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Motivation 

 Modern Internet applications 
– online retail sales, online auctions, wikis 

 multiple tiers 
– A multi-tier architecture provides a flexible, modular 

approach for designing such applications. 
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Motivation 

 Visit changes extend/reduce the number of server 
– Trend change 

– Seasonal change 

– Noise  
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Motivation 

 Cloud 
– Elastic 

 

 

 

 

– Flexible 

• multiple instance types 

 

– Reliable 

– Inexpensive 
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Motivation 

 Scale up/down 

Cloud 
Elastic, flexible, reliable, inexpensive  

Multi-tier architecture 
Loose-coupling, flexibility, standardization 

QoS 
Performance(Response time), 

Reliability…. 
 

Automatic Scaling 
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Issues 

 Scale up or down 
– Who should decide to scale up/down? 

– When to scale up/down? 

– Which tier should be scaled up/down? 

– How many VMs should be added or reduced? 

– What is the policy of scaling? 

– How to add/ reduced? Resize or quantity change? 

– Which type of VM should be added/reduced? 

– Where the new VM should be placed? Or which old VMs should be 
terminated? 
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When, which tier & how many 

 Response time 
– An Analytical Model for Multitier Internet Services and Its 

Applications,Bhuvan Urgaonkar, Giovanni Pacificiy, Prashant 
Shenoy, Mike Spreitzery, and Asser Tantawi 

– Chapter2,Chapter3, Dynamic Resource Management In Internet 
Hosting Platforms, Bhuvan Urgaonkar 

• Which tier should be scaled up/down? 

• How many VMs should be added or reduced? 

• When to scale up/down?（predict） 
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When, which tier & how many 

 MVA algorithm 
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When, which tier & how many 

 Model Enhancements 
– Replication and Load Imbalance at Tiers 

– Handling Concurrency Limits at Tiers 

– Handling Multiple Session Classes 
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When, which tier & how many 

 Replication and Load Imbalance at Tiers 

 

 
– Imbalance factor 
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When, which tier & how many 

 Handling Concurrency Limits at Tiers 
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When, which tier & how many 

 Handling Multiple Session Classes 
– The estimation of the drop probabilities, however, needs to 

be done on a per-class basis. 
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When, which tier & how many 
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When, which tier & how many 

 How much to provision 
• In case this is worse than the target, we use the MVA algorithm 

to determine, for each replicable tier, the response time 
resulting from the addition of one more server to it. We add a 
server to the tier that results in the greatest improvement in 
response time. 

• We repeat this until we have an assignment for which the 
predicted response time is below the target 
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When, which tier & how many 

 DYNAMIC CAPACITY PROVISIONING 
– When to Provision 

• Predictive provisioning----estimate the workload for the next 
few hours and provision for it accordingly.  

• Reactive provisioning ----correct errors in the long-term 
predictions or to react to unanticipated ash crowds. 
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When, which tier & how many 

 Predictive Provisioning 
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When, which tier & how many 

 Reactive Provisioning 
– the workload on a given day deviates from its behavior on 

previous days 

– sudden load spikes 

 

– invoked once every few minutes if              or 
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 Predictive and Reactive Provisioning 

 

When, which tier & how many 

 
Result:  
 
We need reactive mechanisms to 
deal with large flash crowds. 
 
However, reactive provisioning 
alone may not be effective, since 
its actions lag the workload. 
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What is the policy of scaling? 

 Profit-driven 
– Characterizing Web Application Performance for Maximizing 

Service Porvider’s Profits in Clouds, Xi Chen, Haopeng Chen, 
Qing Zheng, Wenting Wang, Guodong Liu 

• Policy of scaling 
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Resize or add/reduce number? 

 Resize or quantity change? 
– Performance 

– VM fragment 

 

VM 

VM 

VM host 
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Where to allocate? 

 Which host? 
– Enhance Utility 

 

CPU-
intensive 

VM 

host 

CPU-
intensive 

VM 

Memory-
intensive 

VM 

host 

Bandwidth
-intensive 

VM 

host 

Bandwidth
-intensive 

VM 

Memory-
intensive 

VM 

X-intensive 
VM 

Memory-
intensive 

VM 

23 



                               上海交通大学 软件学院 高可靠实验室 

Where to allocate? 

 Algorithm 
– Goal: utility & reliability 

– Multiple dimensions: CPU, Memory, Bandwidth, storage…… 

 

– Knapsack problem 

– Heuristic algorithm 
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Where to allocate? 

 Which availability zone and region? 
– Regions are dispersed and located in separate geographic 

areas 

• six regions: US East (Northern Virginia), US West (Northern 
California), EU (Ireland), Asia Pacific (Singapore), Asia 
Pacific (Tokyo), and AWS GovCloud. 

 

– Availability Zones are distinct locations within a Region 
that are engineered to be isolated from failures in other 
Availability Zones and provide inexpensive, low latency 
network connectivity to other Availability Zones in the same 
Region. 

• Availability Zones have independent networking, power, and 
cooling, and separation from risks such as flood and fire 
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Where to allocate? 
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Where to allocate? 

 By launching instances in separate Regions, you can 
design your application to be closer to specific 
customers or to meet legal or other requirements. 

 

 

 

 

 

 

 By launching instances in separate Availability Zones, 
you can protect your applications from the failure of 
a single location. 
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Where to allocate? 
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Where to allocate? 

 Charge  

29 



                               上海交通大学 软件学院 高可靠实验室 

Where to allocate? 

different regions different Availability 
Zones in the same 
Region  
 

Same availability 
zone 

Amazon EC2 --
Amazon S3 

Internet transfer 
Charge both sides 
 

no charge no charge 
 

between Amazon EC2  Internet transfer 
Charge both sides 
 

Regional Data 
Transfer-$0.01  

no charge 

between AWS 
services  

Internet transfer 
Charge both sides 

Regional Data 
Transfer-$0.01  

no charge 
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Software Reliability 

 Reliability in Distributed System 
– 80s – 90s 

– Software reliability, no environmental concerns(location) 

– Focus on the topology, the reliability of the communication 
edges and file transfer 

– Focus on Markov chain, execution graphs 
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Software Reliability 

 A study of service reliability and availability for 
distributed systems 
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Efficient algorithms for reliability 
analysis of distributed computing systems 
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Software Reliability 

 



                               上海交通大学 软件学院 高可靠实验室 

Software Reliability 

 DTMC 

 Absorbing: 
– If at least one state has no outgoing transition 

 

 

 Let Xi,j represent the number of visits to state j 
starting from state i before the process is absorbed 
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Software Reliability 
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VM governance 

 VM governance/ migration 
– When, how, cost 

– Related to VM allocation & Reliability Issues 
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Instance type & pricing Strategies 

 Instance Type 

 Towards Characterizing Cloud Backend Workloads: Insights 
from Google Compute Clusters, Asit K. Mishra, Joseph L. 
Hellerstein, The Pennsylvania State University Walfredo 
Cirne, Chita R. Das, Google Inc, 2010 

 

 Pricing Strategies 

 Amazon EC2 

 Microsoft Azure 

 IBM Smart Cloud 

 Google App Engine 
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Instance type & pricing Strategies 

 a methodology 
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Instance type & pricing Strategies 

 Step 4 reduces the total number of task classes by 
merging 
– Merge adjacent classes if the CV of the merged task class is 

much less than 100%. 

• CV= the ratio of the standard deviation to the mean (often 
expressed as a percent 
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Instance type & pricing Strategies 

 Insights from Task Classification 

– We see that task durations are bimodal, either somewhat less than 30 
minutes or larger than 18 hours. 

• The first are user-facing. A second type of long-running tasks are 
compute intensive, such as processing web logs.  

– we see that tasks with short duration dominate the task population. 

• sss tasks are short, highly parallel operations such as index lookups 
and searches.  

• sml tasks are short memory-intensive operations such as map reduce 
workers computing an inverted index.  

• slm tasks are short cpu-intensive operations such as map reduce workers 
computing aggregations of log data. 

– observe that a small number of long running tasks consume most of 
the CPU and memory. 

• The first are computationally intensive, user-facing services such as 
work done by a map reduce master in processing web search results. 

• The second kind of long-running tasks relate to log-processing 
operations, such as analysis of click through. 
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Instance Families and Types 

42 
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Instance type & pricing Strategies 
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Instance type & pricing Strategies 

 Resource rent: 
– On-Demand: pay by hour 

– Reserved: pay by year 

– Spot: auction 

 Storage 

 Value-added Service 
– Data transfer 

– Auto scaling 

– Elastic IP address 

– Load balance 
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Instance type & pricing Strategies 

 On-demand & Reserved 

On-demand
租一年是 
$262.8 

$1051.2 

$2102.4 
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Instance type & pricing Strategies 
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Instance type & pricing Strategies 

 Spot 
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Instance type & pricing Strategies 
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Instance type & pricing Strategies 
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Instance type & pricing Strategies 

 Microsoft Azure 
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Instance type & pricing Strategies 
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 IBM Smart Cloud 
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Instance type & pricing Strategies 
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Instance type & pricing Strategies 

 Google App Engine 
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Instance type & pricing Strategies 
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Instance type & pricing Strategies 
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Industrial Example 

 Provider 
– Google app engine 

 

 User 
– Amazon, Microsoft…… 
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 Amazon: Auto scaling 
– Manual Scaling 

– Scaling by Schedule 

– Scaling by Policy 

 

– Auto Scaling Group 

• An Auto Scaling group is a representation of multiple Amazon EC2 
instances that share similar characteristics, and that are 
treated as a logical grouping for the purposes of instance 
scaling and management. 

– Health Check 

• A health check is a call to check on the health status of each 
instance in an Auto Scaling group. 

– Launch Configuration 

• A launch configuration captures the parameters necessary to 
create new EC2 instances.  
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– Trigger 

• Alarm 

– a CloudWatch alarm 

– An Amazon CloudWatch alarm is an object that watches over a single 
metric. 

 

• Policy 

– A policy is a set of instructions for Auto Scaling that tells the 
service how to respond to CloudWatch alarm messages. 
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 Scaling Activity 
– Auto Scaling Instance Termination 

– Cooldown 

– Instance Distribution and Balance Across Multiple Zones 

• Auto Scaling attempts to distribute instances evenly between the 
Availability Zones that are enabled for your Auto Scaling group. 

• Certain operations and conditions can cause your Auto Scaling 
group to become unbalanced. Auto Scaling compensates by creating 
a rebalancing activity 

• Auto Scaling always launches new instances before attempting to 
terminate old ones, so a rebalancing activity will not 
compromise the performance or availability of your application. 
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Issues 

 Scale up or down 
– Who should decide to scale up/down? 

– When to scale up/down? 

– Which tier should be scaled up/down? 

– How many VMs should be added or reduced? 

– What is the policy of scaling? 

– How to add/ reduced? Resize or quantity change? 

– Which type of VM should be added/reduced? 

– Where the new VM should be placed? Or which old VMs should be 
terminated? 
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Thank you~ 
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