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Introduction

In this fast-paced world, networking environments have evolved
Increase in data flow
Give birth to entirely new services (like UAV, the Metaversere, etc)
Require stringent QoS

Delay or interruption may have severe consequences

We need to ensure reliable and efficient data flow that

Can handle increased requests
Handle users dynamicity

Changes in service requests
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Introduction

The evolution of networks has paved the way for the development of innovative solutions
Edge-cloud continuum is one of the potential substrate
It is based on SOA (Service Oriented Architecture)
Gaining popularity due to its scalability, reliability, and availability of computing functionalities
Edge is to bring intelligence, processing, and storage closer to the network’s edge
Cloud provides more capacity and a more reliable environment
Computer-related service requests will be
answered more promptly,
their QoS will be improved,
and the location of users will be tracked
In B5G networks,
edge-cloud infrastructure is integrated into distinct domains and
NFV virtualizes these resources, creating isolated virtual entities

So, VNF and SDN can be utilized to offering users a range of services and computing
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Introduction

Then, in todays network

We faced quite a bit of service requests and service instances

Requests have a rigorous QoS and QoE

While we will have highly dynamic environment
Effective service orchestration is crucial to ensure optimal service delivery, which meets both network
constraints and user requirements

Considering it, the QoS and QoE can be improved

the continuity of services can be provided in an efficient manner

One of effective service orchestration challenge is
Resource management
Select the best suitable service instances for user requests
Allocate and schedule jointly computing and networking resources
promoting resource sharing and maintaining a deterministic system

Mobile Network Softwarization & Service Customization



Related Works

Zhang et al. proposed adaptive interference-aware heuristic approach to optimize VNF placement
handle traffic variation
improve the total throughput of accepted requests

Li et al. presented a resource management and replica allocation strategy for edge-cloud computing
systems

aims to reduce financial costs
maintaining performance and data consistency

Shokrnezhad et al. presented a heuristic near-optimal solution to the joint problem of networking and
computing resource allocation for 5G

optimal approach to find the optimal solution to the joint problem

Service placement in SDNized Information-Centric Networking by Dant et al.

[11 Q. Zhang, F. Liu, and C. Zeng, “Adaptive interference-aware vnf placement for service-customized 5g network slices,” in IEEE INFOCOM - Conference on Computer
Communications, Jun. 2019, pp. 2449-2457.

[2] C. Li, J. Bai, Y. Chen, and Y. Luo, “Resource and replica management strategy for optimizing financial cost and user experience in edge cloud computing system,” in Information
Sciences, vol. 516, pp. 33-55, Dec. 2019.

[3] M. Shokrnezhad and T. Taleb, “Near-optimal cloud-network integrated resource allocation for latency-sensitive b5g,” in IEEE Global Communications Conference, Dec. 2022, pp.
4498-4503.

[4] X.-T. Dang, F. Sivrikaya, and S. Peters, “Integrated service discovery and placement in information-centric vehicular network slices,” in 2021 IEEE 93rd Vehicular Technology
Conference, Jun. 2021, pp. 1-7
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Related Works

Although they are effective in addressing the resource allocation problem
their applicability to real-world scenarios remains a challenge
fail to cater to the dynamic nature of users and their requests
Provided static allocation

will be useless in applications like the Metaverse that subject to changes on a
millisecond basis

Resource allocation strategies have been isolated to the cloud domain
the network is solely viewed as a pipeline with no cognitive ability
disregarding interdependencies among various domains and resources

a failure in one domain can have far-reaching effects on the other ones
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Our Contribution

Address the existing gap in the literature by examining
the joint problem of service instance placement and assignment as well as path selection
in the context of an edge-cloud continuum

wherein users are moving and requests are changing their PoA over time

Firstly use deep reinforcement learning method for predicting the arrival point of requests
smoother handling of user dynamicity
improving service continuity
Devise a novel heuristic approach based on the water-filling algorithm for efficient placement of
resources
We consider capacity limitations of the resources
End-to-End (E2E) delays
With the goal of minimizing total cost
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System Model

Three main components
edge-cloud infrastructure (structured in different level with distributed nodes),

service providers, and
user requests
G(N,L,P)
Network graph consists of two domains (i.e., access and core)
edge-cloud nodes with size N
the set of links with size L [(n, n")|n, n" € N]
Directional paths with size P ={p : (H,, T,,)|p c L}
Jp, is @ binary parameter equal to 1 if path p contains link |

Each edge-cloud node could be host for deploying instances, but limited with predefined capacity threshold é\n
Noteworthy to mention that the more nodes close to the cloud, the higher the capacity and lower the costs

The cost of using each node is Cn
The bandwidth of links limited by a corresponding capacity El
The cost of using link is £,
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System Model

We have S service providers,
each of which offers a set of service instances I; = {1, 2, ..., I}
the set of services is represented by S ={1, , I, , ..., I}

Each instance is capable of handling multiple requests, but limited to the capacity of il and has the cost of using 79@

The system contains R active requests where each request r arrives in the system at time T,. and continuously demands a
service S,

Users exhibit dynamic behavior in the system by changing their locations over time

5;, identifies the node (PoA) from which each request originates at each time slot

Upon reaching request, the most appropriate service instance should be selected for it based on its requirements
Minimum service capacity ff
minimum network bandwidth Z;{ g
maximum acceptavble E2E delay Dfn
traffic burstiness 3!
maximum packet size Z!
the upper limit of overall E2E delay (SLA) O,
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Problem Definition

gos-Aware Service orChEsTration In edge-Cloud (ASCETIC) is resource allocation and path selection
joint problem as an MINLP formulation
The aim is to minimize the overall cost of allocated resources over the time interval T

the cost associated with the assignment of requests to instances

and the cost of the placement of instances on edge-cloud nodes

and the selection of inquiry and response paths for requests

o &L T+ > AL I\Z+ZU

T.N.S T.8.R
Instance placement and assignment

Each requests assign to a single instance of the service ZS:

Each service instance selected by at least one request S (Z A”,,) R VieS.te (T T

and placed on at least one available node N

To avoid congestion and ensure the framework’s reliability
requests assigned to instances cannot exceed its capacity

R
nodes can handle a limited capacity > ELGALTLE<C Yt eN,T
R

At . =1 YreR.te Ty, T]

ZA’ Tt <T.; YiteS T

i r

0"
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Problem Definition

Path selection
For delivery of request to its assigned instances and its returned response with feasible E2E delay

Inquiry path originating from ﬁf . > R ZA, E Yt e RN.T
'P|'H17:¢‘7;_&'TP) n

the request’'s PoA to selected instance
Reply of reversed nodes %f‘.p i, _X‘E - —‘f ZA’ Ein Yt ERNLT
Each path capacity limitation considered ) | A

Delay constraints (for QoS requirements) ; £r (; Ip <T€€‘-P * ﬁf‘-”) <L Vitel, T

D;,continuous variables that represent the delay of link |
DL continuous variables that represent the E2E delay (network & computing delay)

We ensure that D, =| S BL+ZL| /L VrlteR LT
the maximum acceptable delay for RI|r #r
requests is maintained Dt =3 FuDt, (Rt, + RL,) + 210 vrteR.T
L
sum of delays of requests across all

_ ofs d 4 SLA . D. <DL VrteR,T
time slots do not excee requirement S DL<O, VreRw

-
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Proposed Method C

ASCETIC problem considered as NP-hard, timely manner, and impractical even in fully-
aware environment

demonstrated through the reduction of the multidimensional knapsack problem

the complexity of solving this problem could increase to the extent of the solution
space size RITIN SP?2

optimal allocation for given requests, each node, instances, and path must be
evaluated at least once

all possible sequences of requests and time slots must be considered (affect
each other)

in a continuous network, not all the required information is accessible
such as the requests for future time slots and their PoA

So, we proposed WISE (Water-fllling of Service placEment) algorithm!
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Proposed Method

WISE involves two sections and iterates over time slots:
Prediction

Orchestration
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Proposed Method

WISE involves two sections and iterates over time slots:

Prediction

Determining the next PoA of each request to adjust the allocated
resources apriori to maintain the continuity of service provision

Each PoA employs a DDQL agent at each point in time where RNN are
used to approximate the likelihood (top Q values) that each request r
will be requested at the next time

The state (0) is the vector of arrived requests to this PoA during
the last m time slots

The action (a) returns the list of z requests with the highest
likelihood

The reward (p) is the number of requests predicted correctly
We followed the e-greedy policy

agent with probability (1 - €) follows the evaluation function and
chooses a random action with probability €

During the training process, the probability decreases linearly from
etoe
memory bank (mem) is considered and the neural network is updated
by randomly sampling from this pool

ce Customization

upd

if 7

else

ate 6, using the arrived requests at the PoA
< m then
ar+1 < select a set of z random services

¢ < generate a random number from [0 : 1]
if ¢ > € then

’ a,41 < select z services with top Q values
else

41 4 select a set of z random services
calculate p,

mem < mem U {(0,_1,a,_1.p,.0,)}

choose a sample form mem and train the agent
if € > ¢ then

€+ €—¢€



Proposed Method

WISE involves two sections and iterates over time slots:
Orchestration

Determining the most appropriate allocations for the predicted requests
on available nodes, paths, and instances

After collecting the expected requests from all PoAs, transform them
into a table displaying the PoAs of the requests

Then iterate through each request r, beginning with the request with the
most demanding time requirement

A node with the minimum overall delay and cost to all PoAs
predicting to have requests demanding the same service as
request r is selected

If feasible in terms of E2E delay and computing capacity
requirements, new instances will be located on it

requests with the same target service will be assigned to these
instances

Continue till no more instances can be added to this node

a new node will be selected based on the arrival point of the remaining
requests

Wors-complexity of O(TRN?P?), because investigates R requests, and on each
iteration, it checks inquiry and response paths between all nodes and PoAs
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a < collect a1 1 of all PoAs
convert ¢ to a (Requests, PoAs) table
while R is not empty do
r <— the tightest E2E delay requirement request
1 < the set of PoAs requesting S,
D +
for each n, € N do
D,, <0
for each ny, € 1 do
P < the set of paths from 7y to ns
p1 < p € Py with the lowest delay
P2 <+ the set of paths from no to 77
p2 < p € P2 with the lowest delay
D,, < calculate delay + cost for p; + p2
D,, < D,, + D, +C,,
if D,,, <D then
n <— 111.?> (—1)1.<j—) — P2
while n is feasible do
Place a new instance 7 of S, on n
while 7 is feasible do

for ' € R do

.Afl — 1, ﬁfﬁ — 1.7%;,_(5 — 1
remove 7’ from R




Simulation Results

Examine of WISE methos efficiency, considering
the cost of consuming nodes, instances, and links
the E2E delay
the number of supported requests
a metric for assessing service continuity

WISE is compared to various approaches:
Solving ASCETIC with CPLEX
Random selection of nodes and links

a service placement and discovery method in CCA.—

Parameter

Value

number of links (£)

number of services (S)
number of instances for each service (Z;)
state size of agents (m)
action size of agents (z)
cost of each link (Zl)
cost of each node (C,,)
cost of each instance (fm)
capacity of each link (El)
capacity of each node (é,l)
capacity of each instance (Z; ;)

~ U{3N, 5N}, where the
resulted graph is connected.
20

5

100
(3,10}

~ U{10, 20}
~ 50 Ula,a+1)

~ 20 U(a,ax+1)
~ U{100, 150} Gbps
~ 50 U(a,« + 1) Gbps
~ 20 U(a,x + 1) Gbps

L"Jd

When changing the number of requests and number of nodes

The residual parameters can be selected in a flexible manner

inherent variations in parameters

MOSA!C [1] X.-T. Dang, F. Sivrikaya, and S. Peters, “Integrated service discovery and placement in information-centric vehicular network
Mobile Network Softwarizton & Service Customization slices,” in 2021 IEEE 93rd Vehicular Technology Conference, Jun. 2021, pp. 1-7




Simulation Results

Even in the optimal solution, the cost and delay are subject to change
changes in PoAs over time

variation in nodes, instances, and link capacities
shifts in the minimum required capacity and bandwidth for requests

CCAM method drawback: Serving instances and requests for a single service with a single node

It performs adequately in terms of minimizing delay with a small number of nodes

E2E delay increases when the number of nodes increases and high-capacity nodes
points

are located far from entry
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Simulation Results

the random method is less efficient than WISE, regardless of the number of requests and nodes
As a sample of not taking into account the ever-changing nature of users
Leads to deteriorating service continuity
incurs high costs
frequently fails to fulfill requests

The computation delay is going to be increase when the number of nodes increases

The optimal algorithm could have high delay
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Conclusion 60

We proposed two step algorithm for service placement and orchestration
Providing reliable and efficient service continuity in dynamic and ever-changing
systems

a water-filling-based algorithm empowered by a DDQL-based technique leveraging
RNNs to solve the NP-hard problem

WISE allocate resources in a near-optimal manner
an average total cost exceeding 91% of the optimal, regardless of the size of the
network,
a delay within the desired range for users’ SLA
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