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Service orchestration isthe process involved in
designing, creating, and delivering end-to-end services.

. Traditionally, these processes were handled by
domain-specific, siloed operational support
systems and tools built for static environments.

With the introduction of Network Functions
Virtualization (NFV)and Software-Defined
Networking (SDN), service orchestration musttake
a new approach in serving the needs of today’s

more dynamic and complex service provider
environments.




i Problem Statement %?

The primary challenge in service orchestration isto determine
the optimal combination of services that can be used to achieve
a specific business objective while minimizing costs.

This problem is complex, especially inlarge-scale systems
|°°| with many possible combinations of services and
resources.



S Objectives

General Objective

Develop a systematic approach for
service selection, resource allocation,
and service composition.

Specific Objective

Design the algorithm with the concept
of ILP,simuate itin MATLAB and
evaluate Iits performance interms of
cost and servicedelivery.
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Justification —l {g?

Increased efficiency Costreduction
By automating the process of selecting the By selecting the mostcost-effective
optimal set of services for a given request, C_Omblnf_iUOn of SEervices, the
the algorithm will enable faster delivery and algorithm will help organizationssave
reduce the need for manual intervention. money and increase profitability

Improved quality of service

By selecting the best combination of
| services for a given request, the algorithm
\ Q/ can improve the overall quality of service.
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O Improved SLAS
e Rapid DevOps

Significance

24H
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Operational piece
of mind

Greater efficiency
& costsavings
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SESEESEES Scope ?
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B Thealgorithm will be designed to minimize the total cost of
service orchestration while satisfying the latency
requirements of the application.

B Thealgorithm will be evaluated using simulation
experiments to demonstrate its effectiveness in achieving
optimal serviceorchestration.

B Thestudy will focus on atheoretical model of the problem
and will not includethe implementation of the algorithm in
| a real-worldsystem.
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.......... Literature Review T ’

ILP OpenAPI
ILPis used to determine the optimal OpenAPI enables service
sequence of service execution and resource orchestration b}’ providing d
allocation to minimize cost and maximize standard way to interface with
performance. different services andapplications.

Multi-objective optimization

In service orchestration, multi-objective
| optimization Is used to balance performance

\ / and cost objectives while satisfying QoS
— Q — constraints.



SEEEEEEEE Methodology g

e This paper presents asoftware-defined architecture for loT
service orchestration.

e The theory Is based on the concept of integer linear
programming (ILP) to formulate the optimization problem
and solve it using MATLAB’s optimization toolbox.




Composition
Schema




’a'X—) Composition Schema

Composite
Web Service
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. Defining the problem

. Modelling the problem

. Formulating the ILPproblem

Objective Function:
minimize C(A) = X(cij * xij) + X(dj * yj) (D)
Where.

C(A) 1s the total cost of the services used, cij 1s the cost of using service j at network element I,
xij 1s a binary variable that 1s 1 1f service j 1s used at network element 1, and 0 otherwise, dj 1s the
cost of deploving service 1. yj 1s a binary vanable that 1s 1 1f service j 1s deployed. and 0 otherwise.
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. Formulating the ILP problem(...cont)

Subject to:

Service Constraints:

2(xij) = 1 foreachi. wherei € {1,...,n}andj € {1,...,m} (2)
This constraint ensures that each network element uses only one service.

Capacity Constraints:

2(xij * bwj) < 1 foreachi. wherei € {1,...,n}andj € {1,...,m} (3)

This constraint ensures that the bandwidth used by each service does not exceed the
capacity of the network element.

Deployment Constraints:

xij < yj for each ;. j € {1,...,m} (4)
This constraint ensures that a service can only be used 1f 1t 1s deployed.

Resource Constraints:

2vi) =k (2)

This constraint limaits the number of services that can be deploved to k.
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Simulation Code Execution
Order

Define problem variables: number of network elements, number of services,
costs of using services at each network element, and costs of deploying services.

Define the objective function to minimize the total
cost of the services used.

Define the constraints that ensure that each service Is deployed at only one
network element and that each network element deploys only one service.

Define the binary decision variables for each combination of network element
and service.

Use the YALMIP toolbox to create the MILP problem.




SEEEEEEES Simulation Code Execution
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SR Order (cont...)

B Usethe intlinprog function to solve the MILP
problem.

Compute the cost and execution time for the
solution.

E Repeat steps 1-7 for different numbers of
network elements to generate plots of cost and
execution time vs number of network elements.

Output the results and plot the comparison
graphs




2] Editor - C:\Users\Frankcistems\Documents\MATLAB\sltsolution.m
I solve_ilp_problem.m x] altsolution.m .‘1[ ipPlot.m +l
n=3: % number of micro-services
= fc = randi({l1 10},n,n); & cost of micro-service
o fc = randi([10 100],n,n); &% dealay of micro-ssrvice
= fce = zandi([l1 S)1.,n,1): § CosTt Of contextual service (Transpose to make it & column vector)
fte = randi(fl 10),1,n); % delay of contextual service

- g = 500; % latency constcraint

W oW N
!

% Define the binary deécision variables
x = binvar(n,n, 'full'); % x(i1,3) is the decision variable for selecting the j=-th provider for the i1-th micro-service

[~
(=]
|

Flg 1: S I m u I atl On 13 = Yy = binvar(n,1,'full’'); & y(k) is the decision variable for selecting the k-th contextual service
12
= 13 §% Define the objective function
COde S n I p pet 14 - obj = sum(sum(fc.*x)) + sum(fce.*y);

15
e $ Define the conscraincs
17 - conscr = [sum(x,2) == 1: § €ach micro—-sézrvice can only be provided by one provider
18 sum(y) >= 1l; § only one contextual service can be selected
18 sum(ft.*x,2).' + fte*y <= g}; % the total latency of the application must be less than the constraint
20
21 $ Selve the ILP problem
.= options = sdpsettings('solver','intlinprog’'):
23 - tic;
24 - scl = optimize (constr,ob),options);
0 = execuc:.on_cm.e = Toc;
26
27 % Evaluate solution quality
28 - if sol.problem == {
29 = cost = value (obl):
30 - &lse
31 = cost = Inf;

32 - end
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Workspace l Command Window S 24 - sol = optimize (constr,obj,options);

25 - execution time = ToC;
>> altsolution
26
_ ) 27 % Evaluate solution guality
Optimal solution found. 28 — if sol.problem == 0
29 — cost = value (obkj):

Intlinprog stopped at the root node 35 - else

F|g 2 S|mUIat|On options.IntegerTolerance = le-05 (ti 3] - cost = Inf:

S = end
O u t p u t Execution time: 4.3%91398 seconds 33
Cost: 14.000000 34 % Print results
Optimal solution found 35 — fprintf ('Execution time: %f seconds\n',execution time)
e 36 - fprintf('Cost: %£\n',cost):
0 0 1 37
0 0 - 38 % Print the solution
0 - 0 39 = if sol.problem == 0
40 - fprintf ('Cptimal solution found\n'):;
¥ 41 - fprincf('x = \n');
o L A= disp(value(x)):
o 43 - fprintf('y = \n');
1 44 - disp(value(y)):
45 - fprintf('C(A) = %£f\n', value(obj)):
C(A) = 14.000000 46 — else
j% >> 47 - fprintf('Exzxor: %$s\n', sol.info):;

- 48 — end




SESEEEERE Results & Discussion
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e The simulation results show that the proposed approach is
effective Iin optimizing the selection of micro-services and
contextual services to minimize the cost while satisfying the

latency constraints of the application.

e The number of iterations also increases with the number of

network elements, indicating that the a
iterations to converge for larger proble

gorithm requires more

M Slzes.
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’aY Results & Discussion

e The results obtained further indicate that the execution time
decreases with an increasing number of network elements, which
suggests that the algorithm scales well for larger networks.

e However, after 4 network elements, the execution time stabilizes,
Indicating that further increases in network size may not
significantly improve the algorithm’s performance.

e The cost plot shows a slightly different trend. The cost rises
between 4 and 6 network elements, which may be due to the
| added complexity of the network, before reducing again at 7
_:O:_ elements.
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Examining t
based on ra

However, In

Future Research ?

ne iImpact of data quality: The results of this study were

ndomly generated data.

real-world scenarios, the quality of the data used to

Inform optimization algorithms can have a significant impact on the

results.

Future research could explore how variations in data quality impact
the performance of the ILP algorithm.



oooooooooo

so0co000s: Conclusions & Recommendations ?

oooooooooo

B ThelLPmodel is effective in solving the problem of selecting the
optimal set of micro-service and contextual service providers for
a composite service under latency constraints.

B Tofurther improve the ILPmodel, it may be worth exploring
techniques such as constraint programming or mixed-integer
nonlinear programming.
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EESESEERS Other Applications ?

oooooooooo

B Incontext-aware power systems, optimization techniques can be
used to determine the most efficient allocation of energy
resources to meet user demand while minimizing waste.

B Forinstance, the use of advanced sensors to monitor energy
usage can be combined with optimization algorithms to enable
real-time demand-response mechanisms, where energy
consumption can be adjusted In response to varying energy
prices and user preferences.
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