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Introduction to the Problem

* Linux views all memory as physical memory
- In virtualized environments this is not always true

* This simple gap between perception and reality leads to
performance problems

- performance problems can be as minor as 10% slower

- performance problems can be as bad as completely unusable
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Classic Scenerio #1 — Too much

* 4 virtual machines on a system with 4GB real memory

- Virtual Machine A -- 8GB virtual memory
- Virtual Machine B — 8GB virtual memory
- Virtual Machine C — 8GB virtual memory

- Virtual Machine D — 8GB virtual memory

* Linux always uses all memory it is given™

 Linux will use all 8GB on each partition, filling 32GB of
the 8GB real memory




Classic Scenerio #2 — Not Enough

* 2 virtual machines on a system with 32GB real memory

- Virtual Machine A -- 8GB virtual memory
- Virtual Machine B — 8GB virtual memory

- Virtual Machine C removed — 16GB virtual memory
 Linux can only use 16GB, the other 16GB goes unused
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The Real Problem

* Virtual Machines get created and deleted randomly
throughout time

* Workloads on each Virtual Machine can change
drastically over time

* Therefore the amount of virtual memory assigned a
Virtual Machine at boot will almost always be sub-
optimal.

- Again, this can be minor (10%)
- Or it can be major (unusable)




Memory Hotplug

* Add and Remove “Physical” memory
* Memory Hotplug Add in mainline kernels

* Many pieces of Memory Hotplug Remove in mainline
kernels

- Other missing pieces shown to work, but not in mainline
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Memory Hotplug in Partitions

* Each partition sees virtual memory backed by real
physical memory

- Performance of real physical memory
- Linux knows exactly what it has
- No surprises, just works
 Still able to load balance between partitions

- Hotplug remove from underutilized partitions

- Hotplug add to overutilized partitions




I\/Iemory Hotplug in Virtual Machines

* Hotplug occurs not at physical, but at virtual level

* The ONLY ways to increase virtual memory past what
the virtual machine was booted with is with either
memory hotplug add or with a reboot

- |If we wanted to reboot we'd use Windows

* Linux performs well if virtual memory is at least as large
as physical memory

* Linux performs well when virtual memory does not
greatly exceed physical memory




Ballooners

The “balloon” inflates into the kernel pool of memory,
taking it from the kernel and giving it to the Virtual
Machine.

The “balloon” deflates, giving memory back from the
Virtual Machine to the kernel.

This is the method currently used in zSeries, Xen, and
VMware

Implemented as a standalone device driver

- |Inflates via kmalloc

- Deflates via kfree
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Ballooners

Because of the balloon
metaphor it is easy to fall
into the trap of thinking of
ballooners as taking a big
continguous piece of
memory like this:
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Ballooners

A better metaphor is lots
of tiny little balloons.
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Advantages/Disadvantages
Hotplug Add

Pros Cons
* Easy * Large Granularity

* Only non-reboot solution  + Dependent on
for some problems SPARSEMEM config

* |n mainline, works on
several architectures
already

« Scalable
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Advantes/ Disadvantages

Hotplug Remove

Pros Cons
Causes no fragmentation® < Uphill battle for mainline
Eliminates overhead of integration
managing unused * Large Granularity

memory * Dependent on

Let's kernel optimizations SPARSEMEM config
work better

Scalable
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Advantages/Disadvantages

Balloon Inflation

Pros Cons
* Easy * Fragments memory badly
« Small granularity (page) * QOverhead for unused

* Quick response memory

* Confuses kernel
optimizations

e Doesn't scale well
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Recap Advantages/Disadvantages

Balloon Deflation

Pros Cons
* Easy * Relies on balloon inflation
« Small granularity (page) « Can't go beyond booted

- Quick response virtual memory
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4 Steps to Harmony

 We don't need an either/or approach, we need a best of
both worlds approach.

« Step 1: Memory hotplug add goes everywhere
« Step 2: Hotplug remove backed up by balloon inflate
« Step 3: Ballooners learn to play nice

« Step 4: Ballooners that play nice get a new toy

« Stop after any step




Step 1to Harmony

* Use Hotplug Add in Xen, IBM zSeries, Vmware, etc

- Easy to implement

- Completely compatible and transparent to balloon driver
- Only option other than rebooting

- Almost 100% chance of mainline inclusion
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Step 2 to Harmony

* Use Hotplug Remove first, fallback to balloon driver

- Hotplug Remove causes no fragmentation”

- Hotplug Remove eliminates overhead of managing unused
memory

- Almost all of the code for “best effort” hotplug remove is
merged, and the remaining code is not controversial.

- Requires no changes to Virtual Machine interface
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Step 3 to Harmony

* Balloners learn to play nice
- Right now memory claimed by the ballooner cannot be
reclaimed via hotplug remove. This is easy to fix.

* The ballooner could mark memory it claims as migrateable

* The ballooner would then register event notifiers to migrate
claimed memory inside a targeted section to other locations
outside that section
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Ste 4 to Harmony

oners that play nice get a new toy

"he ballooner can use memory hotplug remove to clean up

ne claimed memory in its inflated balloon

* The ballooner can hotplug remove whenever an entire section is
claimed by the balloon, and hotplug add that section back into
the balloon later if it needs to deflate.

* The ballooner could remove a section of memory, and then
deflate by the amount of the removed section that wasn't already
claimed




Legal Statement

* This work represents the view of the author and does
not necessarily represent the view of IBM.

* |IBM is a registered trademark of International Business
Machines Corporation in the United States and/or Other
Countries.

* Other company, product, and service names may be
trademarks or service marks of others.




Questions?

Joel Schopp
jschopp@austin.ibm.com

http://linkedin.com/in/schopp
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