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02-WhyCloud.pdf

	1. Why Cloud Computing?
Amir  Kalbasi
Spring 2023 (
بهار
۱۴۰۱-۱۴۰۲
)
1
 


	2. Cloud Attractiveness
• Dave  Powers, Associate Information Consultant at
Eli Lilly and Company: “With AWS, Powers said, a
new server can be up and running in three minutes
(it used to take Eli Lilly seven and a half weeks to
deploy a server internally) and a 64-node Linux
cluster can be online in five minutes (compared
with three months internally). … It's just shy of
instantaneous.”
• Now, he works at AWS (as of 2021)
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	3. More quotes
• Ingo  Elfering, Vice President of Information
Technology Strategy, GlaxoSmithKline: “With Online
Services, we are able to reduce our IT operational
costs by roughly 30% of what we’re spending.”
• Jim Swartz, CIO, Sybase: “At Sybase, a private cloud
of virtual servers inside its data center has saved
nearly $US2 million annually since 2006, Swartz
says, because the company can share computing
power and storage resources across servers.”
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	4. Resource Underutilization in  PCs
• Why many PCs are underutilized?
• Typical usage requires limited resources
• e.g. editing a document, browsing web
• Even worse
• PC is not being used at all (turned off)
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	5. Resource Underutilization in  PCs
• Why many PCs are underutilized?
• From time to time more computational power is needed
• Idea: prepare for the worst scenario
• It is like always driving a bus because you may have many guests
• It is not just CPU, other resources are also underutilized
• Many businesses see similar behavior
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	6. E-Commerce
• Many workloads  depend on date
• Weekdays differ in their workloads
• Even times during the same day show different workload
• Day of month also contribute a lot (getting paid)
6
 


	7. E-Commerce
7
• Much more  shopping
at beginning and at
the end of year
• Holiday and shopping
seasons
• Typically, other
businesses see similar
behavior, however, for
other reasons
https://www.thedrum.com/opinion/2020/02/27/what-are-the-peak-times-online-shopping
 


	8. Why Cloud?
• Flexibility
•  Software controlled
• Software deploys/controls infrastructure
• Deployed from anywhere at anytime
• Software: almost any software platform is available or
could be installed by client
• Access: resources accessed through network (internet)
from any machine with standard protocols
• From cloud provider perspective
• Deploy service on a machine of choice
8
 


	9. Why Cloud? -  Flexibility
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	10. Why Cloud?
• Scalability
•  Acquire resources instantly
• Deployed/controlled by software
• Add, cancel, rebuild resources instantly
• Start small, scale up or down as the needs dictate
• From customers perspective:
• Illusion of infinite resources
• Available on demand
10
 


	11. Why Cloud?
• Scalability:  Deploy/control through API:
11
 


	12. Why Cloud?
• What  you need is available and customizable
• Customize:
• Compute resources
• Storage (space, IOPS, MBPS)
• Network bandwidth
• Software platform
• Access control for services and resources
12
 


	13. Why Cloud?
• Cost
•  Important factor in making cloud attractive
• Pay-as-you-go model
• Almost everything metered
• Pay for what being used (no costs for turned off computational
resources)
• No need to keep lots of resources for occasional needs
• No upfront cost
• Start small only scale when needed
13
 


	14. Example of Cost  Report
• Google Cloud
14
More resources provisioned
 


	15. Example of Cost  Report
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	16. Example of Cost  Report
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	17. Why Cloud?
• Maintenance
•  Many resources/services are outsourced and on the
cloud
• Responsibility of the cloud provider to maintain
• Reduce the size of IT department considerably
• Cloud vendor maintenance
• Security patches
• Sometimes new vulnerabilities are reported by cloud research
teams
• Software updates
• Monitoring/reporting system’s health
• System/DB backup
• ….
17
 


	18. Why Cloud?
18
  


	19. Why Cloud?
• Pool  of resources shared
• From client perspective: infinite resources
• Possibility to better utilize resources
• Bin packing problem?
• Utilization
• CPU
• Storage
• Network bandwidth
• RAM
19
 


	20. Bin Packing (Small  vs. Large)
• Better utilization can be
achieved when pooling
resources
• Empty volume in multiple boxes
vs. one large box
• May be able to overbook in
some situations
• Not all customers utilize all their
requested resources
• Some resources can pooled to
look like a much more
powerful resource
• Others may not be easy
20
 


	21. Why Cloud?
• Access  from anywhere at anytime
• Availability
• Highly available
• Multiple zones
• e.g. S3 has 99.99% availability with Service Level Agreements
(SLAs)
21
 


	22. Why Cloud?
• Reliability
•  Different Zones may have separate power supplier
• Managed by cloud vendor
• Most of the time they do a good job
• User to worry about partial management of resources
• To achieve similar reliability when managed by user, Could cost
a lot
• AWS claims (99.999999999% 11 9’s( data durability for
S3 in a year
22
 


	23. Why Cloud?
• Energy  consumption
• Idle servers use about 60% of max power!
• Consolidation of resources/servers
• Higher overall utilization
• Better performance per watt (FLOPS per watt)
• Reduced energy consumption
• Reduced CO2 footprint (government incentives -> reduce cost)
• Related read
• Green500 List
• D. Meisner, B. Gold, T. Wenisch, “Powernap: eliminating server idle
power,” ACM SIGPLAN Notices, 44 (3) (2009), pp. 205-216.
• L. Barroso and U. Holzle, “The case for energy-proportional
computing,” IEEE Computer, Jan 2007.
23
 


	24. Why Cloud?
• Development  of enabling technologies
• Hardware
• Software
• Virtualization
• Hardware (Intel VT-x or AMD-V)
• Software
• High bandwidth connections with reasonable costs
24
 


	25. Hardware
• Server market  was dominated by Intel
• Until recently, almost all servers were powered by
Intel Xeon processors
• AWS as an example (2020)
25
 


	26. Hardware (Intel)
• Intel’s  recent products
• 4th Gen Intel® Xeon® Scalable Processors
• Up to 60 cores and 120 threads per socket
• Single large die (very expensive!)
• Intel® Xeon® Platinum 8490H: $17,000
26
 


	27. Large vs. Small
Die
•  Large die increases the
chance of having defects on
a die
• Smaller die is more likely to
be to specs
• If a small die has defects, a
less expensive item has
defects
 


	28. Hardware (AMD)
• AMD  server processors
• AMD introduced Zen microarchitecture on Q1 2017
• Ryzen product line for consumers
• Bringing high core count to customers
• Current Zen 4 Ryzen 9 series with 16 cores, 32 threads
• 2 CCX (CPU Complex) – 8 cores each
• Much better yield -> cheaper
28
 


	29. Multi-chip Design (AMD)
29
  


	30. Multi-chip Design (AMD)
30
  


	31. Hardware (AMD)
• AMD  server processors
• 4th Gen AMD EPYC™ server processors
• Up to 96 cores and 192 threads per socket (~$12,000)
• Up to 2 sockets per server (128 cores, 256 threads)
• 5nm process: 3-4 watts per core!
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	32. Moore’s Law vs  CPU Yield
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	33. Core Count War
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	34. Hardware (AMD)
• AMD  server processors
• PCI Express Version: PCIe 5.0 x128
• Intel 2nd Gen Xeon: PCIe 3.0 x48
• Intel 3rd Gen Xeon: PCIe 4.0 x64
• Intel 4th Gen Xeon: PCIe 5.0 x80
• PCIe 5.0 doubles the bandwidth of PCIe 4.0
• Great expandability
• External GPUs
• More dedicated GPUs in a single-socket servers
• Storage devices
• Dense NVMe storage solutions
• Cluster interconnect
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	35. Hardware (AMD)
• AMD  server processors (has increased to 16% in
2021)
• AMD consumer processors
• Desktop: > 18%
• Mobile: > 16%
• Gaining in the high end market
35
https://www.tomshardware.com/news/amd-vs-intel-cpu-market-share-q4-2019-epyc-and-ryzen-growth-decelerate-mobile-ryzen-up
 


	36. AMD vs Intel
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	37. Hardware (AMD)
• AMD  server processors
• Improved ecosystem
• Gaining market share
• Lower costs transferred to consumers
• Amazon EC2 instances featuring AMD EPYC processors
provide up to 10% lower cost than comparable instances
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	38. Amazon Graviton
• New  Amazon EC2 instances
• Up to 40% better price/performance
• M7g: General purpose
• C7g: Compute optimized
• R7g: Memory optimized
• Claim: most Linux open-source software
• Run on multiple processor architecture
• Including ARM-based
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	39. Amazon Graviton
• In-house  design
• Current generation: Graviton3
• Based on 64-bit ARM’s Neoverse-V1 cores (RISC)
• 64 cores
• Compared to Graviton2: 25% better performance, 50%
faster memory, and 2x faster floating-point performance
per core
• Always-on fully encrypted DDR5 memory
• Important in virtualization
39
 


	40. CISC vs. RISC
CISC:  Complex Instruction
Set Computer
RISC: Reduced Instruction
Set Computer
Emphasis on hardware Emphasis on software
Includes multi-clock
complex instructions
Single-clock,
reduced instruction only
Memory-to-memory:
"LOAD" and "STORE"
incorporated in instructions
Register to register:
"LOAD" and "STORE"
are independent instructions
Small code sizes, large code sizes
Transistors used for storing
complex instructions
Spends more transistors
on memory registers
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https://cs.stanford.edu/people/eroberts/courses/soco/projects/risc/risccisc/
 


	41. Why ARM based?
•  Amazon not waiting for processor providers
• Reduced HW costs
• No middleman
• Reduced energy consumption
• 5nm process
• HW designed and built to their needs
• Other companies have tried
• AMD, Broadcom, Qualcomm, HP, Huawei, etc.
• None was a major cloud provider
• Had to find/convince customers
• AWS will use Graviton for internal use as well
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	42. ARM Powering Cloud
•  Amazon:
• Best price performance for a broad spectrum of
workloads
• Providing different services for different workloads
• Up to 40% better price performance
• Enhanced security for cloud applications
• 256-bit DRAM encryption
• Extensive ecosystem support
• Supported by popular Linux operating systems
• AWS and independent software vendors also support AWS
Graviton2 and 3-based instances
42
 


	43. Amazon Graviton
43
© Amazon  Web Services
Also Graviton is used for Compute Optimized, Memory Optimized, Storage Optimized,
and accelerated Computing
 


	44. Why not Cloud?!
•  Loss of control
• Network connection dependency
• Cost
• Security and privacy
• Data and processing are off location
• Migration/technical issues
• Vendor lock-in
44
 


	45. Vendor Lock-in
• Different  providers will progress differently over
time
• Services are/will not the same
• Using services provided by a vendor results in
dependency
• Dependency on functionality
• Dependency on API
• Excellent provider may become terrible in future
• Riskier for larger companies
• Google, Oracle pledge open cloud
• https://www.zdnet.com/article/google-oracle-pledge-open-cloud-to-ease-lock-in-concerns/
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	46. Open Cloud
46
https://cloud.google.com/open-cloud
• Open  Cloud relies on open
source
• Flexibility to build and run
apps, anywhere
• Autonomy and control over
infrastructure and data
• Embraces partner
ecosystem
 


	47. News (OCI)
47
Oracle Cloud  Infrastructure (OCI) Showed triple digits growth (in excess of
100%) in Q3 2020!
More than $2 billion yearly revenue
Predicted to grow even faster this year
Larry Ellison (CTO): Always on security is attracting customers
Managed DB is contributing to growth
 


	48. Why not cloud?  OVH Cloud Case
• OVH Cloud is one of the largest cloud providers
• OVH is a French company
• Started in 1999 as a hosting company (dedicated
and VPS)
• As of 2018, OVH had 27 data centers in 19
countries hosting 300,000 servers
• It is largest European cloud provider
• OVH uses in-house design and manufacturing,
including custom-made servers
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	49. News (OVH Cloud)
•  OVH Cloud suffered a large fire at datacenter in
Strasbourg, France.
• Fire destroyed SBG2 data center in Strasbourg
• SBG1 also badly damaged, SBG3 and SBG4 are safe but
had power/ network issues
49
 


	50. OVH Data Centers
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