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Problem: High Latency Variance
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Quantifying Latency Variance

Measurements of S3 and Azure for one week

120 PlanetLab sites as clients
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Quantifying Latency Variance

Measurements of S3 and Azure for one week

120 PlanetLab sites as clients
Upload and download 1KB objects
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Impact of Latency Variance

User perceived latency is
imited by the slowest response

Social network synchronization
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Impact of Latency Variance

Measurements of PlanetLab sites downloading a
webpage containing 50 objects
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Impact of Latency Variance

Important to reduce single request tail latency

to Improve median application performance

Measurements of PlanetLab sites downloading a
webpage containing 50 objects

O Measured median: 2X slower than ideal
O Measured 99%ile: 20X slower than ideal

R -~



How to Combat Latency Variancee

Lots of recent work

O DeTail (SIGCOMM'12), Bobtail (NSDI'13),
PriorityMeister (SoCC'14), C3 (NSDI'15)...

O Require modification of underlying cloud system
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How to Combat Latency Variancee

O Lots of recent work

O DeTail (SIGCOMM™12), Bobtail (NSDI'13),
PriorityMeister (SoCC'14), C3 (NSDI'15)...

O Require modification of underlying cloud system

L Our consideration
What can application providers do

to reduce latency variance?
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Approach: Redundancy

Tail latencies dominated by isolated spikes
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Tail latencies dominated by isolated spikes
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Use Multiple Data Centers

No benefit with multiple DCs
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Use Multiple Clouds
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Example Configuration
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How to estimate latency distribution for any
configuration?

How to guarantee data consistency despite
concurrent PUTse

R



Challenges

How to search configuration space to find cost
effective configuratione

How to estimate latency distribution for any
configuration?

How to guarantee data consistency despite
concurrent PUTse

R



Challenge: Latency Estimation

How to estimate, rather than measure, the
latency with any particular configuration?

R



Challenge: Latency Estimation

How to estimate, rather than measure, the
latency with any particular configuration?

Simplest way: sample from single request distribution
iIndependently, and take the min

R



R

How to estimate, rather than measure, the
latency with any particular configuration?
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Challenge: Latency Estimation
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CosTLO Latency Estimation

Explicitly model sources of dependency
O Concurrent requests hit same replica
O Concurrent requests take same network path
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Evaluation

Questions
O Can CosTLO meet SLOs?

O How useful are different forms of redundancy?
O How much cost overhead does CosTLO incure
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Evaluation

Questions

O Can CosTLO meet SLOs?

O How useful are different forms of redundancy?
O How much cost overhead does CosTLO incure

Experiment setup

O Application is deployed on Amazon AWS
O CosTLO is deployed on S3 and Azure

O 120 PlanetLab nodes as clients

O | week long Wikipedia workload

R



CosTLO Satisfies SLOs

Single request SLO
99%ile — median <= X ms

W/o Co§TLO —

»
_9 1 [ ., - i ,,,,,,,,,,,,,,,,,, _
1 o — U SS——— — — .

;S I R N R
S o6p

L R

Q o04F ST

© I e
021 T

-

O i i | gen R i i

99th percentile - median (ms)

R



CosTLO Satisfies SLOs

Single request SLO
99%ile — median <= X ms

w/o CosTLO —

sl Iv\re ho 95 ofPL si’res ‘
M have inflafion > 50ms

CDF of PL sites

’V

| | | iy . |
0 10 20 30 40 50 60 70 80
99th percentile - median (ms)

R




CosTLO Satisfies SLOs

Single request SLO
99%ile — median <= X ms

W/o Co§TLO —
I R N N | sLO=50 .
_ I — T B B ]
= %%
S o6f s R e e e
LL L
o o4t T
O -
02r o e ]
|~
O i i D 111 el 8 i i

99th percentile - median (ms)

R



CosTLO Satisfies SLOs

R

CDF of PL sites

Single request SLO
99%ile — median <= X ms

- w/o CosTLO = SLO =50ms -

ore than 80% of PL

sfres ccn meet SLO

99th percentile - median (ms)

= 78



CosTLO Satisfies SLOs

Single request SLO
99%ile — median <= X ms

w/o CosTLO = SLO =40ms ==

SLO =50ms -
g | Em
& %8 T  —
5 o6 4 5 e
T FARN RN \ore than 80% of PL
o e sfres can meet SLO
0.2 frois it fo L —
0 oy . -t ] 1 5

99th percentile - median (ms)

R



CosTLO Satisfies SLOs

Single request SLO
99%ile — median <= X ms

w/o CosTLO - SLO 40ms -
SLO 50ms = SLO 30ms -

ore than 80% of PL
sfres ccn meet SLO

CDF of PL sites

0 10 20 30 40 60 70 80
99th percentile - median (ms)

R



CosTLO Satisfies SLOs

Single request SLO
99%ile — median <= X ms

w/0 CosTLO =' SLO =40ms ==
SLO 50ms - - SLO 30ms—

—h
T

ore than 80% of PL
sites can meet SLO

CDF of PL sites

> o o o
v ~» O 0

Can olso so’nsfy opphcohon specific SLOs
« Bound median webpage load time
 Bound median sync completion time

R .




Important to combine forms of
redundanc

SLO: GET tail latency inflation < 40ms

o 1r
| |
“w 09 @
8 0.8 - s | s | s
s o7
g 0T ]
fosp
e e e
5 03l
c
e e
o R . ]
c O

ob—

0 50 100 150 200 250
Cost inflation comparing with CosTLO (%)

R



Important to combine forms of
redundanc

SLO: GET tail latency inflation < 40ms

o 1r
—
@ 09
8 0.8 - s | s | s
S
5 07p
A R
AR R R A
a 04r
I e e P> M Ulfi-request
-l VN S A Single DC
e Otpe : :
0 Single object
0 50 100 150 200 250

Cost inflation comparing with CosTLO (%)

R



Important to combine forms of
redundanc

SLO: GET tail latency inflation < 40ms

o 1r
—
C£ 09
8 0.8 - s | s | s
S
5 07p
A IR -
505
a 04r
I R R sy V\UlTi-request
S L @E=0)) :
-l VN S I A Single DC
e v : :
0 Single object
0 50 100 150 200 250

Cost inflation comparing with CosTLO (%)

R



Important to combine forms of
redundanc

SLO: GET tail latency inflation < 40ms

o 1r
—
CL) 09
& 08
S
% 07
A R
7 05p
g 04r
B e A ) S Multi-request
S L E=0) :
§ ol Single DC
e Otpe : :
0 Single object
0 50 100 150 200 250

Cost inflation comparing with CosTLO (%)

R



Important to combine forms of
redundanc

SLO: GET tail latency inflation < 40ms

0.9 QT
0.8 [ g
S
os| -\
il o\

oal o |\ £ Multi-request
I e AR I Si\lc DC

R e e
e Single object

Fraction of PL sites that meet SLO

0 | i i i i i
0O 50 100 150 200 250
Cost inflation comparing with CosTLO (%)

R



Important to combine forms of
redundanc
SLO: GET tail latency inflation < 40ms
, CosTO

****** | +Copies of object

i \ £ P Multi-request
************************************************************************ Single DC

Single object

Fraction of PL sites that meet SLO

50 100 150 200 250
Cost inflation comparing with CosTLO (%)

R



Conclusions

Current cloud storage services have high latency

variance and unpredictable performance

CosTLO
0 Reduce tail latency using redundant requests

O Judiciously combine forms of redundancy

O Satisfy SLOs with low additional cost
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Thank you

http://zwu.me/costlo.html

wuzhe@umich.edu

Questions?
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