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● Without X, with X
● Different benchmarks
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● Host without X, VM without X;
Host without X, VM with X;
Host with X, VM without X;
Host with X, VM with X
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● Multiple benchmarks (running 
inside VMs)
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● Host without X, VM without X;
Host without X, VM with X;
Host with X, VM without X;
Host with X, VM with X

● Multiple benchmarks (running 
inside VMs)

● Single or multiple VMs per 
host



Copyright © SUSE 2020

What’s the performance impact of kernel code change “X” ?

Baremetal

Kernel (no X)

CPU 
bench

VM

Kernel (no X)

VS.

I/O 
bench

VM

Kernel (no X)

Baremetal

Kernel
(with X)

CPU 
bench

VM
Kernel
(with X)

I/O 
bench

VM
Kernel
(with X)

Benchmarking in Virtualization

10



Copyright © SUSE 2020

What’s the performance impact of kernel code change “X” ?

Baremetal

Kernel (no X)

CPU 
bench

VM

Kernel (no X)

VS.

I/O 
bench

VM

Kernel (no X)

Baremetal

Kernel
(with X)

CPU 
bench

VM
Kernel
(with X)

I/O 
bench

VM
Kernel
(with X)

Benchmarking in Virtualization

11

● Host without X, VM without X;
Host without X, VM with X;
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● Multiple benchmarks (running 
inside VMs)
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What’s the performance of CPU bench running concurrently in 2 VMs?
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Scenario: 2 VMs on a shared host; identical; same priority/shares; CPU benchmark

Ideally:

● For each iteration, VMs receive equal amount of CPU time
● Each iteration of the benchmarks in the VMs lasts exactly the same
● Perfect fairness!

Example: Hypervisor Scheduler Fairness
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Scenario: 2 VMs on a shared host; identical; same priority/shares; CPU benchmark

Reality:

Example: Hypervisor Scheduler Fairness
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Testing & Benchmarking Suites, CI Tools, ...
● OpenQA
● Jenkins
● Kernel CI
● Autotest / Avocado-framework / Avocado-vt
● Phoronix Test Suite
● Fuego
● Linux Test Project
● Xen-Project’s OSSTests
● …
● …

19

http://open.qa/
https://jenkins.io/
https://github.com/kernelci/kernelci-doc/wiki/KernelCI
https://autotest.github.io/
https://github.com/avocado-framework
https://github.com/avocado-framework/avocado-vt
https://www.phoronix-test-suite.com/
http://fuegotest.org/wiki/FrontPage
https://linux-test-project.github.io/
https://xenbits.xen.org/gitweb/?p=osstest.git;a=summary
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Enters MMTests
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Some History of MMtests
“MMTests is a configurable test suite that runs a number of common 
workloads of interest to MM developers.”

E.g., MMTests 0.05, in Sept. 2012 (on LKML)

Evolved a lot. Not MM-only any longer.

Now on https://github.com/gormanm/mmtests
● Emails to: Mel Gorman <mgorman@suse.com>
● To me is also fine: Dario Faggioli <dfaggioli@suse.com>
● GitHub issues / pull requests not preferred

21

https://groups.google.com/forum/#!topic/linux.kernel/_EPle_ptNFk
https://github.com/gormanm/mmtests
mailto:mgorman@suse.com
mailto:dfaggioli@suse.com
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MMTests
● Bash & Perl
● Fetches, builds, configures & runs a (set of) benchmark(s)

○ Config files: collection of bash exported variables
○ Benchmarks are run through wrappers (“shellpacks”)
○ Each bench is run multiple times (configurable) for statistical significance

● Collects and store configuration info and results
● Can do comparisons and statistic analysis:

○ A-mean, H-mean, Geo-mean, significance, percentiles, ...
● Can plot
● “Monitors”: while the benchmark is running, it can:

○ Sample top, mpstat, vmstat, iostat, … 
○ Collect data from: perf, ftrace, … 

22
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MMTests: Available Benchmarks
Among the others, already preconfigured:
● pgbench, sysbench-oltp (mariadb and postgres), pgioperf, ... 
● bonnie, fio, filebench, iozone, tbench, dbench4, ...
● redis, memcached, john-the-ripper, ebizzy, nas-pb, …
● hackbench, schbench, cyclictest, …
● netperf, iperf, sockperf, …
● Custom ones:

○ Linux kernel load balancer, program startup time, ...
● Workload like:

○ git workload, kernel dev. workload, …
● Check in configs/ directory

○ More combination auto-generated ( bin/generate-* scripts)

23

https://github.com/gormanm/mmtests/tree/master/configs
https://github.com/gormanm/mmtests/tree/master/bin
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# MM Test Parameters
export MMTESTS="stream"

. $SHELLPACK_INCLUDE/include-sizes.sh
get_numa_details

# Test disk to setup (optional)
#export TESTDISK_PARTITION=/dev/sda6
#export TESTDISK_FILESYSTEM=xfs
#export TESTDISK_MKFS_PARAM="-f -d agcount=8"

# List of monitors
export RUN_MONITOR=yes
export MONITORS_ALWAYS=
export MONITORS_GZIP="proc-vmstat top"
export MONITORS_WITH_LATENCY="vmstat"
export MONITOR_UPDATE_FREQUENCY=10

# stream

export STREAM_SIZE=$((1048576*3*2048))

export STREAM_THREADS=$((NUMNODES*2))

export STREAM_METHOD=omp

export STREAM_ITERATIONS=5

export OMP_PROC_BIND=SPREAD

export MMTESTS_BUILD_CFLAGS="-m64 -lm -Ofast   
   -march=znver1 -mcmodel=medium -DOFFSET=512"

24

A Benchmark Config File
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A Benchmark Config File

● Can query the system characteristics.
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# MM Test Parameters
export MMTESTS="stream"

. $SHELLPACK_INCLUDE/include-sizes.sh
get_numa_details

# Test disk to setup (optional)
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A Benchmark Config File

● Can query the system characteristics.
● Benchmark parameters can depend on that
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A Benchmark Config File

● Can query the system characteristics.
● Benchmark parameters can depend on that
● Specific configurations of each benchmark;

kind of intuitive, but only if you know the 
benchmark already. To be sure, check the 
shellpack
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MMTests Workload

# ./run-mmtests.sh --config configs/config-netperf BASELINE
  [ change kernel / configuration / etc , e.g., disable KPTI ]
# ./run-mmtests.sh --config configs/config-netperf PTI-OFF

$ ./bin/compare-mmtests.pl --directory work/log --benchmark netperf-tcp \
    --names BASELINE,PTI-OFF
                             BASELINE              PTI-OFF
    Hmean     64        1205.33 (   0.00%)     2451.01 ( 103.35%)
    Hmean     128       2275.90 (   0.00%)     4406.26 (  93.61%)
    … … …
    Hmean     8192     36768.43 (   0.00%)    43695.93 (  18.84%)
    Hmean     16384    42795.57 (   0.00%)    48929.16 (  14.33%)

28

There’s a ./compare-kernels.sh script, but I personally prefer compare-mmtests.pl
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There’s a ./compare-kernels.sh script, but I personally prefer compare-mmtests.pl

MMTests Workload

# ./run-mmtests.sh --config configs/config-netperf BASELINE
  [ change kernel / configuration / etc , e.g., disable KPTI ]
# ./run-mmtests.sh --config configs/config-netperf PTI-OFF
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                             BASELINE              PTI-OFF
    Hmean     64        1205.33 (   0.00%)     2451.01 ( 103.35%)
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    … … …
    Hmean     8192     36768.43 (   0.00%)    43695.93 (  18.84%)
    Hmean     16384    42795.57 (   0.00%)    48929.16 (  14.33%)
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MMTests: Recap Comparisons
$ ./bin/compare-mmtests.pl --directory work/log --benchmark netperf-tcp \
    --names BASELINE,PTI-OFF --print-ratio

                  BASELINE PTI-OFF
    Gmean Higher    1.00    0.28

● Useful as an overview
○ E.g., multiple runs of netperf, different packet sizes
○ … But how are things looking overall (i.e., taking account all the pkt. sizes) ?

● Ratios between baseline and compares + geometric mean of ratios
● Geometric mean, because it’s ratio friendly (nice explanation here)
● (First column, always 1.00… it’s the baseline)

30

https://lkml.org/lkml/2018/12/8/55
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MMTests: Recap Comparisons
$ ./bin/compare-mmtests.pl --directory work/log --benchmark netperf-tcp \
    --names BASELINE,PTI-OFF --print-ratio

                  BASELINE PTI-OFF
    Gmean Higher    1.00    0.28

● Useful as an overview
○ E.g., multiple runs of `netperf`, different packet sizes
○ … But how are things looking overall (taking account all the sized) ?

● Ratios between baseline and compares + geometric mean of ratios
● Geometric mean, because it’s ratio friendly (nice explanation here)
● (First column, always 1.00… it’s the baseline)

31

https://lkml.org/lkml/2018/12/8/55
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MMTests: Monitors

$ ./bin.compare-mmtests.pl -d work/log -b stream -n SINGLE,OMP \
    --print-monitor duration

                      SINGLE         OMP
Duration User          45.04       50.75
Duration System         6.15       20.36
Duration Elapsed       51.16       20.26

Monitors:
● top, iotop, vmstat, mpstat, iostat, df, ...
● perf-event-stat, perf-time-stat, pert-top, ...
● monitors/

32

https://github.com/gormanm/mmtests/tree/master/monitors
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MMTests: Monitors

$ ./bin.compare-mmtests.pl -d work/log -b stream -n SINGLE,OMP \
    --print-monitor duration
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Monitors:
● top, iotop, vmstat, mpstat, iostat, df, ...
● perf-event-stat, perf-time-stat, pert-top, ...
● monitors/
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https://github.com/gormanm/mmtests/tree/master/monitors
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MMTests: Monitors

$ egrep "MONITORS|EVENTS" configs/config-workload-stockfish
export MONITORS_GZIP="proc-vmstat mpstat perf-time-stat ftrace"
export MONITORS_WITH_LATENCY="vmstat"
export MONITOR_PERF_EVENTS="cpu-migrations context-switches"

$ ./bin/compare-mmtests.pl -d work/log/ -b stockfish -n BASELINE,LOADED \
    --print-monitor perf-time-stat

                                BASELINE            LOADED
Hmean cpu-migrations                3.33              2.01
Hmean context-switches             29.12             30.73
Max   cpu-migrations              999.00            999.00
Max   context-switches            195.61             72.69

34
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Monitors: ftrace

35
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Monitors: vmstat, mpstat

36
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Monitors: turbostat

37
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Monitors: perf

38
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MMTests: Plots
$ graph-mmtests.sh -d . -b stream -n stream-4VMS-vm1,stream-4VMS-vm2, \ 
    stream-4VMS-vm3,stream-4VMS-vm4 --format png --yrange 0:65000     \
    --title "Stream, 4 VMs"
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MMTests: Plots

$ graph-mmtests.sh -d . -b stream -n stream-4VMS-vm1,stream-4VMS-vm2, \ 
    stream-4VMS-vm3,stream-4VMS-vm4 --format png --yrange 0:65000 \
    --title "Stream, 4 VMs"
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Couple of “Beware of …”
● (Kind of) requires `root`

○ May need to change system properties (e.g., CPU frequency governor)
○ Tries to undo all it has done
○ Still, better used on “cattle” test machines than on “pet” workstations

● It downloads the benchmarks from Internet
○ Slow ? Can be trusted ?
○ Easy enough to configure a mirror (how it’s used internally)

41
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MMTests for 
Virtualization
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MMTests & Virtualization
# ./run-kvm.sh -k -L --vm VM1 --config netperf-vm BASELINE
# ./run-kvm.sh -k -L --vm VM1 --config netperf-vm PTI-ON

$ ./bin/compare-mmtests.pl -d work/log -b netperf-tcp \
    --names BASELINE-VM1,PTI-ON-VM1

$ ls work/log/BASELINE-host
... 

$ ls work/log/PTI-host
... 

Doesn’t have to be KVM, can be 
anything that Libvirt can manage

43
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MMTests & Virtualization
# ./run-kvm.sh -k -L --vm VM1 --config netperf-vm BASELINE
# ./run-kvm.sh -k -L --vm VM1 --config netperf-vm PTI-ON

$ ./bin/compare-mmtests.pl -d work/log -b netperf-tcp \
    --names BASELINE-VM1,PTI-ON-VM1

$ ls work/log/BASELINE-host
... 

$ ls work/log/PTI-host
... 

44

● Results, logs and monitors of the 
VM runs go here

● Host logs and monitors go here
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The `run-kvm.sh` script takes care of:
● Defining (`virsh define`), if necessary and starting (`virsh start`) the VM

○ VM has to exist or an XML file must be provided
○ VM provisioning, installing, etc: work in progress

● Establishing SSH keys for passwordless connections to the VM
○ The host and guest must be able to talk via network

● Copying the whole MMTests directory inside the VM
● Run the benchmark in the VM with `run-mmtests.sh`
● Store the host logs and info
● Fetch the logs and the results from the VM and store them as well

Running MMTests in a VM
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Host Config File
# Example MM Test host config file, for run-kvm.sh
export MMTESTS_HOST_IP="192.168.122.1"
export MMTESTS_AUTO_PACKAGE_INSTALL="yes"

export MMTESTS_VM=vm1,vm2

export MMTESTS_NUMA_POLICY="numad"
export MMTESTS_TUNED_PROFILE="latency-performance"

# List of monitors
export RUN_MONITOR=yes
export MONITORS_ALWAYS=
export MONITORS_GZIP="proc-vmstat mpstat"
export MONITORS_WITH_LATENCY="vmstat"
export MONITOR_PERF_EVENTS=cpu-migrations
export MONITOR_UPDATE_FREQUENCY=30

46
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Host Config File
# Example MM Test host config file, for run-kvm.sh
export MMTESTS_HOST_IP="192.168.122.1"
export MMTESTS_AUTO_PACKAGE_INSTALL="yes"

export MMTESTS_VM=vm1,vm2

export MMTESTS_NUMA_POLICY="numad"
export MMTESTS_TUNED_PROFILE="latency-performance"

# List of monitors
export RUN_MONITOR=yes
export MONITORS_ALWAYS=
export MONITORS_GZIP="proc-vmstat mpstat"
export MONITORS_WITH_LATENCY="vmstat"
export MONITOR_PERF_EVENTS=cpu-migrations
export MONITOR_UPDATE_FREQUENCY=30
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● IP of the host that VMs can reach 
(needed for syncrhonization)

● The list of VM to use can be specified 
here as well (instead than on the 
command line)

● Tuned and numad (if these lines are 
present) as they will run on the host

● Monitors that will run on the host
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MMTests & Multiple VMs
# ./run-kvm.sh -k -L --vm VM1,VM2 --config netperf-vms BASELINE
# ./run-kvm.sh -k -L --vm VM1,VM2 --config netperf-vms PTI-ON

$ ./bin/compare-mmtests.pl --directory work/log --benchmark netperf-tcp \
 --names BASELINE-VM1,BASELINE-VM2,PTI-ON-VM1,PTI-ON-VM1

$ ls work/log/BASELINE-host
... 

$ ls work/log/PTI-host
... 

48



Copyright © SUSE 2020

MMTests & Multiple VMs
# ./run-kvm.sh -k -L --vm VM1,VM2 --config netperf-vms BASELINE
# ./run-kvm.sh -k -L --vm VM1,VM2 --config netperf-vms PTI-ON

$ ./bin/compare-mmtests.pl --directory work/log --benchmark netperf-tcp \
 --names BASELINE-VM1,BASELINE-VM2,PTI-ON-VM1,PTI-ON-VM1

$ ls work/log/BASELINE-host
... 

$ ls work/log/PTI-host
... 
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Synchronized Runs & Iterations

Achieving synchronization:
● Host and the VMs communicate
● Token passing protocol

○ VMs do not talk to each other
○ All VMs talk to the host

● The host implements the “barriers”
○ Before the start of a new benchmark
○ Before each iteration of the same benchmark

ASCII block diagram of the protocol
(in run-kvm.sh:L233, see here).
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https://github.com/gormanm/mmtests/blob/master/run-kvm.sh#L233
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Synchronized Runs & Iterations
Achieving synchronization:

● VMs and host communicate:
○ Over network, for now (future: virtio-vsock / Xen’s pvcalls ?)
○ With nc (future: gRPC ?)

● Tokens:
○ Host (in run-kvm.sh):

■ In state n (e.g., test_do, or iteration_begin, or iteration_end)
■ Wait for all the VMs to send state n token, when they have all reached 

that point
■ Signal all the VMs (at same time, with GNU parallel) and go to state 

n+1
○ VMs (in run-mmtests.sh):

■ When reaching stage n, send the relevant token to host (e.g., test_do, 
or iteration_begin, or iteration_end)

■ Wait for the host signal. When signal received, continue
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Synchronized Runs & Iterations
Achieving synchronization:

● VMs and host communicate:
○ Over network, for now (future: virtio-vsock / Xen’s pvcalls ?)
○ With nc (future: gRPC ?)

● Tokens:
○ Host (in run-kvm.sh):

■ In state n (e.g., test_do, or iteration_begin, or iteration_end)
■ Wait for all the VMs to send state n token, when they have all reached 

that point
■ Signal all the VMs (at same time, with GNU parallel) and go to state 

n+1
○ VMs (in run-mmtests.sh):

■ When reaching stage n, send the relevant token to host (e.g., test_do, 
or iteration_begin, or iteration_end)

■ Wait for the host signal. When signal received, continue
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Host:
run-kvm.sh

VM1:
run-mmtests.sh

VM2:
run-mmtests.sh

VM3:
run-mmtests.sh

Kick
step n

VM1:
step n VM2:

step n

VM3:
step n

VM1: 
done n

VM1: 
done n

VM1: 
done n

Kick
step n+1

VM1:
step
n+1

VM2:
step
n+1

VM3:
step
n+1
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Synchronized Runs & Iterations Examples
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Synchronized Runs & Iterations Examples
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Synchronized Runs & Iterations Examples

Results of 30 VMs 
running STREAM in 
sync!
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MMTests:
Present & Future
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Used within Marvin, our Performance Team CI (see here)
● Marvin : reserves machines, manages deployments

(with autoyast), copies MMTests across, executes tests and copies 
results back

● Bob The Builder : monitors kernel trees, trigger (re)builds
● Johnny Bravo : generating reports
● Manual : developer tool (manual queueing)
● Sentinel : “guards” against regressions
● Impera : bisection
● Janus : new! For distro comparisons
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MMTests @ Performance @ SUSE

https://www.youtube.com/watch?v=jOnIQJQzW3s
https://doc.opensuse.org/projects/autoyast/


Copyright © SUSE 2020

MMTests @ Virtualization @ SUSE

SUSE Virtualization Team
● Jenkins: builds packages (QEMU, libvirt, kernel, Xen, …) for all our 

products / distros
● Install the packages on a Jenkins “slave”
● Start (predefined) VMs and do functional testing

TODO:
● Deploy MMTests on the slave and do performance testing
● Store results
● Check for performance regressions
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Ongoing Activities & TODOs
● VM management: define or tweak XML files patches ready
● Remote management: trigger and control the tests from outside the host
● Actual VMs provisioning: install, disk images, patches in the works
● Improved usability: more feedback while benchmarks are running in guests
● VMs-host communications: add more means
● Monitors: perf-kvm stats/events and kvm_stat, patches in the works
● Integrate with tuned patches ready
● Monitors on the host, not only inside VMs patches ready
● Run benchmarks inside Containers, Pods, Kata Containers, etc
● More parallelism: VM starting / stopping patches ready
● Packaging: make sure all dependencies available on major distros, issues with 

pssh (python2 related)
● Maybe, rewrite everything in Go ? [*]
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[*] Note to self: only mention this if Mel is not in the audience!
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Documentation
<<This slide has been intentionally left blank>>
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Documentation
<<Hey, didn’t I say, on February, at FOSDEM, that I’d work on this…
  What’s the status now?>>
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Documentation
<<This slide has been intentionally left blank>>
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Documentation
<<WAIT!!! Does this count as documentation?>>
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● Ph.D on Real-Time Scheduling, ReTiS Lab,
Scuola Sant’Anna, Pisa; SCHED_DEADLINE

● 2011, Sr. Software Engineer @ Citrix
The Xen-Project, hypervisor internals,
Credit2 scheduler, Xen scheduler maintainer

● 2018, Virtualization Software Engineer @ SUSE;
Xen, KVM, QEMU, Libvirt; Scheduling, VM’s virtual 
topology, performance evaluation & tuning

● Spoke at XenSummit, Linux Plumbers, FOSDEM, 
LinuxLab, OSPM, KVM Forum, ...
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Some Info about Myself

http://retis.sssup.it/ospm-summit/
https://www.suse.com
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