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Containerized loT-Cloud Services
over SmartX Playgrounds
and their Sustained Orchestration
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Providing Intelligence All services that are
Flexible and Adaptable

Provides Flexible/Agile
SmartX User-defined
i Services and Infrastructure



Realize SmartX Services with Open APIs
enabled by SmartX Boxes
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loT-Cloud Services

by Inter-Connecting Functions

Diversified Human-Defined Services

[0T--—-----—-Cloud

<> ‘ gii 3-tier (Web-App-DB)
Y é Cloud Platforms e HPC/BigData Cluster
v (SDN/NFV + ’ :
BigData/FastData

Intelligence + ...
loT
Platforms ﬁ
Mobile SmartX Things

Convergent Software-Defined
Infrastructure
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Enabling loT-Cloud Services with Connected
Platforms over Software-Defined Infrastructure

Diversified Human-Defined Services

* @ Cloud Platforms
(SDN/NFV +

BigData/FastData
Intelligence + ...

loT %
Platforms €%

Mobile SmartX Things

Convergent Software-Defined
e Infrastructure



SmartX Services & MicroServices Architecture:
Inter-Connected Functions among Boxes

Pro&ioning Or¢hestrate Visihww
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Inter-Connect ™~ ' Functions
Tag/Steer/Mapped
Normal
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Intelligent loT-Cloud Services with
Inter-Connected Functions
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~SmartX loT-Cloud Services
for Micoservices-based SaaS Applications

P(Baremetal) + V(VM)
+ C(Container)

Process containers

(Monster
containers)
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app +

‘ contamerz
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Inter-Connect '~ i Functions
Normal Tag/Steer/Mapped . . D ‘ \/ ~~"
"~ r—e Machine containers
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Automated Deployment of  composabie Software-

Defined Infrastructure

Container-based Services
over Converged SDI

code deploy

i EI;n

Microservice Pipeline i )
P Automation Service build

rele7 operate
0 2. Commit trigger

—
1. Commit
5. Deploy

3. Build & Test test monitor

Docker Private Registry — _—
4. Push Endless Possibilities: DevOps can create an infinite loop of release
: & and feedback for all your code and deployment targets.
Developer Workstation docker

/\K © core0s

Kubernetes Cluster
powered by Openstack kubernetes

le u ) & AWS VMs

openstack 7. Run

CLOUD
FOUNDRY

Container-based Orchestration & Dynamic Resource Pooling (Scaling) 3
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Open-Source-leveraged &
Hyper-converged / Composable

Software-Defined
Infrastructure

Industrial

Software-Defined Infrastructure
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Converged SDI for Diversified Services

Diversified SaaS
Applications

Resources in Hyper-

Federated
Cloud DCs



Converged SDI @ Hyper-scale Cloud (coogle)
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Converged SDI @ Hyper-scale Cloud (aws)
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5G-ready Converged SDI @ Carriers (arar

n \\é‘\’b Use cases, business models, value proposition ._* S D N/N FV N at I Ve 5G
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 external public & orchestrate the 5G system

private IP networks
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5G devices 5G RAT family
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Edge Cloud: ~ 1000 zones
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Upcoming Transformation toward Converged
& Composable SDI (SDN/NFV/Cloud Integrated)

DevOps Tower
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Open-Source Software/Hardware

loTivity
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Open-Source Intelligent Automation with
Workflow-based Services Lifecycle Orchestration

ndustialintemet ™, INDUSTRIE4.0 intelligent
Services Lifecycle
Orchestration

(Enhanced Control,
Orchestration,
Management & Policy)

« Open Source w

MANO ¥ Reconfigurable

Platforms

LSO)

Open & Convergent
Resources



Open-Source Networking
& Linux Foundation

Open Source Networking

—

;E Application Layer / App Server

Network Data Analytics

Cloud & Virtual Management

Management & Control

Metwork Control

I

10 Abstraction & Data Path

Infrastructure

Disaggregated Hardware
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Open-Source Hardware |
for Converged SDI &

Open Data
Center Stack
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Programmable Hardware: Smart NICs

% RoCE (RDMA over Converged
Ethernet) v2

10G/40G/

580G
; '@onnei).(é

100

180 X
'@onnectx 5

Mellanox

TECHNOLOGIES

P4/C
Integrated QeI L
Development | —3 !
Environment J
(IDE) '

Netronome Programmer Agilio Intelligent Server Adapters
Studio v6.0 2x10GbE , 2x25GbE, 2x40GbE, 1x100GbE

MARVELL®
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RDMA Transport offload with zero-
copy

Low cost/power for performance-
centric DC applications

Traffic Classification at the L2
improving network efficiency

Single Ethernet wire for IPC, LAN and
SAN

Transcends L3 networks

Support IP multicast

ARMADA A7040
Smart NIC Open SDK
Quad core A72 as PCle

Endpoint with 10G

Ethernet
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Infrastructure vs Platform vs Services

Toward Razor-thin Platform that becomes “"Composable”
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Domain-Specialized Diversified Services
over Software-Defined Infrastructure

ey
\ ITdust“a', Container-
_ _ _ _r = = Internet leveraged

AI & of Thingsl/ )

| Cloud |gDat | >aa>
(Software as
a Service)
Sy

Open Platforms (Tools)

\ Open, Composable,
- Federated Infrastructure
Software-De rastructure (Resources)

(SDN/NFV integrated Mobile+Cloud) 23



Composable Infrastructure Slices
over Converged SDI

Node 2

= Slices

Sliver 4-2

Hode 1

Sliver 1-1 Sliver 2-1 _

IDC/MPLS/SR etc.

EZiQoS

POF/PIF
FH/OTN/PTN OF /

DW/DM/PON

*EC = Mobile edge computing and distribute cloud

Node 3

Sliver 2-3

Unified
infrastructure

2 Massive Low latency
Widw:ane Hotspot connection High reliability

S

T
'
1
'
'
'

- « -
ey

3.
Signaling —
Data 8
Control function Data Value Added Service

Layer o Service o <l Service T Service = A" = ;
—masEncsa P aaminla 2 < xammness 00 OS~ mnmwenceas 2

\ {
Network Siice Instance 1 Network Shice instance 2

Resource

SLICE ORCHESTRATION

TSDN SDN

CONTROLLERS
ORCHESTRATORS

ICN/CCNx

BH/Clocking

Containers ( Autonomic Orchestration

VXLAN/L2/L3

VPNs/L2/L3 Slice C: il Slice Capabili Slice Capability
OF (POF/PIF) Exposure 1 Exposure 2 Exposure M

Next Generation

Autonomic Slice Networking Infrastructure (ASNI)

Autonomic Network Function 1

[v ASA 1'—] AsA1 |[ Asa1

(Aulonomic Network Function P

asaAp | Asap

Network Slices |

| Resources / Network Functions - Network Infrastructure |

(s )

Autonomic Slice Networking - Reference Model




Converged Software-Defined  peyvops Tower

Infrastructure Slices and Resource Shivers
Infrastructure (SDN/NFV/Cloud Integrated) ((%))

Automation Service

Node 2 e - V&
"." e Ry — .'s'\. 7 <
4 ctwork LT T i oy
. 2 ) S B \.\
8 (in‘rerc?nnec‘red) sliver 1-2| |sliver 3-2| |sliver a-2 ,-’End / Edge /, - Cove - \\‘\‘\.
N\ .
Sllces v (Thmgs)l (uCIouds)l * (Federated HPC/BigData A - - Slices
‘. clouds) -
- —~ I .
I\ hj \ 2 I —
Node 1 \ @ . ., rF
.\. N\ . S5 5 se 7 ./ ) ’
\_\ blj’\ = = e 2 . 7
sliver 11| [stiver 21| |stiver 31 "~ s S et @_’Q
Node 3 ~\.\'\ ~ . AL o '.j"_/ -
e I E g
Sliver 2-3| | Sliver 3-3 End Edge Core Converged

S5
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. e . == @ g !

Diversified Compatible SaaS et o : i

RANL5 ) oo =2 =2 B v |

ST T T = %o : |

- [ ' ! ~ © - Saa.s e : :

T { Dynamic OverCloud Compatlblllty : |

@‘@\ e _OverCloud Integrafion
Composable !

Aummano% (Software Defined) Composable UnderCloud

UnderCloud

amazon
webservices™

0 < &0

open source
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Open/Reconfigurable Data Platform:
Cloud-based HPC/AI-inspired Services
over Hyper-converged SDI

Cloud-based HPC/Al-inspired Services

Data Fabric
Reconfigurable Open Data Platform
Compute- Data Lake Data/l/O-
Intensive Intensive / Voot T oTmmmemTmEEe
Data Fabric
Data Hub

1

1

I

Connected Data E

@ E with Al, DL, .. [

\ 1
Hyper-converged

Software-Defined Data Lake
Infrastructure Collected Data

@_.Q [ =a—1| (Connectable Data)
) o e

Data Hub

Secunty Raw Data
Per5|stency

II (Hot/Warm/Cold)
T L
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NSF xDCI (cross-disciplinary Data CyberInfrastructure)

X

xDCI Data Science Cyberinfrastructure: jum xDClInfrastructure

o
xDClShare

Discovery
Environmen t

SciDAS

DataBridge

Query
Arrow

Jupyter
Notebook

iRODS

)

!

User chooses from the xDClI
technology stack to build data science

cyberinfrastructure for their scientific
community

xDCI

unities
Local (RENCI) ’ Brain-|
Clqud Partners
(Private, Hybrid, ' Plant Microbiome
Government,

! Advanced Health Care Directives |

Secure,
Commercial, ...)

==

ACCELERATE

\_Y_I

User chooses from a

variety of xDClI
infrastructure and/or cloud

partners and technologies

{

)

!

User builds vibrant community
that accelerates science and
enables collaboration

IRODS - Open source data management,
providing automated data virtualization,
data discovery and metadata templates
via an integrated rules engine.

CyVerse DE — Workflows, apps, and
analysis environment.

xDClshare — Data sharing among team
members and with the larger community.
Jupyter Notebook — Creation and sharing
of live code, equations, visualizations and
text.

Query Arrow — Semantically unified SQL
and NoSQL query and update system.
DataBridge — Discovery of relevant
datasets and “dark” data.

SciDAS - Fluid and flexible
infrastructure for working with and
analyzing large-scale data.

“Technology framework that enables their research communities to

rapidly deploy robust cyberinfrastructure that can easily ingest, move,
share, analyze and archive scientific data in all its varieties”

with Technology/Software/Data-Science/Sustainability Concierge


https://irods.org/
http://www.cyverse.org/discovery-environment
https://xdcishare.renci.org/
http://jupyter.org/
https://github.com/xu-hao/QueryArrow
http://databridge.web.unc.edu/
http://renci.org/research/scientific-data-analysis-at-scale-scidas/

NSF SciDAS: Building Data-centric
Infrastructure (2017 ~)

3b. iRODS and Infrastructure Bridging the gap

2. Stitch-ports: Enable connectivity to iq o D 5

resources outside the ORCA federation

4b. Slice-to-Slice Stitching
4c. SSI-HydroShare/RADII integration

I . . EDHYDROSHARE
1. Workflow triggers adaptive infrastructure — . . .
— | |

tod ically adjust to load ch
o dynamically adjust to load changes 3a. Slice-Modify: On-

demand modification to
infrastructure

SciDAS
EE am
L B< als

orca Cloud and Network Providers m

ctwcmeleor\

EE

=
Time line 3 3 ] - 3 3

CC-NIE ADAMANT  CC-NIE ADAMANT  CC-IIE RADII  CC-IIE RADII Chameleon CC*DATA SciDAS
(2013) (2014) (2015) (2016) (2017) (2017)

ExoGENI




SmartX Playground

(Infrastructure & Platform)
for loT-Cloud Services




SmartX Automation Framework

Applications (Over) Lifecycle &
o= Ecosystem
ﬂ Dev  Ops
=

_@Q_ —4 6{:}

Automation Service

(($)) Dev Ops Y
ww

I nfra structure (Under)

a

\ g

Resources s Workioads - Services SmartX Automation
% Orchestration Intelligence
c ” Policy- BigData /
=. driven FastData =
< Orchestration Intelligence =
& ) Automated C f_i.
- Scaling / e e N
2 L chainng J ~ Visibility =
& Co [ Multiclevel ) 8
= Al [ visibility |
g- Control
=
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Open-Source-leveraged Open Playgrounds
(loT-son/NFv-Cloud (Hpc/BigData) Ready)

Container-leveraged SmartX loT-Cloud Services

HPCIAI Smartx

Open
Dat
ot CIOUd ((e==)) Playgrounds

%

L 7 B
DJ uCloud
Q (SDN/NFV/ Federated Cloud DCs

FastData)  openstack (BigData/HPC)
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SmartX Playgrounds & SmartX Platform

L ) SmartX Playground & Operation Tower (2012~2015)
Building/Operating SmartX (OF@KOREN /

OF@TEIN) Playground (2012~2015) -\ 2 m;g% S WYt ':'

GSTEP (Pangyo) &
- L

- Provisioning -  Orchestration

Reglon D

Malaysia
(MYREN)

Container-leveraged SmartX loT-Cloud Services SmartX Labs — SmartX Mini
(https://github.com/SmartX-Labs/SmartX-Mini)
HPC/Al /o

1INDUSTRIE4.0 SmartX-Labs — SmartX-Mini

IOT Data CIOUd stial intemet
Lake E%UNSOIMUM Box @ % SmartX
Tower

Services

InterConnect /‘§e" et

P @ash i1,

Functions

ag loj{s} H@ S

% gSOCIAl CODING
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(https://github.com/SmartX-Labs/SmartX-Mini)

SmartX-Labs — SmartX-Mini

Box
SmartX
dm . Services
Tower

A *glthub
I SOCIAL CODING

Open Network Operating em
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SmartX Composable Playgrounds (2016)
GIST NetCS, OF@KOREN, OF@TEIN

OF@TEIN
GIST NetCS Playground Playground
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SmartX loT-Cloud Services over Composable
SDI for Smart Energy Domain (2014~2016)

Sensors
&
Actuators

Smart Energy loT-Cloud Services for Mini Data Center

Control & Management

Docker

Orchestration Lifecycle Manager

loT Concentrator

-
Lo

Mini DataCenter

rrrrr

{ loT Concentrator

loT Concentrator

Smart Energy
Orchestration S
nede N
loT-Cloud Hub Spark & Application Visualization
Streaming s
Data Collection / Validation Grafana ﬁ
InfluxDB
¥i§$ _ Dev Tower

Ops Tower

[ 10T Concentrator ]_ [ loT Gateway ]

—
Pt
—

IoT Orchestration

10T Service, EQL { DaSh Board ]
. )
o seor | - A enipant l s . IoT Orchestration I-CDN Manager
endpoini
i}.' i N CEP Framewor [ I-CDN Manager } loT SDN
DPI Framework || ° [ Input Adapter ] e e Controll
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