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Public Clouds Provide Attractive Infrastructure for HPC

Lower Cost to 
Innovate:
Inexpensive to try new 
things and innovate

64 percent of HPC sites now run at least 
some of their work in public cloud.

– Hyperion Research
(https://www.top500.org/news/cloud-computing-in-hpc-surges/)

Flexibility:
Newer GPU, amounts of 
shared memory, and 
processor

Choice:
Multiple node types 
as needed

Top-Performing 
Technologies:
Latest Intel CPUs or 
NVIDIA GPUs

On-Demand:
Spin up only as 
needed

Extendable:
Bursting as 
needed

POCs
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Public Cloud Opportunity : Attractive Cost Model

Public Clouds

On-Prem vs Cloud Comparison(2015)1

1 https://www.internet2.edu/blogs/detail/14114

https://www.internet2.edu/blogs/detail/14114
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Public Cloud Opportunity : Attractive Cost Model
On-Prem (/core/hour)

3 https://acg.umaine.edu/pricing/fee-structure/

ReScale2 Northwestern University3 University of 
Maine4

$0.12
$100,000 /month for 1600 cores

$0.04  (Generic HPC)
$0.16 (4xP100 Tesla GPU)

$0.42 (HPC node)

Public Clouds

1 https://resources.rescale.com/the-real-cost-of-high-performance-computing/
2 https://www.it.northwestern.edu/bin/docs/research/quest-full-access.pdf

https://acg.umaine.edu/pricing/fee-structure/
https://resources.rescale.com/the-real-cost-of-high-performance-computing/
https://www.it.northwestern.edu/bin/docs/research/quest-full-access.pdf
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Public Cloud Challenge: ‘Infinite’ Cloud Resources
Multiple Clouds

Which cloud?
Plethora of Instances

Which instance(s)?
Many Storage Options

Which storage(s)?
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Instances Comparison : IOR Tests
Specification Real Performance

• Instance cost != better IOR performance
• Write performance depends on the storage size
• Larger ZFS transfer size is better for IOR BW. Optimal ZFS transfer = 128k

# of slots = 8

Model vCPU Mem 
(GiB)

Networking 
Performance 

(Gbps)
Ephemeral Ephemeral 

Storage

Dedicated 
EBS 

Bandwidth 
(Mbps)

$ Per 
Hour

$/GiB 
(Monthly) RecordSize Read 

MB/s
Write 
MB/s

i3.xlarge 4 30.5 Up to 10 1 x 1.9 NVMe SSD 1946 850 $0.31 0.12

Lustre=128K 
ZFS=128K

601 440
i3.2xlarge 8 61 Up to 10 1 x 1.9 NVMe SSD 1946 1,700 $0.62 0.24 621 620

c5d.4xlarge 16 32 Up to 10 1 x 400 NVMe SSD 400 3,500 $0.77 1.44 837 387
m5d.4xlarge 16 64 Up to 10 2 x 300 NVMe SSD 600 3,500 $0.90 1.13 621 302

i3.4xlarge 16 122 Up to 10 1 x 1.9 NVMe SSD 3891 850 $1.25 0.24 621 622
i3.xlarge 4 30.5 Up to 10 1 x 1.9 NVMe SSD 1946 850 $0.31 0.12

Lustre=1MBK 
ZFS=128K

597 438
i3.2xlarge 8 61 Up to 10 1 x 1.9 NVMe SSD 1946 1,700 $0.62 0.24 621 620

c5d.4xlarge 16 32 Up to 10 1 x 400 NVMe SSD 400 3,500 $0.77 1.44 840 387
m5d.4xlarge 16 64 Up to 10 2 x 300 NVMe SSD 600 3,500 $0.90 1.13 621 303

i3.4xlarge 16 122 Up to 10 1 x 1.9 NVMe SSD 3891 850 $1.25 0.24 621 622

Specs are only guidance. Real performance matter!
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Instances Comparison : MDTEST

Model vCPU Memory 
(GiB)

$/Hour Directory 
creation

Directory 
stat

Directory 
removal

File 
creation File stat File read File 

removal
Tree 

creation
Tree 

removal
CPU 

Utilization

i3.xlarge 4 30.5 $  0.31 4,827.42 17,709.11 6,363.59 6,660.80 9,780.99 9,267.85 9,737.73 2,276.53 2,601.46 77.10%

i3.2xlarge 8 61 $  0.62 5,876.86 19,147.13 8,928.47 8,168.89 10,642.64 10,460.31 11,516.76 2,412.13 2,570.56 67.70%

c5d.4xlarge 16 32 $  0.77 4,034.69 30,153.35 14,768.59 13,628.94 16,969.22 17,973.16 18,410.46 4,152.59 4,449.19 19.60%

m5d.4xlarge 16 64 $  0.90 9,861.89 25,202.48 12,248.51 11,300.76 13,988.44 13,963.48 15,866.89 3,431.61 3,821.88 32.80%

i3.4xlarge 16 122 $  1.25 6,990.27 19,614.65 8,810.93 8,400.30 10,692.49 10,716.49 11,489.88 2,530.25 2,685.22 20.40%

Command Used: mpiexec <host> /usr/bin/mdtest -I 10 -i 2 -z5 -b 5 -i 3 -d /mnt/kmesh/mdtest5/



8

Cross-cloud Comparison : Instances with NVMe

i3.2xlarge (AWS) L16s_v2 (Azure) %Diff
8 vCPU 61GiB 1x1900NVMe SSD 16vCPU 128Gib 2x1900GiB NVMe SSD

$.624/hr $1.248/hr

Transfer Size 
(Bytes)

Total IOPS Total MiB/s Latency (MS) Total IOPS Total MiB/s Latency (MS)
IOPS MiB/s Latency

100% Read 4K 49,024.80 191.50 1.32 36,650.50 238.30 2.59 -25% 24% 196%
0% Read 4K 11,129.80 43.47 5.79 8,483.60 54.04 10.20 -24% 24% 176%

100% Read 32K 34,292.60 1,071.64 1.89 18,147.50 958.76 5.68 -47% -11% 300%
0% Read 32K 19,004.20 593.89 3.34 12,367.00 646.21 7.87 -35% 9% 235%

100% Read 128K 16,148.70 2,018.58 4.11 9,242.80 1,950.44 11.09 -43% -3% 270%
0% Read 128K 5,862.70 732.84 10.77 3,745.60 770.21 24.02 -36% 5% 223%

100% Read 256K 9,263.70 2,315.92 6.94 5,607.70 2,333.38 16.98 -39% 1% 245%
0% Read 256K 4,383.10 1,095.79 14.30 2,152.30 874.68 39.62 -51% -20% 277%

VDBench Comparison
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Cross-cloud Comparison : Instances with Persistent Drives

% CPU Idle
c5.4xlarge (AWS)

% CPU Idle
F16s (Azure)

CPU Idle
Relative Diff

79.73 89.08 9.35

73.29 80.72 7.43

72.69 80.50 7.81

76.25 80.81 4.56

79.77 88.31 8.54

73.13 81.26 8.13

72.62 79.29 6.67

82.54 83.14 0.60

79.33 86.89 7.56

72.73 79.59 6.86

71.68 78.13 6.45

83.85 83.49 -0.36

CPU utilization matters

VD
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EBS:c5.4xlarge (AWS)
16 vCPU 32 GiB Memory 

$0.680/hour 

PD:Standard F16s(Azure)
16 vCPU 32 GiB Memory 

$0.796/hour Diff %

R/W Ratio Seek % Transfer 
Size (Bytes) Total IOPS Total MiB/s Latency 

(MS) Total IOPS Total MiB/s Latency 
(MS)

Total 
IOPS Total MiB/s Latency 

(MS)
100% Read Random 4K 7385.4 28.85 4.327 3035.5 11.86 10.521 -59% -59% 243%
100% Read 50 4K 5298.3 20.7 6.034 2158.1 8.43 14.812 -59% -59% 245%
100% Read Sequential 4K 83160.3 324.84 0.384 24244.1 94.7 1.323 -71% -71% 345%
75% Read Random 4K 6303.8 24.62 5.07 2728.1 10.66 11.709 -57% -57% 231%
75% Read 50 4K 5666.8 22.14 5.64 2404.6 9.39 13.288 -58% -58% 236%
75% Read Sequential 4K 55336.6 216.16 0.577 36259 141.64 0.88 -34% -34% 153%
50% Read Random 4K 5642.1 22.04 5.664 2595.7 10.14 12.308 -54% -54% 217%
50% Read 50 4K 6312.8 24.66 5.062 2735.6 10.69 11.678 -57% -57% 231%
50% Read Sequential 4K 51685.5 201.9 0.617 19642.7 76.73 1.622 -62% -62% 263%
0% Read Random 4K 3717.5 14.52 8.599 2162.4 8.45 14.776 -42% -42% 172%
0% Read 50 4K 6757.7 26.4 4.727 3232.7 12.63 9.876 -52% -52% 209%
0% Read Sequential 4K 23989.9 93.71 1.329 9932.1 38.8 3.213 -59% -59% 242%

100% Read Random 32K 7186.6 224.58 4.447 2146.5 67.08 14.89 -70% -70% 335%
100% Read 50 32K 3748.7 117.15 8.531 1374.6 42.96 23.262 -63% -63% 273%
100% Read Sequential 32K 12354.7 386.08 2.589 2900.2 90.63 11.018 -77% -77% 426%
75% Read Random 32K 7787.8 243.37 4.1 2805.5 87.67 11.385 -64% -64% 278%
75% Read 50 32K 3602.3 112.57 8.873 1470 45.94 21.737 -59% -59% 245%
75% Read Sequential 32K 10752.1 336 2.972 6563.9 205.12 4.869 -39% -39% 164%
50% Read Random 32K 7074.3 221.07 4.512 3615.4 112.98 8.826 -49% -49% 196%
50% Read 50 32K 3991.5 124.73 8.005 1677.3 52.41 19.052 -58% -58% 238%
50% Read Sequential 32K 10928.2 341.51 2.922 5197.5 162.42 6.149 -52% -52% 210%
0% Read Random 32K 5505.1 172.03 5.796 3138.7 98.09 10.164 -43% -43% 175%
0% Read 50 32K 7130.7 222.84 4.471 3852.4 120.39 8.276 -46% -46% 185%
0% Read Sequential 32K 13303.6 415.74 2.393 7543.9 235.75 4.227 -43% -43% 177%

100% Read Random 128K 2570.1 321.26 12.445 1297 162.12 24.654 -50% -50% 198%
100% Read 50 128K 1793.4 224.18 17.837 949.3 118.66 33.692 -47% -47% 189%
100% Read Sequential 128K 3300.5 412.56 9.693 1744.8 218.1 18.33 -47% -47% 189%
75% Read Random 128K 2801.3 350.16 11.405 1593.4 199.18 20.053 -43% -43% 176%
75% Read 50 128K 2132.3 266.54 14.989 1124.9 140.62 28.418 -47% -47% 190%
75% Read Sequential 128K 3282.9 410.36 9.733 1915.4 239.42 16.687 -42% -42% 171%
50% Read Random 128K 2536.5 317.06 12.589 1484.9 185.62 21.512 -41% -41% 171%
50% Read 50 128K 2187 273.38 14.603 1241.7 155.21 25.735 -43% -43% 176%
50% Read Sequential 128K 3287.8 410.98 9.711 1961.1 245.13 16.289 -40% -40% 168%
0% Read Random 128K 2251.4 281.42 14.173 1100.3 137.54 29.032 -51% -51% 205%
0% Read 50 128K 2588.8 323.6 12.322 1224.9 153.11 26.074 -53% -53% 212%
0% Read Sequential 128K 3336.8 417.1 9.553 1591.5 198.94 20.061 -52% -52% 210%
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Cloud infrastructure is different.
CPU Cycles : Generally under-utilized
Networking & storage : Over-subscribed
Inter-Instance traffic and “networked” storage performance depends 
heavily on networking

Performance specs assume extreme ideal conditions
Noisy neighbor is a real problem on the cloud
Higher price does not translate to better performance

Bare-metal != “physical systems”
Networking - shared and over-subscribed 
Networked storage - bottleneck 

1

2

3
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* Google & DDN #8 *

https://www.vi4io.org/io500/start

Public Cloud Challenge: No Comprehensive Benchmark
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Kmesh Kmesh on 
AWS Kmesh 84 224 56.77 16.6 17.3

* Kmesh’s #8+ AWS Run *

+Not submitted yet
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Are these different?

Kmesh #8 Run

$250

Google & DDN #8

$?

v IO 500 does not contain any of this information

ü No cost information
ü No details on VM/Instance information
ü No GCP Region information
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Public Cloud Challenge: Data Synchronization

NFS1

Object 1

Lustre1 HPC2

HPC1

S3

• One-time copy
• Continuous synchronization
• Real-Time synchronization
• Variety of sources
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Potential HPC Cloud Bursting Models

/existing_lustre/mntpt

Target CloudSource Cloud

RemoteAccess

ChangeSync

HPC1 HPC2

/kmesh_lustre/df1 /kmesh_lustre/df1

RealtimeSync

HPC

HPC

/Kmesh_lustre/df2

/lustre/df3/nfs/df3

Realtime Sync between HPC Clusters 

Synchronization between any data source 
& HPC Cluster 

Remote Data access from HPC Cluster 
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Cloud Do’s and Don’ts

! Do size HPC system primarily based on end-to-end network bandwidth

! Do consider that cloud infrastructure can go down

! Do extensive benchmark for your application
(IO500 need to incorporate ‘cloud’ elements ")

# Don’t expect same 1-to-1 replacement for on-premise system

# Don’t buy more CPU core than you required

# Don’t ignore data synchronization complexities


