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A.K.A.: Pinning the vCPUs is enough, right?



AMD EPYC 7002 Series ("EPYC2")

AMD64 SMP SoC, EPYC family
Multi-Chip Module, 9 dies:

« 11/0 die, off-chip communications (memory, other sockets, 1/0)
« 8“compute” dies (CCDs)

- Core CompleX (CCX) — 4 cores (8 threads), its own L1-L3
cache hierarchy

- Core Complex Die (CCD) == 2 CCXs: 8 cores (16 threads) +
dedicated Infinity Fabric link to 10 die

64 cores (128 threads), 2 socket, 8 memory channels per socket

https://documentation.suse.com/sbp/all/htmIl/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-epyc-architecture



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-epyc-architecture

AMD EPYC 7002 Series ("EPYC2")

More info at:
AMD Documentations

WikiChip, AMD EPYC 7742
WikiChip, EPYC Family



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-epyc-architecture
https://www.amd.com/en/products/cpu/amd-epyc-7742
https://en.wikichip.org/wiki/amd/epyc/7742
https://en.wikichip.org/wiki/Special:SearchByProperty/:family/EPYC

AMD EPYC2 On SUSE's SLE15.1 Tuning Guide

Joint effort by SUSE and AMD
« How to achieve the best possible performance @
when running SUSE Linux Enterprise Server on
an AMD EPYC2 based platform? SUSE@

« Covers both “baremetal” and virtualization
« “Optimizing Linux for AMD EPYC™ 7002 Series

Processors with SUSE Linux Enterprise 15 SP1” AM D ﬂ

(Done for SLE12-SP3 AMD first gen. EPYC platforms too
here)



https://www.suse.com/
https://www.amd.com/en
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-SLES12SP3/index.html

“Our” EPYC Processor (7742)

Mochine (23468 014)

= povern
(e | == ]
(0w ] [ ] [cewm ] [cam 1| |[Soom ] [ ] Ccumn ] [ |
[awwm ] [z | [awom ] [avam | [ewmm | [awm | [aem | [awm | [awm | [aom ]| [awe | [awom | [awm | [awm ][z | [awm ]| |[asm | [aoom ]| [awm | [awmm ] [awm | [asm ]| [awm ][ ] [aomm | [awm | [awm ][ | (oo ] [aoe | o ]| o ]
[isoom ] [svam | [swoom ] [csvam | [seoam_|[cwam | [eoom [ oo | [cetam ][ sgom ][ ogom | [ cecom | cosam | [egom || s ][ ecom ]| [wamr | [ucom | [ewam | [evom ] [sam ][ uoom ]| [sam | [suoom ] [avam | [iwoom ][ cviom | [sesam ][ ceam | [esom || sucom ] [cecam ]
[oom J[vermJ[omm ] [cromm | [cwomm | [vorm ] [somm ] [crovn | [eom | [sovm ] [worm ] [cromm | [reom | [wovm ] [womm ] [cromn ]| |[iseom | [cvorm ] [womm ] [cromn ] [rovm ] [xovm ] [womm ] [cromn ] [rovm | [vovm ] [worm ] [crm ] [crovm | [rovm ] [wemm ][]
Corepto. Corep#1 CorePe2. CorePsd Corepas. CorePas. CorePs CorePE7 CorePss. CorePss CorePs10 CorePat1 CorePa1z CoreP#13. CorePa1d. CoreP#15 Corepeo Corep#1 Coreps2. CorePsa. Corepss CorePss CorePe. CorePeT. CorePs. CorePs10 CorePann Corepanz. CoreP#13. CoreP#14. CorePH15.
HEEEEEEEEEEEEEEE
 roves QI weeos ] o QT eorrs QN v R eorus R s QU e JH oo QN e QR o RN s RN oo QY ot QY e QU e J (R rorcs QYR wress QN oo QT eoeros RN e QYR s I s [ e | [ roreo YN res QY eores JY I o [ e [ o [N e |
(0o |[owo ] [ouum [0 B oo ] Cvesn ] [own |
e | | i e | | | i | | i e | e | i | | i e | | e i [
[iomm ] [eomm ] oo [cseom ] [osoom ] [om ] [ [ssom ] [voomn ] [ssomn ] [smm ] [omm ] [ceowm ] [cuomm ] [ssomm ] [omn ] | o] [ssorm ] [ssomn ] [ssemn ] [smm ] [uomm ] [ceom ] [suomm ] [csvom ] [ccomm ] [conm | [cmm ] [scoma ] [serra ] [samm ] [cmm ]
[oeon Joeom Joeom Jowom Joeom Nowom Joeom Jows Jows Jown Jows Yown Jows Yoo Lowe doem | loen Jown e Jowe § s oo )| ows oo oo oo e oo ] e Jows Jow ) ]
Coreptte. Corept1] Corepa1s Corepa1s. CorePa20 Ccorepi2) CorePr22. Corep2y Corepsza. Coreps2s. Ccorepa2s. Ccorepi27 Corepazs. CorePr29. Coreps0. Corepra1 Coreptte. Coreps1] Corepa1s Coreps19. Corepa20 Corep2) Corepr2z. Coreprz3. CorePs24. Corep2s Corepa2s. Corepa2? Corepize Coreprzs. CoreP#30. Ccorepia1
EEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEE
|| ||| =l )| e || e || el e | )| || e el em)| emn) | cm:)| el iem | ||| ==l )| ||| e || el e
[[a0um | [ ] [on I[=oem ]| | [ewem [0we | = |
[aswm ][z |[asom | [awm | [awom_|[asim ][ asm |[asm |[awee |[asm |[asm | awm ][ |[awm ||z |[asm ]| [[asm | [awom ][ asmm |[aoon |[awmm |[asom |[asm |[ason |[zsan |[asm |[acim |[ewm | asm ]|[asew |[asm ][ |
Fowwom J[oevam [ oeoom | cevam || verom [ v [ cevomm || wavomr || cevom || cuvoms [ o || secoms || corom [ evoms || o [ cecoer || [omer [ cecmer | cewam [ evomm || sevamr || covom | ceram [ swvom || cvams || oueom [ e I cerom [ savam [ cevomn || suvomr [ cevom |
| | | | | | i i e | i | i i | i i | e |
coreszz | [ coreprss | | corepsas coepsss || corepsse | [ coepssz || coepsie || corepsss | [ coreprso | [ corerear corepesz | [ corepsas | | corepsss || corepeas | [ coreprse | [ corerrar coepsi | | corepmss | [ corepsas | | corepsis coepsss | [ coreprsr | [ coepre || corepsss | | coreprsn | [ corerest coepesz || corepsas | [ coepass || coreprss | | corepsse
CEEEEEEEEEEEEEEE EEEEEEEEEEEEEEE
Lo J) [ Loormr | [ Leorer ) [ [evrmes | | v || [ eurnss [ | [ orme || [ oemr ||| wers [ wors [ one || oee Jf | woe J{ [ woer J{ ] worr | =) | | e = Lo J) [ J| [ ors ) [ [ v | | eores | | [ orse | |[ e | |[ e J{ | o [ o
fiouem | | e | || | [ ovom ]
ol T TN T N R T TN T N N N T N T | O T TN T TN T N T TN N TN TN TN TN TN T
[vaomer ] [saomer ] [cacmm | [cacom ] [sacmor | [wecmor | [wacmer | [sacmer | [sacwm | [sacom | [sacom ] [sacmer | [sacmer | [wecmer | [wecwmr | [sacwm ||| [acom ] [sacmm ] [sacmm ] [cacom ] [secmer ] [wecmer ] [wacmer ] [wacmer ] [sacmer ] [sacom ] [sacom ] [sacmor | [wecmer | [sacmer | [wecwer ] [sacwm_]
[ |[uoom | [weam |[cwoom | [sowsmr ][ oo | [ onmr | woeom | [csam ][ wvoom [ wcam ][ coom | comam | [cueom || swomr | [cusom ]| [crowm | [cosom | [snowmr | [wvsom | [snoom | [ooow | [cvwom | [ oeom | [uoom ][ wam ][ covom | [ wwnmr ][ cosom ][ woam || soom [ cuam ]
corepsso | [ corepas coepsss | | coepsss | [ corepass | | corepass | | coreprse corepass | [ Corepssy || coepao | [ corepssr | | coresez | [ corepsss corepsas | [ corepras | | coeprso | [ corepsst corepas coepsss | | coreprsa | [ coreprss | | corepass | | corepssr coepsss | | coepssy | [ coepaso | | corepser coepssz | | corepres

Pups7E

[ e Y o | | romes W oree QU vormo W corms N ore (R o ) R o R e YRR eorre R s RN o R o R e QYR eorre AR o R e R o |
=3 | [ [ rorere YN werr QI o B cors N v A e Bl eorcs ] wrvas Y rorscs R wrvas BN o I s QN s QY eorcc QI o ] v Jff o




“Our” EPYC Processor (7742)
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Each CCX has it own LLC;

« NUMA at the socket level
(unlike EPYC1)

« More than 1 (16!!) LLCs per

= el Elio i AN Rl = NUMA node (unlike most

[ /e others)
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Tuning == Static Resource Partitioning

Virtualization + Resource partitioning: still makes sense?

» Server consolidation, as EPYC2 servers are very big
« Ease/Flexibility of management, deployment, etc.
» High Availability

What Resources?

« CPUs
« Memory
« H#S (will focus on CPU and memory here)



Host vs Guest(s)

Leave some CPUs and some Memory to the host (DomQO, if on
xXen)

« For "host stuff” (remote access, libvirt, monitoring, ...)
« For1/0O (e.g., I0OThreads)

Recommendations:

« Atleast 1 core per socket
- Better, if possible: 1 CCX (4 cores) = 1 “LLC domain”
- What about 1 CCD (8 cores) ? Too much?

« RAM, depends. Say ~50GB

https://documentation.suse.com/sbp/all/html|/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-allocating-resources-hostos

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-allocating-resources-hostos-kvm

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-allocating-resources-hostos-xen



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-allocating-resources-hostos
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-allocating-resources-hostos-kvm
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-allocating-resources-hostos-xen

Huge Pages and Auto-NUMA Balancing

At host level, statically partition:

» Static, pre-allocated at boot
* No balancing

Kernel command line;:
numa_balancing=disable

Live system:
echo 0 > /proc/sys/kernel/numa_balancing

In guests: workload dependant

Kernel command line;

transparent hugepage=never
default hugepagesz=1GB hugepagesz=1GB
hugepages=200

Libvirt:
<memoryBacking>
<hugepages>
<page size='1048576"
</hugepages>
<nosharepages/>
</memoryBacking>

unit="'KiB'/>

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-trasparent-huge-pages

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-automatic-numa-balancing



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-trasparent-huge-pages
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-automatic-numa-balancing

Power Management

For improved consistency/determinism of benchmarks:

» Avoid deep sleep states
« Use performance’ CPUFreq governor

(At host level, of course! :-P )

If saving power is important, re-assess tuning with desired PM
configuration

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-services-daemons-power



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-services-daemons-power

VM Placement: vCPUs

vCPU pinning

* Pin, if possible, to CCDs:
- VMs will not share Infinity Link to the I/0 die
- EPYC2: upto 14 (or 16) VMs, 16 vCPUs each

 If not, pin to CCXs: Libvirt:

- VMs will not share L3 caches | <vcpu placement='static'
- EPYC2: up to 30 (or 32) VMSs cpuset='108-127,236-255"'">40</vcpu>

<cputune>
8 vCPU; each e eoanin vepust 0"
« At worst, pin at least to Cores <vcpupin vepu='1’
- VMs share Inf. Link and L3 <vcpupin vcpu='2

<vcpupin vcpu='3"

- Atleast VMs will not share
L1 and L2 caches

cpuset='108"/>
cpuset='236"/>
cpuset='109"'/>
cpuset='237"'/>

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-placement-vms



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-placement-vms

VM Placement: Memory

Put the VM in least possible number of NUMA nodes

Pin the memory to NUMA nodes:

 If the VM spans both nodes
« If the VM fist on one node

Libvirt:

<numatune>

Libvirt:

<numatune>
<memory mode='strict' nodeset='0-1"'/>
<memnode cellid='0"' mode='strict' nodeset='0"'/>
<memnode cellid='1l' mode='strict' nodeset='1l'/>

</numatune>

<memory mode='strict' nodeset='0"'/>
<memnode cellid='0"' mode='strict' nodeset='0"'/>

</numatune>

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-placement-vms



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-placement-vms

VM Enlightenment

Give the VMs a (sensible!) Hovirt
Virtual NUMA topo|0gy <cell id='0' cpus='0-119' memory='104857600"' unit='KiB'>
<distances>

<sibling id='0' value='10"'/>
<sibling id='1l' value='32"'/>
</distances>
</cell>

Give the VMs a (sensible!) virtual | Libvirt
CPU topology & CPU model mder falimsckorallowss

<topology sockets='l' cores='60"' threads='2"'/>
* Not Passthrough? See later...

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SL.ES15SP1/index.html#fsec-enlightment-vms

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-CPU-topology-vm



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-enlightment-vms
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-CPU-topology-vm

AMD Secure Encrypted Virtualization (SEV)

Encrypts memory
» per-VM keys
« Completely transparent

Requires setup both at host and guest level:

SUSE AMD SEV Instructions
Libvirt AMD SEV Instructions

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-sev-host



https://documentation.suse.com/sles/15-SP1/html/SLES-amd-sev/index.html
https://libvirt.org/kbase/launch_security_sev.html
https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-sev-host

Security Mitigations

Meltdown, Spectre, L1TF, MDS, ...

« AMD EPYC2 is immune to most of them
« Impact of mitigations is rather small, compared to other
platforms

itlb multihit:Not affected

11tf:Not affected

mds :Not affected

meltdown:Not affected

spec_store bypass:Mitigation: Speculative Store Bypass disabled via prctl and seccomp

spectre vl:Mitigation: usercopy/swapgs barriers and _ user pointer sanitization

spectre v2:Mitigation: Full AMD retpoline, IBPB: conditional, IBRS FW, STIBP: conditional, RSB filling
tsx_async_abort Not affected

https://documentation.suse.com/sbp/all/html|/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-security- mitigations



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-security-_mitigations

Benchmarks: STREAM

Memory intensive benchmark

* Operations on matrices
a. Inone single thread
b. In multiple threads, with OpenMP

OpenMP

« OMP_PROC_BIND=SPREAD
OMP_NUM_THREADS=16 or 32 (on baremetal)

» 1 thread per memory channel / 1 thread per LLC
(both on baremetal and in VMs)

https://documentation.suse.com/sbp/all/html|/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virtualization-test-workload-stream



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virtualization-test-workload-stream

Benchmarks: STREAM, 1 VM, single thread

STREAM - single

35000
Vh;s_:;:,:g;g — With full tuning, we reach
o | S the same level of
25000 | performance we achieved
on the host (look at purple
20000 ' R
and ... what colour is this?)
15000
10000
5000
0

@ & % %
%, % % N

https://documentation.suse.com/sbp/all/htm|/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-onevm



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-onevm

Benchmarks: STREAM, 1 VM, 30 threads

STREAM - OMP, 30 Threads

300000
winoopo == | With full tuning, we reach
250000, | ol the same level of

performance we achieved
on the host (look at purple
and ... what colour is this?)

200000 F

150000

100000

50000 r

@ ) &
90} D %, 72

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-onevm



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-onevm

Benchmarks: STREAM, 2 VM, 15 threads (each)

300000

250000 r

200000 F

150000

100000 F

50000 r

STREAM - 2x Large VMs, 15 Threads

host-tuned

nopin-vM1
Both-nopin-VM1
Both-nopin-VM2
Both-nopin-VM1+VM2
tuned-vM1
Both-tuned-vM1

[

(o) \Q\ Y
0, (o7
,OJ’ (o4

With full tuning

« Performance of the 2
VMs is consistent
(look at red and black)

« Cumulative
performance of the 2
VMs matches numbers
of the host (look at the
purples)

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-twovm-all



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-twovm-all

Benchmarks: STREAM, 1 VM, with SEV

35000

30000 r

25000 r

20000 r

15000 r

10000

5000 |

STREAM - single

VM-noSEV mmm
VM-SEV mmmm

300000

250000 r

200000

150000

100000

50000

0

STREAM - OMP, 30 Threads

On EPYC2, the impact of enabling SEV,
for this workload, is very small (less than 1%)

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-sev

VM-NOSEV
VM-SEV



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-stream-sev

Benchmark: NAS-PB

CPU intensive benchmark

* Fluid-dynamics computational kernel
« openMPI

https://documentation.suse.com/sbp/all/htmIl/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virtualization-test-workload-npb



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virtualization-test-workload-npb
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Benchmark: NAS-PB, 1 VM

NPB-D (lower == better)

JoSEnGy. p— With full tuning, we
-HOIOQO [
SO E— reach performance close

to the one of the host
(look at purple and ...
Again!?!?

https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-npb-onevm



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-npb-onevm

Benchmark: NAS-PB, SEV

NPB, SEV (lower == better)

250 YT ye— On EPYC2, the impact of

VM-SEV mm

enabling SEV, for this
workload, is again
very small (less than
1%)

200

150 ¢

100

50 r

https://documentation.suse.com/sbp/all/htmIl/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-npb-sev



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-npb-sev

Caveat: CPU Model

On SUSE Linux Enterprise 15.1

« EPYC2 CPU Model not available (QEMUY/Libvirt versions)
« XPU Model = "host-passthrough ™ giving “strange” results

Thread(s) per core: 1
Core(s) per socket: 120
Socket (s8) : 2
NUMA node (8) : 2

« EPYC (the model for 1st generation EPYC processors) gives
more sensible results

Thread(s) per core: 1
Core(s) per socket: 120
Socket (s) : 2
NUMA node (s) : 2

* (On newer distros, you'll find the EPYC2 model)




CaveatcPRU-Medel
Always Double Check, Run Benchmarks!

300

250

200

150

100 r

50

NPB-D, different CPU models (lower == better)

Host
-EPYC mmmm

‘ 4
Q?o 0'0-0 «"O “ /?9.

-hostp == |

Host-passthrough, on
older QEMU, by not
correctly exposing
threads, was causing bad
performance

https://documentation.suse.com/sbp/all/htmIl/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-npb-cpoumod



https://documentation.suse.com/sbp/all/html/SBP-AMD-EPYC-2-SLES15SP1/index.html#sec-virt-test-npb-cpumod

More STREAM Benchmarks

Rerun of the STREAM benchmarks

- With Mitigations enabled (were disabled for the Tuning Guide)
« (Much!) More VMs
« Varying pinning of VMs

-- Still work in pogress --
-- Benchmarks still running --
-- Data Set not complete yet --




STREAM, 1 VM
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STREAM, 1 VM

stream-éM

Baremetal: 220000 stream-1VM-notune
MB/sec copy 256221.30 stream-1VM-pin ===

stream-1VM-pin-hgpg
MB/sec scale 173231.56 200000 stre a@-1VM-Din-hag-topo———
MB/sec add 181804.68

MB/sec triad 183952.20 150000

MBytes/sec

We expect ~Baremetal
(with full tuning, look at
purple and | )

100000

50000




STREAM, 2 VMs
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STREAM, 2 VMs

Baremetal: ' ' stream-2VMS-vm1
120000 stream-2VMS-vm?2 o
MB/sec copy 256221.30
MB/sec scale 173231.56 100000 k
MB/sec add 181804.68
MB/sec triad  183952.20 g 80000 r
@
g 60000 |
We expect ~Baremetal/2 =2
MB/sec copy 128110.65 40000 |
MB/sec scale 86615.78
MB/sec add 90902.34 20000 }
MB/sec triad 91976.10




STREAM, 4 VMs

Machine (34G31014)

Pckagepso Packagepst
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STREAM, 4 VMs

Baremetal: stream-4VMS-vm1

=
60000 | .
stream-4VMS-vm?2 s
MB/sec copy 256221.30 stream-4VMS-vm3
MB/sec scale 173231.56 50000 stream-4VMS-vm4 =
MB/sec add 181804.68
MB/sec triad 183952.20 40000
We expect Baremetal/4 é‘ 30000
MB/sec copy 64055.32
20000
MB/sec scale 43307.89
MB/sec add 45451 .17 10000

MB/sec triad 45988.05




STREAM, 6 VMs

Machine (34G31014)

Pckagepso Packagepst
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STREAM, 6 VMs

. 45000 ; : : :
Baremetal: s stream-6VMS-vm1
40000 stream-6VMS-vm2 s
MB/sec copy 256221.30 i eam RS A
MB/sec scale 173231.56 35000
e
MB/sec add 181804.68
30000
MB/sec triad 183952.20
25000
2
We expect ~Baremetal/X Z 20000
=
MB/sec copy 42703.55 15000
MB/sec scale 28871.92
10000
MB/sec add 30300.78
MB/sec triad 30658.70 5000
° : % P




STREAM, 10 VMs
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STREAM, 10 VMs

Baremetal:

MB/sec copy 256221.
.56

MB/sec scale 173231

MB/sec add 181804.
.20

MB/sec triad 183952

We expect ~Baremetal/10

MB/sec copy 25622.
MB/sec scale 17323.
MB/sec add 18180.
MB/sec triad 18395.

30

68

13
15
46
22

MBytes/sec

25000

20000

15000

10000

5000

stream-10VMS-vig




STREAM, 14 VMs
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STREAM, 14 VMs

Baremetal:
MB/sec copy
MB/sec scale
MB/sec add
MB/sec triad

256221.
.56

173231

181804.
.20

183952

We expect ~Baremetal/14

MB/sec copy
MB/sec scale
MB/sec add

MB/sec triad

18301

12373.
12986.
13139.

30

68

.52

68
04
44

MBytes/sec

18000
16000
14000
12000
10000
8000
6000
4000

2000




STREAM, 30 VMs

Mochine (23468 014)
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STREAM, 30 VMs

Baremetal:
MB/sec copy
MB/sec scale
MB/sec add
MB/sec triad

256221

173231.
181804.
.20

183952

We expect ~Baremetal/30

MB/sec copy
MB/sec scale
MB/sec add
MB/sec triad

8540.
5774.
6060.
6131.

.30

56
68

71
38
15
14

MBytes/sec

12000

10000

8000

6000

4000

2000




Conclusions

« Achieving close to host performance in VMs is possible:
- (In the analyzed workloads)
- Via resource partitioning
«  With KVM, QEMU and Libvirt, on SUSE Linux Enterprise Server
15.1, we can effectively partition the resources to achieve such
result
- With Xen, lacking virtual topology enlightenment for guests
« AMD EPYC2 processor based platforms (especially as far as
memory bandwidth is concerned):
- Guarantees great scalability
- Offers Memory Encryption with really low overhead

- Mitigations for hardware vulnerabilities have limited performance
impact
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Virtual VS. Real

(v)CPU Topology:

» vCPUs wander around among pCPUs:

* The hypervisor scheduler moves them!
- attime t1 vCPU 1 and vCPU 3 run on pCPUs that are
SMT-siblings
- attime t2! =t1 ... Not anymore!

Shall the guest have a (virtual) topology?

» Yes... if properly constructed, and ...
« ...ifwecan“rely”onit
« E.g., if the vCPUs are pinned/have hard affinity



Virtual VS. Real: L3-cache & task wakeups

Cache layout: does it affect guest scheduling (& performance)?

Ne Yesl!!
ttwu queue (p, cpu)
if (cpus_share cache(spm processor id(), cpu))
rqg lock(cpu rg(cpu))
ttwu do activate(cpu rg(cpu), p)
ttwu do wakeup (cpu rg(cpu), p)
check preempt curr (cpu rg(cpu), p)
/* If cpu rqg(cpu)->curr higher prio *
* no IPI to cpu */
rg unlock ()
} else {
ttwu queue remote ()
llist add(cpu rg(cpu)->wake list)
smp send reschedule (cpu)
/* IPI to cpu */

{

kernel/sched/core.c:1875
kernel/sched/core.c:1869

kernel/sched/core.c:1730

kernel/sched/core.c:884

kernel/sched/fair.c:L7661

kernel/sched/core.c:1883

kernel/sched/core.c:1831

kernel/sched/core.c:1837

kernel/sched/core.c:1839



https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1869
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1730
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L884
https://elixir.bootlin.com/linux/latest/source/kernel/sched/fair.c#L7661
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1883
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1875
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1831
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1837
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1839

Virtual VS. Real: L3-cache & task wakeups

Cache layout: does | VM cache layout (before QEMU commit git:9308401):
' e No L3 cache atall
* NoYesl!!

ttwu queue (p, cpu)

i f (CpuS_Sl » cackhalonm crecocanc g )) |
rq lock{l cpus share cache (),
ttwu do e .

always false

ttwu d
check preempt curr (cpu r u), p)
/* If cpu rqg(cpu)->cur gher prio *
* no IPI to cpu */
rg unlock ()
} else {

ttwu queue remote ()
llist add(cpu_

smp_send resch Always send IPI... TO ANOTHER _virtual_ CPU!
/7 1Pl to cpu | Difference shows!



https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1869
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1730
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L884
https://elixir.bootlin.com/linux/latest/source/kernel/sched/fair.c#L7661
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1883
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1875
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1831
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1837
https://elixir.bootlin.com/linux/latest/source/kernel/sched/core.c#L1839
https://patchwork.kernel.org/patch/9308401/

Virtual VS. Real: L3-cache size!

« STREAM benchmark

« AMD EPYC s - sprnd

« VM (KVM) tuned to
match host perf -

STREAM - 16 thre:

150000

L]
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2 "
100000
50000
[

Copy Scale Add Triad

Host
No topology
Topology

Topology Tuned



Virtual VS. Real: L3-cache size!

MB/s

STREAM - 16 threads - spread

Why copy lags behind when in VM?

S

[ ] t
[ ]
]

cale Add Triad

No topology
Topology
Topology Tuned



Virtual VS. Real: L3-cache size!

STREAM - 16 threads - spread

Why copy lags behind when in VM?

e Perf

- o on host we were seeing PREFETCH
instructions being used
- o InVM, no PREFETCH! How so ?!?!

Scale Add Triad




Virtual VS. Real: L3-cache size!

« <<Llet’s just expose to the VM whether vCPUs share an L3, no big deal
how big such L3 the VM sees>>
* Not quite:
— Glibc heuristics for deciding whether or not memcpy uses
non-temporal stores and PREFETCH instrs.
- thrs = (L3 cache size / nr. threads sharing it) + L2 cache size
- Don’t PREFETCH if amount of data mem-copied is smaller than thrs

« We need to expose the correct cache size to the VM
* (still working on it)




