


AL CONTENTS

CONONONONONONC

e ARM QI2+?

ARM AH] Ittt

ARM 2[8F Z1E|0] L

ARM 2|8t JHUH|E[A

IT
x| 25

ARM 2|2t EdgeX

0S X2|2t/=4




. 201212 Tof---




A 28U 2F: (1) HIZHY G22E U M

https://github.com/TeraTermProject/teraterm/releases

& Tera Term - [disconnected] VT = = 2
File Edit Setup Control Window Help YASSETS 5

ICPAP 192.168.20.57

__________________________________

23 UNSPEC Qteraterm-5.2. zip

Telnet @teraterm-S.Z_pdb.zip

Port: |COM1: Communications Port (COM1) ~| [f)Source code (zip)
COM1: Communications Port [COMI1)

| oK COM23 USB Serial Port [COM23 @SDUFCE code [tar.qz}
COM55. Standard Serial over Bluetooth link [COM55]

COM56: Standard Serial over Bluetooth link [COM56)

@ & 25 25 people reacted
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$ sudo nmtui

NetworkManager TUI

Please select an option

Profile name
Device

SSID
Mode

Security
Password

BSSID
Cloned MAC address
MTU

IPvd4 CONFIGURATION
IPv6 CONFIGURATION

| Edit Connection |

XSLAB_5G_
wlxU0ae309b98uUb (UO:AE:30:9B:98:UB)

<Client>

<WPA & WPA2 Personal>

[ 1] Show password

(default)

<Automatic>
<Automatic>

[X] Automatically connect

[X] Available to all

users

<Hide>

<Show>
<Show>

<Cancel> <OK=>
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ol
DHIYE ARM H MHE ARM A
* & LISl Graphic Engine, Encoder/Decoder L{% « % il Graphic Engine, Encoder/Decoder §i&
+ 2|2 HZ2| = 32bit

« QR O22| CHHE: 72bit

. QE MR oA o2 & o QEHEZ ¥4 HEE| JtE (DIMM, 8 channel)

« PCleGen2~3,1~2Lane « PCleGen3~4,32~128Lane
e ARM T =:4 ~ 87§ e« ARM T 3=:16~ 12874

* ARM Z0] &5 :1.5~ 2.4GHz « ARM Z0] d5:2.2 ~3GHz
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System register

V Timer x 26

Watchdog x 3
SAR-ADC

Interrupt Controller
Dual MIPI-DSI 4 Lane
DP1.2 4 Lane with HDCP2.2
HDMI2.0 3 Lane with HDCP2.2

RK3399

Cortex-A53 Quad-Core

Cortex-A72 Dual-Core
| (32K/32K L1 1/D Cache)

(48K/32K L1 1/D Cache) |

1MB L2 Cache

“ 512KB L2 Cache

Cortex-MO0 Dual-Core

Mali-T860MP4 GPU
(256K L2 Cache) 20 Guaphics Enguie
Image Enhancement

| oonmcss |
n
Hardware-based DDR frequency scaling

USB OTGO 3.0/2.0

USB OTG1 3.0/2.0

Type-Cx2

USB HOSTO 2.0

USB HOST1 2.0

PRSP | [ o —

PCle2.1

-———psiPnG—-—-

SPDIF(8ch) ]

UART x5

<11>
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Altra Max Block Diagram

128 Arm v8.2+ Cores @ 3.0 GHz

GICv3 Interrupt Controller 8x DDR4 —3200

72b DDR4 with ECC 72b DDR4 with ECC

L1 Cache L1 Cache | L1 Cache L1 Cache
Arm v8.2+ CPU Arm v8.2+ CPU Arm v8.2+ CPU Arm v8.2+ CPU

72b DDR4 with ECC 72b DDR4 with ECC
L2 Cache L2 Cache L2 Cache L2 Cache

Coherent Mesh-based Interconnect + Distributed Snoop Directories

Low Speed I/O Secure Boot and
Interfaces Management Processors

12C

Arm SMMUv3 + GICv3 ITS

PCle PCle
Gen4 Gend

QsPI
UART

Timers
GPIOs

PCle
Gend

PCle
Gend

GPls
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CPU = CPU Core + Controllers
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Upto Up to Upto

B 35x 6x 15X igne

Engine

Unified memory architecture faster CPU faster GPU faster machine learning
Upto v QI EHES 2 MEC LE(W)E 4s0| 38H 7Hd
v BHEE| =T 1 0f0f (11->15A12h), Z2(10->17A[2)
battery life

Advanced camera ISP

Industry-leading > I l 6 0

/)

performance per watt
iPhone and Secure
Wi-Fi 6 iPad apps Enclave Universal apps




W< 9 ARM C17}? AlE| B4 : Ofj =

OfZ ‘M1 EXH' Mol LiH[22}---"HCHZ #I' ARM =2 LISt
el PCWorld

LHE2 A2 2= M2 &' ARME 2=R2t= X

HA

jiin
o

njo
o
o

>
>
Hu

OiZ0| XiA| X|Zfst M1 ARM A2|2 J|ke| X of
2t= 21EAPE E 2Hsg0l UL

Z|2 OE2 M1 Z2MME A8 Y ofof, W =, o D|LIS SIHYCt 07|14 = ARM OF3[EIN D|tHte] ofn| QU=
R OMK ZHEIL LIZCE 430i= MW HYof, 430j= nFH0| TRt AIA2E X2 of AFEEl= 830 U M1,
132X WS ofo] 2= 18AIZIX| o SOt BHE{Z] AFE AZh Cf "ElE 45 S0| tHEHO|C.

Ate O] 2E A2 X & H2t ARME =20 FSE 0|SofH| 0 A=3ict 2f Ale FHH £XIE S
CHE® o 2%k O Za A3l B2 07t 7|chdhs 22 oSS ARM 2t Z|4l Z1jet Dio[32ATEQ| J|E I

https://www.itworld.co.kr/news /171704
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macOS Big Sur

Advanced camera ISP

Industry-leading ~
performance per watt
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iPhone and Secure
Wi-Fi 6 iPad apps Enclave Universal apps
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ARM Neoverse Architecture

ARMvS8-A
CPUs

Accelerators

CoreLink CMN-600

System Cache

System Cache

Memory

Memory

PCle switch PCle/CCIX x16slot  IOFPGA
Ra LA LA | ootk
PCle Gen # I
A root complex cielpes TSIF
. PCle Gen|4
running gs oot complex
Gen3
A A

—

Debug an
trace ~|]T* CTI
CoreSigtpgq| CTM »”
debug 9
cluster 1 subsystem ] Ts L
[ b (| [ m$ |[[Corel Corelf|[ Corelp Cord
13Fdh  pvi||[ LBFd PV 4——p Trace
lTth IT)’"IC cache sensf] cacl sensorb
¢ ¢ =3 X ] —> T
| CMN-600 subsystirte o
_______ i"___"i""I_"_"___"""""""""'""I_ - [T]M MCP NIC-400
[Asydd [ T—Asvh [ APUART | Al B AXItoARB
oMc-6]  DMC-6b
e
]
4+ 4 2
o dovice. e
| NIC-400 | management le:
1pd
| o
[ BP4p[ BPi4] BP14] BPI4 [ JTAGpe
SCP UAR
Non Securk Norl Secute S -
securg Secu
SRA RO
SRAM RO
P [CIM scpNic-400
AlE_AXito ARH
SYS NIC-400 L_s A ~
s ose.bit C|pg[Tds 64-b
I AXItoAPB |
v v x x # [scriipd
PH PH PCle P CCIXPH]  TLX |40
T 4 [Cscritee
Clock and resets SCH
I ------- I ------ . I ----- . ! —> | i

v

A

DDR4 DDR4

IOFPGA

IOFPGA Clock sources Resets
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Arm 2|8t FIHAFE, TOP500 AACH2[0M 12| 48l
2020-06-23 EiEHl 2|Xt jbpark@elec4.co.kr
UE 0|2tef 2 A(RIKEN)2E 2 X = (Fujitsu) 35 2HE

F=o| Yt A EA|(IP) & loT AMH|A 7| ArmO| XtALS| 7| =5 IR 2 ot $9tF (Fugaku) +HAREZH AR HHTA
(ISC High Performance, 0|3t 1SC)'2] TOP500 ZHAHCHS|K| A 12|15 $=4gHCtn BiEiCt

SO U= 0|8f81oITLA (RIKEN?2|2)2 SX|Z 2|0|E|E (Fujitsu Limited)?t 25 JHot A|AOZ K|t 112 2l

= 2

500(Green500) 2|AE0f|lA MAM 2t 22X +HAREHZ AFE bt *ULE H=01, 23 62 7|& MAH 5000 +HERE =

FE YHESH= ISCHAM = AN Z A2 E= oS 2|0 M| #HIX|0t3 £ T2t HPCG(High-Performance Conjugate Gradient)
et Al OHE2|AH| 0|42l 2 H2| 458 £H6H= HPL-Al(High-Performance Linpack-Artificial Intelligence)e| & 220i| X =10
2 MYE= Qo E QriC

EI_M

http://elec4.co.kr/article/articleView.asp?idx=25773

Fugaku Chassis, PCB (W/DLC), and CPU Package FUjiTSu

Fugaku system configurati

® Scalable design

CPU CMU

# of
Unit S odas
CPU 1
cMU 2
BoB 16
Shelf 48
Rack 384
Syste
i 150k+

230 mm

m
CPU Pac"'(age

A0 Chip Booted in June
Undergoing Tests

FUJITSU

BoB Shelf

Description

Single socket node with HBM2 & Tofu
interconnect D

CPU Memory Unit: 2x CPU
Bunch of Blades: 8x CMU
3x BoB

8x Shelf

As a Fugaku system

© 2019 ATV
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32GB
NVMe SSD

16GB
SATA SSD

Sysbench - CPU benchmark

AWS — c6g.medium

V-Stack 5cores 2GB

V-Stack 1cores 2GB

200 400 600 800 1000 1200

o

H CPU speed

7zip - CPU benchmark

AWS — c6g.medium

V/-Stack 5Scores 2GB

V-Stack lcores 2GB

500 1000 1500 2000 2500 3000 3500 4000

[=]

Total MIPS ® Decompressing MIPS B Compressing MIPS
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1200 B Aws
1073.03 | AZure
W V-Stack V1
I V-Stack V2
800
600
454.39
400
273.31
196.87
) .
0
CPU speed (events per second)
o HAHO : sysbench cpu --cpu-max-prime=20000 run
AE AlO
Sysbench CPU speed(events per second) BIAE A
AWS 1073.03 Bender Flovor(instance) Price CPU Arch vCPU Memory
AWS cbg.medium  0.0385 $/hour ~ ARM 1 2 GiB
AZure 273.31
AZure Standard B1ms  0.0260 $/hour x86 1 2 GiB
NHN 45439
NHN m2.cim2 43 2l/hour x86 1 2 GB
V-Stack V1 196.87 V-Stack V1 Vi1 - ARM 1 2GB
V-Stack V2 985.89 V-Stack V2 V2 - ARM 5 2GB

4500

4000

3500 3247

3046
3000
2500
2000
1500
1000
500

2885

Compressing R/U Ratlng

e HHO|: 7z b -md26 -mnt1

Tz
AWS
AZure
NHN
V-Stack V1

V-Stack V2

W AWS
I AZure
3696 3746 M NHN

3433 W V-Stack V1
[ V-Stack V2

2676

I 950

Decompressing R/U Rating

Compressing R/U Rating MIPS Decompressing R/U Rating MIPS

3247
3046
4004
653
2885

3433

2676

3696
950

3746
<33>
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1400 1310.08 W PEC2
X160 Default V-Raptor PEC-2 LX2160 Altra MAX Intel-XEON server
1200 W Altra CPU 64bit ARM Cortex-A53 (1GHz) 24 Cores Cortex-A72 (2.2GHz) 16 Cores ~ Ampere Altra Max 128Core 3.0GHz  Intel(R) Xeon(R) Gold 6208U CPU @ 2.90GHz
W Xeon RAM 32GB : DDR4 16GB - 2666 MT/s 64GB : DDR4 16GB - 2666 MT/s  128GB : DDR4 128GB - 3200 MT/s 96GB : DDR4 96GB - 2666 MT/s
1000
861.39 DISK 500GB - 960 EVO NVMe SSD 1TB - WD Blue SATA SSD 2.5"  2TB - Micron-7400 M.2 NVMe 1TB x2 1TB - WD Blue SATA SSD 2.5"
800
600
496.85
Sysbench
400
198.38 e HAE J|X
200
- o cpu-max-primeO| 20000 wh, AtHe| HA R Of(thread=1) E|AE
0 .
single (1thread) o cpu-max-prime0| 200000, AMHH2| X|CHT 0{(thread=16|24|128) EIAE
e E|AE 247}
180000 167674.83 W PEC2
LX2160 My ctel30{(1thread) Z%|CHR O (Max thread) Z|CH3O| &
150000 W Alira
I Xeon PEC2 198.38 4750.56 24
120000 LX2160 861.39 13793.71 16
90000 Altra 1310.08 167674.83 128
Xeon 496.85 12363.92 32
60000
30000
13793.71 12363.92

4750.56
o — -

multi (Max thread) <34 >
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Ampere® Altra® Max Energy Efficiency

® ®
Am pere Altra® Max aveere acrra max mi2s-30 cpu FREQUENCY AND POWER Performance Usage Performance
SPECRATE2017_INT BASE ESTIMATED c Power (W) /Watt

(SpecRate2017
_INT Base)

35409

TDP=250W o 2
N s S AMD EPYC
= E Milan 331 280W 1.0x
Power g e E
CPU Frequency g ixo S
5 1608 g Ampere®
s £ e Mo 360 178W 1.71x
Time (secs)
) ® ® L ,
AMD EPYC Milan AMD EPYC 7763 CPU FREQUENCY AND POWER Ampere® Altra® Max maintains predictable

SPECRATE2017_INT BASE ESTIMATED core frequencies while consuming lower

power (below TDP)

TDP=280W 4,000,000,000

3,500,000,000

3,000,000, 000

2,500,000,000

Power headroom means workload-driven
power capping can lead to huge density
improvements!

2,000, 000,000

1,500,000,000

CPU Frequency (Hz)

1,004,000,000

Cannot maintain
500,000,000 max frequencies

o

Compelling performance/Watt at
competitive levels of performance

Gormncs A
AMPERE.

Time (secs)




Ampere: Leadership Performance for Cloud Workloads

Highest Performance and Power Efficiency Across Key Cloud Workloads)(?)

Web Services Database In-Memory Caching Media Transcoding Al Inference
(NGINX)®) (MysQL)®) (Redis)® (h.264)8) Image Classification (ResNet-50)1)
A M M M
*
2.0x 2.8x
- 2.4
. X
3.8x
v
h 4
v
b 4
13%
Intel AMD Ampere® Intel AMD Ampere® Intel AMD Ampere® Intel AMD Ampere® AMD Intel Ampere®
Ice Lake Milan Altra® Max Ice Lake Milan Altra® Max Ice Lake Milan Altra® Max Ice Lake Milan Altra® Max Milan lee Lake Altra® Max
® Performance/W
I Throughput (Higher is Better)
i\ Performance e | atency (Lower is Better)
Motes:

=

1. Based on Company benchmarking

2. Intel Ice Lake represents Intel 8380 SKU; AMD Milan represents AMD 7763 SKU.

3. Percentages represent AMD Milan and Ampere® Altra® Max indexed against Intel Ilce Lake
4. Percentages represent Intel Ice Lake and Ampere® Altra® Max indexed against AMD Milan

A

AMPERE.



Rack Efficiency Using Ampere Cloud Native Processors

o _Ba_S::‘q on 42U rack @12.8kW_ _ ,/6’ Performance per Rack?

\\\ '
\ Qe SIR2017 Est. 1X 1.4% 2X
St ded Stranded N\ “l °
\ Rack % 3\ Rack % Redis 1X 1.5X 2.6X
\ Capacity \\\ \ Capacity \\\ _II]: ’ ’
\\ \ 111 0 NGINX 1X 1.7X 3.5X
N o] X.2642 1X 1.7X 2.25X
1110 LLLI J ||| 0
Mo ||| |0 Cores 1200 179 1864
111 111 ) M __e Servers 15 14 38
Intel Ice Lake . AMD Milan Ampere Altra Max
8380 7763 M128-26

Use 2-3X Fewer Racks vs Legacy x86 for Equivalent Performance

Notes: /A
1. Ampere internal models and analysis to identify total compute performance and system usage power consumption numbers, in standard 42U 12.8kW rack, see end notes
2. Data point uses data taken on M128-30 whereas all other data points use the M128-26. AMPERE.

s
:

=
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8-Channel DDR4, 16 x DIMMs
Speed up to 3200 MHz

_ PCle4.0x8 e J siot1: PCle x16
A PCle4.0 x8 Slot2: PCle x8
_ PCled.0 x8 J Slot3: PCle x16
_ A P E R E PCled.0 x16 — ¥ Slotd: PCle x16
IV l e
- PCled.0 x8 = ¥ Slots: PCle x16
-
_ PCled.0 x16 = ¥ Slot6: PCle x16
== =2 EE] ==]
I o
O M20Q O PCle4.0 x16 '
DRI e
PCle3.0x16 OCP 2.0 mezzanine
SPI
Intel | PCled.0 x2

i350-AM2

TPM

=
2 x GbE LAN

SPi
=) ] PCle20x PCle2.0 x1
(rear) 2 x USB3.0 usB3.0:2 | jsp 30 ASPEED
=] UsB2.0
[ usez0 AST2500
SB3.!
(rean) 1 x USB3.0 =2 e rwe

front) 2 x USB3.0 USB3.0 x2

Flash

RGMII

8-bay 2.5" SAS/SATA

RTL8211

PHY

Slot1: PCle x16 (Gen4 x0 or x8)

Slot2: PCle x16 (Gen4 %16 or x8)
J——

Slot3: PCle x16 (Gen4 x0 or x8)

Slot4: F'ge x16 (Gend x16 or x8)

Slots: PCle x16 (Gen4 x0 or x8)

Slot6: F'ge x16 (Gend x16 or x8)

ﬁ:::]u MDIl Intel | PCle3.0 x4

KI10-AT2

16 x DDR4 DIMMs @ 8-Channel PCle4.0x16 PCle
Up to 3200MHz switch
Tl '
switch
ol '
il e ket POIe40x15
LGA4189 (Socket P+) PCle
switch
|
M PCled.0x16
a i}
b=
(]

2 % 10GbE

LAN E MDI

2% USB 3.0

USB 3.0 x2

PCH PCle3.0 x4

(Internal) Lewisburg-R

Intel C621A

SATAI x8

Slot7: PCle x16 (Gend x‘IGE

)

USB 3.0 x2

2xUSB3.0 %ﬁ

SSATAI x2

DB_ESPI

USE 2.0 x1

ASPEED
AST2600

MLAN |m} MDI IRTLE21‘IFDI RGMI MAC

2 % S5ATA

2 x SlimLine
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Ampere® Altra® Max Energy Efficiency

® ®
Am pere Altra® Max aveere acrra max mi2s-30 cpu FREQUENCY AND POWER Performance Usage Performance
SPECRATE2017_INT BASE ESTIMATED c Power (W) /Watt

(SpecRate2017
_INT Base)

35409

TDP=250W o 2
N s S AMD EPYC
= E Milan 331 280W 1.0x
Power g e E
CPU Frequency g ixo S
5 1608 g Ampere®
s £ e Mo 360 178W 1.71x
Time (secs)
) ® ® L ,
AMD EPYC Milan AMD EPYC 7763 CPU FREQUENCY AND POWER Ampere® Altra® Max maintains predictable

SPECRATE2017_INT BASE ESTIMATED core frequencies while consuming lower

power (below TDP)

TDP=280W 4,000,000,000

3,500,000,000

3,000,000, 000

2,500,000,000

Power headroom means workload-driven
power capping can lead to huge density
improvements!

2,000, 000,000

1,500,000,000

CPU Frequency (Hz)

1,004,000,000

Cannot maintain
500,000,000 max frequencies

o

Compelling performance/Watt at
competitive levels of performance

Gormncs A
AMPERE.

Time (secs)




Ampere: Leadership Performance for Cloud Workloads

Highest Performance and Power Efficiency Across Key Cloud Workloads)(?)

Web Services Database In-Memory Caching Media Transcoding Al Inference
(NGINX)®) (MysQL)®) (Redis)® (h.264)8) Image Classification (ResNet-50)1)
A M M M
*
2.0x 2.8x
- 2.4
. X
3.8x
v
h 4
v
b 4
13%
Intel AMD Ampere® Intel AMD Ampere® Intel AMD Ampere® Intel AMD Ampere® AMD Intel Ampere®
Ice Lake Milan Altra® Max Ice Lake Milan Altra® Max Ice Lake Milan Altra® Max Ice Lake Milan Altra® Max Milan lee Lake Altra® Max
® Performance/W
I Throughput (Higher is Better)
i\ Performance e | atency (Lower is Better)
Motes:

=

1. Based on Company benchmarking

2. Intel Ice Lake represents Intel 8380 SKU; AMD Milan represents AMD 7763 SKU.

3. Percentages represent AMD Milan and Ampere® Altra® Max indexed against Intel Ilce Lake
4. Percentages represent Intel Ice Lake and Ampere® Altra® Max indexed against AMD Milan

A

AMPERE.



Rack Efficiency Using Ampere Cloud Native Processors

o _Ba_S::‘q on 42U rack @12.8kW_ _ ,/6’ Performance per Rack?

\\\ '
\ Qe SIR2017 Est. 1X 1.4% 2X
St ded Stranded N\ “l °
\ Rack % 3\ Rack % Redis 1X 1.5X 2.6X
\ Capacity \\\ \ Capacity \\\ _II]: ’ ’
\\ \ 111 0 NGINX 1X 1.7X 3.5X
N o] X.2642 1X 1.7X 2.25X
1110 LLLI J ||| 0
Mo ||| |0 Cores 1200 179 1864
111 111 ) M __e Servers 15 14 38
Intel Ice Lake . AMD Milan Ampere Altra Max
8380 7763 M128-26

Use 2-3X Fewer Racks vs Legacy x86 for Equivalent Performance

Notes: /A
1. Ampere internal models and analysis to identify total compute performance and system usage power consumption numbers, in standard 42U 12.8kW rack, see end notes
2. Data point uses data taken on M128-30 whereas all other data points use the M128-26. AMPERE.

s
:
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The Data Center Architecture
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4 IS LR HY

8%

2

44+ 5+ 38 = 87% -> ARM AHZ H|8S &
¥ 60%

z
40%

Lighting
1%
20%
AE2|X|0f Storage Power System

Y= T 5% 12% 0%

2000 2020

< O|O|E{AllE 2| THHX QI Of| L X| AH| 2HE > Cf|O|E{MIE] O3 || A|Z M (ZAf: ARK Investment Management LLC, 2020)
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6}0|m{H}O|X (Hypervisor)
Application . SAE HZEO|M Lo 2UNN|(0S)2

SAl0f

2dob| g =2lX EHE

Operating System

.
9%

* Virtual Machine Monitor EE=

Virtual Machine Manager(VMM) 2t1 & 28

ofO|T{H}O| X (Hypervisor)

x 0|0|X| =X : VMware

< 48 >
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HYPER
VISOR
HYPER
VISOR E
HARD
WARE HARD
WARE

e TYPE 2
(bare metal) hosted
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Type 1 Hypervisor (Bare-metal)

Host OS

VM

0S

0S

Hypervisor

Hardware

Host OS

Type 2 Hypervisor (Hosted)

VM VM
Guest0S {| 0OS oS | ¢«
App. Hypervisor | -«
System Lib.
0S 0S ceoe
Hypervisor

Hardware

<51>
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Docker

R
R

Linux kerne
cgroups namespaces Netlink OC er

SELinux Netfilter

[{ libcontainer _]

capabilities AppArmor
* £30.9 BF O|FDIX|= LXC AFR. 0.9 H{FEE{= “1ibcontainer’ AFS




X< 7Heol oj2h : E|o|L
el MH

App 1
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- bins App 1 App 1

Host Operating System Operating System

sy

Infrastructure

Virtual Machines Containers

Infrastructure
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User Level

Kernel Level

Device

User Application

User Application

User Application

Library

Software Interrupt

System Call

General File System

Device File System

Network File System

| Process
| Process
Process

Buffer Cache

TCP/IP Protocol Stack

Block Device Driver

Character Device Driver

Network Device Driver

Block Device

Character Device

Network Device




KL 714yt ojgy - Al HID

User Applicatian User Application User Application Process
User Level
Library Process
H H - Kernel Level
bins/libs
System Call
G | File Syst Device File Syst Network File Syst
G uest OS eneral File System evice File System etwork File System Process
\ Buffer Cache TCP/IP Protocol Stack
Ay
\\ | g
Hypeer\\sor Block Device Driver Character Device Driver Network Device Driver
_______ ) AN A
Host Operating Sysi
Device Block Device Character Device Network Device

Infrastructure

Infrastructure

Virtual Machines Containers
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Qff ZIE|OLH2F EE 10 QUEN? -> {EZ2|HH|0|4(Y) BRI (deployment)

App  App  App

Traditional Deployment Virtualized Deployment Container Deployment

<59 >
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Client ) DOCKER_HOST) M

docker build /_.-)- D\ocker daemon - =2
f . e, T o,
" \ : Y|
docker pull -| [| ¢ ‘
/
/ NGiINX

docker run —

0ouy!
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E AWS Cloud

oD €

m EC2 instance contents

-

NGiNX
80:3000

~

“ n‘d@

o)

A

€

.mongoDB

J/

-2

docker
compose

<63>



AL 252 Aol : &7

Container Management Inberlace

Drivers

Cagroups

Contamarzed
Processes

SELinuX

User
(Developer & SysAdmin)

User Space
(Processes & Libraries)

Kernel
(Data Structures)
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User Level

Kernel Level

Device

ZH[o]Y : 2|54 HE 1R 24

User Application

User Application

User Application

Library

Software Interrupt

System Call

General File System

Device File System

Network File System

| Process
| Process
Process

Buffer Cache

TCP/IP Protocol Stack

Block Device Driver

Character Device Driver

Network Device Driver

Block Device

Character Device

Network Device
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User Level Kernel Level
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software System Call

Interrupt

(System) Library

User Application

sys_open ()

int main ()
Interrupt Vector (5) +

0]
e,
()
s

- .‘---

.........

Interrupt Vector Table

(int) fd = open(); .
User Level _ ‘ Kernel Level

(int) sd = socket();
<67 >



8-bit AVR QIE|HE Of|x]| AA

main &= LH{E.0f| ISR(TIMER®_OVF_vect) &2

SE6Hs B20| HO|X| QH=CH
#include <avr/io.h>
#include <avr/interrupt.h>

unsigned char led status = (1<<PORT4);

// delay function
void delay ms (unsigned int msec)

{

led status = ~led status;
PORT LED = led status;

#define DDR_LED DDRD i

#define PORT_LED PORTD . // =-=== GPIO ---- i

e DDR LED |= (1<<PORT4); i

#define CPU_CLOCK 16000000 PORT LED = OxFF; ;

#define TICKS PER SEC 1000 i

/// // ---- Timer/Counter(Q ----
//’ // Waveform Generation Mode : Normal mode, Clock : clk/64 (prescaler)

volatile unsigned int tic_time;//' TCCROB = (0 << WGMO2) | (0 << €CS02) | (1 << €CS01) | (1 << cso00) i

TCCROA = (0 << WGMO1) | (0 << WGMOO) ; ;

P // 256 - n ;

_// 8-bit Timer/Counter0 gyé}flow Interrupt TCNTO = 256 - (CPU _CLOCK / TICKS PER SEC / 64); // 64 : prescaler i
i ISR(TIMERO_OVF vect) L/ // Timer/Counter(Q Overflow Interrupt : Enable

I"'{"'"'"""""""""""""‘I TIMSKO = (0 << OCIEOB) | (0 << OCIEOA) | (1 << TOIEO0); i

tic_time++; |

// —---- Global Interrupt : Enable ---- i

TCNTO = 256 - (CPU CLOCK / TICKS PER SEC / 64); sei(); i

} :

for (;7) :

tic_time = 0;
// Timer/CounterO : delay

while (msec > tic_time); delay ms (1000);

<68 >



#include <avr/io.h>

8-bit AVR QIE|HE Of|x]| AA

#include <avr/interrupt.h>

#define
#define

#define
#define

volatile unsigned int

DDR_LED
PORT LED

CPU_CLOCK

TICKS PER SEC

DDRD
PORTD

16000000
1000

tic_time;

-L/-_8=hit _Timer/Counter0 Overflow Interrupt Ol EL Q|8 s=9|0{0f| OJsf AlsH=!
' ISR(TIMERO OVF vect) feeeeoeoooo ...
L_.{ _______________________________ L T T T e e e e e e e e e e
tic_time++;
TCNTO = 256 - (CPU_CLOCK / TICKS_PER_SEC / 64);
}

// delay function
void delay ms (unsigned int msec)

{

tic

while

time = 0;

(msec > tic time);

e e e e e o o o mm mm omm omm omm omm o omm mm mm omm mm omm o omm mh o omm o omm o omm omm e e e e e e e o o mm mm wm e m= mm mm mm m m= m

GND  VCC

Wﬁl_ﬁ::rog Pawgr_ debugWIRE
Supervision
f POR/ BOD ‘
and

Watchdog | RESET Program
Oscillator Logic
Oscillator

Circuits/ | Flash | | SRAM |

Clock

Generation ____i; ___________ i;____

1
1
S s | 8-bit T/C 0 | i
1
1

| 16-bit TVC 1 | | AD Conv,
1
[ + ______ 3 * '

Analog
Comp.

|-

Internal
Bandgap

DATA BUS
i
-
o0
5
=4
=
(9]

L]

| USART O | | SP
AL | [
Y Y
' [}
yvy I Y =
~ IPORTD(BJ' |PORTB J ;
[ [~ K
1 ] 1 ]
PD[0..7] PB[D..7]

PCI0..6]

ADC[B..T]

<69 >



C"" ARM Processor Modes

*voo*

Table B1-1 ARM processor modes

Processor mode Encoding Privilege level Implemented Security state
pplication | User ~ usr 10000 PLO | Always Both
FIQ fiq 10001 PLI Always Both
IRQ 1rq 10010 PLI Always Both
0 (kerne) | Supervisor sve 1001l PLl | Always Both
Monitor mon 10110 PLI With Security Extensions Secure only
Abort abt 10111 PLI Always Both
Hypervisor Hyphvp __________ 110 10PL2 With Virtualization Extensions  Non-secure only
Undefined  und 11011 PL1 Always Both

System SVS 11111 PLI Always Both
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(O]O|X| £X) https://www.codestates.com/blog/content/FH{L|E[A <72>
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o . = . ) = T - - - -

&

docker docker docker docker
ﬁ

docker )| docker )| docker |

- || 4*

| docker docker | docker docker | docker |
= " il

| docker || docker docker docker || docker )| docker docker
& || & || & || &
| docker 1 docker ) docker | docker J1N docker JR N docker | docker Jb docker )
i K i K & 0 o
| docker X docker ) docker " docker docker ) docker ) docker ) docker )

docker docker docker ) docker docker docker docker

.

& | & (&)

docker docker )

i

*
¢ie

¢
¢

A i

¢ e
¢

&
¢

¢
¢

Q.
¢
olfi

docker docker | docker ) docker docker JAN docker ) | docker docker

docker AN docker ) docker docker || docker \ docker | docker docker

¢
¢
¢
.

(OlO|X] £X) https://www.codestates.com/blog/content/FH{L|E[A <73>
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Container Orchestration

(OlO|X] £X) https://www.codestates.com/blog/content/FH{L|E[A <74>
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o

kubectl

CtrlPlane- 1,2...n l
EN-
controller kube

m

Cloud

Provider
Network Edge

Container Runtime

4

P L

> kubelet

System Services

...................

~

Load

Balancer

--------------------

Container Runtime

P T

System Services

-------------------

> kubelet .

(0]0|X| £X) https://platform9.com/blog/kubernetes-enterprise-chapter-2-kubernetes-architecture-concepts/

2o

End Users

<75>



KL BsA AGo|Y : RHYIEIA

OtAE/=2018 (O1s)

=M EE

n
o]

I3\ 3}, 22] QEO| HIAPH,

OfAE{/&2|0|E(Master/slave)= EX|LF T2 M| A(OFAE )2 StHLE O A o] CHE FA|LE T2 M| A (S0 B)E EXST D
E N S{" odets st=d|CiR EAI Ol Ko ZEIS o|a|strh U8 A[AHINAM OtAH = MAHSHEK|S 120 MEf:| 0]
sistC [1215) oiapm o 2 npAE]/Z2]0|22H= 801 2 A 2F EXHsligtoLt 214

EfE xkﬂE%% 1|0||:| O=|o|' ol
EICH= 0|f2 BHHe| ti40| =1 Qo0 Y& CH|Q} M| F 0| A= CHE THOHO| &= &

=
==
nl

210l sl 801S0] O A £
o= L[S QUCE,

A
Es
=]

CHH| &80 [ma)
/|E BOS UASH| ffal 28| LrE 0121 1= 12 QlCh

« Controller/Agent

» Primary/Secondary
 Primary/Replica

« Master/Replica

« Source/Replica

» Master/Standby

» Master/Minion

» Provider/Consumer
» Master/Puppet
 Controller/Peripheral
» Initiator/Follower

« Client/Server <76>



KL BsA AGo|Y : RHYIEIA

Cloud &
Provider API kubectl

I

Ctrl Plane - 1,2...n

cloud-controller manager
kube-controller-manager
kube-scheduler v kube-apiserver

kube-proxy

Additional Services

Container Runtime

System Services

e —————

.

o e S

Node 1

kube-proxy

Container Runtime

(0]0|X| £X) https://platform9.com/blog/kubernetes-enterprise-chapter-2-kubernetes-architecture-concepts/

Container

External
Volume

Container

<77>



<78 >



N/ 1L g iL
K{ BHQE Qlmet: 9 EAH

o WH AT IS 0 P E N STAC K? Deploy third party services such as Or use built in tools

(e00 QN ese QN ees ] IO OO
Kubernetes CloudFoundry Terraform OpenStack SDK Horizon Web Ul

|

Bare Metal Virtual Machines Containers

OpenStack is a cloud operating system that controls large pools of compute,
storage, and networking resources throughout a datacenter, all managed and
provisioned through APIs with common authentication mechanisms. ‘ ‘

A dashboard is also available, giving administrators control while empowering
their users to provision resources through a web interface.

Beyond standard infrastructure-as-a-service functionality, additional components
provide orchestration, fault management and service management amongst

other services to ensure high availability of user applications. m

Read more about our vision for OpenStack clouds »

Il  Shared networking and storage resources @

E == openstack.

(2X) https://www.openstack.org/software/
<79>



CLIENT TOOLS

— CLls
OpenStackClient

& SDKs

Python SDK

OPENSTACK

(] WEB FRONTEND 4__'

Horizon

API PROXIES

EC2API

Qg WORKLOAD PROVISIONING
Magnum Trove

Sahara

~
£33 APPLICATION LIFECYCLE
Murano Freezer

Solum Masakari

4% ORCHESTRATION
Heat Mistral Aodh
Senlin  Zagar Blazar

INTEGRATION ENABLERS

'— ||ﬁﬁ|| CONTAINER SERVICES —

Kuryr

183 NFV

Tacker

== COMPUTE
-_—

Nova Zun Swift

-
= STORAGE

Cinder Manila

.:-ig. NETWORKING

iu HARDWARE LIFECYCLE —

Version: 2023.05.01

OPERATIONS TOOLING

— @ MONITORING SERVICES —

Ceilometer

Monasca  Venus

— Q RESOURCE OPTIMIZATION —,

Watcher Vitrage

~ [ah] BILLING / BUSINESS LOGIC —

Adjutant CloudKitty

— i TESTING / BENCHMARK —

Tempest  Rally

T [ DNs |
Neutron Octavia Designate Ironic Cyborg
@B SHARED SERVICES
[ SCHEDULING | [ IMAGES |
Keystone Placement Glance Barbican
C
LIFECYCLE MANAGEMENT

P DEPLOYMENT / LIFECYCLE TOOLS

Kolla-Ansible  OpenStack-Charms  Bifrost Kayobe
OpenStack-Helm OpenStack-Ansible OpenStack-Chef

“ PACKAGING RECIPES FOR...

Puppet
Containers (LOCI, Kolla)




CLIENT TOOLS

——— [ CLs
OpenStackClient

& SDKs

Python SDK

OPENSTACK

(] WEB FRONTEND —

API PROXIES

Horizon EC2API

ﬁg WORKLOAD PROVISIONING S APPLICATION LIFECYCLE

Magnum Trove Murano Freezer

Sahara Solum Masakari

$4t ORCHESTRATION
Heat Mistral Aodh
Senlin  Zagar Blazar

INTEGRATION ENABLERS

— |ﬁﬁ|| CONTAINER SERVICES —

Kuryr

I8INFV

Tacker

== COMPUTE
-_—

-
= STORAGE

Nova ! Zun Swift Cinder Manila
[ —— =1

.:-g. NETWORKING

iu HARDWARE LIFECYCLE —

Version: 2023.05.01

OPERATIONS TOOLING

— @ MONITORING SERVICES —

Ceilometer

Monasca  Venus

— o RESOURCE OPTIMIZATION —

Watcher Vitrage

~ [ah] BILLING / BUSINESS LOGIC —

Adjutant CloudKitty

— H TESTING / BENCHMARK —

Tempest Rally

|_son_| [ DNs |
Neutron Octavia Designate Ironic Cyborg
@B SHARED SERVICES
E Keystone i Placement i Glance E Barbican
LIFECYCLE MANAGEMENT

P DEPLOYMENT / LIFECYCLE TOOLS

Kolla-Ansible  OpenStack-Charms  Bifrost Kayobe
OpenStack-Helm OpenStack-Ansible OpenStack-Chef

“ PACKAGING RECIPES FOR...

Puppet
Containers (LOCI, Kolla)




N/ 1L g iL
K{ BHQE Qlmet: 9 EAH

o WH AT IS 0 P E N STAC K? Deploy third party services such as Or use built in tools

L_____________________________ _______________________ Kubernetes CloudFoundry Terraform OpenStack SDK Horizon Web Ul
storage, and networking resources throughout a datacenter, all managed and

provisioned through APIs with common authentication mechanisms. ‘ ‘

Bare Metal Virtual Machines Containers

A dashboard is also available, giving administrators control while empowering
their users to provision resources through a web interface.

Beyond standard infrastructure-as-a-service functionality, additional components
provide orchestration, fault management and service management amongst

other services to ensure high availability of user applications. m

Read more about our vision for OpenStack clouds »

Il  Shared networking and storage resources @

E == openstack.

(2X) https://www.openstack.org/software/
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Dell Intros New Micro-
Data Center, Server,
Software for Edge
Computing

A new analytics-enabled remote-management platform
complements compact server and fridge-size enclosure.

Dell EMC Modular Data
Center Micro 415
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