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? Figure 2: Balloon Performance. Throughput of single
6\ ¢4 (&/ Linux VM running dbench with 40 clients. The black bars

plot the performance when the VM is configured with main
memory sizes ranging from 128 MB to 256 MB. Th¢ gray bars

6§ H"‘s plot the performance of the same VM configured with256 MB
ballooned down to the specified size.
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Figure 3: Content-Based Page Sharing. ESX Server
scans for sharing opportunities, hashing the contents of can-
didate PPN 0x2868 in VM 2. The hash is used to index into a
table containing other scanned pages, where a match is found
with a hint frame associated with PPN 0x43f8 in VM 3. If a
full comparison confirms the pages are identical, the PPN-to-
MPN mapping for PPN 0x2868 in VM 2 is changed from MPN
0x1096 to 0x123b,)both PPNs are marked COW, and the
redundant MPN is reclaimed.
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| GuestTypes | MB [ MB | % |[MB | % 60 2
A | 10 WinNT | 2048 | 880 | 42.9 | 673 | 32.9 ESO-
B 9 Linux 1846 | 539 | 29.2 | 345 | 18.7 $ 407 T3 Shared (COW)
C 5 Linux 1658 | 165 | 10.0 | 120 | 7.2 s 303 +— Shared - Reclaimed
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Figure 5: Real-World Page Sharing. Sharing metrics 12_ ¢ T
from production deployments of ESX Server. (a) Ten Windows I 2 3 4 5 6 7 8
Number of VMs

NT VMs serving users at a Fortune 50 company, running a va-
riety of database (Oracle, SQL Server), web (IIS, Websphere),
development (Java, VB), and other applications. (b) Nine
Linux VMs serving a large user community for a nonprofit
organization, executing a mix of web (Apache), mail (Major-
domo, Postfix, POP/IMAP, MailArmor), and other servers. (c)
Five Linux VMs providing web proxy (Squid), mail (Postfix,
RAV), and remote access (ssh) services to VMware employees.

60% of all VM memory is reclaimed.
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Figure 4: Page Sharing Performance. Sharing metrics
for a series of experiments consisting of identical Linux VMs
running SPEC95 benchmarks. The top graph indicates the ab-
solute aMred and saved increase smoothly
with the number of concurrent VMs. The bottom graph plots
these metrics as a percentage of aggregate VM memory. For
large numbers of VMs, sharing approaches 67% and nearly
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