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MPAM (Memory System Resource Partioning and Monitoring) Z#%Intel x86 RDT4F RIS —1NME
arm6AZRF NREFRIRIR S m i e,

Cache
monitor |

[1] https://myslide.cn/slides/6192 opentuler
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LIRS e pREHL SRR (F/20L3 Cache) HHY MPAMSRHE=EE@IE: L2 Cache, L3 Cache, DMCHEE,
T, PIRESEEE S eI RIBLE RSt wid8CPU/SMMUiELtRiBpartiD, {ESVESRMBATR, BF
BEEEIR TR pEMRIBIAL, Bid Ee B MSCsTrk XTIk SSiadi=Hl.,

BEM5920 spec CPU 2006 benchmark — pem—oooooo oo o--o oo oo '
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[1] Oh M, Choi J, Cho S, et al. Analyzing and modeling the impact of memory latency and bandwidth on application
performance[C]//Proceedings of the 33rd Annual ACM Symposium on Applied Computing. 2018: 1095-1101.

=P sNrR w3
[2] Nikas K, Papadopoulou N, Giantsidi D, et al. DICER: Diligent Cache Partitioning for Efficient Workload Memory SyStem Component (MSC)EﬁIE;I%UESEZK%{ﬂ
Consolidation[C]//Proceedings of the 48th International Conference on Parallel Processing. 2019: 1-10.

[3] Tootoonchian A, Panda A, Lan C, et al. Resq: Enabling slos in network function virtualization[C]//15th {USENIX}
Symposium on Networked Systems Design and Implementation ({NSDI} 18). 2018: 283-297. é-'

[4] Mancuso R, Dudko R, Betti E, et al. Real-time cache management framework for multi-core architectures[C]//2013 IEEE »
19th Real-Time and Embedded Technology and Applications Symposium (RTAS). IEEE, 2013: 45-54.
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MPAMIRFNEIE—HMSCs I— M, BFPEIREMNAYSARIEE.,

_________________________________________

L2: O=xxX;1=xX;2=xX;3=xX;4=XX;5=XX;6=XX; 7=XX
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o I L% O E2p = & -e-e__é___bg_r_r_];-r{;_l_i;“mwﬁ ------------------------------------------- - L3f9cpbm; MBfImax, hardlimit
| © | -8 : - MRS ESX Capabilitiesf £ E T
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E i \\re MB 0 MB 1 SoftV\;are resource export
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S N AR A ' Software internal
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i 120| L21| L22| L23| L24| L25[ L26| L27

E OE :
| B | a
| |l24 | [L25] [L26] [L27] 2! 130 131 cpbm | cmax | priority
1T T T T B[ %) Y
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» LD L D L D L D ! !
L3 Cap

MPAM ACPIFIE 7 U{aIERERZ N RIRIIMSCs,

pbm | max | priority | hardlimit

_________________________________ ! DIEO MSCs ioremap i cpbm | cmax | priority i

MPAM armBAFA: https://developerarm.com/documentation/ddi0598/latest npen.l. ler
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L3 Tag Structure
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® MBMAXKR MV 55 ¥t w7 T PR fil] 21 24 Aiy 18 1& P ge ik 2]

SN NI NER =
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; CORE —

E Task struct E monitoring allocating
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Hardware, Kernel, User space_MPAMAIRDTH] RG]

\ OpenStack (Policy) ’ '+ RDTEBEZHMEREIESR, HIZIRMDA]

A . I Business AppForMix %

Kernel FS \_.[_mqj + [ |nte|_cmt_cat] ________________________ -+ Libvirt{$ifresctrisER RN AT BEZ
| resctrl | |

f J libyi  BSEE,
-------------------- p— er]L“bVIrt]UserSpace rquS?a%PTEcﬁi\— S EE Y
v / \ - BBERE, UR—EiEgEsthIA
Kernel FS perf Armb4 MPAM HAL Intel-cmt- CathRDTE’J}EﬁF'MIE-[H

JCerio ] : “ACRN
! [ Cpbm ][ cmax prio ‘_{ kvm for MPAM JE “““““ NOVA
" Intelx86 ROTHAL ) [ max [ pbm [ o | T2 ]
J

limit ; .
Partitioning .« RDT kernel: Linux 4.10+
[ o | [ car |
occupancy  mem bandwidth

; MPAM kernel:openeuler 4.19.36+
{ -« MPAMf{EARkvmMETRVPARTIDZE IJPARTID
[ MBM ] [ MBA ] Monitoring
N AN -~/

P N\
[ Lx Cache ] Local/remote ]

M SMMY J  homRsY, TTSCHUERIMNPISRRIS SR
. [RDTASH:, RDTEEETHI
vCat 21BN IS AR AP R A B 5

Kernel Space

[ Intel RDT feature ] [ Arm64 MPAM feature ] RDT ;@IS E S CPURMSRSE
Hardware Platform |  #35chXEcE, MPAMZE{ZESigiBE

- BXID, BEACPI/DTiSEE L,
Lx Cache [ Memory bw ] RDTJ_QCachelnfonEﬁ,}?, Mpéﬁ‘-

EEACPIHR,
[2] Xu M, Thi L, Phan X, et al. vCAT: Dynamic cache management using CAT virtualization[C]//2017 IEEE Real- openEuler
Time and Embedded Technology and Applications Symposium (RTAS). IEEE, 2017: 211-222. [1] https://github.com/intel/intel-cmt-cat®P€
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#8ME920 MPAMT Bamax stride RHZ288—5 CPI: Skvlake Intel (R) Xeon(R) Gold 6140 CPU

numact! -C 0-31 -m 0 /root/bw_mem -P 4 -N 8 32M [rd/bcopy / rdwr / bzero [ wr]

90000

bw_mem -P 4 -N 8 32M rd [bcopy|bzero|rdwr|wr]

RES beopy baero d = rder
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1. Linux{tEupstreamZaiiks:
I FFMPAMEKE]], arm7Elinaro connect ke EFRFESE2021FEHERIMX, Hpiega A ittn !,

2. (i XFHEEEME:
® Arm REE MPAM F1 RDOTERBE—ERFPAED (resctrl) , EMPAMEBRpriority, hardlimit, SMMU
Memory Max strideZFINgET AR, ArmEZEH XiEORRHIBRE.,

wanghuigiang 541 Pm
Thanks Matteo, will check this in LVC20-119.
Another question, MPAM support cache portion bitmap, how about max stride?
Jonathan Cameron 545 P
@Matteo Carlini (Arm) Any info on what the in kernel user of mpam you are considering is?
Matteo Carlini (Arm) s-2a e
At @wanghuigiang the Arm MPAM spec does support max stride, but the intel_rsctrl interface doesn't...so either that will need to be added on top after the base enablement OR shall be evaluated using a
different interface (like the entire monitoring part) (edited

- Matteo Carlini (Arm) 10:32 pm
Mma" hi @wanghuigiang resctrl is the user-space interface of the intel RDT technology...in the existing form, resctrl does not support max stride at all...so we would need to start a discussion on-list on how this
can be enabled extending resctrl for all architectures to support that (And other configs which are too currently unsupported) (edited

é.--

[1] http://www.linux-arm.org/qgit?p=Ilinux-jm.git;a=summary openEuler
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® openEuler20.03lRATHIHEIEMPAMIRS), © FEMRAITLE
P S 1) EANTHERE, THER, SHxgelExdCache ISt

® mqosT BEE4iFopeneulerfriE, BURIEE,

o EFBHarmHIURA[], FHFL— 2B © FASESNLHE - \
FIEMPAMBREIERE, ZERAIGLE4TE 1) D_Iligcé,':l, i5/FChannel, L3 Cache partition/shared33i5%F
openeulerFFE, PRERYSZIN,

® ARFESISLIE
1) EERNZ&FEIZKE Y, FERERERESER;
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[1] http://www.linux-arm.org/qgit?p=Ilinux-jm.git;a=summary openEuler
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REfRSEN A7 S
RDT CATIREig=

Improved Webserver Response Time

DPDK + MPAM ZEBR AR (¥4 LEDPDK+SRIOV, FPktgenfif
Aizt)
POEE1: taskset 0-11 ./stress-ng --cache 12

BE2: --cache 9 —cache-flush —cache-prefetch —aggressive —cpu 2 —cpu-method matrixprod Bl

RN S S Ei= R 2E+09 2E+09 1.7E+09 2E+09
+ 5E+07 + 3E+07 + 4E+07

Cloud / Datacenter Orchestration

Increased performance of webserver by protecting it
from a “noisy neighbor” on the platform - Containers
on the 25 Intel® Xeon® processor E5-2699 v4

Improved average NGINX* Web Server Response Time in a
noisy-neighbor environment - with containers on the 25
Intel* Xeon® processor E5-2699 v4

Up to 51%
Better Average
25 Response Time

Up to 27%
Higher
Throughput

Cache Allocation Technology (CAT) can
prioritize important VMs - e.g., web server

Cache Allocation Technology (CAT) can
Improve Web Server Response Times

Normalized performance

Avg. Response Time (ms)

)

;
1 1425 Intel” Xeon® processor E5-2699 vd (No CAT)
25 Intel® Xeon* processor E5-2699 vd (No CAT)
W25 Intel” Xeon” processor ES-2699 v4 [with CAT)
W25 Intel* Xeon® processor E5-2699 vd (with CAT)

Workload: NGINX based webserver on Intel Xeon ES v4

oSBT CFn
solof = AH EE ) NA 0.6% 22% 0.7%

dpdkRE T & CFI NA =0 ~21% =0
solof = AH Eb)

#HL.DPDK+SRIOV+MPAM 75 i 22 {4,

Workload: NGINX based webserver, 100KB Request Size
Throughput Results. Using the AppFormix*

software suite and Intel’s Cache Allocation
Technology (CAT) to contain a “noisy

Latency Results. Using the AppFormix*
software suite and Intel’s Cache Allocation
Technology (CAT) up to a 51%? reduction in neighbor” and prioritize the NGINX* web

average response time (latency) can be server yields up to a 27%! performance
achieved, improving the experience for end  jncrease for the web server.

{FRCATEEFwebiRSSes e

_ 120%
RDT CAT+ MBA[RES A= Lot 1o o5
OVS-DPDK/VPP vRouter performance throughput Mpps —— e
- LUK FEFAMPAMES RS,
o 18.8% .4 E
aw Pkts RxFITXBBEERETT.
B m 20%
11.9%  98% 0%
kunpeng 920 dpdk + kunpeng 920 dpdk + kunpeng 920 dpdk +
stressl stress2 stress2 + mb max stride
(20%)
pktgen set size=64,rate=100
[1] https://builders.intel.com/docs/cloudbuilders/Intel AppFormix SolutionBrief Final.pdf

[2] https://www.dpdk.org/wp-content/uploads/sites/35/2019/07/01 —DPDK_on_muIticore_Calg_p_O.pdf

dpdkﬂﬁﬁ{ﬁﬁﬁRDﬁEﬂ"EﬁE[Z] [3] https://www.intel.com/content/dam/www/public/us/en/documents/white-papers/incre g

platform-determinism-pqgos-dpdk-paper.pdf openEtuler
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=|3 Cache-occupancy-solo I3 Cache-occupancy-share

=== |3 Cache misses-share e===|3 Cache misses-solo

F*5&sEMemory bandwidthZx{t, WSZFEMHEETH (REFEN)

L3 Cache missesSEx 577 2ERT
BTK, BRI SHITIEREZIE%,
{FECachefeBEE S HBERISEIEE,

Memory bandwidth(MB/S)

=== Memory bandwidth-share e===Memory bandwidth-solo 3
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time(S)
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