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Computing 7|=2| 3}

Cloud Edge / Fog
(2000 - 2015) (2016 - ?)
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« Computation offloading
+ Service migration
+ Network Control & Resource Allocation
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« = Reduces energy consumption for local processing and prolongs b
attery life
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* Cloud computing(CC)

« Easy-to-use platform
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» Edge computing Power &7}
* Intelligent Service in Edge 2+
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» Finding insights in data

>Where? Cloud --> Edge
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» Edge-cloud ¥/ H|C|2 &4 2F AlLi2[2
« Latency-sensitive Applications over Edge-Cloud Computing

[ Video capture | _
T

[Vissamslyiint) --eveeeecone-- >
Video analytics Data storage and
Video streaming big data analytics
Results and metadata
I > (recognized objects, capture lcation, timestamp, ¢fe¢,)
High bandwidth . Low bandwidth

Computation offloading

" Computation offloading
—— | ——
@ Edge Cloud

4G 5G WiFi
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granularity
VideokEdge [158] A hierarchical framework for | loT cameras Private clusters Full The pipeline of computer
video analytics and large-scale vision components, such as
video query video decoder, object detector,
and associator
GigaSight [73] A 3-tier architecture for first- | Head-up  displays, || Cloudlets Tasks- Video privacy removing, video
person video storage, sharing, | like Google Glass Components | tagging and indexing, and con-
and content searching with pri- tent searching
vacy removing
Wang er al. [159] A pm'u-:}-—awﬁrc and scalable | Devices with cam- || Cloudlets Tasks- Video privacy removing, the
live video analytics for face | eras, e.g.. mobile Components | execution of analytics algo-
recognition phones rithms, e.g., DNN-based fea-
ture extraction and classifica-
tion
Wang er al. [160] A bandwidth-efficient  drone | Drones Cloudlets Tasks- The execution of computer vi-
video analytics framework em- Components | sion algorithms
ploying adaptive policies 1o re-
duce video transmission
LAVEA [161] A latency-aware 3-tier video | Smartphones  and || Container-based Tasks- The execution of computer vi-
analytics architecture enabling | wearable devices cloudlets Components | sion algorithms
offloading tasks inter-edge col-
laboration ) \ J \ .|
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« EE &8, cyber—physical-social systems (CPSSs)
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« Computing Resource Provisioning
« Computing Offloading Service (COS)
+ Decentralized/Distributed Cache/Storage Service (DCS, DSS)
+ Service Migration (SM)
« Distributed Al service
« Task offloading service@t Al

« Network Resource Provisioning
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Computation Offloading & Granularity

Display Display
E_ S -i Compute ﬁ
| Compute }—F ? O-\-H--'\ i ":- ;—‘ }
L ] S ( 2—*’ - = £ =
Hardware Server Hardware Server Hardware Server
Mobile device Mobile device Mobile device
(a) (b) (c)

Fig. 4. Granularity of computation offloading. Generally, mobile devices can offload computation at {(a) full offloading,
(b) task/component, and (c) method/thread levels.

« &2 Al Granularity 480| 22
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» Computation Offloading (CO-X)
+ Application Partitioning
+ Partitioning for multi-offloading in distributed edge node
+ Tasks can distribute edge-cloud or between edges
+ Partitioning granularity
+ Task Allocation

+ The rum‘:tlrne decision of task placement and scheduling associated with the resource man
agemen

« if considering multiuser scenarios, multi-edge node collaborated resource allocations and load balan
cing are two challenges

» Task Execution
+ VYM-based Execution, Container-based Execution
« Serverless architecture
* Process-level isolation

Application Partitioning
Task Allocation A 9™ A DALE (EHY £5)
Task Execution
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* High-level overview of co
mputation offloading in M
EC model

« Communication Model
* Task & Offloading Model
« Computation Model

 Edge Processing Time
* Local Processing Time
+ Edge Processing Time

* Processing Time of Adjacent
Edge Server

+ Remote Processing Time (Clo
ud Server)

X158 ZHE

Cloud Storage
Cantral Edge Cloud-Computing Mot Netwers
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CEM
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Edge Computing
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Problem Formulation

* The minimized cost |
s denoted by Qmin

» Our objective to
minimize the proc
essing and transm
ission delay and r
educe the power ¢
onsumption

* DQN based Offloadin
g Decision Method

Algorithm 1 OD-SARSA

1:
2:

3:

=

Input: Number of MDs N and task size I,

Output: efficient offloading decision, cost reduction
and bandwidth allocation

Initialize the network parameters with upload and
download bandwidth, and processing cycle number
Initialize the number of iterations (episodes), let I =
100

foriteration] = 1,2,3,...., I do

Select “Action” randomly.

Compute “Current State” according to formula No. 3
if “Current state” < (5t + 1) then

S’E[rr=1
: else if §,> 5, then
: Setr=-—1
: else
Setr =0
: end if

: Obtain reward r; and next state 5,4 after execution

of a,.

: Set this as (8, a;, ry, Sep1)
: Compute the Q-value y, from the target deep QL y; =

Fril + Y5415 @

: Execute the algorithm of gradient descent to reduce

(v — g (S0, @1 5 f-"‘:lz

: Update g-value: g*(s,a) = (l—a)gis,a) +

o(Res1 + yq (Se1. @rs1))

: end for

- 1273 -




| —_
A, A . A,
— e el A« PIS)
;;: Ay Az @ A
4
f O ©p

..w
i
i
ggg;
-
=
-

e b e
{ollabortinvg (b} 1 .‘:; . wh,
v )
r 3 g Sariem ) 6.
Chanscl | K T AT
|.|.J.:-cn.:4-u — ¥ ) LT T
Lol Commiputeng) = A - N G R
Tk ropeng alpe £ Train NN "
S Uompuming: === = P .
ollabemating Sar o b «_I I‘} "
Compeiing; = = ) [ ) (5..) (5...)
Ramots [ hossad P pi ' |5) o L g
Compuling: = H ) [ J
i Simuliiad Posible
: el A e T
-] Scka B, Tragectiones
s i (@)
Dhevioes L
* %
—_—

Fig. 2. MDP representation of different methods, (a) Single time shot
decision. (b) Deep (Mleamning. (c) Deep MCTS.

iRAF: A Deep Reinforcement Learning Approach for Collaborative Mobile E
dge Computing loT Metworks, IEEE INTERMNET OF THINGS JOURNAL, VOL.
&, NO, 4, AUGUST 2019
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* Blockchain-empowered mobile edge computing 22 +=
* Deep reinforcement learning-based online computation offloading

Blockchain network Servers

e U VMs
Y eIl ¥ smart home -

e e VAN Y 1
e R e e 1 1
mE “.l‘ _,:;"_'—:' "'.:‘ . i i 3
et Sy | management hub & proxy miner |
am (1 -

Bl blockchain
: blockehain peers link

; . I =
« 2 D20 commumication 1 Smart home

A

dmp  : computation offloading

Fig. 1. Multi-hop blockchain-empowered mobile edge computing.

Online Deep Reinforcement Learning for Computation Offlcading in Blocke
hain-Empowered Mobile Edge Computing, |EEE TRANSACTIONS ON VERIC
ULAR TECHMNOLOGY, VOL. 68, NO. 8, AUGUST 2018
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