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INTRODUCTION



Introduction: Dynamic Resource Scaling

= Slice Traffic: Number of active slice users
= Varies throughout the week
= Resource allocation and QoS

= Peak allocation vs. average allocation

= Dynamic resource scaling:
= Dynamically Scaling resources allocated to slices
based on current or predicted traffic
= Objective:
» Minimize resource allocation

= Satisfy QoS requirements

Number of events

MmO OoOO=22MMN N2, N2 2o D= 2Nk

N o |

oumowmowbuvwon ocubumbbhononm bhomowmohonm

0 10 20 30 40 50 60 70 80 90 100 110120 130 140 150 160

Hour (in a week)

Scaled weekly behavior of Calls, Internet,
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[1] G. Barlacchi et al., “A multi-source dataset of urban life in the city of Milan and the province of Trentino,” Scientific Data, 2015.



CHALLENGES



Dynamic Resource Scaling: Challenges (1/2)

Slice Modeling:

= Modeling relationship between resource allocation and QoS
= Slices span multiple network segments (RAN, transport, core) networks
= Heterogeneous QoS and resource requirements

= Latency, packet loss, reliability, jitter

= CPU, PRBs, bandwidth, memory

= Traditional modeling approaches are slow and lack real-time application feasibility
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Dynamic Resource Scaling: Challenges (2/2)

Constrained Optimization:

Finding minimum resource allocation that satisfies QoS requirements
Needs to integrate neural network-based slice model

Must be fast and efficient
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SOLUTIONS



Solution Overview

Network Modelling (vNetRunner)
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Algorithm 1 Resource Allocation Algorithm
Input: Traffic x;, Network Model féﬂs[xif,r;), QoS
threshold ¢35, .. QoS degradation threshold f3 .,

T, max> T2, max, &1, &z, X3, €1, €2
Output: Optimal resource allocation vector r7
1: Initialize A, y, LB =0,UB =00, 71 = 0,12 =0

2: while UBU%LB > €1 O 71 < Ti,max dO

3: 1« Gridsearch(x;, foos(x7.1))

4 while |T",..f| > €3 OF Ty < Ty max 4O
3 I « [I‘—C{]Vr.ﬁj-'_

6 Ty &— T2 + 1

7 end while

i As — [As +a(f° - ﬁfhresh}]-'-’ Vs

0:  pk — [+ as(Bges rF — RO, V

10: LB = max(LB, L(r,u,A))
11:  UB =min(UB, },..snTr)
12 10+l

13: end while

14: return r
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Network Modeling: vNetRunner (1/2)

= Slice Modeling using neural networks
= Two steps slice modeling: VNF modeling, Slice modeling using VNF models
= Step 1: Individual VNF slice modeling using neural networks

= Reduces dataset requirement compared to slice-level modeling

= Allows for composable VNF models

» Fast inference (milliseconds)
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Network Modeling: vNetRunner (2/2)

= Step 2: Composing slice model from VNF models
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Constrained Optimization: MicroOpt

= Primal-dual optimization and gradient descent for fast and

Slice Traffic,

QoS requirments
efficient resource optimization I ,u
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= Lagrange Multiplier Update:

= Ensures that QoS constraints are met by adjusting QoS

violation penalties in each iteration.
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WORKSHOP
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Workshop Session#2 Structure

= Part1: Data exploration and visualization

= Explore and visualize the resource allocation dataset gathered from in-lab 5G testbed.

= Part2: vNetRunner
» Train and visualize VNF models using machine learning.

= Use trained VNF models to compose end-to-end slice model.

= Part3: MicroOpt

» Implement dynamic resource scaling with the MicroOpt framework.
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