


Qutline

® Motivation for page sharing

® Existing systems (a.k.a. state of the art)




Motivation

® Virtualisation becomes ubiquitous

“The number of virtualized PCs is expected to grow
from less than 5 million in 2007 to 660 million by
2011~

| Source: Gartner, 2008
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Motivation

® Homogeneous VMs common

® |dentical OSes use identical data;
» binaries (kernel + programs)
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Motivation

® Memory sharing reduces VM footprint

® Memory overhead of subsequent
homogenous VMs is smaller
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Sharing cycle
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Satori key objectives

|. Detect sharing quickly and cheaply

Hypervisor scans guest memory
and compares fingerprints
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Satori key objectives

|. Detect sharing quickly and cheaply

Satori monitors virtual I/O devices
=> no periodic scanning
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Satori key objectives

|. Detect sharing quickly and cheaply

Satori monitors virtual I/O devices
=> no periodic scanning
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Satori key objectives

|. Detect sharing quickly and cheaply

Satori monitors virtual I/O devices
=> no periodic scanning
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Satori key objectives

|. Detect sharing quickly and cheaply

Satori monitors virtual I/O devices
=> no periodic scanning
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Satori key objectives

|. Detect sharing quickly and cheaply

Satori monitors virtual I/O devices
=> no periodic scanning
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Sharing-aware block devs

® |ntuition: most (non-zero) duplicates
originate from VM page caches

® Sharing-aware block devices observe I/O
reads to build up knowledge of page caches
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Sharing entitlements

® Satori tracks the owners of shared
pseudo-physical pages

® Entitlement proportional to the
# of pages shared & # of pages reclaimed
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Sharing entitlements

® Satori tracks the owners of shared
pseudo-physical pages

® Entitlement proportional to the
# of pages shared & # of pages reclaimed
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Sharing entitlements

® Satori tracks the owners of shared
pseudo-physical pages

® Entitlement proportional to the
# of pages shared & # of pages reclaimed
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Sharing entitlements

® Satori tracks the owners of shared
pseudo-physical pages

® Entitlement proportional to the

# of pages shared & # of pages reclaimed
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Implementation in Xen

® Changes in the Xen hypervisor (5351 LoC)
» low-level sharing support

» sharing entitlement computation
» fault handling
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Performance results
Overheads

® Sharing-aware block devices interpose on
data read path

® Worst-case overhead for sequential reads

h h . O 2
(0 D ey SR 4 e RN SN o, B L o R o e g AN o AN B & R e W e A
o OV SR Sl o et S aad it e c R s Tn ke e o P PRSI M DR PSR Dt B R e ) T YT X %
S i s da bl g S hEat i S AL AR At SRl R B e SO s et S Sk g st e Tt

AR o S S S e C i S N s L i Ll s
a P L ANE e s T I D e o A
o s L i SN

B st e St AR R U MRS nf itk
[Pty SRR (Y Y0 et A SR o g Sy PR A
x5 i s e R ShLEd s el & 4 ‘ SR> S
R W S LI A0y e o e

. g B




Performance results

Detection effectiveness

Kernel Compilation (512MB)

/JjVVAW‘\
Rt b s e R A s A okl SRR A
s = e gty (s 1 “:"»' <k ,‘,;;z.... G o § Srlaiil. o

et 1 P
Z -

5% Wi L sl
Ry e ooy 2 A

TR 2 T NP LI T, fOea) 5 = .
PR ARG e Rl A%




Performance results

Detection effectiveness

Kernel Compilation (512MB)




erformance results

Performance impact — reads

Read progress in VM|




Performance results

Performance impact — httpd

Httpd performance

==Satori

——VMware without Tools

=VMware with Tools




Performance results

One slide summary

® Detection cheap and effective

p less than |% overhead (except IPC)
» duplicates detected immediately
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Conclusions

Satori implements enlightened page sharing
Satori is efficient (low overheads)

Satori is effective (high coverage)

Satori is fair (proportional entitlements)
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