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Measuring resource demand in Linux
(Resource allocation, Goldilocks style)
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Measuring resource demand

The problem space
Demand != use
CPU

Memory

/O

Questions



O, rednat.

Virtualization

Everybody wants to use virtualization

Consolidation
Security

Test infrastructure
Cost saving through consolidation

How many virtual machines will fit?
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The problem space

Virtualization / consolidation

Multiple virtual machines per physical computer

Save power / space / hardware
The more VMs per computer, the more savings

Allocate exactly the right amount of resources to each virtual machine

Automatically resize and migrate virtual machines depending on their workloads.
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Enough is ... enough?

Current tools measure

CPU use vs. idle
Used vs. free memory
Disk 10 rates, request sizes, ...

Network 1O rates

Experienced admins can spot the bottleneck
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Demand != use

Experienced admins can spot bottlenecks, using:

Tools like: vmstat, iostat, top, sar
Knowledge about the workload
Years of experience

Intuition

Automated workload balancers cannot

Resource demand needs to be measured
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What is the bottleneck?

File Edit View Terminal Tabs Help

[riel@moria ~]$ vmstat 1 =
procs —-—---—--—-—-- memory-----—---—-— —-—- swap-- ----- i0---- -- system-- ---- cpu----
r b swpd free buff cache si s i
20 11 91696 33036 13788 214184 14

91696 38744 13824 215296
91696 37600 13892 217088
91696 35836 14020 219144
91696 54364 14052 221252
91696 38684 14084 222988
91696 33116 14212 224456
91696 30292 14256 226184
91696 29208 14292 227872
28412 14312 229216
91696 25140 14360 232028
91696 24064 14396 233624
91696 31444 14428 234920
91696 34516 14472 236288
91696 33428 14480 238172
91696 34644 14512 239892
91696 28572 14552 241188
91696 17052 14600 242924
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[riel@moria ~]$% I
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How much more?

It is obvious the system needs more resources

How much more CPU?
How much more memory?

How much faster disk?
Exact amounts matter for virtual machines

Can be resized on the fly

More accurate, more virtual machines
Which system benefits most from an upgrade?

Which virtual machine should get the excess memory?
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CPU use in a virtual machine

Adds a new kind of CPU time

User, nice, system, idle

In Linux since the start
|Owait, irq, softirg

New in 2.6
Steal

Virtual machine only

S390 and Xen
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CPU steal time

Time during which

A virtual CPU has a running task
But the virtual CPU itself is not running
Preempted by the hypervisor

Allows for identification of CPU contention between virtual
machines
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Analyzing CPU performance

High idle or iowait time
Enough CPU available
High steal time (and low idle and iowait time)

CPU divided between too many virtual machines

Spread virtual machines over more computers
Low steal time, iowait time and idle time

CPU not fast enough for workload

Need more, or faster, CPUs



O, rednat.

Memory measurements

Memory use is measured accurately

Active vs. inactive
Page cache, buffer cache,
Page table, slab cache, vmalloc

Free

More VM internal stats in /proc/vmstat
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Memory, not measured (yet)

How much memory does the system need?

/0 rates are an unreliable indication

Some data is used once and never again, caching it does not help

Other data is used over and over again and could be cached
Solution

Measure the re-use rate of recently evicted memory
Measure the refault distance of refaulted recently evicted memory

Combine with iowait time to estimate speedup
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Refault distance

When faulting in a page, check if it was recently evicted

Refault distance is the humber of pages that

Got evicted between the time this page was evicted
And this access to the page

For a refault distance N

If we had N pages more memory
The page we referenced would still be resident

And the fault would have been avoided

Can also be expressed in kilobytes, megabytes, etc
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Refault histogram

OUTPUT FROM /proc/refaults:

Refaiult distance

0o - 32768
32768 - 65536
65536 - 98304
98304 = 131072

131072 - 163840
163840 = 196608
196608 - 229376
229376 - 262144
262144 - 294912
294912 - 327680
327680 = 360448
360448 - 393216
3593216 - 425984
425084 - 458752
458752 - 491520
New/Beyond 491520
REFAULT DISTANCE:

For a given page, the number of pages that ave been evicted
since that page was evicted, For example, since page A (right)
was evicted, 32,768 more pages have been evicted,

HITS:

How much a mnge of pages is in dermand on the system,
In other words, how many faults have occurred when a page
that has been evicted is requested from resident memory,
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Avoid refaults by resizing memory

A lot of faults are on recently evicted pages

Avoid the faults by adding memory

This avoids iowait time, speeding up the system

new page new page
r /1 r [
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Different workloads

Different workloads benefit differently

Depends on the distance of most refaults

Depends on amount of iowait time

SPEED-UP
1/0 AVOIDED

EXPECTED SPEED-UP PER SYSTEM
BY MEMORY EXPANSION AMOUNT

SYSTEM A
SYSTEM B /
SYSTEM C

SYSTEM D

% —

50% —

4% —

R —

W% —

0% —

128 256 512 | 12
ME ME ME GB GB

MEMORY INCREASE
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Non-resident tracking internals

Requirements for non-resident page tracking

Low space overhead

Fast and SMP scalable

Each page is identified by a unique hash value
page->mapping
page->index
Mapping inode number

Self-contained, with a simple API

nonresident_put(mapping, index)

nonresident_get(mapping, index)
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Non-resident tracking data structures

struct nr_ bucket {

atomic_t hand;
u32 page[NUM_NR];

} _ _cacheline_aligned;

An array of struct nr_buckets, one u32 per page of RAM.

We hash index and mapping the other way around to pick an
nr_bucket

The number of buckets, and hence the effective hash key size,
grows with the size of memory.

Hash key size in bits = 32 + log2(nr buckets)

One nr_bucket cache miss per lookup
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Estimating the refault distance

Within each nr_bucket

Treat each bucket as a circular buffer
The clock hand points at the current entry

On insertion, advance the clock hand
On lookup of a hon-resident page

Select the right nr_bucket by hashing page->index and page->mapping
Calculate the page identifier (hash value) for the page we look up
Compare all page identifiers to the calculated value

Calculate the distance between the clock hand and the found entry
Multiply the found distance with the total number of buckets

Global refault distance estimate
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Reducing memory

Some virtual machines benefit greatly from getting more
memory

Other virtual machines can give up memory without hurting
(noticably)

Very little iowait time on refaults

References very little of current memory

Does not benefit from memory increase
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Disk and network I/0

Utilization at the host level

Very very busy -> need more

Not sufficient, congestion could be elsewhere
Queue size and latency for disk I/0

Sometimes disk I/O can be avoided by adding RAM

Sometimes just needs faster disk subsystem

Need monitoring at datacenter level
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Questions ?

More information can be found at:

Linux memory management
http://linux-mm.org/

Non-resident page tracking details
http://lwn.net/Articles/147879/

Xen virtualization technology

http://www.cl.cam.ac.uk/Research/SRG/netos/xen/


http://linux-mm.org/
http://lwn.net/Articles/147879/
http://www.cl.cam.ac.uk/Research/SRG/netos/xen/

