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w Motivation

Elasticity:
= Mayor quality attribute of clouds

= Many strategies exist
= Industry [Galante12, Jennings14] EC2

[Gartner09] amazon

= Academia

INSTANCE COUNT 1 3 .
TINSTANCES RUNNING INstances

TARGET CPU
RO I I 50 percent

Benchmark for comparability!

“You can’t control what you can’t measure?” (DeMarco)
“If you cannot measure it, you cannot improve it” (Lord Kelvin
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w Related Work @z

= Specialized approaches [ Binning09, Li10,
, o , Dory11, Almeida13 ]
» Measure technical provisioning time
= Measure SLA compliance

* Focus on scale up/out

= Business perspective [ Weimann11, Folkerts12,

. . L Islam12, Moldovan13, Tinnefeld14
» What is the financial impact? Sam oreovan nnefeld4 ]
» Disadvantage:

Mix-up of elasticity technique and business model
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@ Cloud System Under Test

Cloud System Under Test (CSUT) |

Cloud Management Scalable Infrastructure

e Active VMs Active VMs
Monitoring | s

System
1 2 3 4 5 6

Load Balancer -7 lo= | o=

Elasticity
Mechanism

Reconfiguration
Management
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@ Elasticity Benchmarking Concept
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E Analyze System Phase @i

Approach:

= Evaluate system separately
at each scale

= Find maximal intensity that the
system can withstand without

violating SLO (binary search) f(intensity)

= Derive demand step function:
resourceDemand = f(intensity) >
max. load intensity

resource amount

Benefit:
= Derive resource demand for arbitrary load intensity variations
A A
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E Elasticity Benchmarking Concept @
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w Benchmark Calibration Phase @i

Goal: Induce same resource demand on all systems

intensity
intensity

time

>

)

f(intensity)

resources =%
resources
—
____J

time’ time
= demand — supply = demand — supply

()
()

Approach: Adjust load intensity profile to overcome
= Different performance of underlying resources
= Different scalability

11 N. Herbst BUNGEE: An laaS Cloud Elasticity Benchmark



E Elasticity Benchmarking Concept
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w Measurement Phase @

» Requirements: Stress SUT in a representative manner
= Realistic variability of load intensity “ T

= Adaptability of load profiles to |
suit different domains i

= Approach: 0
= Open workload model [Schroeder06] hitp:idescatos oo ofinon

» Model load variations with the LIMBO toolkit [SEAMS15Kistowski]
Facilitates creation of new load profiles A

= Derived from existing traces _W
LIMBO

= \With desired properties (e.g. seasonal pattern, bursts)
= Execute load profile using JMeter

A JMeter Timer-Plugin delays requests according Apact _
to timestamp file created by LIMBO JM‘EF

https://github.com/andreaswe/JMeterTimestampTimer
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E Elasticity Benchmarking Concept @
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w Metrics: Accuracy s @?
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w Same Value — Different Behavior @i
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E Metrics: Timeshare @23 @?

A

A1 B1 A2 A3 BZ B3
w L ——
®
o
-]
O
7))
o

.i_
>
— resource demand — resource supply

. 2 A . 2. B

[ timeshare, E timeshare, =

17  N. Herbst BUNGEE: An laaS Cloud Elasticity Benchmark



E Metrics: Jitter @i
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E Elasticity Benchmarking Concept

?

System
Analysis

}

Benchmark
Calibration

:

.

Measurement

J

.

Elasticity

.

Evaluation

J

@

7

Analyze h

performance of underlying resources &
scaling behavior

\ J
( N
Adjust load profile
\ J
4 . )
Expose CSUT to varying load
&

_ monitor resource supply & demand )
s Evaluate elasticity aspects A
accuracy & timing
L with metrics )

D

2E
s I? mazn
s Cloudswtack EC2

19

N. Herbst

BUNGEE: An laaS Cloud Elasticity Benchmark



. BUNGEE Implementation

20

Java-based elasticity benchmarking framework

Components
» Harness (Benchmark Node)
» Cloud-side load generation application (CSUT)

Cloud Elasticity Benchmark

BUNGEE

Automates the four benchmarking activities

i KR ez
> u JUlele Cioudétack Ecz

System Analysis Benchmark Calibration Measurement Elasticity Evaluation

R

Currently: Analysis of horizontally scaling clouds based on

= CloudStack
= AWS

Extensible with respect to
* new cloud management software

" new resource types
= new metrics Sources soon available at
http://descartes.tools/bungee
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E Evaluation & Case Study

» Evaluation (private cloud)
» Reproducibility of system analysis

Err'reI
= Simplified system analysis
Linearity assumption holds for test system

= Consistent ranking by metrics
Separate evaluation for each metric, min. 4 configurations per metric

< 5%, confidence 95% for first scaling stage

= Case Study (private & public cloud)
= Applicability in real scenario
» Different performance of underlying resources
= Metric Aggregation
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UNI a n
w Evaluation: Accuracy,, @
2200 1 |
g 100 l
;% 0 threshold | accuarcy
f Down [%] | [res. units]
§ 2 Yy, 55 0.145
83 wmmmmmmmy,
g2 7 2) W, 75 0.371
2| ", 707/ 85 0.603
1.000
7 I
E 1.003 4 accuracy,, N
51.003 allows to rank
0 I different
o I '
0mos 5mo0s 10m0s 15m0s 20mo0s elastic behaviors on
— load intensity == demand -4~ supply Config A< supply-(l;lc:fZB-- supply Config C-¥- supply Config D \ an Ordinal scale j
N waiting time Ml service time Config A Il service time Config B Wl service time Config C N service time Config D
22 N. Herbst BUNGEE: An laaS Cloud Elasticity Benchmark



@ Case Study: Configuration F - 1Core D

o
g 200 quietTime
©
2 100 120s
<0
=100 condTrueDur
E 7.5 30s
< ’
8 5.0 threshUp
S 2.5 65%
]
o @ . , : : j
7 1.000 threshDown
= 10%
£ 500
@
g | | , |
0mOs 1hOmOs  2hOmOs  3hOmOs  4hOmOs  5hOmOs  6hOmOs

Time

|— load intensity — DEMAND -e- LB_RULE_ADAPTION Wl waiting time Wl service time |

Confiquration accuarcy, accuracy, | timeshare, | timeshare, | jitter elastic violations
9 [res. units] [res. units] | [%] [%] [adap/min.] | speedup | [%]

F —1Core 2.423 0.067 -0.067 1.046
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E Case Study: Config. F - 2Core not adjusted @

[} .

&*3 200 no adjustment

g100 quietTime
S0 120s
£10,0;

S L5 \ condTrueDur
< b

30s

S 5,0

o 55 threshUp
& )
= @ — - ' - —° © 65%
% 1.000
g threshDown
[}
£ 500 10%
Q.
&

0<
OmOs 1hOmOs 2h0OmO0s 3h0OmO0s 4hOmOs 5h0OmO0s 6h0mOs

Time

|— load intensity — DEMAND -6- LB_RULE_ADAPTION H waiting time Wl service time |

Confiauration accuarcy, accuracy, | timesharey | timeshare, | jitter elastic violations
9 [res. units] [res. units] | [%] [%] [adap/min.] | speedup | [%]

F —1Core 2.423 0.067 66.1 -0.067 1.046

F — 2Core no adjustment 1.811 0.001 63.8 0.1 -0.033 1.291 21
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@ Case Study: Config. F - 2Core adjusted @

rd

g adjusted
%250 J
£ quietTime
< 0
£10,0 120s
E 75 condTrueDur
S 5,0 30s
5
2 2,5 threshUp
I ¥ T v * ! OAOED
7 1.000 65%
© threshDown
E 500
Ei 10%
&

0.
OmOs 1hOmOs 2h0OmOs 3h0OmOs 4h0OmOs 5h0mO0s 6h0mO0s

Time

|— load intensity — DEMAND -©- LB_RULE_ADAPTION N waiting time W service timel

Confiquration accuarcy, accuracy, | timeshare, | timeshare, | jitter elastic violations
9 [res. units] [res. units] | [%] [%] [adap/min.] | speedup | [%]

F —1Core 2.423 0.067 66.1 -0.067 1.046
F — 2Core no adjustment 1.811 0.001 63.8 0.1 -0.033 1.291 21
F — 2Core adjusted 2.508 0.061 67.1 4.5 -0.044 1.025 8.2
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@ Case Study: Config. K- AWS m1.smali

D

@
T
T
g 250 quietTime
<
0 60s
‘g 10,0
g 7.5 condTrueDur
2 50 60s
o 2,5 % threshUp
8 ° &d
c 0,00 - 80%
g 1.000
= threshDown
£
= 500 50%
Q
1]
Ll E ] .
N | | ki L instUp/Down
OmOs 1hOmOs  2hOmOs  3hOmOs 4hOmOs  5hOmOs  6hOmOs 3/1
Time
|— load intensity — DEMAND -©- MONITORED N waiting time W service timel
. . accuarcy, accuracy, tlmeshareo tlmeshareU jitter elastic violations
S [res. units] [res. units] [adap/min.] | speedup | [%]
F —1Core 2.423 0.067 66.1 -0.067 1.046
F — 2Core adjusted 2.508 0.061 67.1 4.5 -0.044 1.025 8.2
K—-AWS m1.small 1.340 0.019 61.6 1.4 0.000 1.502 2.5
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w Conclusion

» Performance of underlying resources and scaling behavior
» Business model

Elasticity benchmark concept for laaS cloud platforms
Contribution Refined set of elasticity metrics
Concept implementation: BUNGEE - framework for elasticity benchmarking

Evaluati Consistent ranking of elastic behavior by metrics
el Case study on AWS and CloudStack

BUNGEE: Distributed load generation, scale vertically, dif. resource types
Future Work : _ : . :
Experiments: Tuning of elasticity parameters, evaluate proactive controllers

Evaluate elastic behavior independent of J
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E Case Study: A - Baseline Configuration@

= A 1Core
& 200 quietTime
£ 100"
= 0 240s
£ 10,01 o condTrueDur
@]
E 7.5 120s
[0}
8 5,0 threshUp
(@]
3 25 ) 90%
= 1.000 threshDown
£
2 10%
£ 500 ‘
X
€ . ‘ , ‘ JLJ||H |
0mOs 1hOmOs 2h0mO0s 3h0mO0s 4hOmOs 5h0OmO0s 6h0mO0s

Time

|— load intensity — DEMAND -6~ LB_RULE_ADAPTION B waiting time W service time |

Confiquration accuarcy, accuracy, | timeshare, | timeshare, | jitter elastic violations
9 [res. units] [res. units] | [%] [%] [adap/min.] | speedup | [%]

A — 1Core Baseline 2.425 0.264 -0.067 1.000
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w Implementation — Activity Diagram @i

/ Benchmark N

/ System Analysis \ / Benchmark Calibration \
Request .—\l/ LoadProfile

' ' ‘W/
Host Scalab|||ty&Eﬁ|C|encyB]§ IntensityDemandMapping =>{ IntensityDemandMapping

Analysis . . )
T T Adjustment Eunctlon Loa'd Profile AdjustedloadProfile
Generation Adjustment
SLOs maxResources
_ J ' \9@
maxintensity

N J

/ Measurement \
(Extended)CloudInfo ’ U/ / Elasticity Evaluation \
1 AbstractMetric ’—\I/
Start Monitoring ] [1.%]

| Host }— \V Metric Computation 3]%{ Metric Result File |

| g Execute Load ]
Request DemandSupplyContainer %{ DemandSupplyContainer \9©

Stop Monitori
(Adjusted)LoadProfile ~ — [ op Monrtoring

| V

IntensityDemandMapping }3% Extract Demand & Supply

—_—_———————_ e — —

Parameter Control Object
Activity: Node / Pin: Flow: Flow:

(J o (=) o=o
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E CloudStack Supply Events @i

2.
1 ] I
= 2 @ ®
3 1 @ & C ©
£,
§ 11 & I I A
o
82 <
&2 +
2. -
g‘ 1 e 1 L
2 1.000
= !
S 0 . : : , ;
é OmOs 5mO0s 10mO0s 15m0s 20m0s
Time

— DEMAND -&- MONITORED -4~ VM_SCHEDULED -¢- VM_COMPLETED -=- LB_RULE_ADAPTION N waiting time 0 service time
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[ Elasticity Definition D

[Herbst13]

Elasticity
IS the degree to which a system is able to

adapt to workload changes by
provisioning and de-provisioning resources
In an autonomic manner,

such that at each point in time the

available resources match the

current demand as closely as possible.
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% Definitions ‘D

ODCA, Compute Infrastructure-as-a-Service:

”[...] defines elasticity as the configurability and expandability of the solution]...] Centrally, it
is the ability to scale up and scale down capacity based on subscriber workload.” ocoarz

NIST Definition of Cloud Computing

"Rapid elasticity: Capabilities can be elastically provisioned and released, in

, to scale rapidly outward and inward commensurate with
demand. To the consumer, the capabilities available for provisioning often appear to be
unlimited and can be appropriated in any quantity at anytime.” e

IBM, Thoughts on Cloud, Edwin Schouten:

"Elasticity is basically a ‘'rename’ of scalability [...]” and ”
needed to increase or reduce capacity.” isnoueniz)

Rich Wolski, CTO, Eucalyptus:

“Elasticity measures the ability of the cloud to map a single user request to different
resources.” woiski1]

Reuven Cohen:

Elasticity is "the quantifiable ability to manage, measure, predict and adaptive
responsiveness of an application based on real time demands placed on an
infrastructure using a combination of local and remote computing resources.” cohenos)
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E Prerequisites

= Autonomic Scaling
= Ensures repeatability

» Comparability with respect to
= Resource Types (cpu, memory, vm)
= Resource Scaling Units (cpu cycles, processors, vm)
» Scaling Method (up/down, in/out)
= Scalability Bounds (max. amount of resources)
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E Different scaling ranges: @i

= 4 Providers:

* Provider A: S vms
* Provider B: / vms
= Provider C: 10 vms
* Provider D: 15 vms

= Compare within a range that is supported by all providers
= Option 1: Benchmark only first 5 resources
= Option 2: Build groups (A,B: 5 C,D:10)
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