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*Gartner, Magic Quadrant for Cloud Infrastructure as a Service, Worldwide, Leong, Lydia, Petri, Gregor, Gill, Bob, Dorosh, Mike, August 32016

This graphic was published by Gartner, Inc. as part of a larger research document and should be evaluated in the context of the entire document. The Gartner document is available upon request from AWS :

http://www.gartner.com/doc/reprints 2id=1-2G2 O5FC&ct=150519&st=sb

Gartner does not endorse anyvendor, product or service depicted in its research publiaations, and does not advise technology users to select only those vendors with the highest ratings or other designation. Gartner research publications consist of
the opinions of Gartner's research organization and should not be construed as statements of fad. Gartner disclaims all warranties, expressed or implied, with respect to this research, including any warranties of merchantability or fitness for a

particular purpose.
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. 5K, EEMNIRERTEEF APML

. HaEEAY OS AMI

— Amazon Linux, CentOS.
FreeBSD. Ubuntu, Debian &

» {328 OS AMI (#Z/\IJ{TZ%)

— Windows Server

— Red Hat Enterprise Linux
— SUSE Linux Enterprise
« Marketplace
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. f1F: Amazon EC2 C4 SLfjl

EFT—CRITEMRMUEN] | &
RAVEMEL

a5t

pa N T T o

E588 Intel E5-2666 v3 at 2.9 GHz

oJf2#l P-state 0 C-state Bc&

vCPU AF(GiB) | EHEBSHER
(Mbps)

cd.large
cd.xlarge
c4.2xlarge
c4.4xlarge
c4.8xlarge

3.75
7.5
15
30
60

APMC

750
1,000
2,000
4,000
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BlF: Web NMRRIRFAER

[ec2-user@ip-10-0-121-0 ~]$ sudo strace -c -p 2440
Process 2440 attached
ACProcess 2440 detached
seconds usecs/call errors syscall

.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000
.000000

munmap
brk
rt_sigaction
rt_sigprocmask
writev

access

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

O O OO OO O OO OO OoO oo o
O O OO OO O OO OO O0oO oo o
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X86 CPU El4Y: TE Intel VT-x 2] APM

- TE{HFEEBIRYERAL (HVM)
» PV-HVM {£HPV IKz) , I59PRIANTE T HREERIE
RUTEHAR(E:
« f5lzn. MLEFALRI/0

PV-HVM

VMM

Kernel
Application



Xen EHMLIET APM

REERIFHIESHTRY Xen Frsz#5HY PV/HVM B &R\
£ Amazon EC2.t :

— "HVM"” == "PVHVM” , #12Linux kernel 37
_ spy" == “py”

HEjfEAmMazon EC2 FHRAEXFE: "HVM”
(PVHVM)

ARERKRAINIZE PVH
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*XF Timekeeping APM

E—1 3Lf5PRY Timekeeping (RS Z1E A RBE![F =k

 gettimeofday(), clock_gettime(), QueryPerformanceCounter()

TSC

— CPU counter, accessible from userspace
— Requires calibration, vDSO

— Invariant on Sandy Bridge+ processors

Xen BY pvclock; A~32#F vDSO
ESRIX—CRYSERIS , (R TSC {E/9RgHR ( clocksource )
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1. |CPU Scheduler
2. | Virtual Memory
3. | Huge Pages

4. | File System

5. |Storagel/O

6. |Networking

7~ | Hypervisor (Xen)

APM



1. CPU Scheduler APM

— Schedulerclass. priorities\. migration latency. tasksets...

— —L ARSI TEIIFEH taskset(1). numactl(8).
cgroupsLAR {4t sched_migration_cost_ns M@/ HFE
%

— —L6 Java NS5z F SCHED_BATCH /> 3

# schedtool -B PID

é# schedtool -R -p 20 <PIDs>



2. Virtual Memory APM

— swappiness, overcommit, OOM ...

— swappiness K& A0SR | FIEXE R

RFLENEZHANF

. vm.swappiness = 0 # from 60

# Set the swappiness value as root
: echo 10 > /proc/sys/vm/swappiness

# Alternatively, run this
. sysctl -w vm.swappiness=10



3. Huge Pages APM

REFERERTH2M 5F& 4M |, TTIAEENRY 4K, FFESHCPUREFBERERSMMU HEEIEF
HY%EHR

— BRI ERhuge page. transparenthuge pages (THPs)

— THPs (A% BH), kT LIEfHZERCPU, BEMER LIRS MHEE (V5%
CPufafar), (ERBRHESFNMERE (~25% CPU $afar, = %usr, LAK %sys
refrag). ZRHBIFE:

: # grep Huge /proc/meminfo

Hugepagesize: 2048 kB

;# echo never > /sys/kernel/mm/transparent_hugepage/enabled # from madvise g

. # java -XX:+UselLargePages



4. File System APM

—- REEFRRFT , EERFRISEANAEZERISEL (B0
ZFS)

— TWEEFERIFHT AT LUREEES: background flush earlier,
aggressive flush later

— Z1EHARTEEFNE RS |, AT ERRISXERSE

:vm.dirty_ratio = 80 # from 40
. vm.dirty_background_ratio = 5 # from 10
:vm.dirty_expire_centisecs = 12000 # from 3000

: mount -o defaults,noatime,discard,nobarrier ..



5. Storage I/0 APM

— Read ahead size. number of in-flight requests. 1/O scheduler.
volume stripe width...

— —LBRF (540 Cassandra ) XJread ahead size IEFEFURK

— SSDs AILAGEREHRY “noop” scheduler (JERRERYIRE)
— J@%&chunk size F1 stripe width LAICE(ES Tazk

. /sys/block/*/queue/rq_affinity 2

. /sys/block/*/queue/scheduler noop
: /sys/block/*/queue/nr_requests 256
/sys/block/*/queue/read_ahead_kb 256
: mdadm -chunk=64 ...



6. Networking APM

— TCP buffersizes. TCP backlog. device backlog. TCP
reuse ...

: het.core.somaxconn = 1000

: net.core.netdev_max_backlog = 5000

: net.core.rmem_max 16777216

: net.core.wmem_max 16777216

: net.ipv4.tcp_wmem 4096 12582912 16777216
: net.ipv4.tcp_rmem 4096 12582912 16777216
: net.ipv4.tcp_max_syn_backlog = 8096
:net.ipv4.tcp_slow_start_after_idle = 0

- net.ipv4.tcp_tw_reuse =1
:net.ipv4.ip_local_port_range = 10240 65535
‘net.ipv4.tcp_abort_on_overflow =1 # maybe



7. Hypervisor (Xen) APM

— PV/HVM (AMI 124)
— A% clocksource , \IEZIR: hpet, xen. tsc

— JAfficlocksource , IRENTSC (NOBTEMERS), WIFHIIS
T CPU BHERZD 30%, F B M FfEFRIEISZEIRME (K T
43%

. # cat /sys/devices/system/clocksource/clocksource0/current_clocksource
. Xen

. #echo tsc >
: /sys/devices/system/clocksource/clocksource0/current_clocksource



27 (FFTSC {EJ9RYHR

# cat /sys/devices/system/cl*/cl*/available_clocksource
xen tsc hpet acpi_pm

# cat /sys/devices/system/cl*/cl*/current_clocksource
tsc

Change with:

# emacs /boot/grub/menu.list && reboot

# cat /proc/cmdline
root=/dev/xvdal ro clock source=tsc

APM
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- {EApache %% MediaWik, 77 14001/ P25
+ BRI 1] 1R) s T 4




flF: Web RiF APM

» WA S



flF: Web RiF APM

. AL G




flF: Web RiF APM

o LSt



flF: Web RiF APM

- CPU &A1
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USE 3%

eI RIR , REEIIR

1. FFE=R ( Utilization )
2. BFNE ( Saturation)
3. $8i=&8 (Errors)

MR, BRI a SR
— VEEEEL A T SLfh2EE
— THRRFRIAREASE

USE 75/E8 3 IR INEIRR | PASSER TR

APM



L Z MU E e APM

- SRR EIRENRE  BIFRSEAREE ?
- BiERShZEfASEAEXR. BEXSHSMABEX (80/20 [RN)

- 80% : BUIREMNAEFIEMFLAIRESH
- 20% : OSiE{L, SEMEREEMEREHINE

- 20%: : IR EEHEEREE [
- 80% : EfsCfil. crontab. ML JVM GC &5 [#2
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Load

!

Application

Workload Analysis

- ETET S
- MM ABRMIEEF
RIS, DR kETE] System Libraries

|
I
I
|
I
I
|
I
I
System Calls |
I
I
|
I
v

i ——

— NARMHATHAET , AER T/

WU;ZD : USE ﬁfﬁ@ﬁﬁﬂ:ﬁﬁﬂg%{fﬁt Resource Analysis

——



Linux |58 TH APM

1. Statistical THE

2. Profiling TH

3. Tracing TH

4. Hardware 1124288




1. Statistical TH APM

RS &

. $ sar -n TCP,ETCP,DEV 1
: Linux 3.2.55 (test-e4fla80b) 08/18/2014 _x86_64_ (8 CPU)

;09:10:43 PM IFACE rxpck/s txpck/s rxkB/s  txkB/s rxcmp/s txcmp/s rxmcst/s :

:09:10:44 PM lo 14.00 14.00 1.34 1.34 0.00 0.00 0.00 ;
:09:10:44 PMm  ethO 4114.00 4186.00 4537.46 28513.24 0.00 0.00 0.00 :
509:10:43 PM active/s passive/s iseg/s oseg/s
:09:10:44 PM 21.00 4.00 4107.00 22511.00

;09:10:43 PM atmptf/s estres/s retrans/s isegerr/s orsts/s
©09:10:44 pP™m 0.00 0.00 36.00 0.00 1.00

L]



2. Profiling TH

— % CPU HHSIRESAOSRA
- WEISHSRETE , TR

-, ATLARERE CPU HYfER

APM

— PR3 (Hot code) RYESTR -> HHKAYRIESEY / BLE ?
— MZEAINTROEL -> EERIXIERIGIE ?



Profiling 35! APM

— BORFNAMARIES
— 1540 : Java Flight Recorder, Yourkit, Lightweight Java Profiler
- 2T AR ERREERSE ; WK, WE. TS

— Linux perf_events ( “perf” #p<)

— ftrace BILAR{ERZERETRYITEY
— SystemTap #HBEZFD1TIHEE




AR AR Profiling: LJP

/

— &

R
JE

R, 7209 CPU profiler

APM

 (agent) % hprof ERFRT AV

|
o

* https://code.google.com/archive/p/lightweight-java-profiler/

profiling g ERATLMEE S -
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Z2%tProfiling: perf_events APM

- MBRNEE

- (KERFRIFEFN VM |, AT R ERANBIEXR
- JVM REHMERFIEE
— Linux A%

' # git clone https://github.com/brendangregg/FlameGraph

: # cd FlameGraph

# perf record -F 99 -ag -- sleep 60

: # perf script | ./stackcollapse-perf.pl | ./flamegraph.pl > perf.svg






Kernel

/ TCP/IP \

GC
Broken Locks
Java stacks epoll
(missing . Idle
frame Time thread

pointer)




3. Tracing TH APM

ftrace

perf events

eBPF

SystemTap

ktap

LTThg

dtraced| inux

Oracle Linux DTrace

Se Rl e s e B =

Sysdig

ETRR , JA—T ftrace & perf_events ...



ftrace APM

o

\

SHY Rl 2 F

—F—RYEIMBELE 2.6.27 (2008), 7E

— BE¥{#EH /sys/kernel/debug/tracing

— https://github. com/brendangregg/perf-tools



ftrace tool: iosnoop

. # ./iosnoop -ts

: Tracing block I/0. Ctrl-C to end.

: STARTS ENDS COMM

: 5982800.302061 5982800.302679 supervise
: 5982800.302423 5982800.302842 supervise
: 5982800.304962 5982800.305446 supervise
: 5982800.305250 5982800.305676 supervise
c L]

TYPE DEV

w 202,1
W 202,1
w 202,1
] 202,1

BLOCK

17039600
17039608
17039616
17039624

APM

BYTES LATmS :
0.62 :
0.42 :
0.48
0.43 :

4096
4096
4096
4096

- # ./iosnoop -h

: USAGE: 1iosnoop [-hQst] [-d device] [-1 iotype] [-p PID] [-n name] [duration]

-d device
-1 iotype
-n name

match type (eg,

device string (eg, "202,1)

include queueing time in LATmS
include start time of 1I/0 (s)
include completion time of I/0 (s)

#

# '"*R*' for all reads)

# process name to match on I/O issue
-p PID # PID to match on I/O issue

#

#

#



perf_events APM

— {i[Ftools/perf 2T

— interval sampling, CPU performance counter events
— user and kernel dynamic tracing
— kernel line tracing and local variables (debuginfo)

— kernel filtering,in-kernel 11%%8g8 (perf stat)

- BHEEALT1I00M =15



perf_events 7Rl APM

# perf record -e skb:consume_skb -ag -- sleep 10
- # perf report
D]
74.42% swapper [kernel.kallsyms] [k] consume_skb
|
--- consume_skb
arp_process

arp_rcv .
_ hetif receive skb core Summarizing stack traces for a

__netif_receive_skb tracepoint
netif_receive_skb

virtnet_poll perf_events can do many things,
het_rx_action -

__do_softirg it is hard to pick just one example

irg_exit
do_IRQ
ret_from_intr



4. Hardware 112438 APM

- EXER : timestamp clock, temperature, power
- EiRBELEFET Amazon EC2

- BRIER : cycles, stall cycles, cache misses...
— R TAmazon EC2 <85

- PlIan : EENNEFRESEEZRIREERFH (stall cycles)



MSRs ( Model Specific Registers ) APM

— Befig1EN turboboost , {REEERISCINMERERTEL
— ImE bk

https://github.com/brendangregg/msr-cloud-tools

. ec2-guest# ./showboost l :
. CPU MHz : 2500 :
: Turbo MHz : 2900 (10 active)

: Turbo Ratio : 116% (10 active)

. CPU 0 summary every 5 seconds...

: TIME CO_MCYC CO_ACYC UTIL RATIO MHz
:06:11:35 6428553166 7457384521 51% 116% 2900
:06:11:40 6349881107 7365764152 50%  115% 2899
. 06:11:45 6240610655 7239046277 49%  115% 2899

[...]
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BEHEE APME

Amazon EC2 -

— http://aws.amazon.com/ec2/instance-types/

— https.//docs.aws.amazon.com/zh cn/AWSEC2/latest/U

serGuide/instance-types.html

— https://docs.aws.amazon.com/zh cn/AWSEC2/latest/U

serGuide/enhanced-networking.html

— https://docs.aws.amazon.com/zh cn/AWSEC2/latest/U

serGuide/concepts.html
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