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Notices

This document is provided for informational purposes only. It represents
AWS's current product offerings and practices as of the date of issue of this
document, which are subject to change without notice. Customers are
responsible for making their own independent assessment of the information
in this document and any use of AWS's products or services, each of which is
provided “as is” without warranty of any kind, whether express or implied. This
document does not create any warranties, representations, contractual
commitments, conditions or assurances from AWS, its affiliates, suppliers or
licensors. The responsibilities and liabilities of AWS to its customers are
controlled by AWS agreements, and this document is not part of, nor does it
modify, any agreement between AWS and its customers.
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e

O] HiXMe= AWS ZEtRE0M ZEl EZ0|0 AHY MHESES 3ot
ArgAtE|QE 21 #=Fo| ds8 FEot7| fIot Z[Atof s dHerLCh O
HMAME  AWS HOIAM FEEE Linux  7[EHe] HE| E20/0] AY MHE
da38oz AFst=H0f 2ost A2 Y7 25t Amazon EC2(Elastic
Compute Cloud)Of| Al 2-&3d}j0f o= %IE%E M35t A& T

Of A= Linux HO[£2] MH{=S FEotd XHeiot 7|&X 2 E-H0| U=
SAE2 &85t gLt
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A 7Y

Amazon & MH|AAWS)E PC/EE o= E8(0|0 X HE[ E20[0f ALY
=2 24 7|8 2 T A e olREE dAY = e EE AY Y
OIS HMI&LCL AWS 22tRE0N PC/2E HEEZ OO AY MHE
T &= A2 E5| MSHQl YA O on-premise HIO|EH{MEL} colocation =
AHESH= Ao Hig 22tRE RE =z Fde = A= HE3EY A o= F

2oL

TE SH0/0f AY MH= AYMHIE ZE SEO|AEAERHSO| Bt
OMIES MI|ot= ZSZIO|AE/MH HESRI OF7|HNE 7|Htez gL
NeHez EH A PMH= 22010 A7 MH0| WS M= ofZe
RE dR=SS AESHO AY MAQl Algdojds 2dstn ZaE A
ey .__01I HEd B YYo=z SHLC

Amazon EC2 (Amazon Elastic Compute Cloud)E AR2SEH 20| E/AMH
HE| E80/0] AYS ZAES= 7Hy MY (O._i Agtil ghE ddsta
Mgt = JAELICEHr Amazon EC2 & =78 7tsot ARFE 8= XNSoHH Y
FE 1/0 7td3} (SR-IOV), &2 clock o] ZENAMEE K| ATL|CL. Amazon
EC2 &t ZH3t MEZES 2017 G0l 27HE C5 RAEL EF 72 4L
vCPUB6 7He| E2|Z0)7X| X[ & gL Cf,

|0

O Wi TR Btz 3 2a2¥ MHAES 98 £T 73| z4clE

USSLHAM SAIO ZHAo| d55 FF5H7] ?lol Amazon EC2 Linux ZE|
=010l A= MHE ZH=ots LEO EH of ALt AL XX ote
PIAEA MEFE 45 7Is0l theh Ztefet @82 H A& HERZ, CPU,
Oj=e2l S8 B30 oieh XNt H3 L0 tisl &H 2Z&LICH OX[ge2

HAOrE SLHAEO oM e ZHESHA CHE LD QIg L .

Amazon EC2 QIAEA 935 12{ALS

Amazon EC2 QIAEAOA Z|Oote] 5= Y2d{BE AME 7tsth A€
=SS 24 2= A0 aYLCL o] HoM= ZE[ S0 AY MHo
O] & & Ql Amazon EC2 Y4h Z[H3t QIAEHA HZF T2 7S50 CHo) 2 gLt
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AN MICHe| C4 AL X|F3t QIAEHA HEZ2 HEl EH 00 ALY MHE
AlSiSte O O|AHQULICE 2 (AWS redlnvent 2016 OA ZEEZ C5 QIAEHA
YOl ZAIEH 5 eAHA FHO| HYE= AY MHE QAAHA
SHQLICE) C4 QAAEALE ntel Xeon E5-2666 v3 (Haswel) ZEMAME
A&SH= SEQO M 3 LICE O] Z2M A= AWS E {ldi EE5| A=
o= TZMMYULICH CHS BE C4 ME2Q| 2 QAHA FIEE 7|52
Lt Ct,

QAARA  vCPU RAM  HEH3I E5  EBS X3} XY
37| = (GiB) L S = (Mbps)
c4.large 2 3.75 St 500
c4.xlarge 4 75 St 750
c4.2xlarge 8 15 =5 1000
c4.4xlarge 16 30 =5 2000
c4.8xlarge 36 60 10 Gbps 4000

HO| BEAIE AMH c48xlarge AAEHAE 36 749 vCPU & H3TLICH 2
vCPU = 2| CPU T 0{Q| slO|HAZY EO|EZ, O] AAEA AO|=OME=E &
18 7io| S&2|& Zo{7t MIELC 2t Zoj= 7|2 2.9GHz O|A SZFSHK| B
32GHz o] BE 0| HE SALZE(ZE 0|7} SAI0] 3.2GHz 0| M &%t 7H5)
91 35GHz ©f [T B2 SE&T(H JHol R0 AFE S I S5 JHs3t &)
a0l Zks gL Ch

AY MHE ddsts 82 42 2 52 T2 7|2 Z2MAM 220
MOl WM AT 7HSTH c4.4xlarge, c4.8xlarge & BEEEILICH S™HA QI
ABMAE Soff ChEZel Y Foto| thsl 3.2GHz 2| 2= R0 HE ZES
A8 = JASLICH CHPF AVX (Advanced Vector Extension)s& M&lsts 88
T2l HARE OAYULICE c4.8xlarge QAAEHAOA AVX 2IF 28
HAStE 42 202 7|0 7tsot 20 Sz = 3 20 O|5HE AFEY 8%,
& & 3.1GHz &ILICt Ed 7tstt ds8 &2l57| fIsiMe 2H }22ES
7t 0 HAEE o= A0| 3Lt

O|1||

|'O

-

CHE #E0|l= AvX 2 H| AVX g £510f LSt c4.4xlarge Q1A AQ c4.8xlarge
QIAEAOl Hs HmYL|CH.
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https://en.wikipedia.org/wiki/Advanced_Vector_Extensions
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C4 QAEHA 37| 8l Z|ti Core Turbo BE Core Turbo 7|2 SHEE
= &3t SEEE (GH2) SHEE (GH2) (GHz)
C4.8xlarge — AVX 3.5 (4 vCPU Ot 32 29

HIALEA| 2 25} o7t SEF Y )

C4.8xlarge — AVX <33 <31 (HYRS A AT 25

AR5t TOf =0 wet &g )

C4.4xlarge — AVX 3.2 3.2 29

HIALEA| ZHH RSt

C4.4xlarge — AVX 32 <31 (HYRoH A SHS 25

A S5t O =0f Wt oHE )

oE =0, E2Y ALRPG)I HEl Z2{0|0] =2t¢l HiE ofgLt A
(MOBAs)O| M= &t&tof et A ME Q| ds0| dit = EHEtF 22| AL
o of&EHY = UL Ol2fet 42, H=2e| Cf vCPU H|=0| =2 M4
CIAEA RH0| C4 QIAEA RABLED L2 MENY 4= QS L CF AL X H g}
IAEHA XEZLS CHE QUAEHA MELELDE =2 vCPU Of K22 HEg2
7tX|= BHH M4 QAEAE =2 HEE| Of vCPU HlES NS LICH M4
QIABIAE m4.10xlarge X m4.16xlarge 2 B2 Haswell ZEMME ALESIL,
O 22 AFO|=2| QIAEHAESL2 Broadwell EE= Haswell ZEM A E A2 L LY
M4 QIAEHA FH2 HERIZ d50AMeEC4 AAEHA RN FASHH A
M0l 5= I}

120
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O] HOME SIEY O 7t HHA(HVM)E Amazon Machine Image (AMI)4+S
ARSI QIAEAZ MMSL T Amazon VPC (Virtual Private Cloud)s2 XHd &
VPC O|M QIAEHAE AdstCtn 7PderL|ct o] Aol X|Hy 4382 BF

4.423-3154 LS AF23}= Amazon Linux AMI 2016.09 0| A ASE|QUX|OH
O|Z=9| & Amazon Linux H{ZEO| N = S&te Zd 2 L|C}

i
|m
i)
ou
rlo

x
or
b

>

o 7t S8t 349 S oStLYLCh ZEl S20[9
Fooizl =20 ofje 2R Ch
= ChE 70 7|50 AsLCh

dsZz¥8 S48 e H| 1 g3 A EEY
Zgojo{et Z0jofete AWS & © MA of AWS 2T 2|AE
71t 2o 27 ge 24X =2 XG0
AY MH BIZE X[SHAIZEZA0] ME[A T,
Y 2 YWy
SHE HEX{ZE d& Ho| B E AAESEIL  Linux/Windows
HE{Z 714 AL 2at L0
ds M 2t
UDP
=M H izl &4 8iX|o  Z2f0|AESF MH 7+ Jetc/sysctl.conf Off MH:
o
== A|eA|Zt0] &= f net.core.rmem_default = New_Value
28 2yl
net.core.rmem_max = New_Value
2it= Aol gleLt
& 4l MX 70| = k
o woa mg (O ALY Mol sy gloz
At 2
Busy polling R T EARPS = CPU AHE 0| B7FE  Jetc/sysctl.conf Of A7E:
F K=
Az T S net.core.busy_read = New_Value
net.core.busy_poll = New_Value
(B™e 5022 @M HAES
100 22 CHA| HIAES] 2= AS
F3)
UDP H{ I 70 24l 8Ex|of /etc/sysctl.conf O H7:
H 22| s net.ipv4.udp_mem = New_Value

New_Value New_Value
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http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/AMIs.html
https://aws.amazon.com/vpc/
https://aws.amazon.com/about-aws/global-infrastructure/
http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/enhanced-networking.html
http://docs.aws.amazon.com/AWSEC2/latest/WindowsGuide/enhanced-networking-windows.html
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dsz=¥8 S48 e H| 213 gl oo

Backlog mfzl &4 X0 /etc/sysctl.conf Of A7:
s net.core.netdev_max_backlog=
New_Value
(AT AAE 272l FHf 2oz
AEtSHe g A
S/ Sto|HAR E
ool e Hgdstz 45
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ot e 2ARALCH AWS = & HA0 28 =R MH[A XS 2Rt
A0l Z8[0]0{Qt 72 2O A MHE HiZS = ASLICEL AWS X|F 2
7t @Yol Z4A FEZ  https://aws.amazon.com/about-aws/global-
infrastructure/e= EZESIHA|L,
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| QIAEA AMI(Amazon Machine Image) 72 I{7|X|2 =0 |5}
2 X|Y0f| HZE = JAESLICE AWS HO|A MH[AEE AAAPC/ 2
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lsh AL MHE ofC|of Hi=X| 28 = ASLICH

o3
-u-lo

H X8
o
mjo 44 mp> rir

r
Okl mzt oo ol =
J
mn
10

]
[t
N

0%
0
il
Lo

m
20
oY

0

SdIE UEXNZs 2 ELHE 95 R sUYULM. S HE/AZ2 HE ZRE
1/0 7te=t (SR-IOV) 95 AHE5H0] StO| T HIO| A& AHX|X| 1 HERXI FIES
QIAEA HY =25 Ol YEHO2 O 52 1/0 d5, B ¥2 CPU
MNEE,H &2 PPS (= A o) §5 &, A2 ALHAZ XA SO E2
HER 3 XIE(itter) 7} 7tS0HA SLICH e HE/JAZ LR 2ot 45 22
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https://aws.amazon.com/about-aws/global-infrastructure/
https://aws.amazon.com/about-aws/global-infrastructure/
http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/AMIs.html
https://aws.amazon.com/ec2/faqs/#Enhanced_Networking
https://en.wikipedia.org/wiki/Single-root_input/output_virtualization
https://en.wikipedia.org/wiki/Single-root_input/output_virtualization
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Jol3

P El HIERIZ2 HYM AMI & AFESHL VPC 2P0 M M E|= C4, R4, R3, 13,
12, M4 Bl D29 22 578 QAAEHA FYOME ABY = ASLICH 0|2
QIAEA JH2  ixgbevf' Linux EZIOHE ALE%tes 7hdehs QB O[A
(Intel 82599 Virtual Function Interface)E AtESLICH F7HX O 2 X1, R4, P2 &
M4.16xlarge QIAEHA (ORI &2 ZEA|E C5 AAEHA)O| HALE ENA(Elastic
Network AdaptenE AtE3t0] S E HESRIZ 752 A JELICL

0

[
0]}
AN
_I-
(o)
=

Amazon Linux AMI 0= 7|28 o 2 ZQot E2IO|H 7} Lot E|0f QS LICH CHE
AMI £9| ZR0|= Linuxio, E+& Windows 11 X0 2} EZIo|HE
HRISHMAIR. EBto|H HXAOE Intel FAIO|E 12 O A X4l ixgbevf
EZI0|HE CIREESH:= A0| 5T LICE ixgbevf EZIO|HS XA HFY
HM2 2.14.2 YLCt.

QAN 2d8S2 S0l HHS 2 Rl5ta{H o

|

0jo

|:C1=>|E=I

o

o

2O AL

ethtool -i ethO

User Datagram Protocol. (UDP)

CieRel 1 98 S8 A & T2 AT Belolde Ny wel 20l
AgEe Seoll=gl el il AojS| BN Z2E82 UDp MBI
CHe ROlAE 52 SAAIZ|T B3l 240 28 5 4 9l Ul 7HX| UDP
A M2 Mok Cf

ru|o
OOI- —'—

=

=4 oo

AW UDP [ Het= 4 HIHO| 7|2l S EIE ZAYLICt UDP H{I{ S7t0]
LS 2o H 2 MK 7{'20| uDP A S H 2 12l i’é% zefg = AF UL
Of HI &7t= S2l™ S2t0|AELL M AfS| X[HA|ZHO0] 71 20| =F0
=L Amazon Linux O|A rmem_default % rmem_max 2| 7|24/
212992 Y LTt
AM2B-ol SiXf 7| =gk 2RIt Chg HE S 2A0HAIR

cat /proc/sys/net/core/rmem_default

cat /proc/sys/net/core/rmem_max

amazon
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http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/enhanced-networking.html
http://docs.aws.amazon.com/AWSEC2/latest/WindowsGuide/enhanced-networking-windows.html
https://downloadcenter.intel.com/download/18700/Network-Adapter-Virtual-Function-Driver-for-10-Gigabit-Network-Connections
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Mo Ao HI 37+ SET} e T Hz =2l
CHS Al A el 45 XIO0|E |AE ZDtof 2t o2 st
2 EO0|AHL 520 & = UEULCE rmem_default 2t rmem_max 4=
R FSEX| QEOfOF BHL| LY

O o7 H=7t HFEHE 20| = X|SE=F -5 H Jetc/sysctl.conf DO
MZ& rmem_default & rmem_max zt= CtS1F 20| AHSIMA|L.

net.core.rmem_default = New_Value
net.core.rmem_max = New_Value

sysctl.conf 2FUS AL ALSHY| flsi= LS HEY MOE Ch
o)

o Al
dE= 2

sudo sysctl -p

Busy Polling
= H® UDP XA3ZE= busy pollina 22, HEHO0| =0+ IS E25Y
HEST 24l A = Al7| x|t

Z X2 &Y = UYSLICL Ol= CPU AHEE2 7t
izl H2| X992 22 = YSL|CH

Amazon Linux & ZE2SI EHEEO| Linux HHZEHO A= busv pollina Ol
28 o 2 H|ZMH3E|0f RUSLICE busy read 2 busv poll 4f 25 50 22
AEH0 AY MHOIA O XtO|7} JEX| HAESEE A2 FHSLICH
Busv read = ZZ0IAM DS A7) Qs X[ CHIZIEOIM  CHZ|SH=
AlZHOFO|3 2 Z)0|H busv poll 2 27 E2& 3 MEIZ ol &K Cf 7| 0| A
CH715H=  AlZb@Oto|3 2 )Y L|ch Aoy a2t 4842 100 22 52{0F &
== AELCH

MELAOz O] of7f B 2820 X =5 2785 H M busy_read &
busy_poll 2t /etc/sysctl.conf Tt A0 CtS1dF 20| F=7tgL|Ct.:

net.core.busy_read = New_Value
net.core.busy_poll = New_Value

amazon
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O] R0|= sysctl.conf -2 A[AHO AMSHT| i oS HEY
WHOFCH Chs B ™S AASHO{oF e L|Ct.:

sudo sysctl -p

UDP H{af

MER UDP = E3t= UDP HIHZF CH7| ol ArRSt= HizZe| 7|5 BHHEst
7+°'LI Ct. udo mem M2 UDP 2ZI0| CH7| 0| AtRE 4= QU= M| O] K|
METILICE Ol = UESA O{HE Q| ALE 20| Of TS [ff st 4= Ql= T
=4 E E0|=H =20| L CtL

1>
SN rr

O] M2 HO|X| TH2{(4096 HfolE)ol M Zrol HIEHZ2 MAXehL|Ch AW
min 2f= UDP 7} 22 AFES AlESH= & LA ZfYLICH SHA pressure
=2 UDP 7t 22l AR E XX*OP Heal LAZLLICE OFXIEE max 4f=
D= UDP 2ZUO|AM CHZ[ GOl AR 4= Q= X(CH WO X| ZELICH 7|28 2
c4.8xlarae QIAEAOM FFE= Amazon Linux & 1445727 1927636
2891454 ©| WEIE A3l1 c4dxlarge AAHAO|ME 720660 960882
1441320 2| HIHE At L|LCt,

A ABO| oiXf| 7| =4ts =HelofeH o

—

ojo

%

o

2SI 2.
cat /proc/sys/net/ipv4/udp_mem

Of 282 MER s g I 28uUs 7I%EIEI = H2 S8 o= A
MH O XO|HE HAESHE A2z AXsts A0l EgUCLL ¢e =3¢
Moll= mO[X| =7| (4096 HIO|E)2| H{j==7t EIEE ot A0 FELILL
MFEAO= O] 280 RAIEES 280t H Jetc/sysctl.conf LFO| Al
UDP H{I{ ¢S Chaak 20| FII5H A

net.ipv4d.udp_mem = New_Value New_Value New_Value

sysctl.conf 28 at= BHES 20 0| A|2E0| BH5H7| fdiM= Chs 8BS
2HSYA 2.

amazon
Page 12 webservices



Amazon Web Services — AWS Of|A{2] HE| Z&j|0]0] A A Hs %= 3}

sudo sysctl -p

Backlog

mj7l 49| 7tsdE &0l ol E20| &= OHX|Z UDP Z[H 2= backlog
w2 77| AYLICE o] XF3l= HEXZ AHHO|AZE HEO| Xe|gt
= e AECHHE S22 D2l S F=45t= 420 S0/ mi2le| of7| ¢
37|18 S7HAZLCE Amazon Linux Ol A CHZ| S A7|9| 7| 272 1000 & L|C}.

A"l S 7| =gks 2 el5te{ o

—

0jo

SEERETRNER
cat /proc/sys/net/core/netdev_max_backlog

O7|0ME AlLEISl 7|E24tE F HIZ S8 ChE AY AMHel X0jES
HAESHE A2 SHELICH I E Ao O] f= RABtEE 2785t H
/etc/sysctl.conf IOl Af backlog 2f& Ct21f Z0[ FI5HHAI L.

N

_

net.core.netdev_max_backlog = New_Value

sysctl.conf 2 gt= EET 20| 0|2 AL AL5HY| !5iME Cig BES
HAHSHUA L.

sudo sysctl -p

=
B2 AY MHOAM TM oYs AEFEL =F M2 HIA+E S
HEQ Ao £5t7F ZELCE £33 vCPU & SHL7F B2 29| IHEHE

2E(RQS L2 /0 Ui7|7t 50| & = UG L

RSS(Receive Side Scaling) 3= O|2{%t HESL
AHE = LErE ol BFHAL|CH RSS = HESA
SS9 A7|EE Ha3E = Ue SHERY

NIC & ENI(Elastic Network Interface)14 2}l
HELOAM 2dote|o] UAX|PE RSS E7F H

| 45 2HME di&st= o
Ol HEZH (NIC)O|AM
MQIL|Ct Amazon EC2 Of A
LIC} RSS & C4 QAAHA
2 S| 8&X EsLICE C4

mw@mw

amazon
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https://www.kernel.org/doc/Documentation/networking/scaling.txt
http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/using-eni.html
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|ofl CHSH &= 7Kl

OIAHA HEZL Linux S AtRSH Q2 R E
e} E=9| |IRQ B 7t

=AM 7182 M-S of =
Aol HEZO| yCPU Of O &l L|C},

ro
>
m
uE h“

0%

orH

c4.8xlarge RQAAEAOM $ Is -1 /sys/class/net/eth0/queues HEZ A
Cr=1F 20| TH7| 0| EA|E LY.

$ Is -1 /sys/class/net/ethO/queues

total O

drwxr-xr-x 2 root 0 Aug 18 21:00 rx-0
drwxr-xr-x 2 root root 0 Aug 18 21:00 rx-1
drwxr-xr-x 3 root root 0 Aug 18 21:00 tx-0
drwxr-xr-x 3 root root 0 Aug 18 21:00 tx-1

o= IRQ7F O{= CHZ| EOM AFE = U CPU 7t e RIHBEESS OfE7
Meotd A=A| 2ol g = ths 38 C

cat /proc/interrupts

CIE g o = Cf7|E=0| IRQBHE =0l o= CHE HEHOE AIEY =+
USLILCE. :

echo ethQ; grep ethO-TxRx /proc/interrupts | awk ‘{printf " %sw#n", $1}'

CFS2 c4.8xlarge OlA /proc/interrupts O MK L8 & eth0 AHHELS
EHOI=F of Aot YLCh RBA ZE2 2 o171 €2l IRQ Y L|Ch OHX|% &

= O

2 Z2MA EQLICE O] 82, TxRx-0 IF TxRx-1 CHZ|E0| ZtZ} IRQ
267 1t 268 2 AtEStD Y= A2 & = YSLCH

CPUO CPU23 CPU33
267 634 2789 O xen-pirg-msi-x  eth0-TxRx-0
268 600 O 2587 xen-pirg-msi-x  ethO-TxRx-1

amazon
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71 €0l o= vCPU 2 QAHEEES EW A=X| =HQ5H7| fsiM = S
YOS AL LICE (IRQ_Number & Z TxRx CH7|€2| IRQ H= 2 CHX|5H]
2SO OF BhL|Lf)

$ cat /proc/irq/267/smp_affinity
00000000,00000000,00000000,00800000
$ cat /proc/irq/268/smp_affinity
00000000,00000000,00000002,00000000

Qo] ZitE c4.8xlarge QUAHAOA AAMSH ZMZIALICE Hex USSR
ZYHEZE vCPU HZE Z0I5t7| fdiA= Otz Hetsto{oF SHL L]
& =0, hex &t 00800000 2 O
00000000100000000000000000000000 O]
LIEILHE 2 vCPU 23 B2 A2 & = %
7|2 vCPU 33 HE AFEE A2 & = US

vCPU 23 ®ut 33 B2 2tZF OHE T2 MA| AZ0 £517] IE0 O|lF2
22|M o2 MZ 2 NUMA(hon-uniform memory access) = =0 ¢ X|5HA
ELICH O47|M ZH vCPU 7t 7| 2B S 2= 22|07t Ot Slo|HAY EtE
=7 A&LCE (o] ZRE s EXEH £ vCPU = #2 Z 09
slo|HAg EEYLCH) OAHER 2 Of7|E 2 o S2|30j0f 25106 d52
SEeAlZ = JASLICH

C4 OIAHA HELOM FSE= Amazon Linux 0= O] & C{7|€e
IRQ £0] o|0f E2[E §4 vCPU O 178 E|0] R0 C4.8xlarge QAHAL BE
Ol vCPU &= 7HE NUMA =0 X8 JA&LCH O] 7|2 dF2 ALMHE
HUSE=0 O] A A Y A ULICE SEX| B CHE Linux BHZE TS AHE S 42, F7H 2
CHZ| € 0| ZtZ2Eo] NUMA ==0f 2IX|$H vCPU & IRQ 2 HHE|0 QX HHEA]
OIS 2HOF BHL|CH C4.8xlarge @ CHE C4 QAIAEAZO| AL BILIC| NUMA
L B0 7HX| 2 Q7| {20 NUMA = X7t & X| &¥&L|Ct

RSS o| ds= dAE = ¥

= St 74X S ML lo|HAYES T
A LTt Amazon Linux Ol A
A

— H o

stojHAe|d S Hgdetet 4% 7|
CH7|¥2 (c4.8xlarge QUAEAOl AL I8 NUMA =0 QX|ThH
A0 =0 nFELC} Sto|m A Y2 Hl &2 d2t5t= SR of Cioh XpA|SH LY
O| HHAM Q| SlO|IH AT EHAS ERSHHAIL,

o Mo |0 ot
ro ™ Hu rir

amazon
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Amazon Web Services — AWS 0| A{2] HE| Zgj|0|0] AlIY AMH M= XX}

Fof A MH Z2M A7 58 200 LZEX] He 42, Linux 2HZ2 7t
| ME| Z2MAE RSS CH7[EO] AHESHE vCPU (2= Z2O)0| 2]
ot=S 288 = ASLILE O|FA ofd® & 74X s 2880F 2Lt

M r8

0

r

MK, HHAE HET|0|AM /boot/grub/grub.conf LS HETILICE "kernel"2
AZESHE M 2 =(F 7 0|2 AHE &=0| AZ = UX| T HHRK = o
HESIH ELChe] & 220 isolcpus=NUMBER & FZIZLICE 7]
NUMBER £ RSS CH7|€O| AtBSH=E vCPU 9o HZLICH O|E =0 RSS
CHZ7[E0[ vCPU 3 1t 4 & AE5t= B9 NUMBER & "3-4"2 HHEL|CE

# created by imagebuilder
default=0

timeout=1

hiddenmenu

title Amazon Linux 2014.09 (3.14.26-24.46.amzn1.x86_64)
root (hd0,0)

kernel /boot/vmlinuz-3.14.26-24.46.amzn1.x86_64 root=LABEL=/ console=ttySO
isolcpus=NUMBER

initrd /boot/initramfs-3.14.26-24.46.amzn1.x86_64.img

isolcpus & AFESIEH AFZ27F X8k vCPU O[M A MH ZE2MAF
MElstX| ZotA L L 22X 0] @H2 2 Qg irgbalance &= O|E A HEst
vCPU O IRQ E ZE6tX| ZotA ECh= AYLCH O EXNE sidsta ™
IRQBALANCE_BANNED_CPUS &d&2 AE5t0 LIHX] & CPUE0| IRQE
StoHEEX| 25 2 A8 O0F L CH SX) ™ 2] Amazon Linux QM & &&=
irgbalance H{X 1.1.10 0|42 IRQBALANCE_BANNED_CPUS &2 M3tz
IRQBALANCE_BANNED_CPUS £ X|H &l vCPU & AHESHA| 87| 2|3l isolcpus O
X&= vCPU Of IRQ E ZESHA gLt J2{ 22 oE =0 isolcpus £
AFESI vCPU 3-4 £ Z42[et Z% IRQBALANCE_BANNED_CPUS HdZ2
AF238H0 QIAEAO| L2 yCPU £0| IRQ & T EEHX| Rl &2 MHT Tt
OI¢|_| |:|..

A H

o] A st /etc/sysconfig/irgbalance Th oM
IRQBALANCE_BANNED_CPUS &M 2 7|0 StL|C} O| gt2 64 HIE 16 Rl

bitmask YLICl SHE & e 71 2 HE2 O UM ZA7|EH=

vCPUSE 10 Tl Moz BX FH|ot CHF 16 T2 Hetot= AYLICH
O OIMOM isolcpus & AESHO vCPU 3-4 & HAALEEZ,

amazon
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Amazon Web Services — AWS Of|A{2] HE| Z&j|0]0] A A Hs %= 3}

IRQBALANCE_BANNED_CPUS Of|i= vCPU 1, 2 % 5-14 (c4.4xlarge RQAAEHAE
ArESOoletr JHFE)E ZEsoF  guch  metM  bitmask 2=
1111111111100111 0] £, O] Z{E 1 OHX[H 22 16 T2 HBSHH FFET O
EL|CH {}gt= HET|E AHESI0] LS &2 /etc/sysconfig/irgbalance It &0
TS A2

IRQBALANCE_BANNED_CPUS="FFE7n"

ZMANOZ vCPU 3 A 4 = ALY M ZZNAOA AMEEZX] RX|BE RSS
CH7| Eof A|A-IOM AFRSHE & 7HX| CHE [RQ O| A AR ElL|C

CHE 2= 2351 OS2, Ol2fet 2 & ¢2 AN =E g5 Xt0|& EO|=4]
THESH| 2o 2 M AY MHZ B AES|20f g LTt

o =

r
-

£ > o mjo -

C4 QIAEHA MEFZ HE| E20[0 A Y MEHO| S22 HH=E HSL
c4.4xlarge QIAEAO| AR =2 HEQT 52 MSotH, S4E HESR
o sg°t HiX[ OF 50 U= F 7HS| c4.8xlarge QIAH
m4.10xlarge 2 &2 CHE O QIAEA) ALO|OAM Z[CH 10Gbps € Ed &
UXELIC} c4.4xlarge 2 c4.8xlarge QIAEAE FE7F LD U= ZE AY
AMHS0HM SE3 UE=S HSW =L

—

.

C4 AAEA0M s = 28 MRS HERT d5& €0 718 E 92
Ch= QIABEAL OOE 1899 ChE QA2EHA QHUSEZRH A
HAEST H W50 Z™HE 5= JASLICH Iperfiee Linux A HERXI 452
HAESD AFo=0 71Y £2 £+ & SHLEO[X. Nttcpire= Windows O A
AE7tset £2 =784 ¢ E30M= HESXR 95 HZEO it
NE=E MEsta AgUCth HX 25 AFNMEEH Iperf 2= Nttcp 2F 22
ETE MESIH A Y MHE UM Ed7tstt etot HE/R 455 HAESHR
A5l OoF gfLL}.

CPU = HIERIZD &1 A MHOIM 7t SRSt &+ 71X 895 =28 89 3
SFLHRLICE,

amazon
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http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/placement-groups.html
https://aws.amazon.com/premiumsupport/knowledge-center/network-throughput-benchmark-linux-ec2/
https://aws.amazon.com/premiumsupport/knowledge-center/network-throughput-benchmark-windows-ec2/

Amazon Web Services — AWS Of|A{2] HE| Z&j|0]0] A A Hs %= 3}

45 =8 e H| 213 9 Haof

=

23 A SYHAAR tsc & AMBSI0  Xen O] Amazon Linux O] /boot/grub/grub.conf
ALMH ds 78 7ts 712 28¥ard o Hy &=50| L2

a= F7h
tsc=reliable
clocksource=tsc

C-State 2t C-State % P-State FME  C4.8xlarge AAEHAOMEPE  /boot/grub/grub.conf

P-State c4.8xlarge IAEAO| C- HE 7ts. 48 ool AHE &=0 Lh=
State £ A 2|5t B ZAA| 3.5GHz 2| Z|Cf g= F7h
Jl2He R | Nete|df BHe 2E X|Jo| ote = intel_idle.max_cstate=1
QAUS. C48xlarge QAAAEHAQ[  QUOLY, 32GHz o BE
4R CState E C1 22 A0 HE BE SZH0|
Mo cPU H&7HAM 7tssi.
ts

Irgbalance A MHE EF vCPU O Amazon Linux 0| M= NA
YR YUE BR 128 o2 EX | of
irgbalance & At25|H HYE CHE HZEES
CPU 85 70 7ts Argg 249 AXl R

SAHSOX =l ",

stojmAgd  ZvcPU & 22209 /boot/grub/grub.conf
stoli AR =l ool AY 50| Ch=
StojmAg g HigHdstz = =7k

AHEEQl QIAE A
A =220 )

CPU 1% S = AY MH AY MHoM= "numactl --physcpubind
ZT2MNAE vCPU Of CPU 70| YEHE QI $phys_cpu_core --
¥ Aol ds4 22= otd membind
0|52 22 = US $associated_numa_node

./game_server_executabl
o

Linux ALMH 50 ==0| E sudo sysctl -w

2| EE = U= MZHA Linux 'kernel.sched_min_granul

272 28 80| AS

arity_ns=New_Value'

Page 18
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Amazon Web Services — AWS Of|A{2] HE| Z&j|0]0] A A Hs %= 3}

kA
o

e H| 1 g3 A EEY

oo ox

rz ofr

sudo sysctl -w
‘kernel.sched_wakeup_gr

anularity_ns=New_Value'

sudo sysctril —-w

'kernel.sched_migration_
cost_ns=New_Value'
(MAB AR 22l S
Sz A|ESE AS

)

4% nx
oA

Linux Of| A EF2F 10 M A o 5= AEF 5H0f Z2 M A7t SR o
S Otofet = A== SffELICH ZE[ S20/0f AYMHM= ME 7t
HE OMESS 2TH2ZE XN|ot= #HO0[D 2t FELO[AETL RHM| Q| AlZhdf
SECR 0] OESS EOFA B2z AZZEI O SRLICh
kernel.org EAO|EO| S8 20 Lt E2 230| AMEN USLICH 1

$cat /sys/devices/system/clocksource/clocksource0/current_clocksource

7|EMO0 2 4 AAEHAYM LS E= Amazon Linux 8] A2 0|Z0| xen 22
A™E|O QEL L

28758 25 S8AAE Q5T Tg B dA LI

$cat /sys/devices/system/clocksource/clocksourceO/available_clocksource

amazon
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https://www.kernel.org/doc/Documentation/timers/timekeeping.txt

Amazon Web Services — AWS Of|A{2] HE| Z&j|0]0] A A Hs %= 3}

Amazon Linux 7t ALl C4 QAAHAOM = 7|2H 22 xen, tsc, hpet H
acpi_pm O] HA|E|O{OF SLICL CHEES| A MH Q| B2 Z =M A2l 64
HIE ZX|AH Q TSC (Time Stamp Counten)7t EHAAZ JH& MatstL|Ct
CHEE2| 4%, TSC 7t 7t w22 7t FEok AlZH Zatof thet & Sﬁi o jn
Ctxe0| R YULICEL XEN 7hefetel 23S0 TSC of Ot &2 EE0|
AXE xenorg EME EESUAIR. 19 0= power state Of QUE ZE
ZENMO S7|27t MISEEE TSC & &7|2te0 2Ol He = ZHFE Lt
O|A2 TSC7I &< &8st HE2 J7IctCt= AS 2o0[gLCt

TSC £ rdtsc E£ rdtscp YHOIS AFB30] AN~ & £ LT rdtscp £
intel ZZAAZ HIEAR Qo] X2 s A2t Uthe Hg 13D
AC B 2 rdtsc 2L} rdtscp 7} EE O L} SMYL|CH

AY MEOM= 28 AAE TSCE HYste A AYTLCEL 24X 2 g
2510 o 23 AAE HEDH 2 MMEHE HAES|EOF BILICE 2
AAE TSC B ’5783}3 M fste HEJ|Z /boot/grub/grub.conf lLf°'°
28 OF SHL|C} "kernel"2 A|EHSHe KB SH2(F 7 O|AHO| kernel EHEO|
Ae = UXT AW <=0 +=ForH ELChe| EF&0| tsc=reliable

clocksource=tsc & F7}SIAA| 2.

L

# created by imagebuilder

default=0

timeout=1

hiddenmenu

title Amazon Linux 2014.09 (3.14.26-24.46.amzn1.x86_64)

root (hd0,0)

kernel /boot/vmlinuz-3.14.26-24.46.amzn1.x86_64 root=LABEL=/ console=ttySO
tsc=reliable clocksource=tsc

initrd /boot/initramfs-3.14.26-24.46.amzn1.x86_64.img

T2 M| A AE] X|Of(C-States I P-States)

Z2MAM HEf MOl= Cq4 AAEHA METLHA = cq.8xlarge AT A0 AT
7t LICt (CHE QA EA M &7 0| M £ d2.8xlarge, m4.10xlarge X x1.32xlarge
PIAEIAON M7 74S)20 C-State = DO 7 5 ME L I S0{& = QI'C =&
g2 A OS2 P-State = 207} &S Y I A= 85(CPU &% 2)S
MO L|C}. C-State = FE Al B &E{O| 11 P-State = A HA| EH QEH%I LICt.

amazon
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https://xenbits.xen.org/docs/4.3-testing/misc/tscmode.txt
http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/processor_state_control.html

Amazon Web Services — AWS Of|A{2] HE| Z&j|0]0] A A Hs %= 3}

C-State = 07} M ZE 7|52 +HSI= 71 22 AEHQI CO Ol A AlESHY
07t 2HMOE iKX= Tt d2 %;EHEI C WXI ZEj gLt c48x|arge
PIABEIACl AL 7|&# C-State = C6

QIAEA FT[9l 42 7|42 C1 YL|Ch OI7*0| 3SGHZ EIEH = EE?f
c4.8xlarge QUAEHAONMTE AFEZFsTH O|fY{LICE ZAOZF 35GHz O
TSt ™ L2 vCPU 7 C1 ECH O 22 S8 HEfooF gL|Ct.

c4.8xlarge QAAHAOM AEItSSH &F SM2 A07F FHMEfZL E[X|
UCE 7Y 42 C-State E C6 7t or o C1 ot= AYLICL o 82
ZEMAM BE 7(|0”| tE SO0 FX[2H ESH 3 70| A0|TF 2d3t[0] US Y
TEE 4 QlE 35GHz HE BAEZ FASHE A& 9fA gL Ch shX| gk o
dR0= ofF3| 3ZGHZ ol BE IO HE REE *fg 7f"3”—|':f [Ch 2 A
ZEMAMe g8 X|AS E0|= At H 7Hel ZoTt S2 S Iff siE A0{=0|
3.5GHz 9| X HE ZEZE SESH= 2 S0l MEAS O BL|CEH MEL2 M|
Application 2t & F 52| HAE ZALof e} CHE L CH 3.2GHz 2] 2& 30 HE
2E7t "*5 o 4 U =T 450|11 C4.8xlarge QI AE A0 A TR ES| A|ZE
S0t 70l E= R 22 DN E ALESHA 2 AO[2tH C-State E C1 22
E%3FQ*|2.

0

P-State = EE B L7} 2A5IE|S PO O A ARSI SZ T8 |

—

Ral
mju
JH

R EE LtEtL= P15 7EX| EAH L CE PO 7+ Z[CHX| 2| %’“*E% NSt
DE C4 QIAHEHA F7|9 7|2 p-State = PO YL|Ct A Y EHAESIO| AL O
gH2 WAY oL olsUth ool SEE He SAE vt A
2 Ef % L C}.
ChE H= cd.4xlarge 2F c4.8xlarge 2| C-State 2t P-State & AP L|CF
7|2 Z|CH C-State F=H dd 7|2 P-State FH 4d

cd.4xlarge X O 1 1 0 0

2 OIAHA

c4.8xlarge 62 1 0 0
a) cat /sys/module/intel_idle/parameters/max_cstate BHE Ml StH X[CH C-state 7t 9 91 22

HAIZXZ ZH2E 7tse 2] 2l 6 22 2 ELIO

turbostat 2 A&3t0 c4.8xlarge QAHAON M 2 = U= C-State X Z[CH
BE 2 S22 & UASLICEH ChA| ot 2A5SHX| B, O] X2 Amazon
Linux AMI & AtE310] HAEE|QJ 2D c4.8xlarge AAEHAN AT ZESHD
C4 ME=2 CHE AAEA ATV|0 M= SHBHA| Ea L L

amazon
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Amazon Web Services — AWS 0f|A{2] HE| E&[o|0o] A|Y M H5 %X}

HY Cts ™2 S AAHIO| stress & AX|LICE (turbostat Ol
(o] X=X

o
=
AAE=O| EX|2 UAX| Y2 EF turbostat = & X[ C})
sudo yum install stress

Ctg @d2 2 712 20 (F, 2 7ol M=z CHE =28 209 2 7ie
Sto|lHA E)0| 2EAF Q17U C

sudo turbostat --debug stress -c 2 -t 60

amazon
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Amazon Web Services — AWS 0f|A{2] HE| E&[o|0o] A|Y M H5 %X}

Bzy_MHz: CPU 7} SZH5("c0 state)O| R E S W 5= 22
TSC_MHz: MA| AHA|ZHE TSC 7t SEfst Hd 5% 2

9| AL vCPU 9 2F 20 O] CHEE2| A2t SQF CO HE(%Busy) 2 231
3.5GHz (Bzy_MHz)2| %[0 HEZEOQ| 2Tt &t AS EAFL|C} O
F0{o| CIE SlO|HAHEQ vCPU 2 2 27 2 HHS 7|Ct2l= AE[Q

C1 AEH(CPU%c1)0l HEE USS HAFLICL c4.8xlarge YAEIAQ 7|E (-

State 7} C6 O| 11 CHE 29| A 0|7} C6 AEH (CPU%c6)0f| AR 7| 20 3.5GHZz Of

e sHEE 2EEUSE E & USLIL

[FS o2 32GHz 2| BE 20| B 2EZ 201517| 98l 36 712 vCPU M 0f
AEBAZ QI7tsf SLCt
sudo turbostat --debug stress -c 36 -t 60

Che 2 9 YOS s Amztol AL QL.

z TSC MHz

i¥

=

=

o H

oo I}
[m]

)
1 0

1 -] oo n N bk W
]}

=1 =1 oo o b
]}

amazon
Page 23 webservices



B= vCPU 7} 99 %0|&2| AlZF 52k CO(%Busy) S ENO]
S0 B &% 32GHz(Bzy MHz) 2 2 S2t8t1 /S8 £ 5 YUSLICL

$0
H
()
(@)
0
)
=2
£0
rir

MOz =

o

C-State € C1 2 HHsIAH HAE HEJ|E /boot/arub/arub.conf
HASHOF SEL|CL "kernel"@ 2 A|&tSH= MEW 2= (F7 O|&to| HYE

—

A2 £ AXoF A HE =20t HESH E=Lchol & Z
intel idle.max cstate=1 2 F7}5t0] 97 AEIC NI & = A=

2l e SHAEO| CS-State & C1 O 2 MHTHL|LC}:

%

=]
N AT o
02 2 2o

# created by imagebuilder

default=0

timeout=1

hiddenmenu

title Amazon Linux 2014.09 (3.14.26-24.46.amzn1.x86_64)

root (hd0,0)

kernel /boot/vmlinuz-3.14.26-24.46.amzn1.x86_64 root=LABEL=/ console=ttySO
intel_idle.max_cstate=1

initrd /boot/initramfs-3.14.26-24.46.amzn1.x86_64.img

NYe MESD HIZE ZRUAS MEZe HY SMS w98
SEBAAIQ. OfF| turbostat S CHA| A30] C-State £
=l AtetE SQIBtLCt

im}
ajo
rlo
40
oF
o
<
mjn
>
gzl-
_(')_I-
N
B
>l_
1o
o
I
o
-
im}
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[}

] (] o
) s L
(I

3
3
4
4
5
a
&
&
s
i
s
i
]
=]
o
u]

o
O O

[ ]
[

Do -1 -1 mom nn ok e W

Q| A= BE A0 ZF ®iXf| C1 C-State O] Y22 HO|SL|CH H1E QITHIS
5% VvCPU - &9 ool M= vCPU 16 & 2 - 9| X0 B 2 22 3.2GHz
(Bzy_MHz) 2 LCF. 2 & yvCPU 7} C1 MEJO| Y28 2 35GHZz 2| | B RE=

E oj& Argg =+ Slg Lt

lu

ECI2 YWEe 18 By

rir

C- State 7} C1 22 MHE|0] Q=X| &0}
Mots ALt

cat /sys/module/intel_idle/parameters/max_cstate

DjX|2o 2, R0|7} C6 AEHOIM C1AEIZ MY 0 ofE As4tol H|gO|
S910Ix| 238 HYLICH cpuidle THYS ZX3|340] CHSH C-State O Ci3t
Z8 K¢ AIZHS OIO[AZ X T QELICE CPU O C-State
AEN7} MEHY mjOjCh X A|ZFO]
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Amazon Web Services — AWS 0f|A{2] HE| E&[o|0o] A|Y M H5 %X}

O£ S0f 7|2 C-State BE YA cpuidle 2 C6 LEHOIA CO SEHZ TEHA|
133 00|32 29| A|ZH0] 2RY=E & 5 JUSHCh:

$ find /sys/devices/system/cpu/cpu0/cpuidle -name latency -o -name name | xargs
cat

POLL

0
C1-HSW
2
C1E-HSW
10
C3-HSW
33
C6-HSW
133

C- State 712242 C1 ME42 HFOID CPU REAH 2ol o2 2 4
QUELITH O[F C1 4EHOlA] o MERE FeHohe o 2 Ofo|22 = stof Ha|x|
QUL vCPU 2 C1 HElE HESH Ae| M KAAIZS 133
ofo| 22 %0 2 OtO|AREE 131 00|22 % FY 4 UsLc

$ find /sys/devices/system/cpu/cpul/cpuidle -name latency -o -name name | xargs
cat

POLL

0

C1-HSW

2

Qo X|&H2 c4.8xlarge AAEHAO D F2BLICE c4.4xlarge QAAEHA (B C4
HNEe o 22 37|29 IAHA)Q| AR C-State & 0[0| C1 HEHE HHE|O
AL B2 HE 0 BHE 32GHz & 7|2 EE2E A& J+s5H0{0F ghLCh,
Turbostat & Z2MAME0] 29GHz 2| 7|2 &% 28 S B0 MA S&st= A2
HOFX| AZ ALYULCH EXME turbostat Of CIHI FMS ALESIHEIE
c44xlarge QIAEAONAM = c4.8xlarge QAAEHAONA 2 £=1 20| Avg_MHz
L= Bzy_ MHz gf2 HA[SHX| Yi=Ct= AJLICEH

amazon
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Amazon Web Services — AWS Of|A{2] HE| Z&j|0]0] A A Hs %= 3}

c4.4xlarge QAEHAO| yCPU E0| 32GHz 2| 2 & R0 HE REZ FESI=X|
gtolste= oF 7HX| B2 Brendan Gregg 2| showboost AT ZExE A=
ZAYLICEH Amazon Linux 0| M O| & AHE5t2{ ™ msr =& A X|SoFgrL|C} O| &
Plo Cr= BEES HASHIA L.

sudo yum groupinstall "Development Tools"

wget https://launchpad.net/ubuntu/+archive/primary/+files/msr-tools_1.3.orig.tar.gz
tar —zxvf msr-tools_1.3.orig.tar.gz

sudo make

sudo make install

cd msr-tools_1.3

wget https://raw.githubusercontent.com/brendangregg/msr-cloud-
tools/master/showboost

chmod +x showboost

sudo ./showboost

Z1H0| M vCPU 0 BF EA|E| X2 M MM S =150 HEAL|=
—’F ‘EJQLIEF CPU SZEEHZ BAISIHH A AHE At
stress & AF23} 10 showboost HEH S Aes0] vCPU Q| S22

vCPU € BT
7{L} turbostat
S BoIstLC}

—_

Irgbalance

Irgbalance & ’8%% SHAIZ7] fls) AHEE %% Al2Eel 00
st AH|AQLICE Irgbalance & AY AMHE EX vCPU E= Z 00
185t BR= 7HISEIOHli Rzl R0 HEELLE AY MHE EF

vCPU S0|LF R OE0| 18A|7[= 820|= irgbalance & H|2Hd2l5tH= 20|
LtS &= QUSLICE Irgbalance O E/d3t/H[2d3t ZF XHO|-O| JLEX| Ao
HA HYFStE HAESHHAIR., J|EHe=z2 ¢4 QAEHA HELOAM
irgbalance = 2 & =& L0 ASLCH

QIAEHA0N irgbalance 7t &2 SIX| =52 Crs HHES Al C:
sudo service irgbalance status

Irgbalance £ / etc / sysconfig / irgbalance Tt 0 A A& = Q& L|CH
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https://raw.githubusercontent.com/brendangregg/msr-cloud-tools/master/showboost
https://launchpad.net/ubuntu/+archive/primary/+files/msr-tools_1.3.orig.tar.gz
https://raw.githubusercontent.com/brendangregg/msr-cloud-tools/master/showboost
https://raw.githubusercontent.com/brendangregg/msr-cloud-tools/master/showboost
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olr

x| Xzt

OIFHEESO I ,
CHS %4%'2'% Malsto] QI HESO| MEES &olstn AHEEEO| vCPUEO
L=

MCHz = Hi

cat /proc/interrupts

spo|m A2

Ca OIAEA FMERO| 2t vCPU £ 22| 30{9| 8}0|H AR = QL|Ch Brof
StojHARZo| GAlo] 28 maaao| 450 otYste ojAickn FHEhe|e
StO|H A TS HIBASI 4 UALICH T2iLt B A DS 0| AR 0|A

LS =
sto|m A2 S g detsliof st= E2f= A2 YASLILL

oref #= 24 C4 B 37[9] E2| 20 5 E0FLEL

QIARIA 37| vCPU =2l 30 =
c4.large 2 1

c4.xlarge 4 2

c4.2xlarge 8 4

c4.4xlarge 16 8

c4.8xlarge 36 18

ChS HEOE d&sto] ZE vCPU o FEE =QlIg = A& LICE:

cat /proc/cpuinfo

ER-

rot

P A

MUl

&7

o

SHCHO O}

—

ajo
o
o
L2
Ul
>
o
e
+

)
Iy
I
n

egrep '(processor|model name|cpu MHz|physical id|siblings|core id|cpu cores)'
/proc/cpuinfo
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O] &0 ZtZIoAM “processor'= vCPU HZULICEH "physical id"=
Z2MAM A2 D E LIEFHLICE c4.8xlarge 0]2]9] C4 QIAEHAO| HLQ E}LIO|
2ANS AMESIEZ 0] 2 0 O|ELICE "core id"E =2 2 Higo'l_llif
St 'physical id" W “core id"E ZHT Z /2 SU [0{9
oto|HA P EZLICEH

TO{9f vCPU & (F, Sto|HAZE)S E= E COHE HE2 2F A0{0f Tf
thread _siblings_ I|s £ HE= AYLCL ol 2= ZF 20
JHE LtEFHLICE CHS FEOOA "cpuX"2l X % 2ol
Mo HASHYAIR.

@)
o
c
rE
[
10 nrot

cat /sys/devices/system/cpu/cpuX/topology/thread_siblings_list

sto|mAg PSS Hl2daste{d HEIAE HEYTY|2 /boot/grub/grub.conf It =
HESHUAIR. "kernel"= A|ZfSt= RHER &= (F70 0|2 7HE <=0 U=
2 UX|TH A uE S0 HEYSIH =)o & B0 maxcpus=NUMBER £
F7H2HCE 71 NUMBER & AME Sl C4 OIAEV‘"I A 2O =Lt

27 C4 QIAEA 378 2| 30| 0 oAM= 7ol £ HZOHUAIR.

# created by imagebuilder

default=0

timeout=1

hiddenmenu

title Amazon Linux 2014.09 (3.14.26-24.46.amzn1.x86_64)

root (hd0,0)

kernel /boot/vmlinuz-3.14.26-24.46.amzn1.x86_64 root=LABEL=/ console=ttySO
maxcpus=18

initrd /boot/initramfs-3.14.26-24.46.amzn1.x86_64.img

oEs Mot HFYVIE FEOHAR MER HE s4S HEStHH
QIAEHAS WF AL,

ChAl ZoEX| T o2 A Y d50] dds
HYFOIZ HAELE0F ol 278 S oLt Y
Z2M 22 cpu n7gat ey 27gshor o 4

WS AHEOHA| B oto[H A E S HIES

- OO OOE

LICH 2 X2, Z2AH22] CPU
ot §s0| MotE = ASLICH

X|
CF O A-II-IO ML SEAFS O)8
LT} o] & gl
| A
[=]

s0 2

tot
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AWS OfN HAlz= T
H|2d=}5kA| & LI St
AY MEOM O 22|l
A0 F5LCh

2 DOIN AAA A0 ME2 sfo|mAH TS
T 2B HO| MR 2 A5S SAAIT|X| YOt 2

Fot= 22| FES Tok7| ?lof of 285 oHA| H=

0
0]

CPU .M

M2 AY M Z2ENASO| EE F AYHEQ H VX B AYEZR FHEO

USLCH 2 AY A1H1°| TZMAE FO(VCPU EEe 2| A0 D™=

42 BB MEX|THE 4 X ALFE B Bl A2 ofL|CE YetHo=
~

CPU IS A< ozl Mz A0o0 57:4):40; M 8|0F Sl= AEHO| A
AELLLE AY 2AME0AM= EF¢ FAl Linux 2#HE 217t O|& Ne[5te=
St= ZR7F BELICH CHA| ”“HI Ol 28 AN X YFotZ B2 ESHEOF
2 =YL o SEX|BCcPU 1 HAOIE ot 50| L2013 0|2F 20| B
CPU 8 BQlO| 2| =27} Mot & o= A0 cpu 80| Mgt 1 E

sforstE el fES € + AU

O|= NUMA EO|AM CtF L-EO|X|2t Ch= &S HASH0 CPU T.0{2F NUMA
L RRN ZZNAE I T 5 AELCH (game_server_executable O] 3
$phys_cpu_core W $associated_numa_node 2| #t2 A ez HAESY
AFESIMAIR):

“numactl —physcpubind $phys_cpu_core -membind $associated_numa_node

./game_server_executable”

Linux.22=

7|2 Linux 2#&2/= Complete Fair Scheduler(CFS)222t1 StH, CPU At
2ES 131*+04 ZENASS HASHE 92 SLULE CFS 9l 7|18 |He
vCPU Ol 82 E 23}stn O Zt2 MMEQ M58 #|Ch3tsl= 2 QLo
A MH &EAM;; £78 vCPU O n7FSIX| %S EF Linux 2H =27t
AY M TZMHASO AYEES MAESHCPU Of SEHSHA E LT}

AY MHEO Z=20| ZTZE Linux 2AHEHE Z=HSH7| st H 7K
Oj7fH==0| USLICE Of2fof 7|t M7HA| o2 FE SH= 2 ge
250 et 7hsst of ZEMMOM HES0| +HEEE FX|SH= AYLCH
7|0z 2AEES X MEE, 2AHE2 wakeup MEH H A EE
ool agjo|M H| &0 582 FASELICH
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https://en.wikipedia.org/wiki/Completely_Fair_Scheduler
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B = kernel.sched S412| 7| 242 2058 M OtZ FHS AASHUA|L.:
sudo sysctl -A | grep -v "kernel.sched_domain" | grep "kernel.sched"

AAEY HA ME2YU2 oF Q0| CHE Aoz M E[7| ™7FKX] CPU O A
AldE = AZFES AH-™BLCE Amazon Linux 2 FSEE 4 9AEHA
MEDOAN = 72422 3ms 2 @™ ELCE O] 442 s2lH ZZ M A0|A Q]
HAZS O e /A = YSLICH O] 2-US 6ms £ FHIZ A™HSH= 40|
otLto| MEAX|ZF & £ USGLICLH O A CHE RE ds HEARIL
OrE7EXI 2 Ol2{ot A™E2 X AY MM EXS| HAESHEOF e LTt Of
HF CHE F AAEY HEO = O] RS 22 41 |SX[EX geoz
AME ATEEQM HAAEEE DY O{OF SHL|CE.:

sudo sysctl -w 'kernel.sched_min_granularity_ns=New_Value

M
==
2zt

= COiAlst?| ?i5td 2ol
=255 4ol 4H S=7 A
(e]

wakeup El= 7|50 &= ZLICE Of gto] A &

LOIHLICE. Amazon Linux & T&E& 4 QAEHA XNEZOIAM O U2
1282 4ms 2 HAHFELLE O @2 2ms B Y2 F0|1 ZAnE
HAESHE = ZA0| MEIX] = SILLLCE AY MHel §40 et o &2

o= MR H50| O H4E & YHLLh

sudo sysctl -w 'kernel.sched_wakeup_granularity_ns= New_Value'

A7=2 Oro[agold HIEZ2 AAE7E oro|agolde 28 M A

=
ZI@I0| o3| "FHAl St (cache hot)"QIX| ZEE M AHEEl= Xl OHX|9Y
H = ZAZEE AEP O "IHAl Sl A2 0to| A o[ E 75 g0
A

M7l =20 of 285 Soff 20| ool o[dE VtedE =Y = USHCL
Amazon Linux & 7+&k|= 4 IAEHA M E LM O 22 7|22 E 4ms =
AEELLCH o] ¢E 8ms E T HIE St HAEG HiE ZAO| Lo
M ERX| & L CF.

sudo sysctril —-w 'kernel.sched_migration_cost_ns= New_Value'
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c8.8xlarge AIAEAAM A Y MHE 2dSts 82, NUMA SO 20l 0f
gLt

s Ees] (S He il 213 gl o
NUMA c4.8xlarge QIAEALE  C4.8xlarge 2L 22 NUMA O|FFE N2|st= MI7HX|
Sl NUMA = EE&  A7|9 QAHAE MEAX| 7} QIS: CPU 117, NUMA
Zt1X|a legz StLES| NUMA WA Bl numad ZEMA
NUMA 7} 0|7} & LEQ X ER
= US NUMA 0|z S5
7he Hi22| 7t H=e M CHe &52 /etc/sysctlconf Of
TEoE AR 7t
AleMEEE 95 vm.swappiness = New_Value
ManeE 2 A
7H|_ Q_J.I'E = T AlAE“O| °4IH 5o E_?_Ei
ol
e AESHY gf 2 HE sy
HAESEE 4= =H)
ChS &= S Jetc/sysctl.conf
ool =7t
vm.dirty_ratio = New_Value
(Amazon Linux 7|24f2l 20 2 2
Yot A2 FH)
CHS &5 /etc/sysctl.conf
oo =7t
vm.dirty_background_ratio =
New_Value
(Amazon Linux 7| 24/2 10 22
Yot A2 FH)
NUMA

SII MCHO| 2 & EC2 QIAEHALE NUMA E XL NUMA = A3 ET}
2Z 22, CHE ZENAMe 2Z 22 E= 37 M2 M0 2F
WHA T = A iF= ZEZZMNA AAHOM AHEE= OZZ]
OLZ|EHI X ULICE O7|M ZL23t EXle ¥4 HEZ2 AHEO| 2Z HZ2|2C0t

aramazon
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ZAYLICEH A ETE A M 2|0 WA 2
to HZ 4% 2M7t 2l = A& L
NUMA Q| O|F 2 &8% 0| Qs 88 ZEIHO| 3R, ZEMAZt 7ts3t
ot 242 M 22 B AMBSIEE St o2 AYLICH 262 E= 9] NUMA T E7}¢
o= F ZZMA 270 20| 7hs%t c4.8xlarge QAAEHAS| A0 O]ZHO|
HASO Z2E T NUMA
b EX| SELICEH FIHEo =
S El HEj= RX|E L L

CEO0t M30| JFSdEE NUM
NUMA EEZX|& QIAEHAO| £~

o =
ro
kl
b
il
>

-

7t JgHH. Ol =2 2

c4.8xlarge QUAEAON = F 72l NUMA E 2}
HEE =5 Oftg FES

CEQF 4IE=El yCcPU S0 Cigt ME
AHSIMAIL

numactl --hardware
NUMA EH 47832 20Ist{H Lt HHOE HAASIHUA|L.:
numact! --show

ChS CIMER(ofM O HEE Solm 5 AUSUCL (ZZo NUMA =C
O3 £ 2| S AT B A 2),

/sys/devices/system/node

numastat =S ALt Z2AMA B 2HKXAO| CHSH per-NUMA-node
(o]

g
HzZl SHE =2 = AsH

Ch -p S42 ALBSHR £ Z2A 20 Cfof
of BHE WY + UOU v SHE AL O KA HHE 2B 4
U LC,

numastat -p process_name

numastat —v
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cPU 2%

M E QI NUMA & 2XE siZst7|IsiM= MR T SM0] A& LT
M= CPU ™2 AM8%t= A0l FEM= Ats NUMA ZEHZAO
OFX| 22 numad € AtESH= A YLICE O|2{st M & o= SM0| EAIo| A
MHO| 7tE Z| ol ds2 MIst=X 2lsH7| siMe 4 850 A

HX CcPU ™S A ESLUCE 07)0= AY M ZEMAE vCPU (E=
TO)2t NUMA T E0f HQIY5t= A0l =& Lk O] Y2 numactl 2
AESIY aigh = UELICH QAAHAOM HAHZO 2 A Y MHOf Cfsl Chs
HHOIA  $phys_cpu_core B! $associated_numa_node 2|  Ztut
game_server_executable 0|52 HZSI0] MAMSIHUA|R. =7 FME2 numactl
man 40| X|3E ERSHHAIR,

numactl --physcpubind=$phys_cpu_core --membind=$associated_numa_node

game_server_executable

XFE NUMA 2214

Che 482 A& NUMA ZHAS AL83t= AYUCLE o 7|s2 A EL
ZZNAE H©X AEEQ HEZ27F e ZEMAM A0 FXSHHL
AMEZLICH Eot 38 Z2 3 HO|HE 120 WM ASH= 2 o] dHFQ
ZZNA 2 Z O|FstE{d A|ZBHL|CE. Amazon Linux AMI 2016.03
HZHOIA Xks NUMA HEHA 2 7|2H o 2= H|Zd3tE|0] AES L Cos

0jo
o

%IE#

o

QIAEA0AM Abs NUMA #EHE0| A8 7hsthA| =elsta{d® o
A

S N
AlSHS
= Aot

NUMA ZRids SNz gdet = HEdeot{ ™ ths A Value
Di7H =2 2= o( HIZg=holLt 1( Ed=h2 23¥siol s F™=
2O 2.
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http://linux.die.net/man/8/numactl
http://linux.die.net/man/8/numactl
https://aws.amazon.com/amazon-linux-ami/2016.03-release-notes/
https://aws.amazon.com/amazon-linux-ami/2016.03-release-notes/
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sudo sysctl -w 'kernel.numa_balancing=Value'
echo 'kernel.numa_balancing = Value' | sudo tee /etc/sysctl.d/50-numa-

balancing.conf

_<I?_| X|X|_ Amazon Linux Q-Oll_ll:l' El‘% HH'_l_r';'L_liI' I %'-?— /etC/SySCﬂ.COI’\f O-”A‘i
0| MHS|oF & &= ASLILCT

AN H

Numad

Ox|2toz2 MHE M2 Numad YLICEH Numad = NUMA EEZX|E
DLEHYSID Z2NASO0| HYEE A0 CHEF NUMA LEOAM ZHZ
MU 2 QX5 H2AL|CH Numad = A|AE ZAHO| H3tof w2t = 0|
7hsLCE NUMA H22] #2|e] AlH[2t= Z|AR7F AtE NUMA ‘et d )
numad 7t2| ‘d& XtO|E A4St AL L|Chas

numad £ A28 HA XIS NUMA 22 Al S H|2Hd 516l Ok L| CFH Amazon
Linux O] numad & AX|8l2{H Fedora numad AlO|ExE BHESt L2 JHE
X209 OoFH HEES CIRZELSMA|IL. numad £ AX|S2{H numad
CIHMEZ|OM CHS HHS AW AIL:

sudo yum groupinstall "Development Tools"

wget https://git.fedorahosted.org/cgit/numad.git/snapshot/numad-0.5.tar.gz
tar —zxvf numad-0.5.tar.gz

cd numad-0.5

make

sudo make install

numad Of CHgt =ZIdE var/log/numadlog OfA %S £ U1
/etc/numad.conf O] A7 mt AL|LC}.

numad € Addt= B2 2] 7HX[7F J}ELICEH numad -u 82 ot =EQ
ZO A2 ES A™SL L 7| 24t2 85 %YILICEH NUMA 022 2t2|9| AlH|
IO HESHE AEE -u100 0|1 O|= Z£|0 AL ES 100%2 27 L Lt
Ol ZEMNASE =9 HEZ QFAFEO XCf 100%7HX| 2Z NUMA
L EO| FOrJAA ZAIe LIt
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http://rhelblog.redhat.com/2015/01/12/mysteries-of-numa-memory-management-revealed/#more-599
https://git.fedorahosted.org/git/numad.git
http://rhelblog.redhat.com/2015/01/12/mysteries-of-numa-memory-management-revealed/#more-599
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sudo numad -u100

sudo /usr/bin/numad —i0

OX|Z 2 =, NUMA E &t 9| H[2Hdolst= A2 A4 M 22| AMA0 2XE
LAAI7 E2 MEHX|T} OfL|{ H|2HE3tELCH= NUMA EZEX|E & EYSH=
A0 "HELICE c4.8xlarge QIAHAO| A2 TR Z22| A MEO| CHsl & ZHX|
U2 TAHS= A2 FHSLCE X9 d52 MSdt= 482 286t7|
i XIZMX| =23t SH=S HME HAES] Ee A2 HYYLLL 0|
SME T O A TZMA9| /1 NUMA =20 Uit H 22| S =2 2AFG|
M AHSHK| = ZoHX| B 2t ™HE2 Ao AY Mo O L2 d52 A2
= AE L L

IAEHAOAM A Y MHE MHMstD Chg S AHE S0 numa_foreign (F,
O] Lo ZYEU0{OF SFX|PE CHE NUMA TEO| ZEE mzz) S
numa_miss (5, O] =0 2 AKX[TF CHE NUMA = E0| S E[Q0{0F 5=
HZ22) =552 2ldt= AR O FH0| 7IE Mot HAES ZE =+
Ol L|C}-

AN H

numastat -v

NUMA =XE H2ESHE & H e gE2
A28 numastat & AHESIY foreign/miss F=ES0| U=X| Qlst
JAYL|Ct:

stress --vm-bytes $(awk '/MemFree/{printf "%d¥n", $2 * 0.097;}' < /proc/meminfo)k

--vm-keep -m 10
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7t HZeE
=, DHE0| M5 FHES 9

i AFEStE R7HA| 7y o222l =8 58430|
UZLICE BHA| oA %*Eﬁwm O[0] 4o A MY d55 &
UA=K|0f M= BHH 2= B AEX[O{OF L LY,

o
=
I
+

JJAF BB 3] AQHE
7t 022 AEE A|AHIO| Y 22| & H0|X] 7HA|E MZTSIe=
HEE MNMOELCH 40| o™ 22| EFo = Qg TZNAZ9| AQF“'
L0 SO{=0 X|HAZHE SEAHFXTH /0 62 BHE = JUSLICE 7ts
Zr2 0 ~ 100 LIt Amazon Linux 2| 7| 22r2 60 & L|Ct siEHZS ’é*t.'_fgi
Z0 LIS HAESH=E AL E ANEGEE A2 FHYLLCE 42 § 20|l A
AY MH 450 =80 & = USLICL

AAEQ| eiXligtS =HQlote]E CHE B0 2ASEAL.:
cat /proc/sys/vm/swappiness

EIANOE RAEEE S-S E Jete/sysctl.conf L0

o miFfE4E AYE
S ISR

Ch=ak Z20] A 2
vm.swappiness = New_Value

V& B2 2] Dirty Ratio

7te O|2E2| Dirty Ratio = AlAHE 718 227t EF Hlg O dirty
page HEN7FEH Z2MAE EE5ID AHEEQ lL|0|7(|e ClA30 7| Bt S
ZHgLICL 7tset 2t2 0 OlA 100 Z7HX[LICt. Amazon Linux o 7|24t
200|0 O| 0| HYEl= gtYLICH.

NESIE S R U A

mjo
ot

RISt Chg HE0|S 2doUAIL.
cat /proc/sys/vm/dirty_ratio

of i+ MELEANE RALHEZE Fdotd® Ot Z0|
/etc/sysctl.conf IHAO| A} 242 F7I5HHAI 2.
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vm.dirty_ratio = New_Value

7} o2 2 Dirty Background Ratio

7H4 M2 2| Dirty Background Ratio & A|A" 7+& OZ22[7t £ H|E 0|4
dirty page &fEf7} E|H A[AHEIO| A= CIAZ0 HO|H MAT|E A|XSIESE
ZHELCE 7tsst 282 0 oA 100 7HX| LT Amazon Linux 2| 7[24t2
10 0| O| O] HMEEl= ZrYLICE

NABO| #THZS Sholst2iD [ YOI LA,

cat /proc/sys/vm/dirty_background_ratio

Of OI7HH+E IHREEANE [XE==F FHst2{H 200 20|
/etc/sysctl.conf IO HE TS F7I6HYA| 2.

dirty_background_ratio=10

HE| S20]0] A MEOM ClIAFZ HE AY0| &|= 2= A2 SleE=
Cla3 d& FE2 Al MH S 450 71 S22 E D[&EL|CH 10| 4=
C4 QAEA HEAOAM D AS0| ClA3 d5 2XHE d™dste 427 E10E
HE QL ¢4 AAEA HEFS EE QAHA NEATE 10 Amazon
Elastic Block Store(EBS) 272t2 XNAMAZ AME3IL, [MEtM C4 QAEHAEL
7|2 X o2 EBS X X3t UESL|CH Amazon EBS = Lot A2 Z|CH 48,000
IOPS & H&a& &= UELICH 2El 8l OS/AH Y EBS & 2c| A2 22 B

Cl23 45 |Hgt 2SS 2uE & A5 LT

dszded e o2 CERL-EL
EBS M5S C4 £ EBS & Ar8%t1 7|2X 22 EBS NA
Z[HSE| 0 AZ. A LM AR

Motstz 2 |ops 84 75
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https://aws.amazon.com/ebs/
https://aws.amazon.com/ebs/
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Linux & H#IX|0EsH= Ol= M2 R0 JASLICHL 8% MEHX| & StLte=
Phoronix Test Suite 2/ L|Ct.2s O] Python 7|29 @ EAA XE2 Gr2 HIX|OHY
(X HAE)SIHES MSTLLCH HEHO HAEE T 20| 22 7|&
HX|0F3 Z20E0 Hlwg = JELCH 2SS 22010 ISt AL Hlug
£ U ZE OpenBenchmarking.org 8l §ZE% = UEL|Cag

o|0] B =29 MIX|0t2 FYE S0 =5t CiF-& OpenBenchmarking.org
HAE AMOIEOAN &2 5= JAELICHo Ol T ALY MHE TH|E I R8%
HAESES T2 CPU3 HE|TO 3 TEAM A3z X Tty HAESQL|CH O]
HAESZ 7 o8 74| 5tfl HAESS ZEgdtl USLICEL LF I
HAES2 COREEY &= QAL M2 d& L]

4 Rl

A
O
mjo

Aot E BN B4 78 2248 EX[60F ZLCE:

sudo yum groupinstall "Development Tools" -y
sudo yum install php-cli php-xml ~y
sudo yum install {libaio,pcre,popt}-devel glibc-{devel,static} -y

CH2 2 2 Phoronix & CH2E2E & AX|ghL|Ch:

wget https://github.com/phoronix-test-suite/phoronix-test-suite/archive/master.zip
unzip master.zip

cd phoronix-test-suite-master

Jinstall-sh ~/directory-of-your-choice/phoronix-tester

HAEES HX|5t2]H install-sh @S ddY O X|°d¢ CIHEZ| 5912 bin
CIMEZOM CHES 2ot AL

phoronix-test-suite install <test or suite name>
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http://www.phoronix-test-suite.com/
http://openbenchmarking.org/
http://openbenchmarking.org/tests/pts
http://openbenchmarking.org/tests/pts
http://openbenchmarking.org/suite/pts/cpu
http://openbenchmarking.org/suite/pts/multicore
http://openbenchmarking.org/suite/pts/processor
http://openbenchmarking.org/suite/pts/universe
https://github.com/phoronix-test-suite/phoronix-test-suite/archive/master.zip
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HAES 2A5t8E CHS

o

S|

phoronix-test-suite benchmark <test or suite name>

ZE Openbenchmarkorg Of EEEYX| OFE MEAG = QUGSLICE O]
M2 HAE AZA| BEAIELICH "yes"E MEHSIH HAEQ| 0|52 XYY &
AEULCH 4 B8 20l 2 HAE ZOE 2 &= A= URLO| M3 EL|CH
ot ZNpJt A2 EE|H O HAEQ| HIX| O3 Zut M E AHESHY HIX|
O3 E A & = A0 o[ ALtS0| LIEHS| EA|ELICE O] 2P 2 HH=E51Y
H2HAE ZNE S BAl 2 = JASULCH ES 22 HE 2 510 X022
CHAl S2|A ElUCh HAE ANE Y2ESHA| 0 FHE =HoM =holst

S QLh

A H

phoronix-test-suite benchmark TEST-RESULT-NUMBER

Ofgfol A ZIAF2 c4.8xlarge QAEAO|A HE[ZO X OIS HAE MEE
MESH = OpenBenchmarking.org Ol A EA|E 39| 0f 2 L|C}:

T chnthe-rpper: Tess iownsn | g4 | r1ao¢ | t1a0e | r1s0s | iy | r2s0 |

Ty o ime 828 | 1327|828 r3r [tz 133
it Glaba lumination Rendsrer; 100 amples | 48| ¢7 [ @8 « | 48| c | @
15450 | 15468

OpenBenc hmarking.org
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CPU d& 24 = Z2odd2 fIot 242 =4 & StL= Linux perf
HHOQULICL 35 perf record U perf report HHOE AtEstH 22t H&
IOIHE 7|83t 24T = JAEULCHL d5 240 cist HMe &2 O
B Ao RIS HO{LEX| 2, kernel.org wiki 2t Brendan Gregg 2 perf 2|2 A0f A
S5 ds5 24 oA 2|AAE HE = USUCLie CHE O AME= CPU
A2 2kg 24517 8l perf & A SHY] flame graph & A st= BHEOf CHsl
gLt

AY MY HAE S0 2dst= detdel 28 & Sthte 542 A MH 7t
MY A IH(HS 42, vCPU 178 AHESHA| §UUZS ) SHvCPU 7t 72
100%2| AHEE2 7|Edt= BHH CHE vCPU £ AME-E0| WLt Z L
olgjet ol d& &AM H 7|Ef FAISt CPU 22X E ol Aots g2
SESID A|ZH0| BO| ARk[= A Y Y = JASLICL O|2st AY2 7[2Ho=
CPUOIM Mz = S5 MTHA CPUE 7HE HO| AFRSl= ZE H2E
e WY S ZEELICL Brendan Gregg 2| flame graph & AtESHEH &HH
CPU ¥ =M E AlIZHE 246t ZXE 8T + UAELICHs Flame
graph = 718 A3 AR EE S-E52 &0 W2 Al"d 5= QA 8 FLCt
22| =0 Cfet Aej=F =5ty o2 A2 flame graph =0| AUX[T,
O] 2A0|A&= CPU flame graphs O =FZ2 S&E A RULICss perf FHOE
ArE5H0] 24 & Ho|EE2 Mgt CHS flame graph & 0| 2310 A3}

Y= AL

HA s 8 /4 XL

# Perf YHOIZ LX|LITH

sudo yum install perf

# perf record SO HAHES ISl root AHS AHESHOF 2 HRES MAZLIC

sudo sh -c 'echo 0 >/proc/sys/kernel/perf_event_paranoid'

# Flamegraph € CH2 2 ESFLICL
wget https://github.com/brendangregg/FlameGraph/archive/master.zip
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# OX|U 2 CHRZC o I 2ES X LICE Flame graph A& IH0| 2|X|5t
FlameGraph-master 2t= CIEE2|7t 4 dE L T

unzip master.zip

Flame graph 2 2|0 U= HO|HE EH HA A Y MHLL CPU 2EZA
ETE MEGioF SLCH AY MH =2 CPU AEHA =7 HE F0| perf
ZEOYZ 7| LCH BE vCPU L £ vCPU, E= E7% PID O CHSH perf
record FHS AU = UASLICH OS2 perf Ol CHASH FM0f| CiDH

o= 2o=2 T M-

HYL|CE:
=4 H| 1
-F Perf record 7|. CHE-E22| AFE AtEHOM 99 Hz B F&2
-g -- (CPU &= A HHOIZ CH4)Stack trace E 7| S [If AHE
-C FHg vCPU & EEE I AtE
-a S E vCPU 7t =X oY I ALE
sleep Perf record BHO{7t A E A|ZhS &= CHR[2 X|H

[hE2 2& vCPU S92 §8Al%
XHMSH [ UHIHOZ ALRSI=

FHBIHLE StLEe| vCPU o dSXIEE
& perf
master C|HE2|0|A] CtZ HHES

record YOS LICE FlameGraph-
AU A2

=
E
per
Al
=
# 25 vCPU 0| CHdH perf record & A &BtLICE
perf record -F 99 -a -g -- sleep 60

#-C2M Fof HSE MAB0] s vCPU Of Ci3}0] perf record & A@listL|Ch.
perf record -F 99 -C CPU_NUMBER -g -- sleep 60

# perf oS MMstL|Ct O] HHO| ASA| “no symbol found” Of 2{7t A4 SHX| Bt
8% 0= flame graph & 4-g5t7| ®Is HAst= A0|22 FA[SHE ELIC

perf script > out.perf
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# stackcollapse ZE WS ALE5I0] HE ABS oF 2 DHSL(CH

./stackcollapse-perf.pl out.perf > out.folded

# flamegraph.pl & &&35}0| SVG vector 2 LT}
./flamegraph.pl out.folded > kernel.svg

OO 2 WIinSCP 2t 22 =& A8t MdEl SvG oS HAIE
SALSHH ZutE =t

ro
ot
4
b4S)
o[>
-
il MUl

CHE 2 flame graph 2| 5 7HX| O & LICk. R EHRY O = c4.8xlarge Q1A EH A0A
sysbench £ CHE & (for each in 1 2 4 8 16; do sysbench --test=cpu --cpu-
max-prime=20000 --num- threads=$each run; done)2Z AWSIT perf
HHOZ 60 X7t FHot AUES AlAtet AYLCH §AXEAOAM CPU
XE|ZO| sysbench O 2XM=Z HOtLE HA AR /A=A &+ USLHEL
Flame graph 2| CtYSt element & 9|2 OFRAE 7HH7IH M E = 2 2 A0
2H|El CPU 2|42 HIE0| TSt 71 MREAIZ S S =ole = ASHCL

Flame Graph

FEHM graph = 523t c4.8xlarge AAHAO|A CHS A ZEE MAMBIT perf

—
SYOZE 60 =78 FHot AutES Aot A5 H

(fulload() { dd if=/dev/zero of=/dev/null |dd if=/dev/zero of=/dev/null |dd
if=/dev/zero of=/dev/null |dd if=/dev/zero of=/dev/null |dd if=/dev/zero
of=/dev/null | dd if=/dev/zero of=/dev/null | dd if=/dev/zero of=/dev/null | dd
if=/dev/zero of=/dev/null | dd if=/dev/zero of=/dev/null | dd if=/dev/zero
of=/dev/null | dd if=/dev/zero of=/dev/null | dd if=/dev/zero of=/dev/null & };
fulload; read; killall dd)

Of graph = A|&28 SHR0M 20{Lt= O SO|22 272 &5 ENELICH
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Flame Graph
EciET
| iov_iter_zero ] |
| read_iter_zero -
| vis_read o mweeesee
i ) pErE— Bl [pudiecenter
| . v _write [l
| entry_SYSCALL_.. ] entry_SYSCALL_64_fastpath | || cpu_startup_entry
IS (o] _GI_libc_read ——— o secondory

aE

of A B AWS M AY MHE AHOR AHSI| Yo EC2
AABAE OfYH RYE & QIR BOFE UYL C4 BN

T AN T =
HEZZ0A Linux A0 A 71I°'*1H1 15 420 gt HERKZA, CPU A
HEZz2o] 845 X&3 52 £ I St USLICE AY M 240 A
ClA37} HE a2 %'99|E 75'%% ol glenZ ClAd Ms2 T2

A ojHLC

Of SIATE AWS O A2 AHE 2@E 0l =20 Heret HE
3t 58 ROLA oFst HULICE O] 710[E7} S0 Ay BA S
HBHOR BHE7| 9o AWS S A2 101 A Y MHIS B2 7 FH|Sk D 2o
93t Y Y, A5 AT Al U FOINBES ATIMH Tl AZHS B
Hors|F 7|2 HELT

i om

O] =A12| 7| O] At
)

[

ajo

oIS S EHH S0l of ZA 0 7| S Lt

e Greg McConnel, Solutions Architect, Amazon Web Services
o Todd Scott, Solutions Architect, Amazon Web Services

e Dhruv Thukral, Solutions Architect, Amazon Web Services
e Byungsu Kim, Solutions Architect, Amazon Web Services

e Seungmo Koo, Solutions Architect, Amazon Web Services
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Notes

1 https://aws.amazon.com/ec2/

2 http://docs.aws.amazon.com/AWSEC2 /latest/UserGuide/c4-instances.html

3 https://en.wikipedia.org/wiki/Advanced Vector Extensions

4 http://docs.aws.amazon.com/AWSEC2/latest/UserGuide/AMIs.html

5 https://aws.amazon.com/vpc/

6 https://aws.amazon.com/about-aws/global-infrastructure/

7 http://docs.aws.amazon.com/AWSEC2 /latest/UserGuide/AMIs.html

8 https://aws.amazon.com/ec2/fags/#Enhanced Networking

o https://en.wikipedia.org/wiki/Single-root input/output virtualization

10 http://docs.aws.amazon.com/AWSEC2 /latest/UserGuide/enhanced-
networking.html

11 http://docs.aws.amazon.com/AWSEC2/latest/WindowsGuide/enhanced-
networking-windows.html

12 https://downloadcenter.intel.com/download/18700 /Network-Adapter-
Virtual-Function-Driver-for-10-Gigabit-Network-Connections

13 https://www.kernel.org/doc/Documentation/networking/scaling.txt

14 http://docs.aws.amazon.com/AWSEC2 /latest/UserGuide/using-eni.html

15 hitp://docs.aws.amazon.com/AWSEC2 /latest/UserGuide/placement-
groups.html

16 https://aws.amazon.com/premiumsupport/knowledge-center/network-
throughput-benchmark-linux-ec2/

17 https://aws.amazon.com/premiumsupport/knowledge-center/network-
throughput-benchmark-windows-ec2/

18 https://www.kernel.org/doc/Documentation/timers/timekeeping.txt

19 https://xenbits.xen.org/docs/4.3-testing/misc/tscmode.txt

20

http://docs.aws.amazon.com/AWSEC2 /latest/UserGuide/processor state co
ntrol.html

21 https://raw.githubusercontent.com/brendangregg /msr-cloud-
tools/master/showboost
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2o https://en.wikipedia.org/wiki/Completely Fair Scheduler

o3 http://linux.die.net/man/8 /numactl

24 https://aws.amazon.com/amazon-linux-ami/2016.03-release-notes/

o5 http://rhelblog.redhat.com/2015/01/12/mysteries-of-numa-memory-
management-revealed/#more-599

26 https://git.fedorahosted.org/git/numad.gi t

27 https://aws.amazon.com/ebs/

o8 http://www.phoronix-test-suite.com/

29 http://openbenchmarking.org/

30 http://openbenchmarking.org/tests/pts

31 http://openbenchmarking.org/suite/pts/cpu

32 http://openbenchmarking.org/suite/pts/multicore

33 http://openbenchmarking.org/suite/pts/processor

34 http://openbenchmarking.org/suite/pts/universe

35 https://perf.wiki.kernel.org/index.php/Main Page

36 http://www.brendangregg.com/perf.html

37 http://www.brendangrege.com/flamegraphs.html
38 http://www.brendangregg.com/FlameGraphs/cpuflamegraphs.html
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