB powered by SSD

e Offer hourly billing option without engagement

2. Setup
The ranking is based on 4 categories of VMs, from 2 to 16 vCPU. The table below describes the

specifications that we attribute to each category. We tried to match with a CPU/RAM ratio of

1:2, but RAM may vary across providers.

SIZE vCPU  RAM (GB) STORAGE (GB)
Small 2 4 100
Medium 4 8 150
Large 8 16 200
Extralarge 16 32 500

If a provider allows detachable volume, virtual machines are equipped with SSD block storage
as an extra volume else root volume is used. All instances had been tested with Ubuntu 18.04.
Appendix brings an accurate definition of virtual hardware used for each provider.

For each VM type, at least three instances were provisioned simultaneously. For confirmation

or validation, more copies could have been launched.



3. Test software

TEST SOFTWARE

Compute Geekbench 5
Storage IOPS FIO
Storage bandwidth FIO

a. Compute

CPU performance was collected using Geekbench 5. This well-known suite runs a large
number of tests covering a large spectrum of computing domains. Topics tested are:

e Integer

e Floating point

e Cryptography
Around twenty metrics are reported by Geekbench plus a score linked to each of them, for
single and multi-thread workloads. In the context of this report we use:

e Single score: As CPU power evaluation

e Multi score: As multi-task power evaluation

b. Storage

Storage performance are measured by two metrics: IOPS and bandwidth. For both, Flexible
I/O tester has been used with two different scenarios. In both we used the following
parameters:

e A number of thread equal to the number of vCPU

e Adirect connection to the device without file system

e Flags by-passing buffers and cache such as |IO_DIRECT

e Read and write access (not mixed)

i. IOPS

This scenario aims to reveal what is the best rate in terms of block handling. So, we applied a
small block size of 4K allowing the maximum number of blocks handled simultaneously. A

random access to drive is applied, removing predictability of a sequential operation.



ii.  Bandwidth
IOPS captures the transaction rate, but it doesn’t reflect the maximum throughput available
by volume. The nature of the scenario with small blocks and random access already represent
a bottleneck for this metrics. To collect the maximum bandwidth, we access sequentially to

drive with big blocks of 1M reducing block processing and allocation time.

4. Calculations

The performance reported in this document are averages, so to gauge the variability we also
bring standard deviation but we don’t use it in calculations. For information, iin a normal
distribution, the range between AVG-STDDEV and AVG+STDDEV represents 68.2% of the

population.

To aggregate different kind of values into understandable comprehensive scores, Cloud

Mercato used few formulae:

Name Type Calculation

Compute score Compute Multi thread performance / Monthly price
Storage score Storage AVERAGE(IOPS, Bandwidth) / Monthly price
Overall score Overall AVERAGE(Compute score, Storage score)



V. Overview
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V. Performance

For each category of products analyzed in this document, vendors
provide almost the same specification. Catalogs all claim good vCPU,
RAM and SSD storage but behind announced virtual hardware, they
aren’t equal in term of performance. Efficacity is not a value given by

catalog or at least in a too subjective manner.

To clarify this question, Cloud Mercato launched a benchmark suite on
virtual machines and block storage. This section outlines the average

performance discovered during our testing.



1. Compute
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b. By category

i. Small
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Kamatera 871 32,77 1690 76,53
Linode 512 89,59 961 184,46
Microsoft Azure 933 37,39 1146 37,47
OVHCloud 816 37,92 1569 45,10
Oracle Cloud 594 7,21 840 11,09
UpCloud 895 30,85 1749 69,31
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iii. Large
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Google Cloud 864 3,81 4114 12,90
IBM Cloud 734 15,79 4507 177,54
Kamatera 862 38,62 5774 651,62
Linode 543 22,58 3031 465,41
Microsoft Azure 941 27,48 4414 115,94
OVHCloud 856 31,43 5727 161,52
Oracle Cloud 610 4,32 2967 161,56
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iv. Extra Large
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2. Storage IOPS

a. Overall
o
/I\
wn o
o
)
2 m
=
[ J [ ]
° [ ]
$ & -
o L4 o
¢ ° o
0 - 8
| S °p
Read IOPS =
®Amazon Web Services @DigitalOcean @ Google Cloud @18M Cloud
@Kamatera @Linode @® Microsoft Azure @ OVHCloud
@Oracle Cloud @ UpCloud

Cloud Mercato 2020 - contact@cloud-mercato.com



b. By category

i. Small
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ii. Medium
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iii. Large
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iv. Extra Large
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3. Storage Bandwidth
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b. By category

i. Small
Read bandwidth
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ii. Medium
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iii. Large
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iv. Extra Large
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VI. Pricing

In comparison of similar products, price is one of the main metrics
differentiating the value of an offer. Like performance, pricing is
unequal across providers, we can observe a large gap between the
smaller price and the most expensive virtual machine. Same thing for
volume, where block storage varies from the most competitive to the

less affordable pricing.

This section summarizes the cost of VMs and block storage for all

products studied in the document.

To improve readability and give a better understanding of presented
data, we convert hourly pricing into a monthly one by multiplying by
730. Vendors may apply custom discount after a long-term usage or

for a monthly billing, this is not reflected in this document.



1. Virtual machines

a. Overall
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Amazon Web Services 62,1 124,1 248,2
DigitalOcean 43,8 86,9 173,7
IBM Cloud 48,2 124,1 190,5
Kamatera 16,1 35,8 88,3
Google Cloud 58,4 117,0 234,1
Linode 21,9 43,8 175,2
Microsoft Azure 77,4 154,8 309,5
Oracle Cloud 21,9 44,5 88,3
OVHCloud 78,1 151,1 304,4
UpCloud 21,9 43,8 167,2
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b. By category

SMALL
90,0
80,0
70,0
60,0
50,0
40,0
30,0
20,0
s i B F RN
0,0
) Q> & @ O e @ O > O
C'\&Q’ & 000 0 000 ) Qob N o9 000 o9
Q) © & A\ Ay NS Q
< <2 N\ & N2 & N Q S
& ) N\ S S§ 3 o
(\& Q & ®é o
o
A0
<
MEDIUM
180,0
160,0
140,0
120,0
100,0
80,0
60,0
40,0
O i ] i
0,0
o > Q> > > e 2 > > >
& & \oo & o ' Qob 0\} & & o
& O < L < I s < L O
) X2 N\ W ¢>Q' O%' Q¢ N R
4 ) ® P S @ O
(\& Q G ®d o
o
A
<

Cloud Mercato 2020 - contact@cloud-mercato.com 28



LARGE
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2. Storage
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SMALL MEDIUM LARGE EXTRA LARGE
Amazon Web Services 10,0 15,0 20,0 50,0
DigitalOcean 10,0 15,0 20,0 50,0
IBM Cloud 13,1 19,7 26,2 65,5
Kamatera 5,0 7,5 10,0 25,0
Google Cloud 17,0 25,5 34,0 85,0
Linode 10,0 15,0 20,0 50,0
Microsoft Azure 13,2 19,8 26,4 66,0
Oracle Cloud 2,6 3,8 5,1 12,8
OVHCloud 9,0 13,5 18,0 45,0
UpCloud 22,0 33,0 44,0 110,0
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VII. Price/Performance value

Consumers tend to search costs that match their budget but as seen
in Performance section, a gap of 4x exists between the least and the
best performer. Across providers, there’s no correlation between
performance and price, consumers cannot expect to behave the
instinctive way where he/she pays more to obtain better.
Moreover, compute and storage can draw a completely different

profile.

This section outlines price/performance ratio for each category. It
concludes this analysis by providing high-level scores aggregating

metrics with values representing the best effort by dollar spent.



1. Overall
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VIIl. About Cloud Mercato

Cloud Mercato is a research and consultancy firm dedicated to study of cloud market. We are
a team expert working in cloud benchmark since 2013 helped by our automated software
which actively collect and monitor key metrics for all kind of products in the cloud industry.

Our neutral and objective approach helps customer to get better insights on their possibilities

and vendors to know how to place and compete between all these innumerable services.

For any inquiries about our services, question about this report or any custom request, please

contact Cloud Mercato at contact@cloud-mercato.com.

cloud-mercato.com

If you are a Cloud Service Provider and you are interested to be included in our research and

documents, do not hesitate to contact us.

34



I. Appendix

1. Server specifications

NAME vCPU RAM Storage Type
Amazon Web Services | c5.large 2 4 General Purpose SSD
c5.xlarge 4 8
c5.2xlarge 8 16
c5.4xlarge 16 32
DigitalOcean Optimized 2CPU 4GB 2 4 Block storage
Optimized 4CPU 8GB 4 8
Optimized 8CPU 32GB | 8 16
Optimized 16CPU 32GB | 16 32
IBM Cloud 2 Cores 4GB 2 4 Portable Storage SAN
4 Cores 8GB 4 8
8 Cores 16GB 8 16
16 Cores 32GB 16 32
Kamatera 2ACPU 4GB 2 4 Cloud Block Storage
4ACPU 8GB 4 8
8ACPU 16GB 8 16
16ACPU 32GB 16 32
Google Cloud N2 2vCPU 4GB 2 4 Standard Persistent SSD
N2 4vCPU 8GB 4 8
N2 8vCPU 16GB 8 16
N2 16vCPU 32GB 16 32
Linode Linode 4GB 2 4 Block Storage
Linode 8GB 4 8
Linode 32GB 8 32
Linode 64GB 16 64
Microsoft Azure Standard F2s v2 2 4 No cache Premium LRS
Standard F4s v2 4 8
Standard F8s v2 8 16
Standard F16s v2 16 32
Oracle Cloud VM.Standard.E2.1 2 4 Block volume
VM.Standard.E2.2 4 8
VM.Standard.E2.4 8 16
VM.Standard.E2.8 16 32
OVHCloud C2-7 2 7.5 High-speed
C2-15 4 15
C2-30 8 30
C2-60 16 60
Upcloud 2xCPU-4GB 2 4 MaxIOPS
4xCPU-8GB 4 8
Custom 8xCPU-16GB 8 16
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| | Custom 16xCPU-32GB [ 16 [32 |

2. Server additionnal features

e DigitalOcean:
o Each instance has a root SSD volume given for free. Their sizes have a ratio of
12.5GB per vCPU, then 25, 50, 100 and 200GB
e Linode:
o Each instance has a root SSD volume given for free. Their sizes have a ratio of
20GB per GB of RAM, then 80, 160, 640 and 1280GB
e Microsoft Azure:
o Each instance has an extra SSD volume given for free. Their sizes have a ratio
of 8GB per vCPU, then 16, 32, 64 and 128GB
e OVHCloud:
o Each instance has a root SSD volume given for free. Their sizes 50GB for all
e UpCloud:
o UpCloud non-custom instances have a root SSD volume given for free. They

have a size of 80GB for 2xCPU-4GB and 160GB for 16xCPU-8GB

3. Volume additionnal features

e Amazon Web Services:
o Performance of General Purpose SSD depends of volume size. It increases
linearly by 100 IOPS per GB with a maximum of 16,000 IOPS
o This volume type work in a burstable mode meaning that maximum IOPS are
limited in the time
e Microsoft Azure:
o Performance of Premium LRS depends of volume size. More accurately, of the

total size of volume attached.

4. CPU specifications

MODEL NAME FREQUENCY REALEASE

Amazon Web Services | Intel Xeon Platinum 8124M 3.0
Intel Xeon Platinum 8275CL
DigitalOcean Intel(R) Xeon(R) CPU E5-2697A v4 2.6 Q1 2016

36



Intel(R) Xeon(R) Platinum 8168 2.7 Q3 2017
IBM Cloud Intel(R) Xeon(R) Gold 6140 2.3 Q32017
Intel(R) Xeon(R) CPU E5-2683 v4 2.1 Q12016
Kamatera Intel(R) Xeon(R) Gold 6150 2.7 Q3 2017
Google Cloud Intel(R) Xeon(R) CPU
Linode AMD EPYC 7601 2.2 Q3 2017
AMD EPYC 7501 2.0
Intel(R) Xeon(R) Platinum 8168 2.7
Microsoft Azure Intel(R) Xeon(R) Platinum 8168 2.7 Q32017
Oracle Cloud AMD EPYC 7551 2.0 Q3 2017
OVHCloud Intel Core Processor (Haswell, no TSX) | 2.4
UpCloud Intel(R) Xeon(R) Gold 6136 3.0 Q3 2017
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5. Test scripts

The pieces of code below are part of our methodology and runnable in a Linux command line
environment, you can copy them as they are and must set the following variable to make them
operate correctly:

e cpu_number: The number of vCPU available on machine

e rw: Access mode 'read' or 'write'

e device_path: Absolute path to the raw device, i.e. /dev/vdb

Feel free to reproduce our results from these snippets.

a. Storage IOPS

b. Storage bandwidth
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