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Future Computing Models
Automated| Time- Globally (Discontinuous Part of
Calculation| Shared |[Networked| Distributed Spectrum)

=~ —
Postcloud

Coud: Type 1: Type 2 Coud.
Enabling Cloud-Inspired Pure Cloud B anced
Technology for Standardization Efficiency (Through Elasticity) Platform for
Service Delivery Shared Hardware Agility (Through CI/CD) Innovation and
Business
Source: Gartner (October 2016)
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"Across Domains"

Domain-Specific Services

I

Decomposed
EER)

"Up the Stack"

¥ Q\.ﬁ-e Network Store
C laaS o

Source: Gartner (November 2016)



Cloud Comeuting Framework s
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Linux
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OpenCompute
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(Linux Foundation Collaboration Summit 2016)

Linux Foundation Collaborative Projects
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Jim Zemlin,“State of Open Source”, Linux Foundation Summit 2016/3
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IoT Network
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Architecture Key Performance Infrastructure Use Case
Cloud- Low Bandwidth WAN Multinational
centric IoT High Latency ( 50~100 msec) | + Cloud Computing Home security &
Cloud Service automation
Vending Machines
Thing/Gate Peer-tq-Peer Connectivity LAN Data-heavy
way-centric Bandwidth & Latency Edge/Fog Low Ia’fency
Computing Intermittent
IoT Connectivity
Device- Cellular Network Availability Cellular, WLAN, Healthcare
centric IoT Low Throughput Bluetooth Wearables
Mobile
Computing(Tablets,
Laptops,
Smartphone)
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Hierarchical Computing - Fog Computing
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 HEQ A9 E2|H A tHS(HEl 571 > XA 571 tF H|E 8)
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» Equinix IOA(Interconnection Oriented Architecture)
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» Three-Tier Fog Solution: Thin Client, High Performance Node, Cloud based Application
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» Interactive, Analytics, Data Collection & Process
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* End-to-end management: Microsoft Azure IoT Suite, HPE Universal IoT
Platform, IBM Watson IoT Platform, Jasper IoT Platform
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Access
Network

gauuuay

Processing +
Virtualization

Internet

Edge Cloud

Mega Data Center

0 )

Transmission + Propagation Transmission + Propagation
I< + Queueing + Queueing

-

® Edge Cloud Latency Analysis
» SERE 27 : HE<R A, Intrinsic Propagation
— Transmission Delay: & I|H|E Soff BjZS U/EHSI=0H 285 = Azt
— Propagation Delay: E2|& SXX|7X| H|0|E & Hulst=H 2R2%k|= AlZt
- ZALE YR SAALE YEYI, M, THA3
— Processing delay: 17l 8| & EAM5t0 1f3l S X 2|5t=0l| Z2l= A2t
— Queueing 9 Virtualization delay: 2! E2i/A3H 7], CPU U Y EQT 7}43512 QI LME|l= A0 A|ZH
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User Space

- VCPU Scheduling Virtual CPU Viral doud

- Affinity :

- Heavy Flow Kenﬂ m (0. 000
Virtual NIC

0S & Hypervisor

- Interrupt .

- VCPU Preemption \SQM% HymNISd‘ Threads|{o oo

- Virtualization Overhead

- Kemnel Network Stack

Physical Resource

- Resource Contention (|\b!\ll\l\cllk U me]y 000

- Intrinsic Int ( C D Core 13 Cachq
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e Physical Resource
= Resource(CPU, Cache, Memory, IO)
Contention - Resource Pre-
assignment
= Intrinsic(Memory, Buffer) >
Queue/Flow/Buffer Management
e OS & Hypervisor
= Interrupt = Polling Mode Driver(PMD)
= vCPU Preemption - Full preemption
= Virtualization(CPU, Network) Overhead
- Real-time OS & Hypervisor, DPDK
OVS/SR-IOV
= Kernel Network Stack
e User Space
= vCPU Scheduling - Real-time
scheduler
= Affinity > CPU Isolation

= Heavy Flow 12
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. . Test Casesl!! Performance Test!?]
%) Vi = Vi = Native OVS OVS with DPDK
8 Packet Average Packet Average
8 E g g E Size/Line Latency SizelLine Latency
— § — E — § — § — Rate(%)L! [usec] Rate(%)L] [usec]
> > > > : _
‘ Physical Port = Virtual 64 /2 57 64 / 20 25
1 Switch = Physical Port
- (1 Core) (1 Core) (1 Core) (1 Core)
8 Viirtual Switch @ Physical Port = Virtual 64/1 141 64/6 94
I - - Switch = Virtual Machine (1 Core) (1 Core)
! hm(,f-ypemsa' >Virtual Switch = Physical (1 Core) (1 Core)
P 64 /15 38
lm,\m(l,m Card (2 Cores) (2 Cores)
@ Physical Port = Virtual 64/ 14 39
§ § § § || Switch = Virtual Machine = (2 Cores)
Virtual Switch = Virtual (2 Cores)
5 T 3 Machine = Virtual Switch -
YY \JV N Physical Port
Tl'afﬁd\,\ukknj [1] Benchmarking Virtual Switches in OPNFV draft-vsperf-omwg-vswitch-opnfv-02, IETF Benchmarking Methodology Working

Generator/Andlyzer

Group, 2016/3

[2] Intel Open Network Platform Release 2.1 Performance Test Report, Intel 2016/3
[3] Aggregated system throughput of 40 Gbps using 4 ports.
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® Co-processor Intel Xeon

, PCle

Phi)

® GPU
® ASI

S22U319S 3
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HPC Verticals
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Disruption

FPGAs
ASICs
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(Xilinx, Intel [Altera])

(Nvidia, AMD)

Accelerators
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Medium
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High
_b

Applicability of Emerging
Architectures

Low
44—

Source: Gartner (November 2016)
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Top 10 Strategic Technology Trends .-
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©Coo~NoT h~owd

For 2017

Artificial Intelligence & Advanced
Machine Learning

Intelligent Apps
Intelligent Things

Virtual Reality & Augmented
Reality

Digital Twins

Blockchains & Distributed Ledgers
Conversational Systems

Mesh App & Service Architecture
Digital Technology Platforms

10 Adaptive Security Architecture

© oo NGk WD

For 2016
The Device Mesh
Ambient User Experience
3D Printing Materials
Information of Everything
Advanced Machine Learning
Autonomous Agents & Things
Adaptive Security Architecture
Advanced System Architecture
Mesh App & Service Architecture

10 0T Architecture & Platform

Strategic Technology Trends : =2t 2fsl 7| = CHAE

KLt Heliot sl 7= A%}

FA|, Gartner




The Device Mesh o

Al Work
A

L2
Inthe Car ™

A Shifting Set E

of Endpoints

On the Desk Im @
With the
Customer

At the Game With the Person

x In the Environment

' 1 &)

poe 0 8 e
% MHome

Consumer M
Retail

Digital Mesh : 7§21 F=2|0f] ZXHiSh= THtoT2| ALE ), BE, A, MH|2,

H|=L|A S CHE APRFSS| EEHH|. HZEE| 0T X1,
H|ZL| A9} 7HQIE2 A& |5t SHo = Halk|o] R E
chate ZI31E o|2A| = [Gartner 2016/12]

® Device Mesh

HEE = A= Ao| 25 HEL[Y

C|X|& Ad 8! H| =LA 7|2 Hl&
People-centric Computing

Z|dal n7i Alojo| M BT

Multiple C|H}O| A E ALt Personal Cloud
Mesh DeviceOj|A| AliE|= W/A{H|A = Ambient
User Experiencelj| [} Z CIEiE S 8= tE=
MH|A Eghof HE

MASA(Mesh App & Service Architecture)=
El_g'é'iog A-|7;" > 28 7|I:I|k|

MASA = Software Deflned Service & Micro-
service2 44

M2Z CX|" NM& %
IoT Endpoint =4t

The connected home/Vehicle
Smart cities & building automation

AR & VR
16



Mesh + Fog Computing

ICloud
nternet
(Global Cloud

Computing
Core Network

Internet
Access/Edge
Node Edge Edge Fdge
(Regional) Computing Computing Computing
Building
& Street @

Mesh .

@Homex

—

Mesh
@Vehmle

I\/Iesh

©>

@Offlce

:>
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® Mesh + Fog Computing
= Fog Computingd} ¢ Z ':F“*(AI'E)OI
0| &5l= Moving Fog Computing ¢
ofl &

- Digital Mesho| 23X AH|A EE‘"° ol =M
Mesh 0|54 YU HZAME >
Underlay ICN

» =X £81t QIE{H 0| AT} Ef%
THE(AI=E)2| HEO| A2 H

- Y, o mat Halkl = I4'“()%:) e,

A Sof chet RHg 74
- O|F EHEH(AHE) 7t MH|A
ulg_

Real-time Interactive - Real-
time Aware

= A7 dE/etd olx|

Trust

_¢_
—|

‘4/0|88 £F
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VDI2} DaaS H| 1l it

Traditional

VDI

DaasS

Corporate Corporate

Data Center LAN ® VDI(Virtual Desktop Infrastructure): A2 X}
. o desktop 23S HZH 2R H|Sol= 71zt
w—b Q w UX at PC is ideal; data access oo EH
—_— may be slow, depending on
emce Doy U“E»fo‘”k T Lo ed T XL ZajZ e Xt A
User Desktop Use "1S = A% - C)xlE ?' o
D ® DaaS(Desktop as a Service): AF2X}
'ﬂ‘ [;fnﬂal w desktop 2742 on demand H|-&
esklop UX may be comprpm.ised by
Remote B - ‘—Local User gggg:;slrecgp E’(ae(g;c;r;eiztls " %EI-'?'E IZI*I L-"E'?"Iﬂ xl--?lllgi ?'AO-'
e = = VDIo|| H|5 HIES{3 0| 3
. Dete J . ® VDI/DaaS &2 2 TFAlst
'ﬂ' = 'ﬂ' — D  VDI/DaaS= =2| PCE S710l= 85 2 2R
Usefs Work
Rar;;)rte Data Local User S%?;fe u AI‘%II‘ 75'%'% E'_"—’.‘T—LI?I = ML I_(Throughput
Latency)

UX may be compromised by
poor user connection; data
access may be slow, depending
on connection. Local user
experience compromised.
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VRaaS(Virtual Reality as a Service)
® Native VR
= 7}SlE|X] 242 VR2 HIE 37| #HIE ¥
® VRaaS 72

VR Player o™ ;’1

A = VRE 222 E0|M H|238}7 ZazZoia A
sz%ylﬂlo_l g I-_l_ 0." -l “ I- ITI HE =0." -I-l—O

:I.EH"-I a7l 7Hts)
v'3D, OpenGL 52| X 2| & 2|¢t, GPU 7143}
v'VR ContentZ play 17| £|%t VR At 7}ts}

e = TS Soll, HAIZHVR 4 3L H|O = fI6H Screen Bl
Hodt "‘ Control 7}415}
N

WS, ® VRaaS S8

i{ i \ = 5G S1} ZAee Low latency TEE MH|A 715

| \.‘ = CiQFo HRIES MHZ0|AM XHRI2| H[2Fglo] ¥ 7ts
» C}50| EHAF SA| MH|A 7}
= CHE2 A|ZH/B7H/0|S/2 A2 I M XIS 22
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VR Technologx RoadmaE

The roadmap below depicts the impact of VR technology on various industries based
on the current research, innovation, and technology development trends.

+ Combination of opto-electronics and

- Beacon technolo assisting AR/VR
9y 9 foveated rendering technologies

- VR applications in workflow  of
construction and civil engineering
projects.

- Miniaturized and scalable devices

- Promote digital neighborhood

= Fully immersive VR
devices - built-in/
computers, batte
and sensors.
= Up to 50 key
companies who will
develop HMD for VR. \

- Advanced LTE/SG

- Content/application store
+ VR-as-a-Service.

and artificial = Further development of
intelligence gaming oriented VR
supported. applications
i + Advancements in 3D movie 2018

experience using
VR technology

R and content development

/ Source: Frost & Sullivan

+ Smart home system combined
augmented reality (AR)/VR technology.

KRNet
2017

Immersive Computing at its peak

with

+ Mixed user experience over Internet

20
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OpenStack -through CloudStack  Cloud Chef Puppet Docker Swagger Apache Apache Apache TOSCA
commercial Foundry Storm Kafka Spark
distribution

IDC 2016 I Very important; plan to spend $ [ Important I Somewhat [0 Notimportant [ Notatall

1]
ng
=

o

Q

j= 1

w

1]
o
Y

[=]

@

f=2]

(1]
-

c

@

Q

=

@
=8
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AR ¢

I|:|

KRNet
ctof| A efolid 7l=
AxS8 /5 7=
= GPU 8! FPGA 7|=1f &gt
= HPC =¢i B3}, ATEQ 0] Ho| &
Neuromorphic Hardware
« dE9H HEMESE 28510 non-binary 225 AEdtE SIEH O
= OP2 ¥ I spike 7|t ﬂﬁﬂ HE M (=2 S0|X|2 0 X2
A0 MM = 1=° Scalability
Silicon on Software
= 7|2 CPU L0 7|2 28 ===
= OSE|AI0M B 7t HS(d AAM, Ho|E{ o] 2 Fotof HE)
NV-RAM
= SIES0 0] Cj3t M o| M} EFSAA SEAH

AR

= HjojE FefH gl IMC (In Memory Computlng) = =510 XMt

Silicon Photonics
= 2 7|9k 4|o|E MZE
o=

. 0|£E_|.E AT X O

=2 latency?} CHHEE Hs5 AAH 4
T o —1— ¥

7|
§. '6"- L I_'_-" b | ol-
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A8X/AES] B3 o 83 B0
AFSHO|| QH= X| X
MH|A 7 2

X
3 J‘1I-E'>-

Urban Mobility

Collaborative Network Network  SLA Enforcement Interactive Street
Resource Resource Security &
Management  Resilience

Connected Cars

‘; ' Management

Big Data | Chall; Energy
‘ﬁ» Management e enges Efficiency
k Optimized Services

Situational Context . in Dynamic
. Environments Industry 4.0 (M41)

Lirge Scale Events

Management D

Massive Multimedia / \

Personalized
Content Consumption

User-Centric Just-in-Time ¥ &  Seurity

f \YQ& ‘ * Services Services ¢ ¥ HnN:lplll:a!:ums
Detection and © L a
ommunication Network Threats

Cognet, D2.1 Initial use cases, scenarios and requirements, V0.9, 2015/11

&g 01X
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AlLiE|2 AFSPHH (Context)
T7HO| A|/3 714 o= 2|#|0|M &8 =2}
Large Scale B = E = =0 =
Erents 174 '8 A 81 Ao|Ego| HeHE
9_|EE}01I TS 01X CH 2 WAL
Industry 4.0 2Rl AJAZIo| Qg T EM|A BHHEI HE
Dense Urban = alo — o
ren D2o| A/BZHE ofZ 2|01 B Z2alY
o | = D742 AlZ s 9K U 0}5 4
Emergency | = 17240 SFAI% 92
Communication J17Ho| A|ZHHH 2|X| 9l o] S ME
Personal Security | = 11ZHO| A|/Z27HH O{E2|#H|o|M &8 =20}
Applications J7Ho| A|ZHH 2JX| 8l o| 5 ""E
20| A1 4 M | BTE
Connected Cars AP Alglo| 92
Urban Mobility T7HO| A|ZHHH .?-|x| glojlsMd™H
Awareness | = J17H ¥ X|Si0| 2Z/AQ! MH|A 2¢ Sl
Massive
Multimedia n74o| 2 HHIX He
Content D7Ho| AZHE 9% X 0|5
Distribution 24




Event-Driven Model o

® Event-driven Model
» ATl = Cl 5= Web API 9! Request -
driven Synchronization Application

Axol
. Event First, Response Second 2
Zs|iof =

® Event-driven Architecture
= Web-scale Application0| 2|
= Agility, Resiliency, HZ 9! =}%H0|

T=
The source truth is the The source truth is the
data store. log of events.
First priority: Preserve First priority: React to
data events

25



Post-App A|CHOj| CH

=
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HMVD

Devices  |Mobile el Wearable Sgr?//er Car
EXPerenCGS SociSallhlet\SNork Vlrtl}eﬂiﬁ\onal BOtS AAnli{\R/eﬁty/ ngacy
Service Assistances irtual Reality pps
Application -
evelopment| | 001S||Strategy| [Methodologies
API Privacy/ T rust/
vediation |contract)(Governance Sec%ljrlty
. MBS IPaa> || lol || REST [[ MSA |[ Al
Services Mobile Backend [ [integration Platform Internetof Re?resentational Micro-Service| | Artificial
Service as a Services Things State Transfer || Architecture | | Intelligence
Systems of Cloud On-premises
Resources | iiiachine coamm Unt.. || MCUliachine Coaming Unk-

Gartner 2017/5
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® Devices
= Mobile, HMD, Wearable PC/Server,
Car, ...

® Experiences

= SNS, VPA, Bots, AR/VR, Apps

® Application Development

® API Mediation: A M| A, ==Xl
SEH sEH S

® Services

= MBS(H[O|E] S22t X8R =4
<), iPaas, IoT, REST, MSA, Al

® Systems of

Resources/Record
= CPU, Network, Storage, GPU, MLU

26



Neuromorehic Devices

.
]
]

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

Main |, .| CPU

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

<— 10MMACPS/W

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

10°3MMACPS/W

CPU

Main
Memory o
N CPU

MMACPS:

Million Multiply ACcumulate operation(a € a+(b*c)) Per

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

Main
Memory c

' Source : Frost & Sullivan

Neuromorphic®
Approach:

<~— 10°MMACPS/W

in the

A\

<«— 10"2MMACPS/W

Traditional Computin :
Approach:

« Serial Access & Process !
» High Power & High Latency !

Parallel Processinﬁi
Approach;

o Multi-core Parallel Processing :
 High Power & Low Latency !

« Neuromorphic Processing !
. Memo? & Processor
ame Package ;

® Low Power & Low Latency |

Biologicali

o KRNet
2017
T |MBMEAYE AR =&
(Neuron) | £ 2= & Ijisyal | Object
T Filter | Detection
(sec/W)| (sec/W)
Ak 101 1015 20
F| 7.1x 107
HEF R | 108
IBM 1x10% |256x| 0.07 |10/0.06 | 10/0.063
TrueNorth 108 | (Z|&
HE Al
o M
CHH|
1/10%)
7|& CPU 2012/90| 1025/80

Neuron:
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® Conventional Computing?| #|&X ZXig}

. GPU, CPU+FPGA, ASIC S22 DNN(Deep Neural Network) ¥ A=
7HM

. Neuromorphlc SiliconO| Al7] A|AHIE H0] S Z{0|X|0F 7|= HBEI2
X|A 5E7ZE X|2E Hoz of At

® Knowledge Gaps

« 3t 7|& XA S 71T AfEo| 2o rERE M2 FEE
2tH S| ofsHSHX| Z5tn A

= Deep Learnmg% AMlslish £ ol =2 nmE SlEQ 0| 3 AT ES 0 7|=0]
|_|.El.|_|.|:|:| °H7:IE oz 0||A°|-
® Scalability

. X|* l'set s 2R E AXIo mE1 MZE AHZA(deep interconnect) 1120
tHSSt7] ol M= B o’g E0| A0{OF g
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